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A METHOD AND A SYSTEM FOR QUT-COMPETING GLYCOGEN-ACCUMULATING ORGANISMS
IN A SUBSTANCE

FIELD OF THE INVENTION

The present invention relates to a method of reducing a ratio of Glycogen-Accumulating
Organisms relative to the total amount of Glycogen-Accumulating Organisms and
Polyphosphate-Accumulating Organisms in a substance. Moreover the present invention
relates to a waste water treatment system for reducing a percentage of Glycogen-
Accumulating Organisms in a substance comprising Glycogen-Accumulating Organisms and
Polyphosphate-Accumulating Organisms. Furthermore, the present invention relates to a
controller for controlling a waste water treatment system in accordance with the method of
reducing a ratio of Glycogen-Accumulating Organisms relative to the total amount of
Glycogen-Accumulating Organisms and Polyphosphate-Accumulating Organisms in a
substance. Moreover, the present invention relates to method of reducing a ratio of
Glycogen-Accumulating Organisms relative to the total amount of Glycogen-Accumulating

Organisms and Polyphosphate-Accumulating Organisms in a substance.

BACKGROUND OF THE INVENTION

Waste water treatment plants are used to treat waste water such that undesired objects,
particles, organic substances, chemicals etc. are removed from the waste water prior to its
emission into nature. One unwanted chemical is phosphate which is present in waste water

from industries and house holds.

Phosphate may be removed by subjecting the waste water to a biological process comprising
Polyphosphate-Accumuiating Organisms which under the right conditions accumulate
polyphosphate. One desirable feature of Polyphosphate-Accumulating Organisms is that they
are capabie of consuming large amounts of phosphate when subjected to the right series of
conditions. However, Polyphosphate-Accumulating Organisms compete with Glycogen-
Accumulating Organisms for the same organic material. This is undesirable in waste water
treatment processes, as G]ycogen—Acéumulating Organisms do not provide the favourable
phosphate removing capabilities which are associated with Polyphosphate-Accumulating
Organisms. It has been found that the ratio of Glycogen-Accumuiating Organisms relative to
the total amount of Glycogen-Accumuiating Organisms and Polyphosphate-Accumulating
Organisms is higher In warmer climates than in colder climates, and thus the challenge in

dealing with Glycogen-Accumuiating Organisms is especially relevant in warmer climates.
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Attempts have been made to give Polyphosphate-Accumulating Organisms a competitive

advantage, but no successful results have been achieved so far.

Background art may be found in WO 2008/046139 which discioses a bioiogical process for
reducing the levels of nitrogen and phosphorous in wastewater, wherein said wastewater
comprises at least 100 myg/L total nitrogen wherein said process comprises feeding said
wastewater into a reaction vessel in at ieast two steps, wherein said reaction vessel comprises an
active biomass comprising nitrifying and denitrifying organisms and polyphosphate accumulating
organisms {PAOs), wherein at ieast the first feed step is followed by a non-aerated period of
sufficient duration to result in sufficiently low concentrations of nitrate and nitrite species in the
wastewater to allow for accumulation of polyhydroxyalkanoates in the PACs, and at ieast the first
non-aerated period is foliowed by an aerated period of sufficient duration to allow for ammonium
oxidation by the nitrifying organisms and assimilation by the PAOs of at least a portion of the

phosphoerous in the wastewater,

It is an object of one or more embodiments of the present invention, to provide a method which
provides the Polyphosphate-Accumulating Organisms with a competitive advantage over Glycogen-

Accumulating Organisms.

Mareover, it is an object of one or more embodiments of the present invention, to provide an

improved method for removing phosphate in waste water.

DESCRIPTION OF THE INVENTION

The present invention relates to 2 method of reducing a ratio of Glycogen-Accumulating Organisms
relative to a total amount of Glycogen-Accumulating Organisms and Polyphosphate-Accumulating

Organisms in a substance, the method comprising the steps as defined in claim 1:
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The inventors have surprisingly found that by subjecting a substance comprising both
Giycogen-Accurnulating Organisms and Polyphosphate-Accumuiating Organisms to an
anaerob-ic environment for a first predetermined period of time, the Polyphosphate-
Accumulating Crganisms will out-compete the Glycogen-Accumulating Organisms such that
the ievel of Glycogen-Accumulating Organisms is reduced drastically. The effect is that the
concentration of Polyphosphate-Accumutating Organisms relative to Giycogen-Accumuiating
Crganisms is very high, thus facilitating that a larger amount of the phosphate is removed as
is described in further detail below.

It wiil be appreciated that in most embediments, the temperature of the substance is not
actively changed, i.e. no heating or cooling devices are provided. However it will also be
apprectated in some cases the temperature of the substance may change during its flow
through the waste water treatment plant e.g. due to an increasing temperature of the
surroundings and/or due to change from a cloudy situation to a situation where the sun is
shining. If will also be appreciated that the temperature of the substance may Grop while the

substance is in the waste water treatment plant, e.g. if the air temberature is lower than the

" incoming flow to the waste water treatment plant.

In the context of the present invention, the term 'Glycogen-Accumulating Organisms’ shall
aiso be. designated ‘GAQ’, shall refer to any microorganism, such as a heterotrophic
microcrganism, such as a bactieria, that do not accumulate polyphosphate, but which is able
to utilize giycogen as the anaerobic energy source, and compete with PAOs to take up
grganic matters anaerobically. In one embodiment, the Glycogen-Accumulating Organisms
are microorganisms which comprise: Candidatus-Competibacter-phosphatis-related bacteria,
alphaprotecbacteria and Defluviicoccus-vanus-reiated bacteria,

In the context of the present invention, the term 'Polyphosphate-Accumulating Organisms
shall also be designated ‘PAO’, shall refer to any chemoheterotroph microorganism, such as a
bacteria, that and can exist in both aerobic and anaerobic conditions, such as a
microorganism that under aerobic conditions is abie to take up orthophosphate from the
env_ironment and transform it to polyphosphate, which in turn is reduced to orthophosphate
for the purpose of energy generation under anaerobic conditions. In one embodiment, the
Polyphosphate-Accumuiating Organisms are microorganisms which comprise: Candidatus
Accumulibacter phosphatis and related bacteria.

In the context of the present invention, the term ‘anaerobic’ shall be understood as lack of

oxygen, nitrate and nitrite.
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In the context of the present invention, the term ‘anoxic’ shall be understood as lack of
oxygen and at the same time a presence of nitrate and/or nitrite.

In the context of the present invention, the term ‘aerohitc’ shaill be understood such that
dissoived oxygen is available.

in the context of the present invention, the term ‘waste water’ shall be understood as any
water that has been adversely affected in guality by anthropogenic influence, It comprises
liquid waste discharged by domestic residences, commercial properties, industry, and/or

agriculture and can encompass a wide range of potential contaminants and concentrations.

In the context of the present invention, the term ‘untreated waste water’ shall be understood
as waste water which has not yet entered the waste water treatment system,

In the context of the present invention, the term ‘treated waste water’ shall be understood as
waste water which has entered the waste water treatment plant. Thus, it covers both waste
water which is somewhere in the waste water {reatment plant and waste water which has

been treated in and has left the waste water treatment plant.

In the context of the present invention, the term ‘suspended particles’ shall be understood as
particles which are suspended in the untreated waste water.

In the context of the present invention, the term ‘activated sludge’ shall be understood as
aggregations of suspended solids, micro-~organisms and extraceliular substances which are

present in the treated waste water and which are bioiogically active.

In the context of the present invention, the term ‘substance’ shall be understood as a liquid
and/or mass containing bacteria and microorganisms. The bacteria and microorganisms may
be provided/suspended in the substance or onto a surface provided in the substance.
Examples of substances are liquids and/or masses containing waste water and/or having
particles suspended therein. Moreover, the term bacteria and/or microorganisms may be
provided as a biofilrm of particles on 2 surface.

In the context of the present invention, the term “hydrolysis” shall be understood as the
process of breaking down larger organic particles into smaller counterparts. This may be
done in the re-circuiation anaerobic tank.
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In the context of the present invention, the term “substance treatment piant and/or system”
shail designate a treatment plant and/or system comprising 2 substance containing waste
water and/or activated siudge and/or biofiims.

it will be appreciated, that the waste water normally enters a main stream which may
comprise a screen system, a grit remova! system and/or a main primary settling tank and/or

a main anoxic tank and/or a main aerobic tanks and/or a main secondary clarifier.

Maoreover it will be appreciated that some of the substance may at some point in the main
stream {e.g. a point downstream the main aerobic tank) be re-circuiated to a peint upstream
iy the main stream (e.g. a point upstream the main aerobic tank).

As part of the re-circulation, the substance may be subjecied to a2 side hydrolysis in which
the substance is subjected to anaerobic conditions for the predetermined period of time,

In the context of the present inventior, the word ‘main’ is used as a prefix for any
tank/element which is provided in the main stream. Accordingly, the aerobic tank of the main
stream is designated the main aerobic tank etc. Moreover, the word ‘re-circulation’ is used as
a prefix for any tank, stream or element which is provided in the re-circulation stream.
Accordingly, the anaerobic tank of the re-circulation stream of the side hydrolysis is

designated the re-circuiation anaerobic tank.

With the above prefixes, the waste water may enter a main screen systemn, and continue into
a main grit removal system. Subsequently, the waste water may fiow into a main anoxic tank
or & main aerobic tank, becoming part of the substance, and thereafter possibly into the main
secondary darification tank. From the main secondary clarification tank (or from the main
aercbic tank), a part of the substance may be re-circuiated. The re-circulated substance may
be re-circulated into the main anoxic tank. However prior to this, & part of the re-circulated

substance may be subjected fo anaerobic conditions in the re-circulation anaerobic tank.

The abovernentioned main stream and re-circulation stream is one example of the
configuration of such streams. Further examples are described in relation to the figures.
However, the skilled person will readily realize that even further examples and configurations
exist. However, the present invention shall not be limited to the described configurations of
the main stream and re-circulation stream.

The process described in the previpus and the following paragraphs may be a continuous
process.
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PAQ are responsible for removal of phosphorus in Enhanced biological phosphorus removal
plants (EBPR plants). PAO are able to take up large amounts of organic matter (e.g. acetate)
under anaerobic conditions and to convert this to the storage polymer PHA. Energy for this
emanates from hydrolysis of polyphosphate (polyP) contained inside the PAD into
extraceliular phosphate and from degradation of intraceliular glycogen.

Under subsequent aercbic conditions {e.g. in the main aerobic tank such as a nitrification
tank}, PAO uses the stored polymer PHA for growth and for accumulation of even larger

amounts of phosphorus in the organisms in the form of polyP.

In some embodiments, an anoxic tank is provided immediately before the aerobic tank. The
purpose of the anoxic tank is de-nitrification of the substance i.e.:

NO3 -> N.
Similarly, the purpose of the aerobic tank is nitrification i.e.
NH4+ + s -> NO5 .

Typically the substance in the anoxic tank is not aerated, but a2 mixing device may be
provided to keep the activated sludge of tha substance in suspension.

When the substance is re-circulated to a point upstream the aerobic and/or the anoxic phase,

the process is repeated again.

In one embodiment, the substance may be subjected to anaerobic conditions more than once
i.e. in the re-circulation anaerobic tank and in a main anaerobic tank provided before the
anoxic tank and/or the aerobic tank. However, it will be appreciated that the main anaerobic
tank may not be provided in most embodiments, whereby only the re-circulation anaerobic
tank may be provided in the waste water treatment plant.

Ir order to rermove the phosphorus from the substance, at least a part of the polyP
containing PAO is harvested. This is typically done at some point after the main aerobic tank
(as the PAO take up the most phosphorus in the aerobic phase) and prior to a subsequent
anaerobic phase. Accordingly, the harvesting may advantageously be done at some point in
the re-circulation process i.e. while the substance is re-circulated from some paint in the
main stream (e.g. the main aercbic tank or the main secondary clarifier) to some point prior
to any of the re-circulation anaerobic tank and the main anoxic tank.
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As a supplement for the removed polyP containing PAQD, new waste water may be added in
the main stream typically from the waste water entering the main anoxic tank from the main
screen and grit removal system.

According to the method of the first aspect of the invention, part of the substance is
subjected to the anaerobic conditions for the first predetermined period of time so as to
ensure the ratio of GAQD is below the predetermined level. In one embodiment, the substance
is subjected to the entire first predetermined period of time in the re-circulation anaerobic
tank. In another embodiment, the substance is subjected to anaerobic conditions such that a
first part of the predetermined period takes place in the re-circulation anaerobic tank while a
second part of the predetermined period takes place in the possibly provided main anaerobic
tank.

As mentioned previously, GAQ are often present in the treatment plants along side with PAQ.
Contrary to PAQ, GAO do not accumulate phosphorus, but compete for the same organic

matter as PAQ. It will thus be appreciated that the effectiveness of the phosphorus removing
process is highly dependent on the level/ratio of GAQ. The lower the ratic is, the better is the

phosphorus removing process.

Accordingly, the present invention provides 8 method which enhances the phosphorus
removal process, as subjection of part of the substance to anaerobic conditions for at least
the predetermined period of time significantly redices the level of GAQ. It is stressed that by
subjecting the substance or a part thereof to anaerobic conditions, the GAQ are not killed but
merely out-compeied by the PAQ which are more easily metabolic active under the anaerobic
congitions than GAD.

in the context of the present invention, the term ‘ratio of Glycogen-Accumulating Organisms
reiative to a total amount of Glycogen-Accumuiating Organisms and Polyphosphate-
Accumulating Organisms in & substance’ shali be understood such that the iower the ratio is,
the smailer the percentage of the GAD in the substance is relative to the total (combined)
amount of GAD and PAO in the same substance. Accordingly, the ratio may be described with
the following formula:

. GAO
Ratio = —————
GAQ + PAC
in the context of the present invention the term ‘ratio’ shall be used as an abbreviation for
‘the ratio of Glycogen-Accurmulating Organisms in the substance relative to a total amount of
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Glycogen-Accumulating Organisms and Polyphosphate-Accumulating Organisms in the
substance’,

it will be app_reciated that other bacteria and organisms will also be present in the substance.

However for simplicity reasons, these other bacteria are not discussed.

As the GAC and the PAC compete for the same recourses, it is desirable that the ratio (level)
is as low as possible, as this increases the amount of phosphorus which is bound by the PAQ
in the aerobic stage of the treatment process. In order to gut-compete the GAQ in the
substance, the substance is subjected to an anaergbic environment for the predetermined
period of time.

In a one embodiment, the method is performed as a batch process where the substance is
moved into a separate tank which is used for different steps of the process. In a first step, no
air is added to the substance whereby the tank serves as a main anoxic tank. Subseqguently,
the substance is serated thus causing the separate tank to function as a main aerabic tank.
In yet another step, the activated siudge in the substance is allowed to sedimentate by
gravity.

In both the abovermentioned batch process and the previously mentioned continuous process, .

a part of the substance rmay be re-circulated. This may be dane by leading a part of the
substance from the main secondary clarifier (or from the main aerobic tank) into the re-

circulation stream.

it wiil be appreciated that the activated sludge contained in the substance will settle in the
main secondary c¢larifier and thus by providing the outlet which is connected to the re-
circulation stream in the lower part of the main secondary clarifier, the concentration of the
solid particles will be high in the re-circuiated substance. In one embodiment, the
concentration of solid partictes is in the range 0.1 to 5 percent, such as 0.5 to 3 percent,
such as 0.8 to 2.0 percent, such as 1 percent.

In one embodiment, between 0 and 100 percent of the substance flowing info the waste
water treatment plant is re-circulated, such as between 30 and 70 percent, such as 50
percent,

Of this re-circulated substance, a first part is directed directly into the main stream at a point
upstream the aerobic tank whiie a second part is directed inte the re-circuiation anaerobic
tank, This second part may constitute between 0 and 50 percent of the re-circulated
substance, such as between 5 and 30 percent, such as between 10 and 20 percent.



10

15

20

25

In one embodiment, the dry solids content of the re-circulated substance is unchanged from
the point where the re-circulated substance leaves the main stream fo the point where it
enters the re-circulation anaerobic tank. In other embodiments, the dry solids content is
increased prior to the substance entering the re-circulation anaerobic tank. This may be done
in a de-watering device or a static thickener. By increasing the dry solids content, the size of
the re-circulation anaerobic tank may be reduced, which may be desirable from an economic
and a space-saving point of view. In one embodiment, the dry solids content is increaged by
200 percent, such as by 300 percent, such as by 400 percent, such as 500 percent, such by
600 percent, such as by 700 percent, such as by 800 percent, such as by 900 percent, such
as by 1000 percent. In one embodiment, the dry solids content in the substance entering the
re-circulation anaerobic tank is at least 1 percent, such as at least 2 percent, such as at least

3 percent, such as at least 4 percent, such as at ieast 5 percent.

The substance (in this context the re-circulated substance) is subjected to the anaercbic
environment for a predetermined period of time, until the percentage of GAO is beiow a
predetermined level. A part of this predetermined period of time may take place in the device

for thickening the substance (e.g. the de-watering device or a static thickener).

The inventors have made the surprising discovery that this predetermined period of time is
dependent on the temperature of the substance. Thus the colder the temperature of the
substance is, the longer the predetermined period of time i.e. the longer it takes before the
ratio of GAD is below the predetermined level. S]milarly, the warmer the substance is the

shorter the predetermined period is,

During the first predetermined period of time, the substance temperature may be within +/-
1% of the determined substance temperature, such as within +/- 5%, such as within +/-
10%, such as +/- 20%.
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The temperature may be determined manually by means of a thermometer. Alternatively, the
process may be automated such that a temperature is determined automatically. In one
embodiment, the temperature is determined concurrently, and the first predetermined period
of time is alsc determined concurrently.

The first predetérmined period of time may be determined by means of & table containing
different values of the substance temperature relative and their corresponding first periods of
time. Alternatively, or as a supplement, the first predetermined period of time may be
determined by means of a graph in which one axis corresponds to the substance temperature
and the other axis correspands to the first predetermined period of time, i.e. 2 graph wherein
the first predetermined period of time is ilustrated as a function of the determined substance
temperature, Alternatively, or as a suppiement, the first predetermined peried of time may

be calculated.
in one embodiment, the method may comprise the step of:

- determining an average temperature corresponding to the average temperature over

a predetermined historic period of time, and

- determining the first predetermined period of time based on the average

temperature.

In one embodiment, the first predetermined period of time is above 6 hours, such as above 9
hours, such as above 12 hours, such as above 15 hours, such as above 18 hours, such as
above 21 hours, such as above 24 hours, such as above 30 hours, such as above 36 hours,
such as above 42 hours, such as above 48 hours, such as above 60 hours, such as above 72
hours, such as above 96 hours.

In one embodiment, the predetermined historic period of time is above & hours, such as
above 9 hours, such as above 12 hours, such as above 15 hours, such as above 1B hours,
such as above 21 hours, such as above 24 hours, such as above 30 hours, such as above 36
hours, such as above 42 hours, such as above 48 hours, such as above 60 hours, such as
above 72 hours, such as above 96 hours, such as 5 days, such as 6 days, such as 7 days.

In one embodiment, the method further comprises the step of: determining the
predetermined period of time on the basis of the substance temperature. The latter step may
be performed prior to subjecting the substance to the anasrobic conditions. Alternatively, the
predetermined period is caiculated while the substance is subjected to the anaerobic
conditions.
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As described previousty, the effective consummation of phosphate requires that the
substance is subjected to oxygen and/or nitrate and/or nitrite after the anaerobic process
step. Thus in one embodiment, the method further comprises the step of: subsequently
subjecting the substance to anoxic or aerobic environment. This may be done in the same
tank {typically in the batch process case) or by moving/pumping/ieading the substance from
the re-circuiation anaerobic tank to a main anoxic/aerobic tank. In the main aerobic tank,
means for aerating the substance may be provided. One example of such means is means for
blowing air into the substance below the surface of the substance.

In one embodiment, the method comprises the step of:

~ subjecting the substance to an aerobic environment for 2 second predetermined

period of time.

In one embodiment, the second predetermined period of time is in the range 1-24 hours. in
some embodiments the second predetermined period of time is below one hour such as 30
minutes,
As mentioned previously, & part of the substance may be re-circulated from the main aerobic
tank to the main anaerobic tank (e.g. via the re-circulation anaerobic tank). The method may
further comprise the step of:

- re-circulating at least a part of the substance to the anaerobic environment.
In one embodiment, the predetermined lavel of Glycogen-Accumulating Organisms is below
50 percent, such as below 40 percent, such as below 30 percent, such as beiow 20 percent,
such as below 10 percent, such as below 5 percent, such as below 4 percent, such as below 3

percent, such as below 2 percent such as below 1 percent.

As previously mentioned, the first predetermined period of time may decrease with an

increasing temperature.
This relationship is described by the following equation set:
(IF (5°C = T, 5 20°C) THEN (18h £ tay < 48h))

OR
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(IF (5°C = T, £ 20°C) THEN (18h = fay = 48h))
OR
(IF (15°C < T, = 30°C) THEN (12h = t,y £ 36h})
OR
{(IF {25°C £ 7. £ 35°C) THEN (10h = tu < 30h))

where T, is the temperature of the substance and tay the duration of the predetermined

period of time -

Accord'mgiy_, in one embodiment, the first predetermined period of time is in the range 18-48
hours when‘ the substance temperature is in the range 5-20 degrees Celsius. In one
embodiment, the first predetermined period of time is above-18 hours when the temperature
is in the range 5-20 degrees Celsius. In one embodiment, the first predetermined period of

tirme is below 48 hours when the temperature is in the range 5-20 degrees Celsius.

In one embodiment, the first predetermined period of time is in the range 12-36 hours when
the substance temperature is in the range 15-30 degrees Celsius. In one embodiment, the
first predetermined period of time is above 12 hours when the temperature is in the range
15-30 degrees Ceisius. In one embodiment, the first predetermined period of time is below
36 hours when the temperature is in the range 15-30 degrees Celsius.

In one embodiment, the first predetermined period of time is in the range 10-30 hours when
the substance temperature is in the range 25-35 degrees Celsius. In one embodiment, the
first predetermined period of time is above 10 hours when the temperature is in the range
25-35 degrees Ceisius. In one embodiment, the first predetermined period of time is below

30 hours when the temperature is in the range 25-35 degrees Celsius.

In a second aspect, the present invention relates to a waste water and/or substance
treatment plant and/or system for reducing a ratio of Glycogen-Accumulating Organisms in a
substance (containing waste water and/or activated sludge) and/or waste water reiative to a
total amount of Glycogen-Accumulating Organisms and Polyphosphate-Accumulating

Organisms in the substance and/or waste water, as defined in claim 14.
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BRIEF DESCRIPTION OF THE FIGURE

The invention will now be described with reference to the figures in which:

Fig. 1 discloses a first embodiment of the invention,

Fig. 2 discloses a second embodiment of the invention, and

Fig. 3 discloses the relation between the predetermined period and the substance

temperature when designing and controiling the flow to a re-circulation anaerobic tank

according to the method according to the present invention.
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14
DETAILED DESCRIPTION OF THE FIGURES

In the following, Figs. 1 and 2 are described. However, it will be appreciated that these two
figures only describes two possible embodiments of main streams and re-circulation streams,
and a large number of alternatives exist. Thus, the present invention shall not be limited to
these two embodiments of the main stream and the re-circulation stream.

Figs. 1 and 2 disclose two different embodiments of the present invention. The differences
are described in further detail below. It will be appreciated that the principles of the two
figures may be combined in any way.

Fig. 1 discloses a waste water treatment plant 100 defining a main strearm 102 and a re-
circulation stream 104. In the figures, the main stream 102 is provided above the dash-
dotted line 106 while the re-circulation stream is provided below the dash-dotted line 106.

The main stream 102 comprises a plurality of tanks which the waste water and/or the
substance successively passes through as is described below. A part of the substance is re-
circulated by means of the re-circulation stream 104 such that the re-circulated substance
flows into the main stream 102 at a point upstream relative to where the substance ieaves
the main stream 102 to enter into the re-circulation stream. 104,

Initially, the untreated waste water flows info a main screen system 108 which is adapted to
remove larger objects. Subsequently, the waste water flows into a grit removal system 110
in which sand and gravel over a certain size sedimentate.

in some embodiments of the waste water treatment plant 100, a main primary settling tank
112 is provided in which the heavier waste water particles are allowed to settie such that
they are separated from the liquid phase of the waste water. However it wili be appreciated
that the main primary settfing tank is not present in some embodiments, and thus the main
primary settling tank 112 is indicated by means of a dotted line.

The next step in main stream 102 of the waste water treatment plant 100 is the main contact
tank 114 (also calied the selector tank) in which the waste water from the main stream and
the substance from the re-circulation stream are mixed and the waste water becomes part of
the substance.

Subsequently, the substance flows into a main aerobic tank 1186, in which the substance is
aerated such that it is subjected to oxygen.
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The next step in the process is the main secondary clarifier 118 in which activated sludge is
allowed to settle. In the embodiment of the figures, the main secondary clarifier 118
comprises & re-circulation outiet 120 which is arranged such that this settled activated sludge
is used for re-circulation. Accordingly, the dry solids content of substance entering the re- .
circulation stream is higher than the dry solids content of the clarified treated waste water

which leaves the main secondary clarifier.

A part of the re-circulated substance flows directly back to the main contact tank 114 via a
re-circulation direct line 122, while another part of the re-circulated substance flows via a
side stream line 124 into a re-circulation anaerobic tank 126, which may also be designated
the side stream hydrolysis tank.

In the re-circulation anaerobic tank 126, the substance is subjected to anaerobic conditions
for a first predetermined period of time which is determined by the substance temperature.
This is described in further detail in relation to Fig. 3. By subjecting the substance to the
anaerobic conditions for a first predetermined period of time, the ratio of GAQO drops such
that the percentage of GAO in relation to the sum of GAC and PAQ is small, such as below 10
percent. This is desirable as PAO contrary to GAO are desirable when phosphor is to be
removed as is described in further detail above.

Fig. 2 differs from Fig. 1 in that no main primary settiing tank 112 is disclosed. It wiii be
appreciated from the above description of Fig. 1 that this main primary settling 112 is
described as optional. Moreover, Fig. 2 differs from Fig. 1 in that an anoxic tank 128 is
interposed between the main contact tank 114 and the main aerobic tank 116. Except from
these two differences, the two figures are identical and identical reference numbers relats to
identical elements.

During use of the waste water treatment plant 100 of Fig. 2, substance flows from the main
contact tank 114 to the anoxic tank 128. After treatment in the anoxic tank 128, the
substance flows from the anoxic tank 128 fo the aerobic tank 116,

Fig. 3 discloses ane way of controlling the re-circulation anaerobic tank 126, by determining
the predetermined period of time in response to the temperature of the substance contained
in the re-circulation anaercbic tank 126. In Fig. 3 the horizontal axis designates the number
of hours which the substance is subjected to the anaerobic conditions and the vertical axis
the temperature of the substance.



10

15

20

25

30

WO 2013/017243 PCT/EP2012/003197

16

In one embodiment, the substance is maintained 10 to 30 hours in the re-circulation
anaerobic tank, when the temperature of the substance in said tank is in the range 25 to 35
degrees Celsius, This is illustrated by the high temperature box 130.

in another embodiment, the substance is maintained 12 to 36 hours in the re-circulation
anaerobic tank, when the temperature of the substance in said tank is in the range 15 to 30
degrees Ceisius. This is illustrated by the medium temperature box 132.

In yet another embodiment, the substance is maintained 18 to 48 hours in the re-circulation
anaerobic tank, when the temperature of the substance in said tank in the range 5 to 20
degrees Celsius. This is iHustrated by low temperature box 134,

It will be appreciated that the abovementioned three embodiments may be combined in any
way. As an example, in one method according to the invention all three embodiments are

used at the same time.

In one embodiment, the period of time which the substance is subjected to the anaerchic

- conditions of the re-circulation anaerobic tank 126 is determined by a function where the

temperature of the substance in the re-circulation anaerobic tank 126 determines the period
of time which the substance is subjected to anaerobic conditions. In one embodiment, this
function Is a linear function. In another embodiment, the function is a polynomial such as a
second degree polynomial. The aforementioned functions may pass through the high,
medium and low temperature boxs 130,132,134.

EXAMPLE

Experiments have been carried out to determine if prolanged anaerobic storage affected
Accumulibacter (PAD) and Competibacter (GAO) differently. Samples were taken from the
prolonged anaerobic storage incubations at 12 h intervals, incubated with *C-labeled acetate
for 2 h under anaerobic conditions and the radicactivity incorporated inte the different
populations indicating active substrate uptake was observed with MAR - FISH - see the below
table. Accumulibacter {(PAQO) cells were MAR-positive even after 7 days indicating that they
maintained the ability to consume acetate even after long periods of anaerobic incubation.
Competibacter (GAQ) were MAR-positive at the start of the anaerobic storage (time O) but
aiready after 12 h acetate uptake had ali but few stopped - see the below table. This showed
that Competibacter (GAQ) were able to uptake external substrate only approx. 12 h after
initiation of anaercbic conditions in contrast to Accumulibacter (PAO) that still were able to do
it after 7 days.
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Accumulibacter  Competibacter

+
+/-

3%
o4+ 4+ o+ o+ o+ o+ 4+
1

Table 1: Anaerobic consumption of labeled acetate after different durations of anaerobic
incizbation without external substrate addition as determined by MAR-FISH.

ASSAYS

During the making of the above example, presence of PAD and GAC was tested by means of
one or more of the following assays (which may be used in connection with the present

invention):

Fluorescence in situ hybridization (FISH) and FISH guantification was performed according to
Niglsen et al. {2009) with a fimit of quantification set at 0.25%. The oligonucieotide probes
EUBmix (equimolar EUB338 I, I & II) targeting most bacteria (Amann et al., 1990, Appl.
Environ. Microbiol, 56:1919-1925; Daims et al., 1999, Syst Appl Microbiol 22; 434-444.),
PAOmix (equimolar PAO462, PAOGES1 and PAOBA46) targeting “Candidatus Accumutibacter
phosphatis” (Crocetti et al., 2000. Appl. Environ. Microbiol, 66:1175-1182), GAOmix
{equimolar GADQ989 (Crocetti et al., 2002. Microbiclogy 148, 3353-3364.) and GB_g2 (Kong
et al., 2002, Environmental Microbiology 4 {11), pp. 753-757) targeting “Candidatus
Competibacter phosphatis”.

Microautoradiography (MAR-FISH) may be performed as described by Nielsen & Nielsen
(2005}, Briefly, 2 mL of sludge was flushed with O,-free N; in 9 mL serum bottles (to achieve
anaerobic conditions), then incubated with 120 mg L™ {2 mM) of either radiolabeled or
uniabeied acetate. After incubation the sludge was fixed by addition of 96% ethanol then
applied to two gelatin-coated cover glasses (24 by 60 mm) and gently homogenized by
rubbing them together. Subsequently, FISH probing, coating with emulsion, exposure,
development and microscopy were carried out. Each MAR experiment was made in triplicate
and negative controls for non-radivactively induced signa! included.
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Staining for intracellular polyhydroxyalkanoates {PHA) was made with Nile Blue staining
{Nielsen et al., 2009a). FISH was performed first followed by chemical staining and relocation
of the same microscopic field.
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CLAIMS

1. A method of reducing a ratio of Glycegen-Accumuiating Organisms relative to a total

amount of Glycogen-Accumulating Organisms and Polyphosphate-Accumulating Organisms in

a substance comprising waste water and/or activated sludge, the method comprising the

steps of:

providing the substance in an anaerobic environment (126);
determining the substance temperature;

determining a predetermined level of the ratio of Glycogen-Accumulating Organisms
relative to a total amount of Glycogen-Accumulating Organisms and Polyphosphate-

Accumulating Organisms in the substance;
characterised in that, the method further comprising the steps of:

providing a controller adapted to control the reduction of Glycogen-Accumulating
Organisms relative to the total amount of Glycogen-Accumulating Organisms and

Polyphosphate-Accumulating Grganisms;

determining by use of the controller a first predetermined period of time as a function
of the substance temperature such that the first predetermined period of time
corresponds to the ratio being below the predetermined lavel; and

controlling the reduction by maintaining the substance in the anaerobic environment
at the substance temperature for the first predetermined period of time, until the
ratio of Glycogen-Accumulating Organisms reiative to a total amount of Glycogen-
Accumutating Organisms and Polyphosphate-Accumulating Organisms in the

substance, is below the predetermined level.

2. A method according to claim 1, wherein the first predetermined period of time is above 10

hours,
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3. A method according to claim lor 2, wherein the ratio of Glycogen-Accumulating Organisms
relative to a total amount of Glycogen-Accumulating Organisms and Polyphosphate-
Accumuiating Organisms in a substance is below 10 percent.

4, A method according to any of the preceding claims, further comprising the step of:

- subsequently subjecting the substance to an anoxic (128) and/or an aerobic

environment (116).
5. A method according to any of the preceding claims, further comprising the step of:

- subjecting the substance tc an aerobic environment (116) for a second predetermined

period of time.,
6. A method according to any gf the preceding claims, further comprising the step of:
- re-circulating at least a part of the substance to the anaerobic environment (126).
7. A method according to claim &, further comprising the step of:
- increasing the dry solids content prior to the step of re-circutating.

8. A method according to any of the preceding claims, wherein the first predetermined period

of time decreases with an increasing temperature,

9. A method according to any of the preceding ciaims, wherein the first predetermined period
of time is in the range 18-48 hours, when the substance temperature is in the range 5-20

degrees Celsius.

10. A method according to any of the preceding claims, wherein the first predetermined
period of time is in the range 12-36, hours when the substance femperature is in the range
15-30 degrees Ceisius.

11. A method according to any of the preceding claims, wherein the first predetermined
period of time is in the range 10-30 hours, when the substance temperature is in the range
25-35 degrees Celsius.
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12. A method according to any of the preceding claims, wherein the Glycogen-Accumulating
Organisms comprises: Candidatus-Completibacter-phosphatis-related bacteria and

Defluviicoccus-vanus-related bacteria

13. A method according to any of the preceding claims, wherein the Polyphosphate-
Accumulating Organisms comprises Candidatus Accumuliibacter phosphatis related bacteria.

i4. A substance ireatment system for reducing a ratio of Giycogen-Accumulating Organisms
relative to a total amount of Glycogen-Accumuiating Organisms and Polyphosphate-
Accumulating Organisms in a substance containing waste water and/or activated sludge, the

substance treatment system comprising:

— an anaerobic compartment (126) for accommodating the substance in an anaerobic

environment during treatment;
characterised in that, the system further comprising:

— a controller having a predetermined ratio of Glycogen-Accumulating Organisms
relative to a total amount of Glycogen-Accumulating 'Organisms and Polyphosphate-
Accumulating Organisms and being adapted to determine a temperature of the
substance; and to calculate a first predetermined period of time as a function of the
substance temperature; the controlier further being adapted to maintain the
substance in the anaerobic environment {126) at a substance temperature for the
first predetermined period of time, until the ratio of Glycogen-Accumulating
Oryganisms relative to a total amount of Glycogen-Accumulating Organisms and
Polyphosphate-Accumulating Organisms in the substance, is below the predetermined

tevel,



