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(57) Abregé/Abstract:

This invention relates to a device for the purification of organically polluted wastewater, comprising at least one biofilter (1) for the
wastewater purification, which biofilter (1) comprises a bioactive bed (3) with a first layer of coconut mesocarp pieces (11), the
device further comprising a water supply (5) for supplying waste water to be purified to an upper part of the biofilter at a position
above the first layer (11) and a water collector (15) for collecting purified water from a lower part of the biofilter at a position below
the first layer (11). The mesocarp pieces of the first layer (11) have a mean particle size of at least 1 cm, In that the first layer (11) Is
compacted to have a density of between 75 and 275 kg/m°.
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ABSTRACT

This invention relates to a device for the purification of organically poliuted
wastewater, comprising at least one biofilter (1) for the wastewater purification,
which biofilter (1) comprises a bioactive bed (3) with a first layer of coconut
mesocarp pieces (11), the device further comprising a water supply (5) for
supplying waste water to be purified to an upper part of the biofilter at a
position above the first layer (11) and a water collector (15) for collecting
purified water from a lower part of the biofilter at a position below the first layer
(11). The mesocarp pieces of the first layer (11) have a mean particle size of at

least 1 cm, in that the first layer (11) is compacted to have a density of
between 75 and 275 kg/m3.
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Device for the purification of sanitary waste water

DESCRIPTION OF THE PRIOR ART.

The present invention relates to a device for the
purification of organically polluted wastewater, comprising at least one biofilter
for the wastewater purification, which biofilter comprises a bioactive bed with a
first layer of coconut mesocarp pieces, the device further comprising a water
supply for supplying waste water to be purified to an upper part of the biofilter
at a position above the first layer and a water collector for collecting purified
water from a lower part of the biofilter at a position below the first layer.

In the treatment of wastewater different processes
are involved. These processes can be physical such as filtration, chemical
such as disinfection and coagulation, or they can be biological or a
combination of two or more of the afore mentioned techniques in order to
obtain satisfactory water purification. Examples of biological water purification
installations where purification is to be aftributed to micro-organism activity
include aerated lagoons and systems containing activated sludge. In slow sand
filters on the other hand water purification is mainly limited to filtration of larger
particles from the wastewater. Sanitary wastewater is normally purified in large
water treatment installations via the sewage system, where the activity of
micro-organisms is relied upon. If a sanitary wastewater production unit is not
connected to this network, there may be a need to purify the wastewater on
site in a local, smaller instaliation.

Up to now, sanitary water purification often
involved aerobic fermentation in large purification tanks with intensive aeration.
Other techniques focused on the filtration of the wastewater using a filtration
bed of porous material of a given height, to which the wastewater is supplied.
The porous material functions to retain particular matter. In a more advanced
embodiment, the porous material also functions as a carrier for the micro-
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organisms which are responsible for the biological purification of the water.
However, only a few materials have been found capable of fuifiling both
functions. Although sand and peat and synthetic materials have been widely
used for this purpose, coconut mesocarp has been found to be one of the most
suitable materials capable of functioning as a mechanical filter and a carrier for
the micro-organisms.

EP652090 discloses that chops of the outer
coconut husk, which contains the coir and powder derived from the outer husk,
is particularly suitable for producing planting material for use in flower pots,
which may be watered and fed with nutrients from the bottom because of its
high resistance to rotting. If so desired, the coconut husk chops may be mixed
with planting soil. The chops are said to have good water and fertilizer holding
power and water draining power and to be appropriate micro-organism
propagation materials. With coconut outer husk is meant, the residue of the
coconut from which the nut and the inner husk and the epicarp are separated.

JP11156430 discloses to concentrate residues of
urinary sewage discharged from a cattle shed in coconut material, by wetting
fiber material of coconut husks also called epicarp from above with the sewage
and by evaporating the water therefrom by aerating the coconut husk material
along the bottom.

From WO099/42422 blended compositions
containing coconut coir pith and peat moss are known, which are produced as
compressed products ready for sale in baled form, and a process for the

production thereof. As starting material for producing the bales, use is made of
coconut coir pith in the form of compressed bricks, and peat moss in the form
of compressed bales. Then, the compressed coir pith and peat moss raw
materials are subjected to an initial decompression step whereby separate
decompressed coir pith and peat moss are produced. The resulting
decompressed coir pith and peat moss materials are mixed and compressed to
produce compressed bales suitable for sale as baled products and capable of
being decompressed for horticultural use. The fluffed products produced in this
manner are said to provide better media for growing plants than the media
provided by coir pith or peat moss alone. It is believed that this improvement
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results from the peat fibers holding the coir pith granules together to provide for
a more stable rooting environment. Coconut coir is the name given to the
fibrous material that constitutes the thick mesocarp (middle layer) of the
coconut fruit (Cocos nucifera). In processing, the long fibers of coir are
extracted from the coconut husk for use in the manufacture of brushes,
upholstery stuffing, fiiters, twine and like products.

The use of coconut mesocarp fibers for the
aerobic filtration of wastewater is known from EP 1539325. EP1539325
describes a closed device for the filtration of wastewater, which uses as a filter
material layers of coconut mesocarp. Coconut mesocarp is a mixture of
parenchyma bound up to fibers, which may be mixed with epicarp or endocarp
if so desired. The biofilter may further contain additional filter materials such as
sand, peat, gravel, perlite, geotile or polymeric material to gain better control of
the properties of the fiitration bed. Coconut mesocarp is used for its ability to
retain particulate matter and to act as a growing medium for micro-organisms
which intervene in the water filtration, because the material is available in a
variety of grain size distributions and because of its intrinsic porosity.

In EP 1539325, it is advised to use mesocarp as
an isotropic mixture of fragments of parenchyma particles bound-up to fibers,
which is the natural structure of coconut mesocarp. The fragments have a
diameter greater than 3 mm and are used in a mixture with isolated
parenchyma particies with a diameter smaller than 3 mm. When grinding
mesocarp to dimensions inferior to 3 mm, rupture of the fragments occurs,

dissociating the fibers and parenchyma. This is seen as an advantage because
the possible range of grain size distribution maybe increased when combining
particles of isolated parenchyma with particles of parenchyma bound up with
fibers.According to another embodiment, fragments of different size are used,
whereby the fragments may be placed in different layers of homogenous
particle size, from the larger to the finer particle size. It is further explained that
the particles of parenchyma bound up to fibers are approximately twice as
compressible as peat. The biofilter disclosed in EP1539325 however presents
the disadvantage that its purification efficiency is insufficient and that the BOD
of the purified water is still high. Although parenchyma as such seems to show
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good percentage reduction of BOD and TSS, isolation of parenchyma from the
coconut mesocarp material is laborious and time consuming, thereby
increasing the parenchyma price to a level which is too high to permit use in a
system which envisages purification of water to a level to render it suitable for
discharge into surface water sources.

In order for purified water to be acceptable for
discharging into surface water sources, such as creeks, ponds or similar, not
only the percentage reduction of TSS and BOD counts, but the absolute values
of the TSS (total suspended solids) content, BOD content (biological oxygen
demand) and the COD content (chemical oxygen demand) count and should
be below a well defined minimum. In particular in order to be acceptable for
discharge in the Northern part of Belgium the average TSS should be below 60
mg/l, the average BOD should be below 25 mg/l and the average COD should
be below 125 mg/l. A Benor certificate, needed to receive discharge permission
from official authorities, is only issued provided that these three parameters are
achieved maximum three times over a test period of 38 weeks, and that they
are not overrun more than once. It has been observed that purification of water
using filtering media which contain peat, results in a water quality which is
insufficient to permit discharging into surface water because of the too high
content of TSS, often also a too high BOD and COD . The use of coconut
mesocarp material that has not been compacted usually results in a water
quality which does not meet the Benor requirements because of the too high

COD.
There is thus a need to a waste water purification

system, which permits achieving water purification to a degree sufficient to
permit discharging of the purified water in surface water sources such as
creeks, rivers, ponds etc, at an acceptable cost.

It is therefore the object of the present invention
to provide a device for the purification of sanitary wastewater which permits to
achieve purification to a degree sufficient to permit discharging of the purified
water in surface water sources such as creeks, rivers, ponds etc, at an
acceptable cost .
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BRIEF DESCRIPTION OF THE INVENTION.

This is achieved according to the present
invention with the technical features of the characterizing portion of the first
claim.

Thereto the device of this invention Is
characterized in that the mesocarp pieces of the first layer have a mean
particle size of at least 1 cm, and in that the first layer is compacted and in that
the first layer is compacted to have a density of between 75 and 275 kg/m?.
With a density of 75-275 kg/m® is meant that a volume of 1 m® contains
between 75 and 275 kg of mesocarp material.

A coconut roughly consists of three parts, the
epicarp, the endocarp and the mesocarp. The epicarp is the thin and smooth
layer which surrounds the coconut and the endocarp is the core or stone of the
coconut. This endocarp contains the endosperm, which is the white edible
portion of the coconut. The mesocarp is the layer that is situated between the
epicarp and the endocarp. It mainly consists of fibers between which porous
parenchymous tissue also called parenchyma is present. Together, the
mesocarp and the epicarp form the husk of the coconut. Coconut mesocarp is
commercially available both as loose chopped blocks of the natural material,
however the chopped blocks may also be pre-compacted to reduce the volume
to facilitate transport. The pre-compacted blocks can easily be loosened again
before use by tearing the material apart. Within the scope of this invention
coconut mesocarp means parenchyma bound up to fibers.

The coconut mesocarp material used in the first
layer of the biofilter of this invention may take the form of bulk mesocarp
material, which has been cut or chopped or otherwise sized, into pieces. These
pieces show good water permeability. The coconut mesocarp used in the first
layer of the biofilter of this invention may however aiso take the form of pre-
compacted blocks which usually will be loosened when building the biofilter by
tearing the pre-compacted blocks apart, to facilitate water penetration. The
thus loosened blocks are then positioned in the biofilter and subjected to
compacting. Compacting of the mesocarp material, whether loosened or not to
a density of between 75 and 275 kg/m? to produce the first layer and before the
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biofilter is put into use, has the effect that the empty spaces between the fibers
within the mesocarp material as such is reduced and that the dimensions of

empty spaces between the mesocarp pieces within the first mesocarp layer are
reduced, although the number of empty spaces may be reduced as well. If so
desired, the mesocarp pieces may be mixed with epicarp or other materials
considered suitable by the skilled person. Mixing of mesocarp material with
loose peat particles, which are not bound to the mesocarp, is usually not
considered suitable for use within the framework of this invention, since peat
causes the COD to raise and does not add to the biological activity. Peat may
be easily washed out by the flowing water, end up as suspended solid material
in the purified water and form a source of unwanted discoloration of the
effluent. However, the mesocarp material will usually contain some peat bound
to the mesocarp, to achieve that the parenchyma material is bound up to the
mesocarp fibers.

Reducing the size of the empty spaces has the
effect that the risk to the formation of preferred water flow streams may be
reduced, that the water flow rate may be slowed down as a result of which the
residence time of the water within the mesocarp material may be increased
and that the contact surface area with the coconut mesocarp material may be
increased. These effects contribute in guaranteeing a water residence time in
the mesocarp material which is sufficiently long to pemmit achieving the
envisaged microbial purification of the wastewater, while at the same time
reducing the water flow rate and thus the risk to washing out of the micro-
organisms from the mesocarp material. This risk to washing out may be
significant in preferred flow streams. Reducing the size of the empty spaces
has the effect that the water is forced to spread over the total surface of the
first mesocarp layer, and that the water flow rate is slowed down so that
penetration of the mesocarp blocks by the water to be purified is stimulated
and that water may be absorbed within the mesocarp material. By reducing the
size of the empty spaces, way water contact with the mesocarp material may
be maximized and water residence time in the mesocarp material prolonged.
The thus improved contact between the wastewater and the mesocarp
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material, in particular its surface, permits achieving a thorough first purification
already in an upper layer of the biofilter.

The improved spreading in the first layer, pemits
to improve the water distribution towards the water collector positioned below
the first mesocarp layer.

The use in the first layer of mesocarp pieces with
a mean minimum particle diameter of at least 1 cm permits to reduce the risk to
clogging up of the biofilter and as such assists in prolonging its life time.

Thus, particle size of the mesocarp pieces in the
first layer of the bioactive bed and the compacting of this first layer co-operate
to optimize water flow through this mesocarp layer and to optimize contact with
the micro-organism present in the bioactive bed, to ensure optimum microbial
purification activity.

The packing of the coconut mesocarp which has
been compacted as described above has been found to favor adhesion of
micro-organisms and to allow them to form and grow into colonies. The
presence of micropores in the mesocarp material ensures that aerobic
circumstances are maintained, even when the filter is flooded with water, thus
guaranteeing that aerobic water purification can take place in a wide variety of
circumstances. The inventors have observed that coconut mesocarp has a
high relative surface for ad- and absorption of organic compounds present in
wastewater, which function as nutrients for micro-organisms and that coconut
mesocarp is an ideal substrate for growing a micro-organism population. The
result is that micro-organism development is initiated without the need to graft
the mesocarp material with the desired micro-organism population in advance,
growth of the micro-organism population is sustained by the wastewater as
such, without involving the need to supply nutrients. Thus, suppletion of
wastewater suffices to provide natural growth of micro-organisms and
biological activity will naturally occur, and after periods with small or virtuaily no
supply of waste water, the biofilter is capable of resuming its activity. Besides
that the coconut mesocarp material appears to be stable with respect to
erosive action of percolating water and to show good resistance towards
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biological degradation associated with the action of the different microbial
populations developed in the coconut mesocarp material.

When wastewater is supplied to the biofiiter of
this invention, the solid particles present therein will usually stick to the outer
surface of the mesocarp particles. The liquid part may be partially absorbed by
the mesocarp material, in particular in the porous fibers, and may penetrate
into the inner pores thereof. The wastewater is purified by the action of the
micro-organism population present on the external surface of the mesocarp
particles and in the porous system. Part of the wastewater will be adsorbed In
an upper part of the first mesocarp layer, part of it will flow downwardly through
the bed through the empty spaces between the mesocarp material and be
absorbed and purified in a lower part of the bioactive bed.

Water flow throughout the bed will preferably be
gravitational according to the present invention, but forced flow can be
envisaged as well.

Compacting of the first layer is preferably carried
out in such a way that a volume of 1 m® contains between 100 and 225 kg,
preferably between 100 and 250 kg of mesocarp material, to ensure that the
dimensions between the mesocarp pieces are reduced to such an extent that
the risk to the formation of preferred flow channels is reduced to a minimum,
while guaranteeing a water flow rate which is sufficiently high to permit
economic use of the device and sufficiently low to ensure good purification.

Preferably, means are provided in the device of
this invention which permit maintaining the pH of the first mesocarp layer

between 6 and 9. At this pH, the conditions for the micro-organisms to grow
and thus to metabolize the organic purities present in the waste water are

ideal. To this end, preferably use is made of an agent which is capable of
stabilizing the tannic acid or its precursors or its decomposition compounds,
which are released from the mesocarp as a function of time and risk to acidify
pH of the bioactive bed. Besides that it may happen that the pH of the
wastewater is quite low. When the pH of the biofilter drops to too low values,
there is a risk that growth of the micro-organisms is inhibited as a consequence
of which metabolisation of the organic impurities present in the wastewater
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deteriorates, thus deteriorating the purification efficiency. Preferred pH
controlling agents are Ca or Mg saits with low water solubility that are able to
react with acids, in particular a granulate which contains CaCO; or MgCO; or a
mixture of these materials, since granular particles dissolve more slowly. A
preferred pH controlling agent is limestone which is largely composed of
CaCO,. Often limestone will contain MgCO; as an impurity and MgCO; is
considered a suitable pH controlling agent as well. CaCO; respectively MgCO;
react with tannic acid, releasing carbon dioxide. Preferably the agent is mixed
in the form of a powder or granulate with the mesocarp pieces when building
the first mesocarp layer. However, if so desired, additional pH controlling agent
can be supplied to increase the life time of the biofilter.

Further improvement of the water purification
efficiency may be achieved by optimizing spreading of the wastewater over
the majority of the surface of the bioactive bed, already in the wastewater
supply. This way the risk is minimized that some areas of the bed will be
flooded with wastewater and in the end get clogged up or worn out, while other
areas won't receive wastewater at all and deteriorate their activity because of
long dryness and deteriorating microbial activity. To achieve this, the device
preferably comprises a water supply device which is arranged to suppily water
above the top face of the first mesocarp layer and to provide a substantially
homogeneous distribution of water over the surface of the first mesocarp layer.

The wastewater to be purified is preferably
supplied batchwise, to take into account that the wastewater is usually
produced in a batchwise manner. Batchwise supply permits ensuring that
waste water is supplied only after a volume has been collected which is
sufficient to virtually wet the full surface of the first mesocarp layer, that regular
supply of water to the bioactive bed is achieved and the bioactive bed is kept
going, while minimizing the risk to flooding and overloading the bioactive bed
and situations of dryness. The batchwise supply is preferably controlied in such
a way that continuous loading of the biobed with wastewater is achieved. This
way the activity of the bed may be maintained on a continuous basis, the risk
to reducing the micro-organism population is reduced and bioactivity of the bed

Is optimized.
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The biofilter of this invention will usually contain a
second layer with good drainage properties, in particular a layer which contains
a sufficient number of voids with sufficiently large dimensions to permit
receiving and temporarily stocking purified water seeping through from the first
layer. Usually the second lower layer will mainly function as a support or carrier
for the first layer and as a drainage layer to permit aerating the first layer from
below and to permit draining water which has been purified in the first layer
towards a water run off system.

In a further preferred embodiment of the
invention, the device is at least partly open to air. This open structure can be
installed in a garden or a field. Since the entire system is open to the air,
oxygen needed to maintain bioactivity can enter the biofilter through the top
side, thereby obviating the need to use artificial oxygen supply.

The present invention further relates to a method
for producing a device for the purification of sanitary wastewater as described
above and in the detailed description below. The method for producing a
device for the purification of sanitary wastewater comprising at least one
biofilter for the wastewater purification, comprises the step of positioning at
least a first upper layer of coconut mesocarp pieces on top of the water
collecting device for collecting purified water, wherein the first layer comprises
mesocarp pieces with a mean particle size of at least 1 cm, and wherein the
first layer is compacted.

The invention further relates to a method for
purifying water, wherein at least one batch of wastewater is supplied on top of

the first mesocarp layer described above and in the detailed description below
and in that purified water is collected from a lower part of the biofilter at a

position below the first layer.

The invention will be described in more detail in
the accompanying figures and figure description.

Figure 1 shows a cross section of a water
purification device according to the present invention.

Figure 2 shows preferred embodiments of a

device for supplying water to the biofilter.
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Figure 3 shows a cross section of a coconut.

The device shown in figure 1 is a preferred
embodiment of this invention and is suitable for the purification of wastewater
of widely varying origins. The device of this invention is particularly suitable for
the purification of municipal wastewater, in particular for sanitary wastewater
purification, because its dimensions can be varied within wide ranges and
installation is easy. Sanitary wastewater is understood to comprise wastewater
from a wide variety of origins, e.g. from kitchen, bathroom, washing machine
etc. It has been calculated that in household situations, per person per day
(which corresponds to 1 i.e.) about 150 liter of sanitary wastewater are
produced, but this may vary regionally. About half of this amount originates
from the use of bathroom and sanitary devices; the remainder originates from
laundry washing, dishwashing and others. As such sanitary water will usually
include a quite wide variety of components which may be both liquid and solid.
Frequently occurring components include detergents involved in human,
laundry and dishwashing, food ingredients, small amounts of solvents, fats,
food left overs, fecals, etc. Depending on the nature and composition of
industrial wastewaters, the device of the present invention may be suitable for
purifying industrial or agricultural wastewaters as well, provided the micro-
organism population is not adversely affected upon contact with the industrial
wastewater. Wastewater may for example originate from food processing
industry, for example dairy or milk products, fat, chocolate etc.

The water purification device shown in figure 1
comprises two main parts, in particular a wastewater storage tank 2 which is

connected to the biofilter volume, which contains a bio-active bed 3.
In a preferred embodiment, wastewater is first

supplied to and collected in a wastewater storage tank 2 and transferred from
there to the biofilter 1. The wastewater storage tank 2 acts as a buffer to
minimise the risk to flooding of the biofilter when large volumes of wastewater
are produced. The wastewater storage tank acts as a collector, to permit
collecting a volume of waste water which is sufficient to ensure loading of the
wastewater supply 5 in an amount which is sufficient to permit homogeneous
spreading of wastewater of the entire surface of the bioactive bed. The
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wastewater storage tank 2 is preferably equipped with a liquid transport
mechanism 13 (not shown), for transporting wastewater towards the biofilter.
The connection 13 may be such that wastewater is transferred either from a
top, a central or a bottom region in height direction of the wastewater storage
tank 2 to a top region of the biofilter 1.

If so desired the device of this invention may
include a presedimentation tank to permit separation of larger and heavy solid
particles from the remainder of the liquid part of the wastewater, to limit the risk
that floating and fat components which accumulate along the top of the pre-
sedimentation tank contact the bioactive bed 3, and to minimise the risk to
clogging up of the biofiiter by particles which have settied in a bottom region of
the pre-sedimentation tank. The pre-sedimentation tank 2 is usually a closed
device in which an anaerobic atmosphere is maintained to achieve that solid
components of the wastewater may be digested by anaerobic micro-organisms
and that the majority of the solid components of the sanitary wastewater may
be liquefied. If so desired, the use of a pre-sedimentation tank 2 can be
dispensed with and the water may be supplied to the biofilter volume directly,
or the water storage tank may function as a presedimentation tank. However,
as mentioned above, it is advised to install a system for anaerobic pre-
sedimentation for the removal of solid particles. The top region of the pre-
sedimentation tank will usually contain fat components, the bottom region wiil
usually mainly contain sediment and therefore water will usually be supplied
from a central region of the pre-sedimentation tank.

If so desired in case the sanitary water contains
large amounts of fat, the pre-sedimentation tank may be preceded by a fat
capturing device, to remove fat components from the sanitary wastewater
before it enters the pre-sedimentation tank. Although the presence of a fat
capturing device may improve the performance of the purification, usually the
majority of the fat components may be decomposed in the anaerobic pre-
sedimentation, and as such the fat capturing device is not mandatory.

Wastewater supply from the wastewater storage
tank to the biofilter 1 may be continuous. The person skilled in the art will be
capable of adapting the wastewater flow rate in such a way that a continuous
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loading of the bioactive bed is achieved, at minimum risk to overloading the
bed or creating situations of dryness. Overloading of the bioactive bed 1 and
immersion in water is to be avoided as this may involve partial water
purification only, washing out of the micro-organisms, enhanced mesocarp
material decomposition and rotting.

Wastewater supply may also be batchwise, as
this appears to be the way in which wastewater is usually produced. Thereby,
the water supply to the biofilter 1 is preferably organised in such a way that a
continuous loading of the bioactive bed 3 is achieved, with the purpose of
keeping the purification activity going and achieving a continuous operation of
the bioactive bed 3. A continuous or simulated continuous loading may be
achieved by supplying subsequent batches of wastewater at regular time
intervals. The time intervals may however also be variable, depending on the
amount of wastewater produced as a function of time. If the wastewater
production rate is constant as a function of time, water may be supplied at
reqular, constant time intervals. In case the volume of wastewater produced
varies as a function of time, the time intervals after which water is supplied may
be varied, to ensure that uniform loading of the entire surface of the bed is
guaranteed. Water supply may be controlled by the presence of a water level
detector in the water storage tank 2, which is provided to activate the water
supply device for supplying waste water from the storage tank 2 to the biofilter
1 when a pre-determined water level is achieved in the water storage tank.
However other means for controlling the water supply may be used as well.

The batchwise supply is further preferably
organised in such a way that the bioactive bed 3 is not continuously flooded by
and fully immersed in water, to slow down decomposition of the mesocarp
material and reduce the risk to rotting, and to reduce the risk to over-loading of
the bio-active bed with wastewater and the ensuing washing out of the micro-
organisms.

If the circumstances so desire, the wastewater
supply may be organized in such a way that the bioactive bed 3 finds itself in a
dry state for certain periods of time. |n these dry states, biodegradation of the
mesocarp material is slowed down, the mesocarp material will often still
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contain some absorbed water in the inner pores of the material which ensure
survival of the micro-organisms to a sufficient extent. Even after a dry period,

the bioactive bed will recover, the micro-organism population will start growing

again upon the first contact of the coconut mesocarp pieces with wastewater:
Coconut mesocarp presents the advantage that it is capable of accepting a
flexible water load. Coconut mesocarp also appears to sustain periods of full
immersion in water, to show rotting to a minimum extent only and to recover
after having been fully immersed in water. Controlling wastewater supply thus
ensures a long economic lifetime of the biobed at minimum risk to overloading
the biobed.

Batchwise supply of wastewater is preferably
organized in such a way that subsequent batches of wastewater are supplied
at intermittent time intervals. Thereby the volume of wastewater supplied
towards the water supply 5 is such that it is sufficient to supply about the entire
surface 20 of the first mesocarp layer 11, with virtually the same amount of
water, although variations in wastewater volume supplied per surface area unit
may be accepted by the bioactive bed without adversely affecting its activity.
The intermittent time intervals may be of the same or a different length of time.
The amount supplied and the time intervals will be adapted to the time needed
by the wastewater to flow through the bioactive bed.

The wastewater supply is preferably organized in
such a way that a continuous or a virtually continuous loading of the bioactive
bed 3 is guaranteed as this keeps the bioactivity going, stimulates bio-activity
of the bed and ensures optimum vyield of purified water. This way it may be
ensured that the biofilter bed always contains water to be purified so that the
micro-organism population is maintained. Water supply may be organized in
such a way that an optimum compromise is offered between a flow rate of
wastewater through the bed which is sufficiently fast to provide the desired
purification yield, but slow enough to ensure a sufficient degree of biological
purification, at minimum risk to washing out of the micro-organisms present on
the mesocarp material and to degradation of the coconut mesocarp.

Batchwise and continuous supply of wastewater
to the bioactive bed 3 can be achieved according to any technique known to
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the skilled person. The person skilled in the art will be capable of selecting the
most appropriate water supply and of adapting the volume of each wastewater
batch to the volume that may be contained in the water supply device 5, the
capacity of the biofiter and the envisaged purification degree. Usually the
volume of the waste water batch will be chosen such that the water supply 5
can be fully filled as this ensures homogeneous water supply to the bioactive
bed.

The biofilter of this invention is suitable for
installation in a wide variety of environments, it may be a system which is open
to the air or a closed system. The open system presents the advantage that it
may be installed as such in a garden, next to the location where the
wastewater to be treated by the biofilter, is produced. For example, the biofilter
may be installed in a dedicated cavity in a garden. The walls and bottom of the
hole will usually be covered with a film or foil 4 made of a plastic material,
which is not readily biodegradable, to permit adequate mounting of all parts of
the biofilter. In stead thereof, the biofilter may also be installed in a rigid basin.
Other advantages of the open structure are that air will access the biofilter
through the upper side and that as a result external oxygen supply is not
necessary, bearing in mind the wastewater is supplied batchwise and that
oxygen necessary for aerobic digestion is supplied with the wastewater; that '
the entire process, including the decomposition of sludge-like material present
in the wastewater occurs in one single tank. The persisted oxidation occurring
in the filter causes an auto-consumption of biomass that prevents accumulation
of organic matter. This way the system is self-regulating. In case use is made
of a closed system, usually an air supply will be provided to guarantee air
supply to the interior of the volume which contains the bioactive bed.

The biofilter of this invention is suitable for
installation above ground-water level. As a result no measures need to be
taken to temporarily, locally lower the ground water level to permit installing of
the system and to minimise the risk to contamination with any waste water
possibly leaking from the biofilter. The biofilter of this invention is suitable for
under-ground installation as well as above ground level. This is an important
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advantage as it permits installation on a wide variety of grounds of flat level as
well as rocky grounds.

The preferred embodiment of the biofilter shown
in figure 1 comprises a bioactive bed 3 which in turn comprises at least a
bioactive upper layer 11 comprising pieces of coconut mesocarp material. A
water supply system 5 for supplying waste water from the storage tank to the
bioactive bed 3 is positioned on top of the first mesocarp layer 11, either
directly on top or at a distance there from. Below the upper layer 11, a water
collector 15 is mounted, to evacuate purified water that has percolated the
bioactive bed after having been purified, to a discharge unit (not shown). The
water collector 15 may contain a part 22 which extends to a position above the
bioactive bed, to permit aeration from a position below the bioactive bed,
through holes provided in the water collector 15. If so desired, means may be
provided to supply an oxygen containing gas at a pressure above atmospheric
pressure.

The bioactive bed 3 may comprise a second
lower layer 21, positioned below the first upper mesocarp layer 11. The water
evacuation means 15 will usually be positioned in the second layer 21, but they
may be positioned below that layer as well. The second layer 21 mainly fulfills
the function of a support or carrier for the first layer 11 and of drainage layer,
for conducting water which has been purified in the first layer 11 and has
seeped through into the second layer 21, towards the water collector 15 along

which purified water is discharged. The material used to build the second layer
21 may be any drainage material considered suitable by the skilled person.

The second layer 21 may comprise a layer of particulate material which may
be any particulate material considered suitable by the skilled person, in as far
as the material does not readily decompose upon contact with water. A suitable
material for use in the second layer is pieces of mesocarp material, in
particular mesocarp pieces with a mean particle size between 4 and 7 cm.
Other suitable material pieces for use as a second layer include pieces of
porous material for example Argex®, pebbles, pieces made of a plastic
material. The second layer 21 may however also comprise a sheet of a water
impervious material, for example a polymer material, which sheet comprises a
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plurality of recessed, water capturing volumes for receiving and storing water
as shown in figure 4 and described below. The second layer 21 may comprise
any other three-dimensional material with interconnected voids which permit
draining of water from an upper part of the material to a lower part of the
material, for example a honeycomb material. If so desired a combination of the
above described materials within one single layer may be used as well. If so
desired the second layer may comprise a plurality of superimposed layers,
comprising the above described materials, according to which an upper part of
the second layer is made of a layer of pieces of mesocarp material, a central
part is made of a layer of another particulate material and the lowest layer is
made of a porous three-dimensional structure. According to another
embodiment, the second layer may comprise a frame, which surrounds a
hollow volume that gives access to the water collector 15, whereas a top face
of the frame functions as a support face for the first upper layer 11.

The mesocarp pieces in the first layer 11 have a
smaller mean particle size than the material or mesocarp pieces in the second
layer 21. Preferably, the mesocarp pieces of the first layer 11 have a mean
particle size which is at least 1 cm, preferably at least 2 cm to minimise the risk
to washing out of the particles and clogging of the equipment. The mesocarp
pieces of the first layer preferably have a mean particle size which is less than
6 cm, preferably less than 5 cm, more preferably less than 4 cm, often between
2 and 4 cm to minimise the risk to the occurrence of preferential water flow
paths which would limit the contact time between the wastewater and the

mesocarp material, and to ensure that water is distributed as homogeneously
as possible over the first mesocarp layer 11 so that homogeneous water supply
to the second mesocarp layer 21 is ensured. The use of mesocarp particles
with these dimensions permits minimising the need to manipulate the
mesocarp material, in particular cutting or crashing, which would damage teh
material, increase the risk to release of parenchyma particles and increase the
COD of the purified water. The use of mesocarp pieces with a mean particle
size of between 2 and 4 cm is particularly preferred. In order to provide an
optimal efficiency, the first layer is preferably the thicker one, and the thickness
of this first layer is preferably at least about 40 cm, preferably at least about 50
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cm. The thickness of the first layer will usually be less than 100 cm. However
other thicknesses may be used if the surface area of the biobed and expected
loading so require. In this fist mesocarp layer 11 the majority of the water
purification takes place.

In order to improve the purification efficiency and
further reduce the COD and other purification parameters of the purified water,
preferably use is made of mesocarp pieces that have been subjected to a
pretreatment to remove any non-bound particles, in particular particles with a
mean particle size of smaller than 2 mm. Suitable treatments include sieving or
rinsing or washing with water or any other liquid in advance of installing the
bioactive bed 3.

If so desired, the mean particle size of the
mesocarp pieces in the first layer 11 may vary in function of the depth of the
first layer. It may for example be considered to use as a first layer, a plurality of
sub-layers positioned on top of each other, each layer being built of mesocarp
particles with a different mean particle size. Thereby the mean particle size of
the mesocarp pieces will preferably increase when moving from the upper face
of the first layer 11 towards the second layer 21 to facilitate draining. The mean
particle size may for example increase gradually. The material of the first layer
may exclusively consist of mesocarp material, but it may also contain other
mixed in particulate material such as for example sand, peat etc. In the
situation shown in figure 1, the first layer 11 consists of an upper layer with
mesocarp pieces of a smaller particle size, and a lower layer with mesocarp

pieces of a larger particle size.

By having the first layer of mesocarp pieces 11
with the smaller mean particle size in an upper part of the biofilter the
wastewater entering the biobed is forced to flow through a dramatically
increased number of flow paths with a smaller diameter in an upper part of the

biofiter. The smaller dimensions of flow paths occurring between smaller
particles provide a larger contact surface between the wastewater and the
surface area of the mesocarp, which functions as a culture medium for a wide
variety of aerobic micro-organisms active in water purification. Thus a large
contact surface area between the wastewater to be treated and the micro-
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organisms is guaranteed. Thus, water purification will be the rate limiting step
of the biofilter. By having a layer of a material 21 with a larger mean particle
size or water run off voids with a larger diameter in a lower part of the biofilter,
drainage and oxygen supply to the biofilter are optimized and the risk is
minimized that drainage will be the rate limiting step.

In case use is made of particulate material for the
second layer 21, it is advised to choose the particle size in the second layer
such that interconnected voids between the particles of the second layer
facilitate water run off from the first layer and promote aeration of the first layer
to provide good drainage.

In the preferred embodiment where the second
lower layer 12 preferably comprises material pieces, in particular mesocarp
pieces, the mean particle size of these pieces will usually be less than 15 cm,
preferably less than 10 cm, preferably less than 8 cm, more preferably less
than 7 cm, but more than 2 cm, preferably more than 3 cm, more preferably
more than 4 cm. The mean particle size of the mesocarp particles in the
second layer is preferably between 4 and 7 cm. This way the second layer 21
will permit fast evacuation of purified water, it will not act as the purification rate
determining layer, and in that way the risk to over flowing of the filter is
minimised. The second lower layer 21 will often function as an aeration layer to
supply the first layer 11 with sufficient oxygen. Through natural convection, air
present in this layer will spread through the whole of the biofilter, providing the
entire system with oxygen. Because the pieces are larger, optimum interaction
between the wastewater and air present in this layer is provided, so that
aerobic water purification can also occur in the lower layer. The second layer
will usually have a smaller thickness than the first layer but a thickness which is
such that the second layer extends to a position above any holes in the water
collector 15, to minimise the risk to clogging thereof. The second Iowér layer
will usually have a thickness of between $§ and 30 cm, often 10-20 cm. Often
the thickness of the second layer will be about 20 % of the total thickness of
the biobed. In case it is made of particulate material, such as for example
coconut mesocarp, the second layer will usually be compacted as well, to

minimise the risk to collapsing of the bed as a function of time.
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The sum of the thicknesses of the first and
second mesocarp layer 11, 21 will preferably be at least 75 cm, more
preferably at least 85 cm, but larger or smaller thicknesses may be used as
well taking into account the surface area of the bioactive bed and the expected
load. The skilled person will be capable of adjusting the thickness of the first
and second fayer taking into account the surface area of the biobed and the
expected wastewater load.

To build the second layer 21, usually the pieces of
mesocarp material are torn apart to loosen the material, positioned in the cavity
and compacted, at least 10%, preferably 20-30%. Compacting is preferably
carried out until a corresponding volume of 1m?* would contain between 75 and
275 kg of mesocarp, preferably between 100-250 kg, more preferably between
100 and 225 kg, most preferably between 80 and 200 kg. In case the second
layer contains another material, compacting may be less depending on the
nature of the material used. Similarly, to build the first layer 11, the pieces of
mesocarp material are torn apart to loosen the material, positioned in the cavity
on top of the second layer 21 and compacted, at least 10%, preferably 20-
30%. Compacting may be done using any technique known to the skilled
person. This compacting has the effect that the mesocarp material as such is
compressed, that dimensions of the voids existing between the icosely packed
mesocarp pieces are reduced, and that the flow paths are oriented randomly
with respect to each other. This way water flow rate is slowed down, the risk to
the formation of preferred water flow streams is reduced, while leaving a

sufficiently large accessible contact surface area between the water and the
mesaocarp particles to guarantee optimal purification efficiency, at minimum risk
to clogging up of the filter.

If so desired, to ensure optimal water purification

quality from the beginning, the pieces of coconut mesocarp are in advance
grafted with the appropriate microorganisms.

If so desired, to further improve the performance
of the biofilter, additional layers of mesocarp material or other particulate
material may be provided below the second layer 21.
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For example, a further layer of a biologically
active material may be provided, especially in case further improvement of the
efficiency and the water quality is envisaged. In particular it may be
advantageous to provide a layer of activated carbon, charcoal or any other
carrier for denitrification bacteria below the lowest mesocarp layer. Activated
carbon and charcoal are capable of adsorbing a wide range of organic
compounds and other compounds dissolved or suspended in liquids and
function as a filter to remove bacteria and insoluble salts in water. Above this,
activated carbon and charcoal are especially useful in water treatment
installations with regards to denitrification of wastewater. The inventors have
observed that a layer of activated carbon or charcoal below the different
mesocarp layers of the biofilter provides the entire system with an improved
purification and a higher efficiency. According to another embodiment however,
activated carbon or charcoal may be mixed in the second layer 21.

On top of the first mesocarp layer 11 a top layer
of a water absorption medium may be provided. The water absorption layer will
usually have a thickness of about 15-20 cm, but it may be thinner or thicker. If
so desired, coconut mesocarp can be used to construct this layer. Preferably, a
decorative top layer comprising water absorption material is provided on top of
water supply means 5, the first mesocarp layer 11 or the water absorption layer
iIf the device is constructed in an open embodiment of the invention. The nature
of the water absorption material is not critical to the invention, and suitable
examples include wood chips, porous inorganic materials, plant growing

material or any other kind of water absorption material known by the person
skilled in the art. This top layer functions as an absorption layer for odour
produced by the wastewater. The top layer also functions as a water flow
regulator, in particular as an at least temporary absorption medium for water
originating from rainy weather conditions, by absorbing the water, retaining it
for some time and forwarding it to the lower mesocarp layers whereby part of
the adsorbed layer will usually evaporate as well. This layer also functions as a
water spreading layer, whereby absorbed water is spread over the mesocarp
as uniformly as possible, to minimise the risk to flooding of the biofilter in case
of heave rain for example. Usually the adsorbed water will be released again
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when the osmotic pressure in the biofilter sinks below the osmotic pressure of
the water absorption medium . This way the risk to the occurrence of shock
loads in the lower mesocarp layers and the ensuring risk of washing out of the
micro-organisms from the mesocarp is minimized.

Water which is supplied to the biofilter, may have
a pH which varies from 4 or 5 to 10, 11 or more. At a too low or too high pH,
the survival of the micro-organism population is put at risk and therefore, the
biofilter of this invention preferably comprises means to maintain a pH of the
first and second mesocarp layer 11, 21 between 6 and 9. These pH values not
only appear to promote growth of the micro-organism population, but they fit to
the pH requirements of potable water. Furthermore, the inventors have
observed that after prolonged contact times with water, tannic acid or
precursors or decomposition products thereof are released by the mesocarp
material, which tends to lower the pH. Any means considered suitable by the
skilled person may be used for the purpose of controlling the pH. Particularly
preferred are compounds which are capable of stabilising tannic acid, its
precursors or decomposition products. According to a possible embodiment,
Ca or Mg salts with low water solubility are mixed with the mesocarp material.
A preferred pH controlling agent is limestone which is largely composed of
CaCO, but may also be a mixture of CaCO, and MgCO,. CaCO; and MgCO,
have low water solubility and thus remain available for a long period of time.
Preferably the PH controlling agent is mixed in the form of a powder or

granulate with the mesocarp pieces for the first layer 11 when building the
biofilter. If deemed appropriate, the second layer 21 may contain this pH

controlling agent as well, but this is not mandatory.

As can be seen from figure 3, a coconut roughly
consists of three parts, the epicarp 8, the endocarp 9 and the mesocarp 10.
The epicarp 8 is the thin and smooth layer which surrounds the coconut and
the endocarp 9 is the core or stone of the coconut. This endocarp 9 contains
the endosperm 19, which is the white edible portion of the coconut. The
mesocarp 10 is the layer that is situated between the epicarp 8 and the
endocarp 9. It comprises fiber 17 and parenchymous tissue 18 also called

parenchyma. Upon processing, pieces are produced of fibers 17 of mesocarp
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material, to which parenchyma particles are bound. Together, the mesocarp 10
and the epicarp 8 form the husk of the coconut.

Coconut mesocarp 8 is used in the biofilter of this
invention for multiple reasons, such as its ability to retain particulate matter and
to act as a growing medium for micro-organisms, the fact that the material is
available in a variety of grain size distributions and because of its intrinsic
porosity. Advantageously, biofilters based on coconut mesocarp can comprise
an additional biofilter material such as sand, peat, gravel, perlite, geotextile or
a mat of polymeric material as they improve the water spreading over the bed.
Although upon contact with wastewater, the appropriate micro-organisms will
start growing as such on the mesocarp material, the mesocarp pieces may be
grafted with micro-organisms in advance if so desired, to achieve that the
purification device shows optimum performance from the beginning.

The device of the present invention further
comprises means S for supplying wastewater to a top part of the biofilter 1, so
that the wastewater can flow through the biofilter in a gravitational manner. The
gravitational flow ensures that the contact time between the wastewater and
the biofilter 1 may be maintained for a period of time, which is sufficiently long
to guarantee optimal water purification.

The water supply device & is preferably
constructed in such a way that water is supplied to about the entire surface of
the Dbiofilter, so that optimum spreading of the wastewater over the entire
surface of the biofiiter is achieved. Uniform water distribution over the biofilter

surface minimizes the risk that certain areas only will be fed with water, as a
result of which these areas will be subject to erosion, to faster wearing out of
the biological activity and in the end will get clogged up, while other areas
won't receive wastewater at all. To provide a water supply which is distributed
as uniformly as possible over the entire surface of the biofilter, use can be
made of any system known to the skilled person, capable of doing so.
According to a practical embodiment, use is made of a so called water
percolation frame 5, for example a frame shown in figure 2a and 2b. The
percolation frame 5 of the present invention may comprise at least one tube 6

which is perforated on a side facing the biofilter, to provide holes aiong which
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water may flow from the tube 6 towards the top face of the biofilter 1,as is
shown in fig. 2a and 2b. The at least one perforated tube may be made of any
material considered by the skilled person, for example metal, in particular
stainless steel, copper or zinc, or a plastic material for example
polyvinylchloride, polyethylene, polypropylene or any other suitable material.

In case a single tube is used, the tube will be
configured in such a way that it is capable of supplying water to a large part of
the biofilter surface. The tube may for example be circularly wound. However, it
Is also possible to supply wastewater along a central supply 7 as shown in
figure 2b, from which water is supplied to a plurality of tubes 6 which extend in
longitudinal direction of the bed. In the embodiment shown, the tubes 6 run in
longitudinal direction of the bed and parallel to each other, but any other
configuration may be considered as well. In figure 2a, the water supply device
5 comprises a central water supply 7 which is provided to supply water to
opposite sides of the water supply device 5, to facilitate spreading of the water.

Preferably, the perforations present in the tube
have a diameter which is at least 5 mm, more preferably at least 8 mm, most
preferably at least 1 cm to provide a sufficiently large flow rate and to minimize
the risk to clogging. To provide a water flow which is most suitable for the
biobed of this invention, the percolation frame is preferably filled with water,
after which the water may leave the percolation frame dropwise by dropping
from the perforations. Water which is expelled from the perforations, will
usually spread along a conical figure, and this way a larger surface is supplied
with water than the surface area provided by the perforations as such. Further

spreading and optimization of water supply may be achieved by supplying
water at a pressure above atmospheric pressure. Further spreading may aiso

be achieved by supplying water to a water absorption layer positioned on top of
the first mesocarp layer as described above.
According to another practical embodiment, the

water supply device 5 of this invention comprises a layer of a water-capturing
material, which may consist of a sheet of a water impervious material, for
example a polymer material, which sheet comprises a plurality of recessed,
water capturing volumes for receiving and storing water. At least part of the
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hollow volumes in the water-capturing layer has a top face, which is
substantially open and capable of capturing water. An example of a suitable
material for the water-capturing layer is Floradrain, a polyethylene sheet
supplied by Zinco, the Netherlands. Other suitable materials for the sheet
include polyethylene, polyproplene, polycarbonate, polyolefin, polyamid,
thermoplastic materials, hardened resins or any other material known to the
man skilled in the art. Usually the water capturing volumes will be perforated at
the bottom to permit water to seep through, tbwards the bed.

Optimally, a biobed for 5 PE is provided with
wastewater of batches of about 30-50 liters, but larger of smaller batches of
wastewater may be supplied as well. These volumes of wastewater can be
absorbed by the filter efficiently, fresh air and oxygen may be supplied with
every batch and the risk to washing out of the micro-organisms is reduced to a
minimum. In case the wastewater stream is continuous or in case wastewater
Is supplied in larger batches than can be handled by the biofiiter bed, a
mechanical system may be provided which controls the volume of wastewater
supplied in such a way that adequate volumes are supplied. This way it may be
achieved that the biobed is fed with a batch of wastewater in one go to deliver
a sudden quantity of water, following which the biobed is left for some time
sufficient to permit absorption of the water by the matenal of the biobed and to
guarantee optimum distribution over the biobed. Thereafter, a subsequent
batch of wastewater may be supplied. Preferably water supply is done in such
a way that it is evenly distributed over the day, irrespective of the time frame in

which the wastewater is produced.

Example 1.
A biofilter bed was constructed by making a hole

in the ground of 1.90 m length, 1.90 m width and 1 m height, for 5 peopie, and
by covering the bottom and side faces of the hole with a plastic film made of
firestone pond liner rubber geomembrane (EPDM) of 1 mm thickness with
reinforced corners. This volume should be sufficient to purify waste water

produced by 5 people per day.
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The biofilter was made by providing a second
lower layer of coconut mesocarp material, the pieces of which had a mean
particle size of between 5 and 10 cm. This layer provides 20 vol. % of the
mesocarp material of the biofilter. On top of the surface of the material of the
second layer, a pressure device was installed to subject the second layer to a
pressure and compact the mesocarp material. On top of the second lower
layer, a first upper layer of coconut mesocarp pieces was positioned, with a
mean particle size of between 2-4 cm. This layer provides 70 vol. % of the
coconut mesocarp material for the biofilter. On top of the surface of the
material of the first layer, a pressure device was installed to subject the first
layer to a pressure and compact the mesocarp material. The coconut
mesocarp material of the first and second layer together had a density of 180
kg/m?.

The percolation frame was mounted on top of the
first upper layer. The percolation frame and the first coconut mesocarp layer
were covered with a top layer, which consisted of coconut mesocarp particles
with a mean particle size of between 0.5 and 3 cm. This decorative top layer
provided 10 vol. % of the mesocarp material of the biofiiter.

The first and second layer together had a
thickness of 0.85 m. The volume of the first and second layer was 3.0685 m?,
the first and the second layer together contained 552.33 kg of coconut
mesocarp material. The first and second layer together had a density of 180
kg/m?, the density was determined by determining the weight of the coconut
mesocarp material contained in the volume occupied by the first and second

layer of the biofilter.
As percolation frame, use was made of a

rectangular frame, consisting of a plurality of pipes with a diameter of 40 mm,
which were perforated every 15 cm with holes of a diameter of 1 cm.

The biofilter bed was subjected to a nominal
hydraulic load of 5 PE (150l/PE) or 750 | of wastewater per day. The biofilter
was equipped with a presedimentation tank. The influent was supplied
batchwise in batches of approximately 30 liter. The influent runs through the
filter in a gravitational manner. The characteristics of the influent were:
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- BOD: average 264 mg /1 O,

- Total suspended solids: average 281 mg/I

- NH4-N: average 57 mg/i

- Pt average 12 mg/l

The biofilter bed was tested during a period of 9

months. The detailed results are shown in table 1 below. During nominal feed,
20 mixed samples of effluent were taken and analyzed. The average
composition of the treated effluent was as follows:

- BOD: average 8.8 mg/l O,

-  COD: average 61.7 mg/l O,

- Total Suspended solids : average 10.7 mg/l

- NH4-N: average 9.0 mg/!

- Py average 9.6 mg/l
Which thus gives the following reduction percentages:

- BOD (eq: average 96.4 %

- COD eq: average 90.3 %

- Suspended solids matter 4. average 95.6%

-  Preq: average 17%

The wastewater purification device according to

the present invention thus has excellent purification efficiency, and shows
improvements in both BOD reduction as in suspended matter reduction.

BOD = biological oxygen demand
COD = chemical oxygen demand

Pr = total phosphor content
TSS = total suspended solids

In order to be suitable for discharging into surface
waters such as for example creeks, rivers or ponds it is important that the
absolute value of the BOD of the purified water is below 25 mg/l, that COD is
below 125 mg/l, that TSS is below 60 mg/l and that the pH is between 6-9.
Depending on national regulations, discharging of purified water having higher
BOD, COD, TSS or pH may be forbidden. In order to be suitable for
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discharging, not only the BOD, COD and TSS percentage reduction values
count, but also their absolute values. Discharge permission, is only issued
provided that these three parameters are achieved maximum three times over
a test period of 38 weeks, and they are not overrun more than once,



CA 02777470 2012-05-16

29

BOD
mgQO,/| mgOzll mgN/l

Table 1:
L

TSS
mg/

70

39.0
64.0
46.0

6 (w00

© |m [Q |o© .
14.... (49
3 B
o
M~ 5

o5
) L
<5.0
—
<3.0

o |l
5 ~ o il
6_6 N~ 6_6 6

day pH

oading

%
%

100
50%
100
0%
100%

3
©

150%*

78.0

13.0
12.0
12.0
25.0

™
N~ 7 _

100%
50%
100%

| |
- -
8. ~ NN (oo o (v g o e (o |G |2
- - - |<T |NN O I |~ N — |+
-
o |
o |9 il B =
O |~ 00 |0 N~ O |0O
— |< D | O O [0

| 18.0

1




10

15

20

25

CA 02777470 2012-05-16

30

Example 2.

To produce material for the first upper layer of

coconut mesocarp pieces, 3 different materials were used :

e Mesocarp pieces with a mean particle size of 2-20 mm which had been
produced by cutting larger pieces into smaller pieces,
o Mesocarp pieces with a mean particle size of 2-20 mm which had been
produced by crushing larger pieces,
o Mesocarp pieces with a mean particle size of 2-20 mm which had been
subjected to sieving after having been cut into the desired size.
The biofilter bed was tested during a period of 24

hours by submerging 4 liter of mesocarp fraction in 10 liter of water60 litres of

tap water per hour. The detailed resuits are shown in table 2 below.

Table 2.

e mesocary [ 960 40—
e
L LR

From the resuits in table 2 it will be clear that

mesocarp material which has been subjected to sieving to remove particles

with a mean particle size of smaller than 2 mm, provides purified water with a

desired COD from the beginning.

Example 3.

To produce material for the first upper layer of

coconut mesocarp pieces, 2 different materials were used .

A. Mesocarp pieces with a mean particle size of 2-20 mm which had been

B.

produced by cutting larger pieces into smaller pieces,

Mesocarp pieces with a mean particle size of 2-20 mm which had been
produced by cutting larger pieces into smaller pieces, followed by washing
the material with water until no particles with a mean particle size < 2 mm

were observed in the filtrate.
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The biofilter bed was tested during a period of
several days as described in table 3 below.

Material Material

s R e
COD BOD Floating | COD BOD | Floating
240 . 11 27 <3

5 From the results in table 3 it can be seen that the mesocarp material that had

been subjected to water washing, provides purified water with a desirable COD
from the beginning.
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Claims:

1. Device for the purification of organically
polluted wastewater, comprising at least one biofilter (1) for the wastewater
purification, which biofilter (1) comprises a bioactive bed (3) with a first layer of
coconut mesocarp pieces (11), the device further comprising a water supply (5)
for supplying waste water to be purified to an upper part of the biofilter at a
position above the first layer (11) and a water collector (15) for collecting
purified water from a lower part of the biofilter at a position below the first layer
(11), characterized in that the mesocarp pieces of the first layer (11) have a
mean particle size of at least 1 cm, in that the first layer (11) is compacted to
have a density of between 75 and 275 kg/m?.

2. Device according to claim 1, characterized in
that the compacted mesocarp material of the first layer has a density of
between 100 and 225 kg/m?.

3. Device according to claim 1 or 2, characterized
in that the mesocarp pieces of the first layer (11) have a mean patrticle size of
at least 2 cm and less than 6 cm, preferably between 2 and 4 cm.

4. Device according to any one of claims 1-3,
characterized in that the mesocarp pieces have been pretreated to remove
particles with a mean particle size of below 2 mm in advance of being installed
in the bioactive bed.

| 5. Device according to any of the previous claims,
characterized in that and in that below the first upper layer a porous second
layer (21) is provided for draining water from the first layer (11) towards the

water collector (15).
6. Device according to any of the previous claims,

characterized in that means are provided to maintain a pH in the first layer (11)

between 6 and 9.
7. Device according to any of the previous claims,

characterized in that the mesocarp pieces are mixed with an agent which is
capable of stabilizing tannic acid or its precursors or its decomposition
compounds released by the coconut mesocarp as a function of time.
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8. Device according to claim 7, characterized in
that the agent is a material which contains granular CaCO; or MgCO; or a
mixture of these materials.

9. Device according to any of the previous claims,
characterized in that the wastewater supply (5) is arranged to provide a
substantially homogeneous water distribution over a top face (20) of the first
mesocarp layer (11).

10. Device according to claim 9, characterized in
that the wastewater supply is provided to supply a batchwise flow of
wastewater.

11. Device according to any one of claims 1-9,
characterized in that the pieces of the first mesocarp layer (11) have a mean
particle size of between 2 and 4 cm.

12. Device according to any one of claims 5-11,
characterized in that the second layer comprises a layer of material pieces, in
particular mesocarp pieces (21) with a larger mean particle size than the
mesocarp pieces of the first layer (11).

13. Device according to claim 12, characterized in
that the mesocarp pieces of the second layer (21) have an average diameter of
between 4 and 7 cm.

14. Device according to any one of claims 5-11,
characterized in that the second layer (21) is made of a piastic material
comprising a plurality of cavities (7) for temporarily storing water leaving the

first layer (11) and holes for transferring water from the cavities to the water

collector (195).
15. Device according to any one of claims 5-14,

characterized in that the sum of the thicknesses of the first (11) and second
layer (21) is al least 85 cm.
16. Device according to any one of claims 5-15,

characterized in that below the second layer (21) a layer (13) is provided of a
carrier for denitrification micro-organisms, in particular a layer containing

charcoal.
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17. Device according any of the previous claims,
characterized in that device is installed above ground-water level.

18. Device according to any of the previous
claims, characterized in that the device is installed on ground level.

19. Device according to any of the previous
claims, characterized in that the device is at least partly open to air.

20. Device according to any of the previous
claims, characterized in that a top layer of a water absorption fnaterial is placed
on top of the first mesocarp layer (11).

21. Device according to any of the previous
claims, characterized In that the device comprises an anaerobic pre-
sedimentation tank (2), which is connected to the biofilter (1, 3).

22. A method for producing a device for the
purification of wastewater comprising at least one biofilter for the wastewater
purification, wherein at least a first upper layer of coconut mesocarp pieces
(11) is positioned on top of a water collector (15), wherein the first layer
comprises mesocarp pieces with a mean particle size of at least 1 cm, and
wherein the first layer is compacted at least 10% vol. %, preferably 20-30 vol.
%.

23. A method for purifying water, wherein at least
one batch of wastewater is supplied on top of the first mesocarp layer (11) of
the device of any one of claims 1-21 and is collected from a lower part of the
biofilter at a position below the first layer (11).
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