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A phytosystem for treatment of sewage.

Technical field

The present invention pertains to a phytosystem, dynamic septic system , and a
container and, which combined offers a close-loop effective treatment of residential and
industrial sewage in any climatic conditions and at arbitrary latitudes. The phytosystem also
allows for reuse and recycling of effluent water, thus reducing demand on existing central
water treatment systems and easing pressure on ground water reserves.

Background art

There is a growing need for a sustainable solution to worldwide problems with
management of decentralized wastewater sources, ground water pollution and shrinking
water resources. Global problems with ground water contamination brought legislative
changes in some couniries. These changes follow the reality where wastewater systems can
be dictated by growth rather than growth depending on existing central wastewater systems.

Decentralized systems should be sustainable, based on natural life cycles and
economically affordable to people. Minimum energy should be used for their manufacturing
and operation. They should be at least CO,-neutral and allow for flexibility in nutrient
recycling according to local conditions and demands.

Search for alternative low energy, low maintenance systems, including
alternatives to conventional septic systems is of high interest to solve problems related to this
technical field. The aim is to solve such problen’is by developing a simple permanent, robust
phytosystem that can significantly improve public health and protect water quality in places
with high degree of water-related diseases and with general shortage of water, but in the
same time be cost-effective and environmentally appropriate.

Environmental concern, economics and logics speak for such alternative real-
world solutions instead of traditional central collection and treatment plants. On the other
hand, many commercially available ‘green’ onsite wastewater systems are not sustainable.

Patent application document KR 20030044647 A describes a membrane
separation-type of a septic tank as an alternative solution to traditional tanks in Korea, which
are of the type having 3-compartment septic systems. The essential part of the system is a
container consisting of a semi-permeable composite membrane. Similar systems are also
known as membrane bio-reactors (MBR). Membrane application to pre-treatment and
treatment of sewage are commercialized by the Korean Hyundai Corp. and the Japanese
Hitachi Zosen Corp. According to the KR 20030044647 description the cylindrical enclosure
can be made of materials such as metal.

Moreover, the KR 20030044647 document describes that inlet and bypass can
be square or unspecified. The opening in the transept wall is not serving as a deflecting
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mechanism. Such systems operate on activated sludge. Hence, there is no need for a scum
barrier.

Also, the bio-bed is forming only a fraction of the compartment’s volume. The
internal cylindrical enclosure in document KR 20030044647contains a membrane module for
the final treatment of sewage where the module’s principle function is to separate permeate
from activated sludge. Permeate is than evacuated outside the system by a vacuum pump.
Because of the activated sludge process the internal compartment in KR 20030044647 is
normally actively aerated. Furthermore, permeate is leaving the system, and is not
gravimetrically recycled for further reduction of nitrogen, and raw sewage cannot enter the
sediment compartment gravimetrically.

Another patent application WO 03042114 A1 discloses a biological treatment
systems where sewage flow is linear, ‘plug flow’. In WO 03042114 excessive sludge or
volatile suspended solids (VSS) are produced with a “low yield” VSS in effluent.

Summary of the invention

The present invention offers effective pretreatment of residential sewage in any
climate and at any latitude. The phytosystem also allows for reuse and recycling of effluent
water, thus reducing demand on existing central water treatment systems and easing
pressure on ground water reserves.

The present invention thus sets forth a phytosystem adapted to offer effective
treatment of at least one of residential and industrial sewage water. It comprises:

a pretreatment container for pretreatment of sewage water according to the
attached claim 9, receiving the sewage water through an inlet connected to the at least one
of the residential and industrial sewage water outlets;

a purifying container according to ¢laim 15 receiving the pretreated sewage
water pumped from the outlet of the pretreatment container through a connection with the
inlet of the container; and

an outlet for discharging purified water.

In one embodiment of the present invention one of the container’s outer
compartments is provided with an anaerobic biological bed, and the inner compartment has
serves for sedimentation of mineral solids and initial decomposition of cumulating biosolids.

One embodiment comprises that the pretreatment container’s inner
compartment is provided with a bio-bed adapted to an efficient final fixed-film pretreatment of
the sewage.

Another embodiment comprises that the entire pretreatment container is
positioned underground, thus allowing for a gravimetric recirculation of purified water from a
phytosystem’s purifying container.
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Still another embodiment comprises that the pretreatment container receives
raw sewage, when in operation, from clusters of households.

A further embodiment comprises that the pretreatment container is changing its
mode of operation from anaerobic conditions enhancing high denitrification and phosphorus
reduction, to aerobic conditions in the inner compartment, thus making possible a state of
primary reduction of organic carbon (BOD) when in operation.

Yet a further embodiment comprises that a suitable part of purified water
effluent from the phytosystem is recycled back to the anaerobic compartment of the
pretreatment container when in operation.

Still yet one embodiment comprises an optimized biological process and stable
temperature, resulting from effective heat exchange or heat conservation due to thermal
insulation when standard poly urethane (PU) PVC containers are utilized, which reduces
accumulation of biosolids and eliminates odors produced by conventional septic tank
systems.

The present invention furthermore sets forth a container adapted to
pretreatment of residential and industrial sewage water. Hereby it comprises:

at least one outer watertight wall with a lid having an inlet for raw sewage water
and an outlet of pretreated sewage water both positioned at the upper ridge of the container;

an inner watertight wall making up an inner compartment comprising the outlet;

the outer wall and the inner wall making up an outer compartment;

a first watertight wall dividing the outer compartment in two parts from top to
bottom of the outer compartment;

and a second wall dividing the outer compartment from the top of the container,
down to an opening permitting sewage water to deflect and flow in a channel between the
outer compartments’ first and second walls, the second wall making up a scum barrier at the
top of the outer compartment;

a bypass connecting the outer compartment and the inner compartment
situated above a lower ridge of the inner wall, the bypass being positioned on the opposite
side of the first wall where the raw sewage inlet is positioned; and

a pump means connected to the outlet in the inner compartment creating a
sequential flow of fluids.

In one embodiment of the invention it is precast in modules utilizing composite
light concrete reinforced with polymeric microfibers or a precast in modules from superlight
polymeric material.

One embodiment provides a bio-bed when in operation that consists of
prefabricated polyethylene tubular blocks of high porosity for bio-film development.
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Another embodiment provides that the outer compartment receives raw sewage
when in operation, through an inlet at the upper ridge of the channel next to the first wall,
diagonally positioned in relation to the bypass to the internal tank thus allowing sewage to
flow sequentially clockwise against the deflecting transept second wall, allowing for
sedimentation of mineral solids and flotation of suspended organic particles and formation of
surface scum.

A further embodiment provides that sediment-free raw sewage enters an
anaerobic denitrifying bio-bed in the outer compartment of the channel and finally through the
bypass next to the first wall between the channel and the internal tank when in operation, to
a highly perforated substantially aerobic bio-bed in the inner compartment prior to a pump
with a shunt outlet located above the upper ridges of the inner compartment.

A still further embodiment comprises that the inner compartment is filled with a
high porosity prefabricated filling for aerobic pretreatment.

Moreover, the present invention sets forth a purifying container adapted to offer
effective treatment of residential and industrial sewage water. It thus comprises:

an open to the atmosphere watertight at least one outer wall having an inlet for
pretreated sewage water and an outlet for purified water both positioned at the upper ridges
of the container;

an inner watertight wall making up an inner compartment;

the outer wall and the inner wall making up an outer compartment;

the inlet is adapted to release pretreated sewage water into the outer
compartment in a sequential flow;

the outlet is positioned to release purified water from the inner compartment;

a first wall is watertight attached to the bottom of the outer compartment
between the outer wall and inner wall reaching up to a level beneath the water level of the
container,;

a second and a third wall are each positioned on both sides of the first
watertight wall attached to the outer wall and the inner wall protruding from the water level of
the container towards the bottom of the container. The second wall and third wall are with
equal openings in the bottom part, allowing fluid to pass through, and together with the first
wall making up a waterfall and vortex effects in the channel for circulating of sewage water at
the predetermined velocity and oxygen saturation;

a bypass for fluid to pass between the outer compartment and the inner
compartment;

an aeration diffuser leading to air-lifting of fluid between the first transept wall
and second transept wall leading to the waterfall flow between the first transept wall and the
third fransept wall to vortex recirculation of liquid in the outer compartment;
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a pump means for pumping in predetermined doses of pretreated sewage and
by means of hydraulic pressure difference leading to the outflow of equivalent doses of
purified water through the outlet in the center of the inner cylindrical container; and

built out of precast modules of at least one of composite light concrete with
micro-fibrous reinforcement, glass-fiber reinforced plastic, and polyurethane.

One embodiment comprises that the container is provided with an integrated
biological bed consisting of selected aquatic and bog plants of at least one of the following
four genus combinations sedge and bulrush, sedge and sweet-flag, bulrush and sweet-flag
and sedge, and bulrush and reed, which in their extensive rhizosphere provide key habitats
for sustaining a high invertebrate population, whereby intensive invertebrate grazing prevents
excessive growth of biofilm and accumulation of biomass; and

water mynth and water-plantain are provided to the purifying container for their
beneficial role in the biocenose and continuous supply of dissolved organic carbon; and

selected aquatic and bog plants with an extensive rhizosphere are provided in
the purifying container for sustaining intensive microbial processes and invertebrate grazing
in a biological bed, preventing any accumulation of biosolide or any odors being produced in
decomposition processes.

One other embodiment comprises that it is to at least % parts of its height
placed underground thus allowing for gravimetric outflow of purified water.

A further embodiment provides that it comprises an integrated biological bed
when in operation, consisting of prefabricated polyethylene tubular blocks of high porosity
with supporting media for selected aquatic and bog plants, the integrated biological bed
occupying upper parts of the outer compartment, the remaining unobstructed space beneath
the integrated biological bed allowing fast circulation of oxygenated water and dosed
pretreated sewage.

Still a further embodiment comprises that it receives pretreated sewage when in
operation, in regular doses from a primary septic system or from any other pretreatment
device outside it.

Another embodiment comprises that it receives pretreated sewage water when
in operation, through the inlet adjacent a bottom part of the outer compartment, the sewage
being continuously circulated clockwise and aerated by a vortex mechanical device or air-
pump causing horizontal rotation movement of high turbulence, whereby the predetermined
velocity of flow prevents sedimentation of suspended particles.

Yet one embodiment comprises that purified water leaves the inner
compartment when in operation, via a perforated vertical pipe closed at the bottom, and a
shunt outlet located below the upper ridges of the inner compartment, the circulation
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channel, and the perforated vertical pipe optionally accommodating a coronary discharge
ozone generator and an electronic monitoring device.

Yet a further embodiment comprises that a change of mode of operation to the
vortex mechanical device allows a sequential aeration process, thus making possible
controlled shifts between a state of high oxygen saturation for sustaining desirable high rates
of organic carbon (BOD) reduction and nitrification, and a state of anoxic conditions.

Still yet a further embodiment comprises that the inner compartment (51) is
filled with a mineral with high phosphorus adsorption capacity, wherein the water level at the
outlet (62) determines the water level in the entire phytosystem.

One other embodiment comprises that at warmer places in the world, a cooling
device is applied based on an additional outlet of purified water along the outer wall of the
outer compartment.

A further embodiment comprises that the at least one circulation channel
comprises a system of joint vessels, providing that any inflow of sewage to an outer channel
causes an outflow of the equivalent amount of water from the inner compartment (51) due to
the hydraulic pressure difference.

Brief description of the drawings

Henceforth reference is had to the attached figures in the accompanying text of
the description for a better understanding of the present invention with its embodiments and
given examples, wherein:

Fig. 1 schematically illustrates one embodiment of a phytosystem adapted to
purify sewage in accordance with the present invention.

Fig. 2 schematically illustrates a cross sectional view of a pretreatment
container for initial pretreatment of sewage in accordance with the present invention,

Fig. 3 schematically illustrates a top view of a pretreatment container in Fig.2
for pretreatment of sewage in accordance with the present invention;

Fig. 4 schematically illustrating a purifying container according to the present
invention in a side elevation; and

Fig. 5 schematically illustrating a purifying container according to Fig. 4 in a cut
upper elevation view.

Detailed description of preferred embodiments

The present invention is inspired by many years of corporate experience in lake
restoration and in management of aquatic systems, combined with applied research on
benthic microbial communities and metabolic interactions in freshwater littorals. Moreover,
the present invention is a substantially simplified and a compacted biological system with
respect to the construction, installation, operation and adaptability to any climatic conditions
and a reduced space, uniquely small footprint, required for its installation and optimal
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performance. Practically, the phytosystem and containers of the present invention do not
require any regular maintenance and they become an enriching component of the local
environment.

In the course of applied research and microscopic observations, the conclusion
arose that it can be possible to develop a system combining controlled circulation hydraulics
and biological processes in a closed loop container. The dimensions of the container
accommodating basic phytosystem appeared to be interdependent and hence essential to
the function of the entire system. It was further observed that the heat exchange and heat
transfer phenomena occurring in natural lake ecosystems can be mimicked in properly
designed compartments. For balancing nutrient breakdown and nutrient transfer,
observations of microbial processes occurring in lake littorals and in extensive rhizospheres
of selected aquatic and bog plats where applied. Designs of physical and biological
processes benefited from observations of differences in diversity and density of bacterial
strains associated with certain rhizospheres and certain redox potential and conductivity
conditions. The microstructure of an intimate root surface-bacteria relationship was also
reflected in the density and composition of grazing invertebrates, ciliate protozoa in
particular. The quality of purified water is reflected by presence of a unique zooplankton
(crustaceans) community in the final stage of water purification. Such communities are
known to occur normally in extremely oligotrophic lakes.

Thus, by combining and magnifying biological and physical processes occurring
in natural ecosystems, it was possible to develop a complete biological solution according to
the present invention. One technical obstacle was related to an environmentally appropriate
material for repeatable industrial precast manufacturing or for an onsite construction of
containers/vessels.

The phytosystem of the present invention represents functional integration of
optimized physical and microbial processes and interactions comprising the elements found
in the following natural ecosystems: fast flowing brook, waterfall, freshwater wetland and,
hydroponic (plaur) community. It is contained in and engineered to an optimally dimensioned
construction framework. Of particular value to the high performance of the phytosystem is the
practical application of trophic and synergic relationships between plant root systems
(hizosphere), bacteria and grazing invertebrates (protozoa). Aquatic plants applied in or
provided to the phytosystem of the present invention were selected according to their
observed physiological features, extensive root systems that sustain high population of
grazers preventing excessive growth of biofilm or accumulation of excessive biosolids.

Hence, the phytosystem benefits from heat exchange between the ground and
the water and energy conservation within the system in operation. Because of the applied
vortex flow and aeration mechanism, the geo-heat transfer to water and to the bio-bed is
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highly effective and stable which is reflected in intensive biological activity year round. in
warmer parts of the world, the same vortex circulation enhances cooling effect due to
transfer of heat from the liquid environment to the outer wall cooled by an additional outlet of
purified water on the outside of the outer wall.

The present innovation offers solution to shifting and irregular flows of
wastewater. In case when no wastewater flows in over a longer period of time, the
phytosystem remains in its functional capacity due to internal recycling of nutrients and
metabolic stability. As the phytosystem matures, the total amount of nutrients retained within
the phytosystem also increases. Especially in forms less available to plants and animals
such as lignin, tannin or humic acid. This has implications for the CO, - / carbon cycle within
the phytosystem which serves as a net-sink for CO; or can at least be carbon-neutral.
Microbial populations influence carbon storage in plants by enhancing their growth through
interactions with organic compounds within the rhizosphere, by providing nutrients such as
phosphorus and nitrogen. On the other hand, higher vegetation is known to release
substantial amount of dissolved organic carbon in form of vitamins, enzymes, chelators, etc.
which enriches the purified water and creates favorable conditions for growth of
invertebrates.

The observed plant root - bacteria association was highly host specific. High
density of gram-negative obligate aerobic rods was observed. The same high host specificity
was valid for invertebrates (protozoa) that are important to maintain the phytosystem’s
functional stability. Shifts in microbial communities are believed to be responsive to such
factors as release of plant exudates, oxygen and carbon translocation into roots and oxygen
conditions in the bio-bed. Continuous flow of highly oxygenated water with nutrients and
organic compounds and relatively stable temperature within the bio-bed result in fast
metabolic turnover of plants, associated microbial communities and invertebrates.

For the degradation processes to run correctly, it's necessary that energy for
aeration is sequentially and optimally supplied in a controllable way. It's necessary to supply
organic substrate (sewage) and to remove excessive biomass produced by microorganisms.
The observed high intensity of treatment processes in the phytosystem results from long
contact time of the sewage with the extended bio-available surface area and the volume of
the entire bio-bed and intensive oxygen supply is also displayed by an inverted vertical
oxygen distribution throughout the system. Consequently, the wastewater retention time in
this phytosystem can be reduced to one day, while the overall external energy demand
remaines at the level of < 35 Watt per person equivalent (PE). This low energy consuming
phytosystem can be powered independently from a central electricity grid, by applying simple
solar or wind electricity generators.
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Furthermore, the phytosystem of the present invention can be designed to
operate with filamentous green algae in the hydroponic part of the biological bed, instead of
higher aquatic and bog plants. Reduced evapo-transpiration in such case will allow higher
volumes of purified water to be reused for irrigation, ground water recharging and other
economic and environmental purposes.

Phosphorus absorption media of the type PhosLock ® or Polonite® in
combination with other mineral absorbers can be used in the outflow of purified water to
further reduce and recycle phosphorus and to balance the ratio of nitrogen:phosphorus (N:P)
in the ultimate water recipients. The system design is flexible and can be individually tailored
to meet local or specific requirements. The phytosystem’s function and performance can be
augmented by remote electronic monitoring and control.

Because of the unique combination of intensive aeration, high liquid velocity
and enhanced and stable microbial processes in the bio-bed, the phytosystem of the present
invention can be designed for residential sewage with high BOD loading and with flows
ranging from one m® day to 250 m*/ day. Functional flexibility of the phytosystem allows for
its application to treatment of landfill leachates, polishing of effluents from conventional
wastewater treatment plants, or it can be used as a tool in restoration of degraded
freshwaters. It also provides effective treatment of certain industrial wastewaters, including
those containing man-made endocrine disrupting chemicals (EDC) and polyaromatic
hydrocarbons (PAH).

Fig. 1 schematically illustrates the sewage purifying phytosystem 10, where
sewage is received from a residential building 12. It is appreciated that the phytosystem 10
also operates in industrial applications. Moreover, the sewage from the residential building
12 is provided to the dynamic pretreatment system 14 of the present invention and
prefreatéd sewage flows to the purifying container 16 of the present invention, where it is
purified in accordance with the present description. When the sewage is purified into clean
water it is either recycled and reused or released into the ground or to a final receiver for
instance a pond 18.

A purifying container 16 can be precast in many different outer shapes 20, as
well as the septic tank 14 of which those in Fig. 1 are examples not intended to limit the
invention only to those. The inner cylindrical wall 22 and a channel 24 of the container are
also depicted in Fig.1. In one preferred embodiment the container 16 is mechanically
constructed in the same manner as the septic tank 14, but without a lid and separating and
deflecting walls as is depicted in Fig. 4 and Fig. 5.

The present invention or the first time applies composite light concrete with
micro-fibrous reinforcement or glass-fiber reinforced plastic, GRP, or polyurethane to achieve
an inexpensive container, comparable with other construction materials or prefabricated
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plastic containers, lightweight, watertight, durable, easy to transport and install with internal
surface of low friction to ensure desirable hydraulic behavior of the circulating water. By
applying innovative construction materials, the entire phytosystem becomes less expensive,
more affordable to communities, more reliable and the time required for manufacturing and
onsite installation is significantly shorter than any other constructions of the same volume
used so far.

Other fields of application for the phytosystem are for instance: treatment of
contaminated leachates, polishing of effluents from conventional wastewater treatment
plants, and as a tool in restoration of degraded freshwaters. The present invention
phytosystem with its containers 14, 16 differs from other biological treatment systems where
sewage flow is linear, ‘plug flow’, as in WO 03042114 A1, by applying a sequential flow. The
number of channels and their dimension are designed for optimal treatment. Integrated
biological beds placed in circulation channels mimic natural biocenoses in lakes and
wetlands. Circulation channels comprise the system of joint vessels. It means that any inflow
of sewage to the outer channel 24 causes an outflow of the equivalent amount of purified
water from the internal cylindrical tank.

Constantly forced flow of fluid close to the hottom of the circulation channels
leads to recovery of heat transferred from the ground. it provides that the channels do not
freeze at external temperatures as low as minus 33°C. An integrated biological bed consists
of at least five species of aquatic and bog plants and several hundred species of
invertebrates, coexisting with the plant rhizosphere. It results not only in breaking down
organic matter but also in continuous consumption of particulate organic matter. Hence,
contrary to other treatment systems, no excessive sludge or volatile suspended solids (VSS)
are produced. Contrary to “low yield” VSS in effluent quoted in WO 03042114 A1. Many
species of invertebrates are emerging and in flying forms leave the open phytosystem, which
contributes to the onside recycling of organic carbon and other essential nutrients exactly
what takes place in open natural ecosystems.

Pretreated sewage is pumped into the first, outer circulation channel of the
phytosystem. For a particular phytosystem, e. g. with capacity of 60 m%day, volume of the
outer channel will be approx. 50 m® including the bio-bed. Assuming an average inflow of
sewage to the outer channel of 1000 liters per hour means that already in that channel, the
inflowing dose of sewage will be diluted 50 times with purified water in the channel just by
making one full circle (25 m). This volume will enter the internal channel only after treatment
in the bio-bed with sequential periods of intensive oxidation followed by controlled periods of
anaerobic conditions. Every additional circulation channel increases the ratio of purified
water to the dosed sewage. In the night, where normally inflow of sewage is at its lowest,
water circulates autonomously in channels and is “ready” for accepting new sewage doses in
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the morning. This phytosystem has many analogies with biologicat self-purification occurring
in rivers. However, in case of the present invention, phytosystem has much higher efficiency
than natural linear processes. Visually, the invented process can be compared to a stream
passing through several ponds in which it has to flow, at least once along the perimeter of
the pond.

Low temperatures in winter slow down biochemical and biological processes
leading to lower efficiency of biological treatment systems. Contrary to natural water bodies
where temperature on the water surface drops to zero, the present invention, by forced
movement of bottom water up and predesigned liquid circulation continuously transfers
geothermal heat to the integrated biological bed. This accomplishes that even in harsh
winters water temperature in the bio-bed oscillates between 4 and 8 °C.

In the winter, also denitrification processes slow down significantly. In the
growing season, root mass actively absorbs nitrates formed during intensive sewage
aeration. In winter, this process slows down due to lower temperature and lack of sufficient
supply of organic carbon indispensable for the denitrification process (BOD 5 in the effluent
water is consequently below 3 mg/liter).

To increase the intensity of denitrification rates, controlled switching from the
state of intensive oxidation to the state of anoxy is applied when in operation. In addition, a
predefined part of the purified water effluent is recycled back to the denitrifying compartment
of the MSS.

An extended surface area of one cubic meter of a bio-block alone is approx.
300 square meters and increases at least hundred times with increasing mass of macrophyte
roots. In the channel 24 a vortex mechanical device is installed according to the present
invention.

One embodiment of the present invention applies as a standard selected
aquatic and bog plants of for instance the following genus: sedge (Carex), bulrush (Typha)
and sweet-flag (Acorus), which in their extensive rhizosphaere provide key habitats for

_sustaining high invertebrate (protozoa) population. Invertebrate grazing prevents excessive

biofilm growth and biomass accumulation. Two other plants, genus: water mynth (Mentha)
and water-plantain (Alisma) can be added for their apparently beneficial role in biocenose
development, due to root exudates of dissolved organic carbon and enzymes. The roots and
rhizomes of the selected plants have beneficial effect on the microstructure of the biological
bed and they stimulate development and growth of nitrifying bacteria. The phytosystem with
its container can also utilize bamboo and other plants for economic and aesthetic purposes
as well as for an improved treatment process.

Due to a balanced application of biological, hydraulic and physical processes, it
was possible to increase the efficiency of the phyto system by at least 200 % compared to
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any earlier know biological systems. Consequently, the retention time of the phytosystem
could be reduced to 1 — 2 days. The present invention applies standardized prefabricated
tubular bio-blocks with defined mechanical parameters like density, porosity and buoyancy,
hence the functional parameters of the integrated biological bed (bio-bed) can be designed
precisely.

By combining specific and extensive root systems of selected aquatic and bog
plants with defined structures of the bio-bed media, an exceptionally high extended
biologically available surface area was achieved. The extended bio-active surface is highly
correlated with intensity of microbial processes responsible for decomposition of organic
material. Thus it claims that this combination of mechanical and physiological features,
created bio-bed with unique functional capacity to treat efficiently wastewater with higher flow
rates and higher nutrient loading over shorter periods of time, without investments in
additional energy inputs, addition of chemicals or other upgrading measures normally used in
other treatment systems.

Because the present invention applies vortex principles for water movement for
aeration and circulation of water, a unique functional flexibility of the entire phytosystem was
achieved. Application of vortex improved desired aeration, intensive oxygenation and particle
flotation within the phytosystem, it enhanced growth of the plant rhizosphere, it allowed for
instant switching from aerobic to anaerobic conditions while utilizing a very low amount of
external energy.

By applying vortex aeration and circulation, a simultaneous vertical and
horizontal flow of high turbulence was achieved. This claims the first case of such
advantageous application of a low energy vortex device in circular compartments containing
a significantly shortened treatment process, and makes it significantly less expensive. The
aeration and circulation cycles or sequences are significantly better to steer and to control.

Fig. 2 schematically illustrates a cross view of a multifunctional septic system
(MSS) comprising a septic container 14 adapted to pretreatment of sewage in accordance
with the present invention of the phytosystem. This combination of mechanical and biological
features in system 10, where sewage is received from a residential building 12 is very
efficient. Moreover, the sewage from the residential building 12 is pre-treated in a
pretreatment container 14 providing pretreated sewage to the phytosystem 10, where the
sewage is further treated to be purified in accordance with desired quality norms. When the
sewage is purified into clean water in the purifying container 16 it can optionally be
discharged to a final receiver, for instance a pond 18.
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A container 14 can be formed in many different outer shapes 20 of which those
in Fig. 1 are examples not intended to limit the invention only to those. The inner cylindrical
wall 37 of the container 14 is depicted in Fig. 2.

In Fig. 2, the container 14 is equipped with a raw sewage inlet 26, and an outlet
28 for pretreated sewage. The MSS is in one embodiment in a shape of a watertight
cylindrical container 14, 200 cm in diameter, with an axially positioned inner compartment 38,
80 cm in diameter. A pump 40 is depicted in Fig. 2, which stirs the sewage in the inner
compartment 38 while dosing the sewage to the phytosystem. The entire construction is
made out of precast composite concrete reinforced with polymeric microfibers or precast as a
polyurethane container. Both the cylindrical container 14 and the inner compartment 38 are
200 cm high. The container has a bottom plate and a plastic lid. The inner compartment 38 is
connected by a bypass 35, 10 cm in diameter situated above a lower ridge of the inner
cylindrical wall 37 bypassing sewage water into the inner compartment 38 to be pumped out
through an outlet 28 for pretreated sewage water. The adjacent channel 34 | s between
transept walls: 30 and 32. One walll 30 is located next to the inlet of raw sewage 26 and is
200 cm high and 60 cm wide, and stretches water tightly from the top of the container 14 to
the bottom of the same, attached between an outer wall 15 and an inner wall 37. The outer
wall 15 and the inner wall 37 are making up an outer compartment/channel.

The other transept wall 32 has length equal to 50 % of the wall 30 and is
situated at the opposite side of the channel and serves as a deflector by dividing the outer
compartment into two halves. The upper wall 32 deflecting fluids between the two halves of
the outer compartment through an opening in the wall, and operating as a scum barrier, and
the lower half connects both sides of the wall 30, 32 with a channel which allows for free
movement of fluid while the upper half 32 prevents sewage scum from entering a bio-bed
compartment.

The wall 30 reaches from the bottom of the compartment to approx. the top of
the compartment. A second deflecting transept wall 32 begins at the top of the compartment
and leaves a specific opening above the bottom of the compartment in one embodiment of
the present invention equal to 1/2 of the transept's length as a specific part of the total length
of the transept. This is not the case in document KR 20030044647 where the opening in the
transept wall is not serving as a deflecting mechanism. The system in KR 20030044647
operates on activated sludge, and there is no need for a scum barrier.

Moreover the container 14 could be manufactured in the same manner as the
container 16 as depicted in Fig. 4 and Fig. 5 regarding the inlet 26, outer compartment, inner
compartment 38, bypass 35, and an outlet 28.

For the first time composite light concrete with micro-fibrous reinforcement and
polyurethane-polyvinyl is applied in accordance with the present invention, to achieve an
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inexpensive, compared to other construction materials or prefabricated plastic containers,
lightweight, watertight, durable easy to transport and install compartment. By applying this
construction material, the MSS became less expensive, more affordable to communities and
more reliable.

The present invention system 10 with its utilized containers 14, 16 differs from
other pre-treatment systems where sewage flow is usually passive between the
compartments. A deflected forced sewage flow in the functionally distinctly different
compartments of the container 14 leads to excellent recovery of heat transferred from the
ground and heat retained from the inflowing sewage. It provides that liquid does not freeze at
external temperatures as low as minus 33°C. Processes of sedimentation, de-nitrification
and phosphorus reduction are relatively stable. Hence, contrary to conventional septic tank
systems, there is no excessive sludge accumulation. By applying standardized prefabricated
fillings with defined mechanical parameters like density, porosity and buoyancy, the
functional parameters of the anoxic and aerated bio-bed can be designed precisely.

An extended bio-active surface is highly correlated with bio-film development,
intensity of microbial processes responsible for decomposition of organic material and
reduction of nitrates. Thus it is claimed that this combination of mechanical and biological
features comprises a simple system with unique functional capacity to pre-treat sewage
efficiently with higher flow rates and higher nutrient loading over shorter periods of time,
without investments in additional energy, chemicals or extensive sewage discharge systems
conventionally utilized. Through the present invention integrated biological and mechanical
functions are consolidated in one cylindrical container. There are mainly four technological
contributions such as; mechanical sedimentation of organic and inorganic particles; biological
pretreatment (aerobic decomposition and anoxic processes such as de-nitrification and
phosphorus reduction); aeration; and pumping of pretreated sewage outside the system.
The MSS offers an ideal solution to sewage flow between 1 and 10 m®/day prior to final
biological treatment in the phytosystem 10 or can serve as the only mechanical-biological
treatment in conjunction with discharge to soil drainage, wetlands, lagoons or ponds where
final natural polishing of sewage may take place. Efficiency of treatment by the MSS is
considerably higher than the current European water quality norms require.

Inside the internal tank 38, a prefabricated high porosity tubular filling
(300m?/m®) is placed. The filling serves as an additional aerobic bio-bed and as supporter for
a submerged sewage dosing pump. The pump is equipped with a water level sensor and a
timer and optionally with an air-jet aerator that can aerate the aerobic bio-bed below. The
MSS is covered by a lid made out of reinforced polyethylene (HDPE) with manholes, 60 cm
in diameter allowing access to the pump and 20 cm in diameter for evacuation of inorganic
sediment. Optionally the lid may be equipped with a chimney allowing access to the tank
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when the MSS has to be placed deeper in the ground. The outlet pipe from the submerged
pump is situated at the ridge of the MSS container. The horizontal outlet pipe leads
pretreated sewage outside the system and it is connected with the vertical pipe by a
rectangular shunt joint. Half of the cylindrical MSS between the transept walls serves as
sedimentation chamber. The other half of the MSS is filled in by an anaerobic bio-bed that
considerably upgrades processes of pretreatment and allows for optional recirculation of
water treated in the PhytoSystem in order to intensify the process of denitrification. The
volume of the anoxic bio-bed is 2 m® but the biologically active extended surface area
exceeds 300m?*/m®,

Raw sewage undergoes a settlement process in the first haif of the MSS where
part of the solids will sediment and the other part will form surface scum that undergoes slow
decomposition. Partly purified sewage moves on to the next compartment with the bio-bed
where processes in the developed bio-film will treat it further. The bio-bed has an anaerobic
character allowing for accelerated denitrification and biological reduction of phosphorus,
especially when treated water from the phytosystem 10 is being recycled. After passing
through the bio-bed, the pretreated sewage enters the internal tank with the submerged
dosing pump. When the predetermined water level is reached, the sensor switches on the
pump which pumps the sewage outside the container. On the way to the final discharge or
further treatment in the phytosystem 10, the pretreated sewage can be aerated by an air-jet
located on the vertical part of the outlet pipe.

Dimensions of the MSS quoted above assure a working volume of the sewage
at approx. 4 m®, which for a single household would mean a sewage retention time of 3 to 4
days. Periodical evacuation of the accumulated inorganic sediment from the sedimentation
chamber, by reversing the flow of liquid will flush the two compartments and the internal tank.
The MSS can be installed as an autonomous sewage treatment unit for one household,
equipped with a bio-bed, own pump and aeration system. In such a set-up, pretreated
sewage can be further treated by trench systems or soil bed drainage. It can also be
discharged to ponds or lagoons with aquatic vegetation. An own pump system allows for
discharge of pretreated sewage according to local conditions and requirements. Fig. 3
schematically illustrates a top view of a septic container 14 in Fig.2 for pretreatment of
sewage in accordance with the present invention. A sedimentation compartment is situated
under the lid 42 at the upper part in Fig.3 between the two transept walls 30, 32, whereby the
wall 32 is a deflecting wall. The compartment beneath the upper compartment and under the
lid 42 in Fig. 3 is a biological denitrification bed consisting of tubular netting. The internal
cylindrical tank 38 consists of tubular netting and a fine-mesh netting forming the base for the
submersible dosing pump 40 supplying pretreated sewage/wastewater to the conventional
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soil-based treatment or to the phytosystem - in such a case it can be named a "tandem
system" ( MSS + container 16).

The wall 30 is a vertical watertight wall of the height equal the height of the
container/tank 14. A deflecting wall 32 is approximately 1/2 of the wall 30 in one embodiment
of the present invention. It forces the down-flow of sewage beneath the biological
denitrification bed.

Hence, the present invention offers a dynamic system 10 as a replacement of
conventional passive systems, known as 2- or 3-compartment septic tanks, with all
environmental advantages that follow the improvements described herein.

Furthermore, Fig. 3 depicts a manhole 44 to provide access to maintain the
dosing pump 40. Also a manhole 46 is depicted through which the inorganic sediment from
the container 14 is sucked out of the container whenever necessary, for example every ten
years for a household container. The septic container 14 can also be applied to store and
pre-treat industrial wastewater prior to treatment in the phytosystem.

Fig. 4 illustrates a container 16 with an outer wall 48, herein cylindrical but other
shapes are possible, and the container 16 also has an inner cylindrical wall 50. The inner
wall 50 forms an inner compartment 51, and the outer wall 48 forming an outer compartment-
channel 52. Sewage water is inlet to the outer compartment 52 through an inlet 53 circulating
the sewage water in the outer compartment 52 in accordance with the arrows in Fig. 4.
Moreover, the outer compartment has three walls attached in a radius fashion to the outer
wall 48 and the inner wall 50, whereby wall 54 is attached to the tank bottom and reaching
approximately 20 cm below water level. Whereas the walls 56 each one are positioned on
each side of the wall 54 reaching approximately up to the water level and ending
approximately 20 cm from the bottom of the container, which allows water to flow between
the walls 54, 56 in accordance with the arrows in Fig. 4. This is an innovative embodiment
allowing sewage water to re-circulate in the outer compartment 48. In one embodiment of the
present invention an air diffuser 58 creates an effect of an air-lift pump between walls 54 and
56, enhancing vortex and waterfall movement of water and the circulation in compartment
48,

A whole 60 in the inner tank wall 50 acts as a bypass for treated sewage water
to enter the inner compartment 51 and finally to an outlet of purified water shown in Fig. 5.

In Fig. 5 it is schematically illustrates a container 16 according to Fig. 4 in a cut
upper elevation view with an outer wall 48 and an inner wall 50 with their compartments 51,
and 52, respectively. The circulation walls 54, 56 are depicted in an upper elevation view as
well as an inlet 53 for sewage water and an outlet 62 for purified water to be transported for
instance to a pond 18. The inner compartment 51 can in one embodiment of the present
invention contain a predetermined amount of a mineral adsorber filling such as Phoslock® or
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Polonite® for the adsorption of the dissolved phosphorus in the outflowing purified water. As
for the outer compartment 52 it contains a bio-bed in accordance with the present invention.

The container 14 is located underground in such a way that the raw sewage
can enter gravimetrically into the sediment compartment 42, Fig. 3, which is not the case in
document KR 20030044647. The pretreated sewage leaves the internal compartment 51 via
a predetermined dosing from a submerged pump (not shown) which is not the case in KR
20030044647. Although the pump is not shown it could be inserted as the pump shown in
Fig. 2 for the septic tank 14. A predetermined part of the purified water is gravimetrically
recycled back to the denitrifying compartment for further denitrification of the nitrates. This is
not the case in KR 20030044647 where permeate is vacuum pumped out of the system, and
no further treatment of water is mentioned.

The present invention is not limited to given examples and embodiments, but to
what a person skilled in the art can derive from the attached set of claims.
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Claims:

1. A phytosystem (10) adapted to offer effective treatment of at least one of
residential sewage (12) and industrial wastewater, characterized by comprising:

a pretreatment container (14) for pretreatment of sewage according to claim 9,
receiving said sewage and wastewater through an inlet (26) connected to the at least one of
a residential sewage (12) and industrial wastewater release;

a purifying container (16) according to claim 15 receiving said pretreated
sewage or wastewater pumped from the outlet (28) of the container (14) through a
connection with the inlet (53) of the container (16); and

an outlet for purified water (62) discharging said water.

2. A phytosystem according to claim 1, wherein said container (14) has one
outer compartment (34) providing an anaerobic bio-bed and another outer compartment (42)
providing sedimentation.

3. A phytosystem according to claim 1, wherein said container (14) is provided
an aerobic bio-bed inside the inner compartment (51) adapted to an efficient final bio-film
pretreatment of the sewage.

4. A phytosystem according to claim 1, wherein the entire pretreatment
container (14) is placed underground thus allowing a gravimetric recirculation of purified
water from a phytosystem (10) purifying container (1 6).

5. A phytosystem according to claim 1, wherein said container (14) receives
raw sewage gravimetrically when in operation, from clusters of households (12).

6. A phytosystem according to claim 1, wherein said container (14) is changing
mode of operation from anaerobic conditions enhancing high denitrification and phosphorus
reduction, to a sequential aeration process in said inner compartment (51), thus making
possible a state of intensive oxidation of organic carbon (BOD) when in operation.

7. A phytosystem according to claim 1, wherein a suitable part of purified water
effluent from the phytosystem (10) is recycled back to the anaerobic compartment of the
pretreatment container (14) when in operation.

8. A phytosystem according to claim 1, wherein an optimized biological
processes and stable temperature, resulting from effective heat exchange and heat
conservation prevent any accumulation of excessive sludge or volatile soluble substances
and eliminate odors produced by conventional septic tank systems.

9. A container (14) adapted to pretreatment of residential sewage and industrial
wastewater, characterized by comprising:

at least one watertight outer wall (15) with a lid (42) having an inlet (26) for raw
sewage water and an outiet (28) of pretreated sewage water both positioned at the top of the
container;
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an inner watertight wall (37) making up an inner compartment (38) comprising
said outlet (28);

said outer wall (15) and said inner wall (37) making up an outer compartment;

a first watertight wall (30) dividing the outer compartment in two parts from top
to bottom of the outer compartment;

and a second watertight wall (32) dividing the outer compartment from the top
of the container, being shorter than said first wall (30) by leaving an opening permitting
sewage water to flow in a channel (34) between the outer compartments first and second
walls (30, 32), said first and second wall (30, 32) making up a scum barrier in the outer
compartment;

a bypass (35) connecting the outer compartment and the inner compartment
(38) situated above a lower ridge of the inner wall (37), said bypass (35) being positioned on
the opposite side of the first wall where said raw sewage inlet (26) is positioned; and

a pump means (40) connected to said outlet (28) in said inner compartment
(38) creating a sequential flow of pretreated fluid.

10. A container according to claim 9, wherein it is precast in modules utilizing
composite light concrete reinforced with polymeric microfibers or precast from polyuretane.

11. A container according to claim 9, wherein a bio-bed when in operation,
consists of prefabricated polyethylene tubular blocks of high porosity for bio-film
development.

12. A contairier according to claim 9, wherein it said inner compartment (38)
receives raw sewage when in operation, through a bypass (35) adjacent to a bottom part of
the channel (34) next to said first wall (30), thus allowing sewage to flow sequentially
clockwise against the deflecting transept wall (32), allowing sedimentation of inorganic
particles and enhancing flotation of surface scum.

13. A container according to claim 9, wherein sediment-free sewage enters an
anaerobic denitrifying bio-bed in the compartment of the channel and finally through the
bypass (35) between the channel and the internal tank when in operation, to a highly
perforated aerobic bio-bed in the inner compartment (38) prior to a pump (40) with a shunt
outlet located above the upper ridges of the inner compartment (38).

14. A container according to claim 9, wherein the inner compartment (38) is
filled with a high porosity prefabricated filling for aerobic pretreatment.

15. A purifying a container (16) adapted to offer effective treatment of
residential sewage and industrial wastewater, characterized by comprising:

an open to the atmosphere watertight at least one outer wall (48) having an
inlet (53) for pretreated sewage water and an outlet (62) for purified water both positioned at
the top of the container:
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an inner watertight wall (50) making up an inner compartment (51);

said outer wall (48) and said inner wall (50) making up an outer compartment
(52);

said inlet (53) adapted to release pretreated sewage water into said outer
compartment (52);

said outlet (62) being positioned to release purified water from said inner
compartment (51) in a sequential flow;

a first wall (54) watertight attached to the bottom of the outer compartment (52)
between said outer wall (48) and inner wall (50) reaching up to a level beneath the water
level of the container (16);

a second wall (56) and a third wall (56) each positioned on one side of the first
wall (54) watertight attached to the outer wall (48) and the inner wall (50) protruding from the
water level of the container (16) towards the bottom of the container (16) leaving an opening
for fluid to pass under, and making up a channel with said first wall (54) for circulation of
sewage water;

a bypass (60) for fluid to pass between said outer compartment (52) and said
inner compartment (51);

an air diffuser (58) creating air/lift effect and leading fluid to circulate in said
outer compartment (52); and

built out of precast modules of at least one of composite light concrete with
micro-fibrous reinforcement, glass-fiber reinforced plastic, and polyurethane.

16. A container according to claim 15, wherein said container (16) being
provided biological bed of selected aquatic and bog plants of at least one of the following four
genus combinations sedge and bulrush, sedge and sweet-flag, bulrush and sweet-flag and
sedge, and bulrush and reed, which in their extensive rhizosphere provide key habitats for
sustaining a high invertebrate population, whereby invertebrate grazing prevents excessive
biofilm and biomass accumulation;

water mynth and water-plantain are provided to said purifying container (16) for
their beneficial role in biocenose development; and

selected aquatic and bog plants with an extensive rhizosphere are provided in
said purifying container (16) for sustaining intensive microbial processes and invertebrate
grazing in a biological bed, eliminating formation of excessive sludge or odors.

17. A container according to claim 15, wherein it is to at least % parts of its
height placed underground thus allowing for gravimetric outflow of purified water.

18. A container according to claim 15, wherein it is precast in modules utilizing
composite light concrete reinforced with polymeric microfibers or precast reinforced
polyuretane.
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19. A container according to claim 15, wherein it comprises an integrated
biological bed when in operation, consisting of prefabricated polyethylene tubular blocks of
high porosity with supporting media for selected aquatic and bog plants, said integrated
biological bed occupying upper parts of said outer compartment (52), said remaining
unobstructed space beneath the integrated biological bed allowing fast circulation of
oxygenated water and dosed pretreated sewage.

20. A container according to claim 15, wherein it receives pretreated sewage
when in operation, in regular doses from a primary septic system or from any other
pretreatment device outside it.

21. A container according to claim 15, wherein it receives pretreated sewage
water when in operation, through the inlet (60) adjacent a bottom part of said outer
compartment (52), said sewage being continuously circulated clockwise and aerated by a
vortex mechanical device or air-pump causing horizontal rotation movement of high
turbulence, whereby the predetermined velocity of flow prevents sedimentation of suspended
particles.

22. A container according to claim 15, wherein purified water leaves said inner
compartment ‘(51) when in operation, via a perforated vertical pipe closed at the bottom, and
a shunt outlet located below the upper ridges of said inner compartment (51), said circulation
channel (52), and said perforated vertical pipe optionally accommodating a coronary
discharge ozone generator and an electronic monitoring device.

23. A container according to claim 20, wherein a change of mode of operation
to the vortex mechanical device allows a sequential aeration process, thus making possible
controlled shifts between a state of high oxygen saturation for sustaining desirable high rates
of organic carbon (BOD) reduction and nitrification, and a state of anoxic conditions.

24. A container according to claim 15, wherein said inner compartment (51) is
filled with a mineral with high phosphorus adsorption capacity, wherein the water level at said
outlet (62) determines the water level in the entire phytosystem.

25. A container according to claim 15, wherein at warmer places in the world, a
cooling device is applied based on an additional outlet of purified water along the outer wall
of the outer compartment (52).

26. A container according to claim 15, wherein said at least one circulation
channel comprises a system of jaint vessels, providing that any inflow of sewage to an outer
channel causes an outflow of the equivalent amount of water from said inner compartment
(51) due to the hydraulic pressure difference.
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