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The comparative analysis of results of researches of efficiency of deep water purification is
provided in filtration-regeneration bioplato of hydroponic type and the bioplato of various designs.
It is shown that use of an medium drainage for fixed washing with circulating and washing waters
of the filtering loading, biofilms, root system of plants and a drainage of the bioplato, and also
hydroautomatic purification of circulating and washing waters allows to provide the self-recovered
operating mode of a complex of treatment facilities and to reach high quality and stability of water
purification. Keywords: water treatment, biophytotechnology, higher aquatic plants, bioplato, filter-
ing, self-cleaning filters.

I'nmudoke ouumeHHss Boau y @iabTpauiiiHo-pereHepauiiHux 0ionjaTo riApoNnoHHOro
Tumy. bounap O.I., ®umnnuyk B.JL., Kypumok M.C., Aiiaita Aniediok. HaBeneHo mopiBHsUIb-
HUH aHasi3 pe3yibTaTiB JOCITI/PKeHHs e(pEeKTHBHOCTI TIHOOKOTO OYMINEHHS BOAH Y(iIbTpamiii-
HO-pereHepamiiHux 010IIaTo TiAPONOHHOrO THMY Ta Oiloruiaro iHIMMX KOHCTpyKHii. [TokaszaHo,
II0 3aCTOCYBAHHS CEPEIHBOTO JPEHAXY JUIS MOCTIHHOI MPOMHMBKH LUPKYJIALIHHO-TIPOMUBHUMHU
BozIaMH (UIBTPYBAJIBHOT 3aCUIIKH, O10TUIIBKH, KOPEHEBOT CHCTEMH POCIIHH 1 ipeHaxy Oiomiaro Ta
TiIpOABTOMATHYHOTO OYMIIEHHS IUPKYISIIHHO-IIPOMUBHHUX BOJJI03BOJISAE 3a0€3MIEUUTH CaMOBi/I-
HOBIFOBAJIbHUH PEXUM POOOTH KOMIUIEKCY OYHCHHX CHOPYH 1 DOCATTH OUIbLI BUCOKOI SIKOCTI Ta
cTabIbHOCTI OYHIIEHHS BOAH. Kt0u06i coga: OUUILEeHHS BOAH, 010()iTOTEXHOOTIS, BUII BOAHI
pocnuny, 6iomiato, GiaBTPYBaHHS, CAMOIPOMHUBHI (iTBTPH.

I'ny6oxas ouncTka BoAbl B QUILTPALMOHHO-PereHepPAllHOHHbBIX 0HOIIATO FHAPOIIOHHOI0
THna. bounaps A. U., ©Gununuyk B. JI., Kypumok H. C., Aiiaita Auneduok. [lpuBenen cpaBHu-
TEJIBHBIN aHAJIN3 PE3yJIbTaTOB HCCIeA0BaHIH AP (HEKTUBHOCTH IIIyOOKOH OYNCTKHU BOABI B hrutbTpa-
IIHOHHO-PETeHEePAHOHHBIX OMOIUIATO THAPOIIOHHOTO TUMA M OMOILIATO PA3INIHBIX KOHCTPYKIHUIL.
Iloka3aHo, YTO HCMONB30BAaHUE CPEIHETO JIpeHaXka JUIS MOCTOSHHOM MPOMBIBKM LUPKYISIINOH-
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HO-IIPOMBIBHBIMH BOZaMU (DHIIBTPYIOIIEH 3arpy3KH, OMOIUICHKH, KOPHEBOH CHCTEMbI PACTCHUH 1
JpeHaka OMOIIATO, a TAKXKE THAPOABTOMATUYECKOH OYMCTKH LMPKYJISIHOHHO-IIPOMBIBHBIX BOJL
MO3BOJISIET 0OECIIEUUTh CAMOBOCCTAaHABIMBAEMBIH PEXHUM PabOThI KOMIIJIEKCA OYUCTHBIX COOPYIKe-
HUH ¥ JJOCTHYb BBICOKOTO KAaueCTBAa M CTAaOMIBHOCTH OYMCTKHU BOABL Kiiouesvie cioga: OducTKa
BOJIBbI, OMO(HUTOTEXHOIOTHS, BBICIIAE BOIHBIC pacTeHHs, OMOILIATO, (PUIBTPOBAHKE, CAMOIIPOMBIB-

HbIe QUIBTPBI.

Filtration bioplato like facilities for
purification and post-purification of
household, industrial wastewater, sur-
face runoff become widespread in recent
years. Their advantage is that they prac-
tically do not require electric power
consumption and chemical reagents,
significant maintenance and provide
high quality water treatment from a wide
range of organic and mineral pollutants.

In the bioplato system, complex
interrelated  aerobic-anaerobic  pro-
cesses occur, which are accompanied
by filtration, sorption, absorption and
transformation by plants and microor-
ganisms of various compounds and ele-
ments. The main mechanism for water
purification on bioplato is the activity
of hetero and autotrophic organisms.
As the highest aquatic vegetation from
macrophytes broadleaf -cattail, great
bulrush, flowering rush, arrowhead,
water weed, water lily, calamus root,
rootless duckweed, pondweed and oth-
ers are used.

A positive factor that significantly
influences the purification is the forma-
tion on the surface of a filtering deposit
of the bioplato and the plants root system
of biofilm, in which various microorgan-
isms develop in the form of an immo-
bilized bacterial medium and inoculant,
through which the organic substances
and various toxic compounds are effec-
tively decomposed and removed [1].

Research analysis

Most often in countries with a warm
and moderate climate, a bioplato with

the above ground water surface is used.
Thus, according to research in the UK,
the average percentage reduction in
pollutant concentrations in household
wastewater is 48% for BOD, 83% for
suspended substances, 51% for total
nitrogen, 13% for phosphorus, 99%
for pathogens. In the United States,
the degree of household wastewater
purification using the water hyacinth
according to BODS reaches 97-98%. In
China, the efficiency of water purifica-
tion from silver, suspended substances,
phosphorus and nitrogen compounds,
respectively, was 100%, 91%, 54% and
93%. Bioplato is used effectively for
the treatment of household wastewater
and surface runoff in the Netherlands,
Japan, Norway, Australia and other
countries [2; 3; 4].

However, in regions with a warm cli-
mate in the open water of the bioplato,
harmful insects, including the larvae of
the malarial mosquito can propagate.
The presence of above ground water
surface also causes the formation of
harmful aerosols and unpleasant odors.
In the open bioplato, the regulation of
mass exchange, gas saturation and aer-
ation of water processes is not ensured,
the mineralized sludge and sediment are
not removed. This leads to colmatation
of drainage systems, filtering backfilling,
development of anaerobic processes,
causes secondary water pollution and a
significant reduction in the efficiency of
purification from contaminants.

At the Institute of Hydrobiology
of the National Academy of Sciences
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of Ukraine, open bioplato of various
designs for water purification, which
showed high efficiency was investi-
gated [5]. Wide research and imple-
mentation of such structures is car-
ried out at the Institute of Ecological
Problems (Kharkiv) [6]. In the State
Ecological Academy of Postgraduate
Education and Management (Kiev),
the bioplato with floating filling
in the form of special rafts with
aquatic plants and algae planted in
them has been developed [7]. Closed
hydroponic filtration bioplato were
proposed by the Scientific and
Engineering Center “Potential-4”. In
them, the water level is lower than
the upper level of filling, in which the
planted aquatic plants and algae and
their root system is constantly washed
with water moving vertically from top
to bottom or from the bottom up.

At the same time, in such closed
hydroponic filtration bioplato there is a
gradual colmatation of the root system
of aquatic plants and algae, pore space
of filtering fill and drainage with bio-
film and mineralized sediment, accu-
mulation of sludge in the bottom part
of structures, decrease in the flow of
oxygen and nutrients to the root system
of aquatic plants and algae, which can
lead to a decrease in efficiency work of
facilities, peptization of sediment and
secondary pollution of water.

The purpose of the article is to
highlight the results of the development
and investigation of the filtration-re-
generative bioplato of hydroponic type
(FRBHT) in which constant and con-
trolled washing and regeneration in the
hydro-automated mode of the filtering
backfill, the root system of the aquatic
plants and algaec (APA) and drainage
systems are realized.

Research methodology

Filtration-regenerative bioplato of
hydroponic type (FRBHT-1), in which
the water level is below the upper level
of the filtration filling, was investigated
at the municipal wastewater treatment
facilities in the town of Kivertsi (Volyn
region) and in the city of Kamenka-
Buzka (Lviv region).

Bioplato (FRBHT-1), which explored
in Kivertsi (see Fig.), consisted of a
rectangular ferroconcrete reservoir (1)
13 m wide, 50 m long and 2.6 m deep,
in which a two-layer activated bioprepa-
rations — inoculum filtering filling was
placed (2, 15). The upper layer of the
filtering filler (2) consisted of a mixture
of granite and basalt gravel fractions of
35-50 mm, the bottom layer (15) from
the blown granite-basalt gravel fraction
of 10-25 mm. The thickness of all layers
of the filtering fillings was 2100 mm, in
which the upper filtering granite-basalt
layer had 1400 mm.

In the thickness of the filter filling
(2 and 15) the upper (6), middle (5)
and lower (4) drainages, which were
placed evenly across the entire area
of the reservoir, were mounted. The
upper drainage (6) of the source water
distribution was located in the radical
system of higher water plants-macro-
phytes and moisture-loving trees (APA)
(8) and connected to the water supply
pipeline for purification (1), as well as
to the pipeline of circulating and rinsing
water and collector (pipeline) clarified
washing water of a self-washing foam
polystyrene filter. The bottom drainage
(4) for collecting and removal the puri-
fied water was placed on the bottom of
the reservoir at the bottom of the filter
filling. The medium drainage (5) for
collection and removal of circulating
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and rinsing water was placed in a filter
filling between the upper and bottom
drainages.

As the APA, we used willow of
energy species (40-45%), reed (30-35%),
broadleaf cattail (15-10%), miscanthus
(10-5%), calamus and other higher water
volunteers (5%), the root system of
which was in the upper part of the filter
filling (2) were used.

The self-washed polystyrene foam
filter (11) for filtering treatment of cir-
culating and rinsing water was made
in the form of a cylindrical steel tank
in which the filter filling was made of
granules of foamed polystyrene. The
filter is equipped with a device (12) for
the hydro-automatic cleaning of the fil-
ter filling (operated without operators
and latches).

FRBHT-1 works as follows. The
water for purification is fed by the col-
lector (3) to the upper part of the biop-
lato (1), distributed over the drainage
over its area and filtered from top to
bottom through the upper layer of the
filter filling (2). Since in FRBHT-1 the
water level is below the upper level of
the filtration filling, in which the APA are
planted, then their root system is con-
stantly washed with water moving verti-
cally from the top to the bottom.

Then the water is filtered through the
bottom layer of the filling (15). Purified
water (filtrate) is collected by the lower
drainage system (4), move out off by the
collector (7) into the contact reservoir
and then pass into the reservoir or sent to
the consumer after additional post-treat-
ment and disinfection.

Fig. Principal scheme of FRBHT-1:

1 — body of bioplato, 2 — upper layer of filter filling, 3 — water supply collector for
purification, 4 — bottom drainage for draining purified water, 5 — medium drainage for collection
and removal of circulating and rinsing waters, 6 — upper drainage of water distribution in
the inter-root system of APA, 7 — collector for draining purified water (filtrate),8 — higher
aquatic plants and / or moisture-loving trees (APA), 9 — storage device for circulating and
rinsing waters, 10 — pump, 11 — self-washed polystyrene foam filter, 12 — Hydro-automatic
filter washing device, 13 — tank-developer of filter rinsate, 14 — pump of developer rinsate,

15 — bottom layer of filter filling
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Since during the filtration of water
the active sludge film, suspended min-
eral and organic impurities accumulate
in the filter filling, a part of the filtered
water is continuously removed from
the lower zone of the root system of the
APA by an medium drainage (5) into the
storage device (9) and then periodically
or continuously by a pump 10) is sup-
plied for post-treatment from a slurry
for a self-washing polystyrene filter
(11). As a result, intensive mass trans-
fer takes place in the root-filtering fill-
ing and washing of the inter-root space
of the APA (8). Purified circulating and
rinsing water is returned to the bioplato
through the collector (3). The filter (11)
is periodically washed with a device for
hydro-automatic washing (12).

The duration of the research was
3 stages for 12-30 days during 18 months
of production operation of the bioplato.
The main variants of the bioplato oper-
ation were investigated: 1 — without the
use of medium drainage in the bioplato
and foam polystyrene filter (the bioplato
analogue of the closed hydroponic filtra-
tion bioplato of the “Potential-4” design
was investigated); 2 — during cyclic
(periodic) washing of the filtering filling
of bioplato with the use of a self-wash-
ing foam polystyrene filter; 3 — with a
constant washing of the filtering filling
of the bioplato using a self-washing
foam polystyrene filter.

Research results

The exploitation results of bioplato in
different variants showed the following.
When the bioplato operates in the first
variant, in which the washing of the fil-
tering filling was periodically performed
in a manual mode by stopping the work
of the facilities for 40-90 minutes and
draining the wash water 6 times during

the research period and 3 times during
the setting up period of the bioplato
operation, it is possible to obtain fairly
stable cleaning water results.

However, essential shortcomings
of such biophytopurification of water
is the need for periodic stopping of the
bioplato operation for the regenera-
tion of the filtering filling and for the
continuous monitoring of the facilities
by qualified service personnel. With a
higher content of suspended substances
in the source water, rapid and uncon-
trolled colmatation of the root sys-
tem of the APA, drainage and filtering
of the bioplato occurs, which leads to
a deterioration in the quality of water
purification due to the development of
anaerobic processes, a deterioration in
the mass exchange of the root system
with “raw” water, significant compli-
cation of control over the operation of
the complex of structures, especially
during periods of prolonged rainfall,
early snowfall, flooding.

The operation of FRBHT-1 in the
second variant was carried out with-
out interruption of the supply of water
for purification and periodic washing
of the filtration filling of the bioplato.
This variant allows to obtain more stable
results of water purification compared to
the first variant. The efficiency of water
purification in this way compared with
some parameters with the previous vari-
ant was on average 20-30% higher. The
disadvantages of the second variant of
water purification are the necessity of
manually setting the modes and chang-
ing the periodicity of the washing cycles
of the filtering filling of the bioplato and
the constant control over the work of the
complex of structures in case of fluctu-
ations of water quality indicators at the
entrance to the bioplato.
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The operation of FRBHT-1 in the third
variant was carried out by continuous
washing of the bioplato filtration filling
without affecting the subjective factor and
stopping the water supply for cleaning and
stopping its operation. This variant showed
stable and best results. Compared with the
previous variants, it allowed to improve the
degree of water purification by individual
control parameters by 50-70%, especially
when water is fed with a higher content of
suspended substances and nutrient com-
pounds of nitrogen and phosphorus due
to the improvement of mass transfer pro-
cesses in the root system of filtering filling
and constant flushing of mineralized films
of active sludge.

The degree of sewage purification
during bioplato operation in various vari-
ants is shown in the table. As can be seen
from the results of research, the highest
degree of purification was observed in
the treatment of sewage in the third vari-
ant. On the basis of researches, a num-
ber of methods have been developed for

water purification and FRBHT-1 struc-
tures, which are protected by Ukrainian
patents [9; 10].

Conclusions

The results of the research showed
that the use of the filter-regenerative bio-
plato of hydroponic type (FBBHT-1) in
comparison with the known technolog-
ical schemes of biophytopurification of
water and bioplato designs allows for
the constant automatic washing of the
filtering filling, the root system of APA
and bioplato drainage and hydro-auto-
matic cleaning of circulating and rinsing
waters to provide self-healing operation
of a complex of treatment facilities. This
enables, regardless of the size and pro-
ductivity of the bioplato, the cyclicality
of water supply, the climatic conditions
to achieve higher quality and stability of
non-reagent water purification, to aban-
don the maintenance staff and to contin-
uously monitor the work of the complex
of water treatment biophytostructures.

Table 1

Degree of sewage purification at various variants of FRBHT use

Concentration at the entrance The average efficiency of
to FRBHT-1, mg/dm’ sewage purification
No Indicator Aft After purifica-
I | tion in aerotanks | Variant 1 | Variant 2 | Variant 3
settling .
and settling
1 | Suspended 60 15 60-80 65-90 85-95
substances
2 |Biochemical 65 15 65-80 70-90 85-95
Oxygen
Consumption 5
3 |Chemical 180 60 50-75 55-80 70-90
consumption of
oxygen
4 | Ammonium 2,5 0,5 75-80 80-87 95-99
nitrogen
5 |Phosphates 6,5 2,5 55-65 63-72 70-85
6 | Oil products 15 4,0 80-85 85-90 95-99
7 |SPAR 4,0 1,5 75-80 79-85 90-97
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