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Annotation. The purpose of this work is to improve the
ecological state of water bodies and coastal area of the
“Enerhoharant” LLC company by implementing a series
of environmental measures based on research of their
ecosystems and environmental-economic assessment
that will enable largely to solve the problem of optimal
use of natural resources for the recreational purposes.
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Introduction

Human life is dosdy connected with water, that is
why dgnificant deterioration of water quality in naturd
reservaoirsis an extremdy serious problem for the world in
genera and Ukraine in particular. Human activity resultsin
a large variety of pollutants, which enter water reservoirs
with indugrid, municipal and agricultural runoff and
accumulate there. Today it is not only dangerous to drink
water from our lakes or rivers without multi-stage water
purification, but also to swim in some of them without risk
for hedth. That is why it is important to objectivey assess
water quality in reservoirs used for fishery and recrestiona
purposes at the enterprise “Enerhoharant” LLC and offer
effective environmental solutions to improve the ecol ogical
date of these objects.

Thus, the purpose of this work is to improve the
ecological date of water bodies and coasta area of the
“Enerhoharant” LLC company by implementing a series of
environmental measures based on the research of their
ecosystems, and environmenta -economic assessment that
will enable largely to solve the problem of optima use of
natural resources for therecreational purposes.

To achieve this goal it is necessary to solve the
following problems:

— study of the ecosystem of water bodies and coastal
aress,

—andysis of biochemica parameters of pond water;

—environmental and economic assessment and
development of environmental measures for water
bodies and coastd aress;

—implementation of bio-filtration of pond water
with macrophytes (water hyacinth, Eichornia crassipes).

Experimental part

Water macrophytes, perform many functions in water
for various purposes. mdiorative, energy-accumuléetive,
biotechnical, regulatory, resource, indicative The mogt
important as for the impact of macrophytes on water
quality status (enriching it with oxygen, carbon dioxide
absorbtion, pH changes, nutrients and heavy metds
accumulation, water isotopes of radioactive dements
purification), is, of course, amdiorative one.

The use of Eichornia crassipes for biologica
treatment of wastewater runoffs in Polissya was highly
effective [1-3].

Eyhorniya is a typical hydrophyte. For ecol ogical
and biological characteristics and habitat conditions, it
refers to a group of plants with leaves floating on the
water surface. It is a plant, that grows in shallow waters
off the coast of the rivers, lakes, ponds, canals, etc,
mainly in the waters of tropical and subtropical regions
of South America, and it can cover not flowing parts of
lakes and ponds by dense thickets[1, 4].

In Vinnitsa region, Eichornia crassipes growing
season can last from 4 to 7 months. In autumn, when
reaching the average water temperature below 14 °C,
water hyacinth, protected from the wind, can endure
short-term lowering of the temperature to 6 °C at night
and ill looks quite viable, with no signs of dying.
However, the mass increase of the plant sops.

Monitoring of vital functions of water hyacinth
plants showed that this plant has successfully adapted to
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the conditions of the polluted and clean water
environment because biomass of the plants grew quite
rapidly, and formed to 8-15 subsidiary plants per month.

The study of the plants that grow in different polluted
environments was conducted. The scape diameter ranged
from 4.5£1.5 cm. The growth of the root system was the
norm - up to 1 cm per week. Cilia on the root sysem were
0.5+0.2 cm long, black and completdly overgrown with
dirt, but in a reativey clean pond during one week, the
plants consderably differed among themsdves for a
number of indicators. Their leaves were light green, the
seedlings of the leaves were white, with dight greenish tint,
the root system grew rapidly (3x1 cm per week), root cilia
were 1,0£0,5 cm long, and bright. The diameter of the leaf
galksreached 7£1,5 cm.

Such difference in plant development can be explained
by the fact that in the fird case these symptoms ae
asociaed with lack of organic and minera substances in
water, hence the need to increase the area of the root system
through which the plant absorbs contaminants from water
(dongated root cilia, a longer root system). In a dean
environment, compared to the polluted one an increase in a
diameter of leaf dalksisobserved (Fg. 1).

In these conditions, the plants were large in Sze,
sometimes even reached a diameter of 455 cm, the leaves
were of dark green saturated color. The plants very quickly
formed a large number of laterd shoots with subsidiary
plants; theincrease amounted to 13+3 pieces of seedlings per
unit a month, and in some cases reached 15-18 pieces. The
number of leaves on one plant was 20+5.
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Fig. 1. The growth and devel opment of water hyacinth plants under different growth conditions

The height of the surface part was within 34 + 5 cm.
The length of the root system reached 43 + 3 cm, and in
some instances it reached 50 cm, and the area of leaf
plates ranged from 43 + 7 cm? The weight per plant was
230+30 g, the biomass productivity of these plants was
in total 1250+40 t/ha. The reason is that the landfills
have a lot of substances of organic origin, which water
hyacinth digests best. For clean environment the
biomass productivity is 900+30 t/ha.

The plants grew quite intensively during the period
of study. The average monthly growth of the surface
part was 4.8 ¢cm, the highest increase was observed
during the firs months of life and reached 11-13 cm,
and the minimum of 1 cm was during the 5" and the 6"
months of life.

The increase in the number of eyhonia plant |eaves
increases with the increase of the average air
temperature (Fig. 2). Corrdation-regression analysis
showed that there is relationship between the growth

rates of leaf mass and temperature conditions with
correlation coefficient r = 0,84, which can be described
as very high.
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Fig. 2. Growth of assimilation system (n, items) for
temperature conditions (t)

The average monthly growth of underwater part was
7.3 om; the maximum increase was 15 cm during the 2™ and
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39 months of life, the minimum — 1-2 cm — during the 5" and
6" months of life (Fig. 3). Carrdation-regression anaysis
showed that there is rdationship between the growth rate of
the root sysem and temperature conditions with corrdaion
coefficient r = 0,79, which can be described ashigh.

Fig. 3. Growth of the root system (L, cm) with temperature
increase (t, ° C)

The average monthly increase in biomass plants of
water hyacinth is 39.2 g. The total increase by one plant
for 6 months is 186-206 g. The maximum monthly
increase was 58 grams in six-month specimens of plants
and the minimum was 27 g in one-month plants.

Correlation-regression analysis showed that the
increase in biomass of water hyacinth is quite fast both
in the length of surface and underwater parts — up to
13-15 cm per month, the average monthly increase is
39.2 g. For al the indicators there are rations with a
coefficient of determination R2 = 0.89-94, which can be
described as very high.

Fig. 4. Growth of biomass (P, g)
of water hyacinth over time (A, months)

Further cooling caused the transfer of plants in
artificial conditions, and some were left in the landfills and
covered with foil (such as floating greenhouse). Water
hyacinth representatives remaining in the chamber
conditions evolved quite well. At water temperature of
20-30 °C, air temperature of 20-36 °C, with regular top-
dressng of plants with St every two days, Eyhornia
vegetation and reproduction were quite successful.

1. Vegetation period of water hyacinth can last from
4 to 7 monthsin Vinnitsaregion.

2. Water hyacinth has successfully adapted to the
growing conditions, as biomass plants grew quite
rapidly and formed to 8-15 subsidiary plants per month.

3. The most active vegetation of plants occurred in
the reservoir, which was constantly affected with pulp of
granite processing.

4. The average monthly increase of water part was
4.8 cm, the highest increase was observed in the first
months of life and reached 11-13 ¢cm, and the minimum
of 1 cm — on the 5th and 6th months of life.

5. The average monthly increase of underwater part was
7.3 cm, the maximum increase was 15 cm in the 2 —
3 monthsof life, theminimum —1-2 cm — 5" —6" month.

Research results

The average and maximum vaues of dry and wet
water hyacinth biomass were established depending on the
growth conditions (depth of water, % of water surface
coverage, trophic leve of ponds). According to the data the
growth curve was congructed, its phases were defined and
amodd of water hyacinth growth was created.

Increase or decrease in the number of individua
populations of plants is the result of physical, chemica
and biological changes. In general, these changes are
caused by the uncontrolled flow of nutrition elements
from urban, agricultural and industrial centers.

Water hyacinth, due to its life cycle and surviva
drategy has sgnificant advantages over other types of
aguatic plants. Its adaptations to many environmenta
factors make extinction of this speciesalmost impossible,

Westlake qualified water hyacinth as a very
productive plant. According to the data obtained in
Louisiana (USA) and in the waters of the river Nile
(Africa), it was estimated that this kind under optimal
conditions could produce up to 110-150 tons of organic
matter per hectare per year [5, 6].

A wide range of productivity of thisplant isnoted in
literature. These figures were calculated in different
ways (Gopa [7]), Kipling and others [8] estimate that
the annual production may be between 269 t/ha. Boyd
[8] received the average productivity of 194 kg/ha/day
in the enriched nutrient reservoir. This indicates that
water hyacinth has a wide range of productivity.

The aim of this work is a description of the initial
population of water hyacinth regarding environmental
factors, creation of a mode of optimum quantity of
water hyacinth in water bodies and determination of the
amount of biomass needed to remove the object in case
of overcrowding.

Biomass was determined as the amount of organic
matter in relation to the area or volume. Biomass and
water volume in this case are directly proportional asthe
plant biomass grows in the presence of nutrient resource.
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The plants biomass was studied by weighing
samples, measuring of the studied area and defining the
biomass of the entire populatiion. From one sguare
meter, the samples were collected, drained for
5-7 minutes, and their weight was determined.

7 ponds areas were selected to measure the growth
and 1 kg of plants samples were researched (healthy,
intact, with 3-5 leaves, of the same weight — from 30 to
45 g each and placed at each site.)

The growth of the plants was determined by
weighing the increase in water hyacinth mass per unit of
aea and for a unit of time i.e. its productivity.
Quantitative rate of the growth is essential to control the
number of water hyacinth. The rate of this index
depends on the following factors. plant age, climate,
space and density of plants.

The dudies described three parameters (biomass,
dendty and growth rates). The main characterigtics of the
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objects are shown in Table 2. Reservoirs were dassfied as
mesotrophic if phosphorus concentrations were between 10
and 35 mgm® or eutrophic if the concentration of
phosphorusranged from 35 to 100 mg/m?®

The highest average values of biomass were 49.6
(2.79) 42.6 (2.39) and 45.7 (257) kgm? and the
maximum values of 76 (4.27) 57 (3.20) and 67 (3.76)
kg/m?, were in reservoirs aress 2, 3 and 7. These were
the smallest studied reservoirs and they had the highest
density. Generdly, these values are similar to those
obtained in other parts of the world [1; 9-11]. The
maximum surface coverage was generally observed
when the area coverage was minimal, and therefore the
volume was the smallest.

It should also be noted that the growth of water
hyacinth plants is the highest in waters with little depth,
and the lowest recorded productivity was observed in
the deepest waters.

Table2
Par ameter s of water object
Parameters of water reservoir
Water body L .
temperature, °C precipitations, mm wrfafnezarea, v?lhurr:3e ’ depth, m trophicd leve
1 17,2 1096 38,79 89,22 2,30 mezotrophic
2 22,0 900 10,00 4,00 0,40 eutrophic
3 24,4 814 5,70 21,60 0,90 mezotrophic
4 25,3 734 24,00 79,83 14,00 eutrophic
5 15,4 553 17,30 27,00 5,00 eutrophic
6 17.0 609 8,43 126,45 15,00 eutrophic
7 21,1 1237 5,40 33,56 1,94 mezotrophic
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Fig. 5. Thetotal biomass of plants Eichhornia crassipes (Mart.) Solms in vivo environment of water
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The gudies have dso shown the highest rates of
biomass observed in resarvoirs 2 (49.6 kg / m® of wet and
2,79 kgm?® of dry biomass), 3 (426 kg/m? of wet and
2.39 kg/m? of dry biomass) and 7 (45.7 kg/m? of wet and
257 kg/m? of dry biomass). Obvioudy, this is due to the
optimum growth of temperature conditions (21,1-24,4 ° C).
Minimum rates of biomass were observed in reservoirs
1 (395 kg/m? of wet and 2.22 kg/m?® of dry biomass),
4 (388 kgm® of wet and 2.18 kg/m? of dry biomass),
5 (35, 74 kg/m? of wet and 2,0 kgm? of dry biomass) and
6 (335 kg/m? of wet and 1.88 kg/m” of dry biomass).

The percentage of the water surface coverage is
associated with trophic leve of the reservoir. The nutrients
that cause eutrophication, primarily include nitrogen,
phosphorus and dlicon in a variety of compounds. The
most important are phosphorus and nitrogen, which are
binding dements of any living organism’ stissues.

The concentration of nutrients and their mode depends
on the intendty of biological and biochemical processesin
the reservoir and the amount of nutrients entering the pond
with sawage and surface runoff in the catchment area. The
concentrations of nitrogen and phosphorus characterize
“trophicality” (“nutrition”) of thereservoir.

Excessve water eutrophication begins a  nitrogen
concentration of 0.2-0.3 mg/l and phosphorus —
0.01-0.02 mg/l.

In the transition from oligotrophic ponds to
mesotrophic and eutrophic ones, the content of anmonia
nitrogen significantly increasesin itstotal amount.

Thus, areas of water bodies that had a significant
level of eutrophication, were characterized by high
percentage of water surface coverage (59-80 %), and
mesotrophic (with medium eutrophication) had low
surface coverage (633 %).

In assessing the growth processes of the plants
cultivated in version 5, the characterigtics of the growth
of water hyacinth are defined.

According to the obtained data, one can see that the
growth curve is characterized by three phases:

1) phase of delay, represented by exponentia growth;

2) phase of linear growth,

3) adlow phase of exponential growth.

Maximum productivity was achieved during the
period when maximum biomass of 51 kg/m? was
obtained in the period from July to February, 51 kg/m?
from December to March and 55 kg/m? from April to
June. So maximum biomass was determined, that was
about 2,300 g/m? in dry weight, with the range of values
within 2,101-3.916 ¢/m? Theresearch in al the periods
showed a clear linear relationship of biomass growth
during the time with determination coefficients of R? =
= 0.96-0,87, which can be described as very reliable.

Concaning the growth rate, the average rate of
52 g/m?/day was observed in uneand July, with amaximum
value of 64 g/m’/day. In option 5 the rates 59.1 and
60.4 g/m’/day were defined from July to February and from
April to June Thegrowth rate in both periods was ca culated
according to theindination of the growth curve,

If we consider the average growth rate of 0.551
t/ha/day during the increase season (from April to
November, 244 days), we can consider, that annua
growth can be about 134.4 tongha.

As seen in Fig. 6, the seasonal dynamics of water
hyacinth growth is distributed as follows: the highest
relative growth rate is typical for spring (9.34 %) and
summer (8.20 %) periods. During the autumn cold
spells, relative growth rate falls (2.03 %). The time of
biomass doubling in spring and summer is the highest —
7.42 and 8.45 days, respectively, in the autumn period
the time of biomass doubling is much longer, reaching
34.60 days. According to these data, the rate of
exponentia growth is calculated. It is determined, that in
spring and summer this figure is 0.072 and 0.049 g/day,
and in autumn it fallsto 0.016 g/day.

34,6
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¥ relative growth rate, %

" biomass doubling time
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the rate of exponential

growth of plants, lgiday
0,072

Fig. 6. Relative growth rate, doubling time, the density of the plants and the growth rate of the water hyacinth
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Conclusions

The main problem for the studied water objects is

the excess of maximum permissible levels of nutrients.

To solve this problem it was proposed to use such

environmental measures as bio-filtration of water by
means of macrophytes (higher aquatic plants), namely
water hyacinth.

The results of the studies of the plants growth and

development under conditions of eutrophycation waters
are presented.
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