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Abstract. Based on the results of experimental studies of the
cyanobacteria and toxins properties, produced by blue-green algae, was
assessed the quality of drinking water according to organoleptic
characteristics in the area of the Lower Don geosystem. Experimental data
on the properties of cyanobacteria and toxins produced by blue-green algae
are presented in this study. Based on the results of research at the pilot
plant, the basics of drinking water purification technology in the water
dipper from blue-green algae have been developed, which to some extent
helps to increase the environmental safety of drinking water in urban
systems and settlements.

1 Introduction

Quantitative and qualitative indicators of water resources are formed within the spatial
boundaries of basin geosystems, where all types of economic activity related to the use of
water resources are conducted.

At the present stage of social development of the global system “Nature-Society-Human”
ten most important problems have formed, of which the first three problems - energy, water
and food are the most important, it is impossible to solve the other seven problems, without
solving these three. The problems of Energy, Water and Food are interlinked, where the
Energy problem is dominant and plays a dominant role in all the ongoing processes both in
the spatial limits of the Earth's biosphere (Wep=10'"%km?), and within the local river basin
geosystems, where quantitative and qualitative indicators of water resources in the form of
surface and groundwater flow. Quantitative indicators of water flow in the global moisture
circulation within the Earth's biosphere (in the amount of 575 thousand km?) are formed
under the continuous influence of energy flows from the primary source - the Sun.
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Studies have established [3-15] that qualitative indicators of water resources by 65-75%
are formed in the water intake area of the basin geosystem under consideration, for example,
the river basin. Don (Fp..=422 thousand km 2), where the population of 15 constituent
entities of the Russian Federation (13.5 million people) and three regions of Ukraine lives
and almost all types of modern branches of economic activity are conducted. Wastewater
discharges from industrial and processing enterprises, as well as public utilities, form
qualitative indicators at water bodies by 30-35%.

Based on what noted above, when solving the problem of ensuring environmental safety
(ES) on water bodies, used in multi-purpose water supply systems of urban households and
settlements, it is necessary to take into the account the objective reality in the formation of
qualitative indicators of water resources within the considered basin geosystems. In a
systematic consideration, the ES of a water body should be understood as its economic state
(ES), which is formed within the spatial boundaries of the basin geosystem under the
influence of natural processes of interconnection, interaction and interrelation (III) between
the biotic and abiotic components and the economic activities of the living population.
Therefore, it can be concluded, that the water body's ES determines its energy base relative
to the living population, which uses the water body as a water source for a drinking water
supply system.

Studies have established that up to 70% of all pollutants entering biota living organisms,
including humans, are carried out by consuming food products containing water [2-9].
Consequently, in order to ensure ES as the dominant determining factor in the health of the
living population within the basin geosystem under consideration, there is an urgent need to
ensure acceptable ES in natural environments and objects of economic activity, which are
pollution sources of surface and underground waters, the qualitative state of which is an
indicator of ES of the basin geosystem.

Therefore, the purpose of the work was to assess the epidemic significance of indicators
of microbial water pollution of the main sources of water supply in the Rostov region.
Based on the goal, the main objective of the research was the sanitary-bacteriological
characteristics of the water quality of the Tsimlyansk reservoir and the Lower Don, as well
as drinking water of the cities of Azov and Tsimlyansk, whose population uses the above
sources for domestic water supply. The emphasis in the sanitary-bacteriological assessment
of water quality was given to the detection of pathogenic and potentially pathogenic
microflora, as the most important indicators in the development of approaches to assessing
microbial risk in various types of water usage.

2 Materials and Methods

The protection of surface and groundwater of water bodies within the spatial boundaries of
the basin geosystem from the pollutants flow represents an environmental problem, and the
solution of this problem largely affects the health of the living population. Thus, monitoring
studies of the qualitative indicators of the natural aquatic environment (NAE) of the Lower
Don, from the Tsimlyansk reservoir to its mouth, established a steady tendency for the
accumulation and development of pathogenic microbes [5,11,17] (W), which cause
intestinal infectious diseases [2,3 5,10,16] (W). Qualitative water indicators used in
drinking water supply systems are determined by conducting a complete physico-chemical,
sanitary-bacteriological and technological analysis of the water of the water body, used as a
water source. An important aspect is the isolation of the most significant microorganisms
present in the aquatic environment and capable to cause an acute intestinal infections (AII)
among the population.
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3 Results and Discussion

In modern conditions, the health of the living population within the basin of the Lower
Don, as evidenced by the results of studies determined by the influence of environmental
factors. Among the most important factors characterizing the sanitary-epidemiological
well-being is the provision the population with safe drinking water [2,30,31]. This factor is
an urgent hygienic, scientific, technical and social problem due to the intense chemical and
bacterial contamination of drinking water supply sources [23,30,6,7], the use of outdated
treatment schemes of water source, the low level of implementation of advanced water
treatment technologies, and growing deterioration water supply networks [31, 23, 17, 27].

The basis of hygienic water quality requirements for drinking and domestic needs is the
principle that puts in the spotlight those qualities on which human health depends.

The problem of maintaining water quality in the Rostov Region (RR), as a factor
significantly affecting not only the infectious, but also the general morbidity of the
population, is one of the highest priorities.

The studies were conducted in a pilot experimental plant using flowering Don water,
selected from the river. Don in the place of Alexander's water intake in the Rostov region.

The object of the study is the properties of cyanobacteria and toxins produced by blue-
green algae, their effect on organoleptic indicators of water, as indicators of the
epidemiological safety of public health and experimental studies on abatement technologies

To achieve this goal, the following tasks were identified and solved:

1. Study the effect of toxins released by blue-green algae on organoleptic water
indicators and human health;

2. Conduct laboratory studies of cyanobacteria and toxins secreted by blue-green
algae;

3. experimental studies on the technology for treating flowering Don water to ensure
the environmental safety of drinking water and public health.

For water supply in Rostov-on-Don, Bataysk and Aksai, a surface source is used - the
Don River, the water quality in which in the summer-autumn period of the year exceeds
phytoplankton concentration more than 4 times the allowable standard for water sources
suitable for use as sources of economic drinking water supply. Strict hygienic requirements
are imposed on the quality of drinking water: the water must be safe in epidemiological and
radiation terms, harmless in chemical composition and have favorable organoleptic
properties. The massive development of microphytes in the waters of surface sources of
water supply during periods of flowering creates significant difficulties in water treatment
and significantly affects standardized indicators as “smell” and “taste”.

An analysis of the literature data showed that some types of microalgae, as a result of
their vital functions, as well as during decompositioning and obsoleting, dying with
actinomycetes, are producers of “smelling” substances, such microalgae can include species
Oscillatoria agardhii, Aphanizomenon flos-aqua, Anabaena flos-aqua, Melosira granulate,
Nodularie and others. As a result of the development of various microalgae, the following
smells are most often found: putrid-earthy, putrefactive, earthy-putrefactive, putrefactive-
tinnitus, grassy putrid, earthy, dung, rotten-muddy, fishy. Volatile natural organic
substances such as geosmin, 2-methylisobornoleol (MIB), etc., emitted by microalgae and
actinomycetes, determine these smells. These indicators were determined in water using
chromato-mass spectrometric analysis.

In order to study the quality of the upstream water source and determine the possible
source of algae development, in September 2017, we organized an experimental trip up the
Don River from the Aleksandrovsky water intake to the inlet of the Manych River with
sampling at 13 points. As a result of the analysis of the water taken from the Don River,
Aksai River, Manych River, high concentrations of microalgae were determined in all
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water samples, on average 70,000 cl/ml, with the predominance of the species
Aphanizomenon flos-aqua, except for the water sample from the Manych River, where the
temperature water, turbidity, phosphorus, COD and the concentration of microalgae were
significantly lower than in all other water samples.

Drinking water should have good organoleptic properties, i.e. be transparent, colorless,
unpainted, without taste and smells, have a refreshing temperature and do not contain
visible impurities. The optimum drinking water temperature for human physiological needs
is 8-15C, it has a pleasant refreshing effect, better quenches thirst, is absorbed faster,
stimulates the secretory and motor activity of gastrointestinal waste. A water temperature of
25 C does not quench thirst; a temperature of 25-35 o C is unpleasant and causes a gag
reflex.

The hygienic significance of smells and tastes of water is that when their intensity is
above 2 points, water consumption is limited; artificial smells and tastes can be indicators
of water pollution by wastewater; natural smells and tastes above 2 points indicate the
presence in the water of biologically active substances secreted by blue-green algae.

Toxins secreted by blue-green algae, entering the human body, cause acute poisoning
with neurological symptoms, various dermatitis, gastroenteritis, and even lead to liver
necrosis [23,31,30].

Only three types of data on the effect on the heart were revealed: Microcystis, Anabaena
and Nodularia. Symptoms of poisoning were manifested in a weak and rare, or vice versa,
increased pulse, pericardial or endocardial hemorrhages.

A person is less sensitive to the effects of toxic blue-green algae, in addition, for
poisoning with a fatal outcome, a person weighing 70 kg needs to drink 2.5 liters of water
saturated with algae. The effect of algae on humans can also be indirect - through fish,
animals and plants.

With algae intoxication, we distinguish gastrointestinal, respiratory, skin effects, which
are expressed in the form of conjunctivitis and allergies. It has been established that blue-
green algae release phenols into the environment, which also cause skin lesions [2,4,5].

Every year, more than 600 thousand people use drinking water from centralized
domestic water supply systems that do not meet hygienic standards for the content of
chemicals. The data of epidemiological studies show that drinking water of increased
mineralization contributes to the development of diseases such as urolithiasis, hypertension,
metabolic polyarthritis.

A respiratory system disease caused by exposure to some blue-green algae, according to
the descriptions of Dr. Heise (1949, 1951), who observed such cases in rural areas near the
lakes Miskego, Kinzis and North (Wisconsin, USA), blooming with oscillatoria, is allergic
in nature, meaning that patients (men and women) experienced complete nasal blockage,
itchy eyes or swollen eyelids, mild suffocation (asthma). Some scientists (D.S.

Samoilovich, D.K. Zabolotny, E.N. Pavlovsky and others) associate the modern mass
distribution of blue-green algae in fresh water bodies and with other phenomena that are
extremely harmful to humans, for example, with the spread of cholera epidemics or
seasonal spread of poliomyelitis.

The peak of algae development in the Don river water source occurs in the August-
September, it is during these periods that the water acquires a specific smell, the intensity of
which can exceed 2 points, the smell is defined as “grassy putrid”, “putrefactive”.

Determining the exact amount of toxins in each sample of microalgae requires the use
of toxin standards, which are absent at the beginning of the study, therefore, so, a strict
quantitative analysis of the toxin content in the samples was not carried out. Thus, the
analytical equipment and sample techniques used during the work detected and identified
toxins produced by cyanoprokaryotes. In the waters of the Lower Don during the period of
decline in the activity of microalgae, anatoxin-a microcystin-RR was identified
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approximately in a concentration hazardous to health (at a level of more than 0.01 pg /).
This concentration is common in areas where toxic "water blooms" are observed. [1,2,4,5,]

For the first time, we conducted a series of experiments on the removal of blue-green
algae on filters with a ruff loading. A pilot plant was made.

The studies were conducted on flowering Don water, which was brought from the Don
River and filled the experimental pool.

In order to obtain a comparative characteristic of the operating efficiency of the
technologies under study, experiments were carried out in two stages: the first was filtration
only on a brushed load and the second was with the addition of the UNIKOS coagulant,
KMP-30 coagulant and oxychloride Al(B) coagulant. Calibrated instruments were used to
process the parameters of the studied water: a photoelectrocolorimeter (PEC), a pH meter,
and an apparatus for determining the salinity of liquids.

Analysis of water showed the presence of the volatile organic substance "geosmin",
which is a producer of a number of microalgae, in an amount corresponding to the lower
limit of the threshold for influence on the organoleptic indicator "smell". In this case, the
concentration of microalgae in the selected water sample was 5160 cl/ml, of which the
concentration of Aphanizomenon flos-aqua microalgae was 800 cl/ml, the laboratory
identified the smell as “mossy” or “grassy putrid” with an intensity of 0/1 point. During this
period, the concentrations of the products of their vital functions, geosmin and MIB, were
significantly higher. The amount of microcystis in the water of the Don River is quite large.
Among all algae, microcystis takes the second place in the number of cells and the first
place in biomass. The study of this problem in the Don requires special attention.

4 Summary

It was found that using only ruff loading without coagulants removes more than 50% of the
algae, and together with the coagulant - more than 90%. Under the influence of mineral
coagulants, which are also used to clarify and purify water that goes into the water supply,
algae irreversibly stick together into lumps and linger on ruffs. The smell after
regenerations is also removed, since all impurities are quickly collected by the bubble
oxidant and removed together with the accumulated foam, without stagnating.

Ensuring acceptable water quality in the Lower Don, as a factor of environmental
safety, significantly affecting not only the infectious, but also the overall morbidity of the
population, is one of the priorities.

In the Don River, the water quality during the summer-autumn season the
phytoplankton concentration exceeds more than 4 times the allowable standard for water
sources suitable for a use as sources of drinking water supply, organoleptic indicators of
water are extremely dangerous for the epidemic safety of public health.

When assessing the organoleptic indicators of drinking water (color, turbidity, taste,
etc.), especially in the summer months of June-August, it is useful to determine the amount
of microcystis and toxins released by blue-green algae, which can serve as a basis for
calculating the epidemic safety of water use, as a factor for ensuring environmental safety
of population.

Application of the developed technology to purify flowering Don water from
organoleptic indicators, to eliminate the need for primary disinfection of water with
chlorine or to reduce the consumption of chlorine to a minimum; It will give stability to the
water treatment character and significantly reduce the cost of water treatment from blue-
green algae and also will ensure the sanitary and epidemiological safety of drinking water
and public health.
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