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METHOD FOR MANAGING A WASTEWATER TREATMENT PROCESS

Technical field cof the Inventlion

The present invention relates generally toc the field of
wastewater treatment. Further, the invention relates
specifically to a method for determining an amount of

phosphorous tc be removed from the influent wastewater.

Background of the Invention

Large volumes of municipal wastewater are generated on
daily basis. Here, the cmnibus term municipal wastewater
enconpasses blackwater, greywater as well as surface runoff.
The generated municipal wastewater typically contains
considerable amcunts of pcllutants such as phosphcrous that
originates, among others, from the use of various detergents.
Average value for phosphorous concentration in the wastewater
across EU is in the range 4-10 mg/L. Corresponding value in
the USA 1s approximately 4-15 mg/T.. In addition to
phosphorous, the wastewater, also contains significant
amounts of carbon and nitrcgen.

In order to minimize its environmental impact the
wastewater needs to be suitably treated prior to discharge to
bodies of water such as lakes and ponds. Accordingly, the
wastewater is normally processed in a wastewater treatment
plant where the pcllutants, including the phosphorous-
containing compounds, are Lo the greatest possible extent
removed from the liquid.

Two well-known processes for wastewalter treatment are a
Conventional Activated Sludge (CAS) process, comprising a
plurality of receiving tanks that host different stages of
the treatment process and a Seguential Batch Reactor (SBR)
process where all treatment is done in a single basin.

Regardless cf the process employed, the uptake of the
phosphorous-containing compounds takes place during a
reaction phase comprising a biological treatment phase and a

subsequent chemical treatment phase.
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More specifically, the biclogical treatment phase
comprises alternating processes of oxygenation of the
influent wastewater and subseqguent mixing of the oxygenated
influent wastewater. Oxygenation, typically by means of an
aerator arrangement, creates an aerobic environment. Mixing
of the oxygenated influent wastewater occurs in an anoxic
process, 1l.e. at negligible oxygen levels and in the presence
of nitrogen. Varicus, substance-specific populations of
aerobic/anaercbic bacteria are present in the reaction
vessel. Their purpose is to feed on the nitrogen, carbon and
phosphorous of the influent wastewater during the biological
treatment phase so as to reduce the level of the respective
substance,

In this context, aesrobic conditions occur when the level
of dissolved oxygen is greater than 0,2 mg/L. Moreover,
anoxic conditions come about when the level of dissolved
oxygen is greater than 0 and less than 0,2 mg/L and the
nitrate concentration is greater than 0 mg/L. Finally,
anaercbic conditions are present when the level of dissolwved
oxygen is 0 mg/L and the nitrate concentration is 0 mg/L.

The reaction phase further includes a chemical treatment
phase. The chemical treatment phase typically comprises
addition of a suitable coagulant in order to precipitate
phosphorous from the process liquor. It also comprises
further, predominantly mechanical, treatment of the process
liquor in order to bring about flocculation of the
precipitated phosphorous material.

Once the reaction phase is completed, the flocculated
matter, which sinking is gravity-promoted, gradually overgces
into a settled sludge blanket that also contains the biomass
produced during the biclogical treatment phase. A fraction of
the sludge is eventually evacuated from the basin, and the
rest is recycled to sustain the processes taking part in the
bicological treatment phase.

Amongst the pollutants normally present in the influent
wastewater, the phosphorous-containing compounds are most
harmful to the environment why the treatment processes, as

discussed above, to a great extent focus on their
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uptake/removal. This is mainly achieved in the chemical
treatment phase of the process by introducing a suitable
ccagulant. The coagulants used in the chemical treatment are
typically metal-based salts or rare earth-based salts. In
this context, it is desirable to remove as much phospherous
as possible from the influent wastewater while keeping the
dose of coagulant to a minimum. This requires rather precise
information as regards the amcunt of phosphorous in the
influent wastewater and/or the effluent wastewater.

Well-known methods of determining the amount of
phosphorous in the wastewater throughout the water treatment
process are based on models that focus on determining
rhosphorous content in wastewater influent and/or wastewater
effluent. These mocdels are in general oversimplified why the
associated methods frequently generate incorrect results.

In the related context, the actual measurement of the
phosphorous content, e.g. in the influent wastewater, is
currently realized either as a sample analysis in laboratory
environment or as an online wet-chemistry-based test. The
laboratory analysis is mainly manually performed, time
consuming and cof limited accuracy. The wet-chemistry-based
test, on the other hand, is very exact and returns results
without significant time delays. However, such a test is very
costly. This is the main reason why the more traditional

laboratory analysis is more frequently used.

Object of the Invention

The present invention aims at obviating the aforementio-
ned disadvantages and failings of previously known methods,
and alt providing an improved method for managing a wastewater
treatment process. A primary object of the present inventicn
is to provide an affordable method of the initially defined
type for real-time measuring of the phosphorous content
present in the influent wastewater. Another object of the
present invention is to provide a method which more precisely
characterizes the wastewater treatment process, in particular
the bioclogical phase that is part of the reaction phase, in

order to more accurately determine the amount of coagulant
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needed for phosphorous removal in the chemical treatment
phase.
Summary of the Digelosure

According to the disclosure at least the primary object
ig attained by means of the initially defined wethod for
managing a wastewater treatment process having the features
defined in the independent claim. Preferred embodiwents of
the present digclosure are further defined in the dependent
claims.

Hence, according to the pregent disclosure; there is
provided a methed for managing a wastewater treatment
process, wherein the influent wastewater contains
phosphorous, said method comprising at least the steps of:

- measuring an amount of at least one nitrogen-containing
substance in the influent wastewater (Cy, jufivent)r wWherein the
nitrogen-containing substance is at least one of ammonium-
nitrogen (NH4-N), organic nitrogen, ammonia (NH3) and
ammonium (NH4+) ,and

- determining an amount of phosphorous to be removed from
the influent wastewater (Cp, ipfiuvent) based on the measured
amount of at least one nitrogen-containing substance in the
influent wastewater (Cu, infivenc)., based on a predetermined
correlation between the amount of phosphorous {Cp, infiuens) and
the amount of gaid at least one nitrogen-containing substance

{Cx, inflgene) in the influent wastewater.

It has been established that the amount of phosphorous in
the influent wastewater is correlated with the amount of
nitrogen-containing substances in the influent wastewater. As
discussed above, this process parameter has historically been
very difficult to determine in a simple manner and at a
reasonable cost. Based on the insight that the amount of
phosphorous in the influent wastewater {(Cp, intlewent) and the
amount of the nitrogen-containing substance in the influent
wastewater (Cy, infiuen:) are correlated and that the amount of
the at least one nitrogen-containing substance is easily
measured by means of a readily available sensor, the amount
of phosphorous in the influent wastewater may be
straightforwardiy determined with great precision. Above
correlation has been further investigated in experiments

using municipal wastewater from different zites ag direct
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influent. The experiments are more thoroughly discussed in

conjunction with Example 1.

In an embodiment, the step of determining the amcunt of
phosphorous to be removed from the influent wastewater (Cp,
influent) further comprises subtracting a target valus for the
amount. of phospheorous in the effluent wastewater (Cs, target,
effluent) from the previously determined amount of phosphorous
to be removed from the influent wastewater (Cp, influent) . IN &
thereto related embodiment, the step of determining the
amount of phosphcrous to be removed from the influent
wastewater (Cp, intivent) further comprises adding a difference
between the current measured value for amount of phosphorous
in the effluent wastewater (Cp, cffivent) and the target value
for amount of phosphorous in the effluent wastewater (Cp,
target, effluent) LO the previocusly determined amount of
phosphorous to be removed from the influent wastewater (Cp,
fnfluent) -

The target value for the amount of phosphorous in the
effluent wastewater (Cp, target, effivent) May be inferred using
historical data or, more frequently, it may be imposed by the
legislator in order to comply with a standard. Regardless,
once said value has been set, it becomes possible to
determine a more technologically and commercially relevant
value for an amount of phosphorous that needs to be removed
from the influent wastewater (Cg, infiuent) -

In another embodiment, the step of removing the
determined amount of phosphorous from the influent wastewater
(C8, influent) further comprises Iintroducing an amount of
cocagulant during a chemical treatment phase of a reaction
phase of the wastewater treatment process, wherein the
introduced amount of coagulant is determined based on the
previously determined amount of phosphorous to be removed
from the influent wastewater (Cp, intluent) -

The introduced coagulant has a high initial reactivity
why the phosphorous suspended in the influent wastewater

rapidly precipitates. The coagulated particulate matter is
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subsequently allowed tc flocculate and build clumps,

predominantly containing phosphorcus. Suitably adijusting

coagulant distribution and particulate flocculation

parameters could contribute to reducing the amount of

coagulant used in the removal process.

In yet another embodiment, the step of determining the
amount of phosghorous teo be removed from the influent
wastewater (Cp, infiuent) further comprises subtracting a value
corresponding to a biolecgical uptake of phosphorous from the
previously determined ampunt of phosphorous to be removed
from the influent wastewater (Cg, influent), Said biclogical
uptake of phosphorous occurring during a biolegical treatment
phase of the reaction phase of the wastewater Treatment
process.

The biological uptake of phosphorous occurring during the
biclogical treatment phase is done by bacteria. These
bacteria feed on the carbonaceous substance present in the
wastewaler while simultaneously uptaking phosphorous and
storing it under the form of adenosine triphosphate (ATP).
The uptaken amount of phosphorous is dependent on the
produced quantity of biomass, i.e. on the consumed amount of
carbonaceous substance. In this context, the uptaken amcunt
of phosphorous is typically expressed as correlated with a
difference in the biclogical oxygen demand level (BCD-level)
between the influent respectively effluent wastewater. Here,
the difference in the BOD-level quantifies the amount of
oxygen used by microorganisms such as bacteria in the
oxidation of carbonacecus substance. Subtracting the value
corresponding to the uptaken amount of phosphorous from the
previously determined amcunt of phosphorous to be remcved
from the influent wastewater contributes to reducing the
amount of ccagulant used in the subsequent chemical phase. In
other words, taking into account the uptake of phosphorous
during this phase opens for reduction of the amocunt of

coagulant used in the subsequent chemical phase.
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In a further embecdiment, the step of determining the
amount of phosphorous tc be removed from the influent
wastewater (Cp, influent) Ffurther comprises subtracting a value
corresponding to an uptake of phosphorous by phosphorous
accumulating organisms (PAC) from the previously determined
amount of phosphorous to be removed from the influent
wastewater (Cp, infiuenz), sSaild uptake of phosphorous by
phosphorous accumulating organisms (PAQ) occurring during a
biological treatment phase of the reaction phase of the
wastewater treatment process.

The uptake of phosphorcous by phosphorous accumulating
organisms (PAQ) occurs during the biclogical treatment phase.
More specifically, in an initial anaerobic stage, the PACs
uptake carbonaceous substances, releasing cellular phosphorus
through expenditure of energy. Upon aeration, i.e. in an
aerobic stage, the cells of these organisms accumulate large
amounts of phosphorus for use as a substrate for energy
production and storage. The uptaken amount of phosphorous is
dependent on the produced quantity of biomass, i.e. on the
consumed amount of carkonaceous substance. The uptake of
phosphorous by PAOs can be 2 to 7 times larger than that by
previously discussed, conventicnal biological uptake. In this
context, the uptaken amount of phosphorous is typically
defined as correlated with a difference between the value of
readily biodegradable carbon present in the influent
wastewater and the value of readily biodegradable carbon
present in the effluent wastewater under anaerobic
conditions, said readily biodegradable carbon preferably
being expressed by means of readily biodegradable chemical
oxydgen demand (rbCOD). Here, the difference in the rbCOD-
level quantifies the amcunt of carbonaceous substance used by
PAOs under anaerobic conditions. Subtracting the value
corresponding tc the uptaken amount of phosphorous from the
previously determined amount of phosphorous to be remcoved
from the influent wastewater contributes to reducing the
amount of coagulant used in the subsequent chemical phase. In

other words, taking into account the uptake of phosphorous
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during this phase opens for reduction of the amount of
coagulant used in the subsequent chemical phase.

In an embodiment, the nitrogen-containing substance is
ammonium-nitrogen (NH4-N) and the correlation between the
amount of phosphorous in the influent wastewater {(Cp, infivent)
and the amount of ammonium-nitrogen {(NH4-N) in the influent
wastewater (Cuma, infleenc) 185 egqual to or less than 1:2 and
equal to or more than 1:8, preferably equal to or less than
1:4 and equal to or more than 1:6, most preferably about 1:5.
In this context, the correlation 1:5 ia representative for
municipal wastewatere of most EU-countries.

In a preferred embodiment, the ¢pagulant is cerium
trichloride (CeCls}. It has been established that use of
cerium trichloride may reduce the amount of the introduced
coggulant by up to 30%. This depends at least partly on the
fact that cerium trichloride is exiremely reactive during
first few seconds of its contact with the influent

wastewater. Moreover, cerium trichloride is a coagulant that
preserves a certain levél of reactivity also when bhound to

the phosphorous-containing substance and settled in the
sludge laver.

Further advantages and features of the disclosure will be
apparent from the other dependent «laimg as well as from the

following detailed description of preferred embodiments.

Brief description of the drawings

A more complete understanding of the abovementioned and
other features and advantages of the present invention will
be apparent from the feollowing detalled description of
preferred embodiments in conjunction with the appended draw-
ings, wherein: ‘

Fig. 1 i= a schematic cross sectionmal side view of a multi-
purpose hasin suitable for a SBR-process with
continuous inflow of influent, during a chemical
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treatment phase wherein the coagulant is beilng
injected intc the basin,

Figs.2-4 show correlation of the concentrations of nitrogen-
containing substance and total phosphorous in
municipal wastewater of Stockholm,(Sweden);
Cochranten (PA, USA) and E1 Monte (Chile),
respectively.

Detailed description of preferred embodiments of the inven-

tion

With reference to Fig. 1, a multi-purpose basin 1
suitable for SBR-process with continucus inflow of influent
wastewater is shown. The basin 1 may be viewed as a
bicreactor, i.e. a vessel that promotes biological reactions.

For the purposes of this application, the term influent
is to be construed as encompassing any kind of municipal
wastewalter upstream of the basin 1. Hence, both wastewater
entering the treatment plant as well as wastewater flowing
into the basin 1 are comprised. As will become evident, the
method isn’t limited to be used in an SBR-process nor is the
use of a single basin necessary for achieving above-discussed
positive effects. In Fig. 1, a chemical treatment phase is in
progress and the coagulant is being introduced inte the basin
1. As it may be seen in this non-limiting embodiment, a
partition wall 2 separates a first section 4 (pre-reaction
zone) of the basin in which the influent wastewater is
received and a second secticn 6 (main-reaction zone) in which
the reaction phase takes place. The partition wall 2 is in
its lowermost portion provided with apertures 8 enabling flow
of liquid between the sections 4, 6. More particularly, it
renders possible continuous flow from the first section 4
towards the second section 6. Obviously, a single section
basin 1 (not shown), lacking a partition wall and being
suitable for a conventional SBR-process, is equally
conceivable.

The basin 1 is arranged to receive influent municipal

wastewater 5 that is introduced into the basin 1 by bringing
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it to brim over the edge 10 on the left-hand side of Fig. 1.
To ensure optimal distribution of the coagulant, it is
preferably injected at & location that is in proximity to a
mixing unit 12 such as the shown, submerged mechanical mixer.
The coagulant is typically dissolved in a liquid such as
water. Although a single mixer is disclosed, it is equally
conceivable to employ a plurality of mixers.

An injection arrangement 14 comprises a pump 15
transferring, via a pipe 16 and a nozzle 17, the binding
compound from a reservoir 18, positioned outside the basin,
to the basin 1. In a related context, a plurality of aerator
arrangements 18 is arranged in proximity to the bottom of the
basin 1. These create aerobic conditions by releasing small
air bubbles that oxygenate the influent. Thev may alsc
participate in its mixing thus complementing or completely
replacing the mechanical mixer 12.

As an alternative, water treatment of this type may be
carried out in a plurality of basins. More specifically, the
biological treatment phase may be carried out in. a first
location and the subsequent chemical treatment phase could be
carried out in a second location positioned downstream of the
locatien hosting the biocleogical tTreatment phase. Furthermore,
the basin 1 may be used in a CAS-process, but also as a ditch
in a widely used oxidation ditch process where wastewater
circulates in the basin 1 and substances are kept suspended
in the wastewater by means of aeration devices.

An inherent property of the 3BR-process with continuocus
inflow of influent is that the influent wastewater 5 may
enter the multi-purpose basin 1 at any time during the
biological treatment phase.

With reference to biocleogical, respectively chemical
treatment phase discussed in the Background-section, it is to
be understood that the processes of consumption of carbon and
nitrogen by the bacteria are not interrupted as long as the
wastewater is present in the basin 1 whereas the consumption
of phosphorous by the bacteria is only discontinued while

coagulant is being introduced.
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In the broadest embodiment, an amount of at least one
nitrogen-containing substance in the influent wastewater (Cy,
influent) 15 Mmeasured, and an amount of phosphorous to be
removed from the Iinfluent wastewater (Cp, influent) 1S
determined based on the measured amount of at least cne
nitrogen-containing substance in the influent wastewater (Cy,
influent) « IL has been establlished that the amount of
phosphorous in the influent wastewater is correlated with the
amount of nitrogen-containing substances in the influent
wastewater. As discussed above, this process parameter has
historically been very difficult to determine in a simple
manner and at a reasconable cost. Based on the insight that
the amount of phoesphorous in the influent wastewater (Cp,
influent) and the amount of the nitreogen-containing substance
in the influent wastewater (Cuu4, infiuvent) are correlated and
that the amount of the at least one nitrogen-containing
substance 1s easily measured by means of a readily available
sensor, the amount of phesphorcous in the influent wastewater
may be straightforwardly determined with great precision.

In an embodiment, the step of determining the amount of
phosphorous to be removed from the influent wastewater (Cs,
influent) further comprises subtracting a target value for the
amount of phosphorous in the effluent wastewater (Cs, target,
effiuent) Lrom the previcusly defermined amount of phosphorous
to be removed from the influent wastewater (Cp, influent) . In a
thereto related embodiment, the step of determining the
amount of phosphcrcus to ke removed from the influent
wastewater (Cp, influen:) further comprises adding a difference
between the current measured value for amount of phospherous
in the effluent wastewater (Cp, effiuent) and the target wvalue
for amount of phosphorous in the effluent wastewater (Cp,
target, effluent) CO the previously determined amount of
phosphorous to be removed from the influent wastewater (Cp,
influent) «

The target value for the amount of phosphorous in the
effluent wastewater (Cs, target, effluent) may be inferred using
historical data or, more frequently, it may be imposed by the

legislator in order to comply with a standard. The amcunt of
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phosphorus in the effluent wastewater (Cp, effivent) 15 measured

either as a sample analysis in laboratory environment or as

an online wet-chemistry-based test. Analysis can be done

weekly as Cp, serivent—vValues do not vary significantly

diurnally.

The determined amcunt of phosphorous may subsequently be
removed from the influent wastewater (Cp, influent) USIiNG
conventional methods. This is typically achieved by
introducing an appropriate amount of ceoagulant during a

chemical treatment phase of a reaction phase of the

wastewater treatment process. Here, the introduced amount of

coagulant is determined based on the previously determined
amount of phosphorous to be removed from the influent

wastewater (Cp, influent) -

In the organic carbon fractionation table below, the
purpose of which is in particular to facilitate understanding
of the biclogicel treatment phase described in the following,
the classification of the organic carbon fractions possibly
present in the process liguor is made with respect to
different parameters, such as degree of biodegradability, the

solubility in the ligquor and molecular weight.
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Total crganic carbon

Total biodegradable carbon

Total non-

Readily- biodegradable
biodegradable Slowly biodegradable carbon carbon
carbon
] Approximated
Approximated .
o
Approximated to to Suspended ,
) _ ] _ Particulate
Dissolved organic carbon organic .
_ organic
carbon
carbcn
Medium to )
) Colloidal
high .
Low molecular organic
o molecular
weight carbon i carbon Large
welight carbon . ,
molecules . (filtered particles
] (filtered ) ,
(filtered . fraction {retained by
fraction
through between 1600 1600um pores)
between 0,45 .
0, 02um pore) and 0, 45um
and 0,02 pm
pores)

pores)

In another embodiment, the step of determining the amount

of phosphorous to be removed from the influent wastewater

(CP, influenk )

further ccomprises subtracting a value

corresponding to a biological uptake of phosphorous from the

previously determined amount of phosphorous to be removed

from the influent wastewater

(CP, J‘_nfluent) 7

sald biological

uptake of phosphorous occurring during a biclogical treatment

rhase of the reaction phase of the wastewater treatment

process.

The biological uptake of phosphorous occurring during the

biclegical treatment phase is done by microorganisms.

These

microorganisms feed on the carbonaceous substance present in

the wastewater while simultaneously uptaking pheosphorcus

under the form of adencsine triphosphate

(ATP),

dry mass
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fraction content cof phosphorous ranging between 1,5 % and 2,0

=

The uptaken amount of phesphorous is dependent on the
produced quantity of biomass, i.e. on the consumed amount of
carbonaceous substance. In this context, the uptaken amcunt
of phosphorous is Lypically expressed as correlated with a
difference in the biological oxygen demand level {(RBOD-level)
between the influent and the effluent wastewater. Here, the
difference in the BOD-level quantifies the amount of oxvgen
used by microorganisms in the oxidation of carbonacecus
substance.

In the same context, kinetics of the growth reaction may
be described using a vield-parameter (Y) that describes
efficiency of the growth reaction by linking the amcunt of
biomass produced with the total amount of biodegradable
carbon available. This vield is ranging between 0,2 and 1 and
typically has a value of 0,4 g of biomass/g BOD. BOD can be
calculated in real time using online equipment, or measured
in laboratcry environment using waler samples. Analysis can
be done weekly as BCD-values do nolt vary significantly
diurnally.

Conclusively, the biclogical uptake is dependent on the
difference in the BOD-level, growth of native microorganisms,
the storage of phosphorous under the form of ATP and a yield-
parameter describing the efficiency of the biclogical growth
reaction.

As previously stated, subtracting the value corresponding
to the uptaken amcunt of phosphorous from the previocusly
determined amount of phosphorous to be removed from the
influent wastewater contributes to reducing the amount of
coagulant used in the subsequent chemical phase. In other
words, taking into account the uptake of phosphorous during
this phase opens for reduction of the amount of coagulant

used in the subsequent chemical phase.

In a further embodiment, the step of determining the
amount of phosphorous to be removed from the influent

wastewater (Cp, infiuent) further takes into account a value
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corresponding to an uptake of phosphorcus by phosphorous
accumulating organisms (PAO), said uptake of phosphorous by
phosphorous accumulating organisms (PAO) occurring during a
biological treatment phase of the reaction phase of the
wastewater treatment process. In this embodiment, the
previously described biclogical uptake of phosphorous is not
considered, and the step of determining the amount of
phosphorous to be removed from the influent wastewater (Cs,
influent) further comprises subtracting a value corresponding
to an uptake of phesphorous by phosphorous accumulating
organisms (PAQ) from the previously determined amcunt of
phosphorous to be removed from the influent wastewater (Cp,
influent) .

The phosphcocrous is uptaken under the form of organic
polyphosphates by phosphorous accumulating organisms {PAO).
More specifically, in an initial anaerobic stage, the PAOs
accumulate readily-biodegradable carbon and produce acetate.
Said readily biodegradable carbon is preferably being
expressed by measurementi of readily biodegradable chemical
oxygen demand (rbCCD}. The vield of acetate production is
approximately 1,06 mg acetate/mg rbCOD. Still in the
anaerobic stage, PAOs use stored polyphosphates as energy
source and release phosphate back into the process liquor.

Upon aeration, i1.e. in an aerobic stage, the PAOs use the
acetate as energy source to store phosphorous as
polyphosphates at a dry mass fraction content of 15 to 45%,
typically 30%, and to grow blomass at a yield of 0,15 to
0,45, typically 0,30, mg of biomass/mg of acetate. Here,
rbCOD can be 20 to 50% of the scluble COD. A fracticn of the
settled sludge 1s wasted prior to the start of a new cycle of
the anaerobic biological treatment in order to discard a part
of the phosphorus uptaken by the bicmass.

In this context, the uptaken amount of phosphorcous is
typically also correlated with a difference between the wvalue
of readily biodegradable carbon present in the influent
wastewater and the value of readily biodegradable carbon
present in the effluent wastewater under anaerobic

conditions, sald readily biodegradable carbon preferably
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being expressed by means of readily bicdegradable chemical
oxygen demand (rbCCD). Here, the difference in the rbCOD-
level quantifies the amount of carbonaceous substance used by
PAOs under anacrobic conditions. rbCOD-measurements may be
done in laborateory envirconment using water samples. These
measurements are expected to ke feasible in real time using
online photospectrometral sensor operating with UV and/or
visible light. Analysis can be done weekly as rbCOD-values do
not vary significantly diurnally.

Conclusively, the PAO-related uptake of phosphorous is
dependent on the difference in the rbCOD-level, growth of
native microorganisms under the form of polyphosphates and a
yield~parameter describing the efficiency of the biclogical
growth reaction as a function of the acetate production. The
uptake of phosphorous by PAOs can be 2 to 7 times larger than
that by previously discussed, conventional biological uptake.

As previously stated, subtracting the value corrgsponding
to the uptaken amount of phosphorous from the previcusly
determined amount of phosphorous to be removed from the
influent wastewater contributes to reducing the amount of
coagulant used in the subsequent chemical phase. In other
words, taking into account the uptake of phospherous during
this phase opens for reduction of the amount of coagulant

used in the subsequent chemical phase.

In a further embodiment, the step of determining the
amount of phosphorous to be removed from the influent
wastewater (Cp, infiuent) further comprises taking into account
a value corresponding to the bioclogical uptake of phosphorous
and a value corresponding to an uptake of phosphorous by
phosphorous accumulating organisms (PAQ). The duration of the
anaerobic, anoxic and aerobic parts of 'the bioclogical phase
of the reaction phase of the wastewater treatment process are
considered when determining uptake of phosphorous through
biological uptake and/or through phosphorous accumulating
organisms (PAC). Total anaerobic time per day as well as
total aerobic time per day can be assessed by measurement of

dissolved oxygen and nitrates in the process liguor. Duration
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and frequency of these time intervals may also be controlled
with great precision. Accordingly, during aeroblc and anoxic
stages, the entire bicmass grows onh the slowly biocdegradable
carbon unused during the anaercobic stage, but alsc on the
fresh biodegradable carbon load (readily as well as slowly
biodegradable) coming in during the anoxic and aerobic
stages. Moreover, during anaerobic stage, the PAOs grow
through consumption of readily biodegradable carbon. Hereby,
the amount of phosphorous uptaken during, in particular,

anacroblc conditions may be predicted with better accuracy.

In an embodiment, the nitrogen-containing substance is
ammonium—-nitrogen (NHA-N) and the correlation between the
amount of phosphorous in the influent wastewater (Cp, infiueat)
and the amount of ammonium-nitrogen (NH4-N) in the influent
wastewater (Cyuz, influent) 15 equal to or less than 1:2 and
equal to or more than 1:8, preferably equal to or less than
1:4 and equal to or more than 1:6, most preferably about 1:5.
In this context, the correlation 1:5 is representative for
municipal wastewaters of most EU-countries. As an
alternative, the nitrogen-containing substance could be at
least one of organic nitrogen, ammonia (NH3) and ammonium
(NH4+) .

In an embodiment, the step of determining the amount of
phosphorous to be removed from the influent wastewater (Cp,
infiuent) further comprises subtracting a target value for the
amount of phosphorous in the effluent wastewater (Cp, target,
effluent) From the previously determined amount of phosphorcus
to be removed from the influent wastewater (Cp, infiueat) . IR a
thereto related embodiment, the step of determining the
amount of phosphorcus to be removed from the influent
wastewater {Cp, infiyent) further comprises adding a difference
between the current measured value for amount of phosphorous
in the effluent wastewater (Cg, erfivent) and the target value

for amount of phosphorous in the effluent wastewater (Cp,

target, effluent) LO the previously determined amount of
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phosphorous tec be removed from the influent wastewater {Cp,

influent) -

The target wvalue for the amount of phosphoroiis in the
effluent wastewater (Cp, target, effluent) May be inferred using
historical data or, more frequently, it may be imposed by the
legislator in order to comply with a standard. Regardless,
once sald value has been set, it becomes possible to
determine a mcre technolecgically and commercially relevant
value for an amount cf phosphorous that needs fo be removed
from the influent wastewalter (Cp, infiuent). The dosing regime
is then adjusted accordingly. Exemplifying the above, by
virtue of the inventive method a realistic minimum target
value for phosphorous concentration in the effluent
(Cp, target,effluent) May be as low as 0,2-0,3 mg/L. Tf is in
conjunction herewith to be noted that the EU-legislation lays
down the wvalue of 1,0 mg/L for maximum acceptable phosphorous
concentration in the effluent. Typical values for phosphorous
concentration removed by the biological treatment phase (Cs,
biological) 15 about 3-4 mg/L and phosphorous concentration in
the influent (Cp, infivent) is of the order of 6-9 mg/L,
respectively. Using these wvalues, the phosphorous
concentration of the liquid in the chemical treatment phase
{Cp, chemical) may then be determined and is of the order of 2-4
mg/L. Above may also be used if the overall purpose of the
wastewater treatment is to reduce, in a controlled manner,
the volume of sludge needed to be disposed while maintainirg
an acceptable value for phosphorous concentration in the
effluent.

The coagulant used for water treatment could be a salt,
e.g. a chloride or a sulphate. Moreover, the coagulant may
comprise a rare earth ion such as cerium, but it may also
comprise a metal ion such as iron. In one embodiment, the
cecagulant may be cerium trichloride (CeCl;) and molar ratio
of cerium (Ce) and phospherous (P) may be between 0.2 and 2,
preferably 1. Use of cerium trichloride may reduce the amount
of the iniected coagulant by up to 30%. This depends at least

partly on the fact that cerium trichloride is extremely
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reactive during first few seconds of its contact with the
influent wastewalter. Moreover, cerium trichloride is a
coagulant that preserves a certain level of reactivity also
when bound to the phosphorous-containing substance and
settled in the sludge layer. As an alternative, iron
trichloride {FeCls}) may be used as coagulant and molar ratio
of iron (Fe) and phosphorous (P) could be between 1 and 4,
preferably 2.5,

The following example, accompanied by Figs. 2-4, is
provided to illustrate certain embodiments and is not fo be
construed as introducing limitations on the embodiments. In
the example, the term “concentration” is used tc denominate
the quantity cof specific substance such as phosphorus or
ammonium-nitrcgen present in a volume unit of a mixture. On
this background, it is to be understcood that, at least for
the purposes cf this application, the terms “concentration”

and “amount” are interchangeable.

EXAMPLE 1

Introduction

The correlation of concentrations of a nitrogen-
containing compound (dashed line) and total phosphorous
{continuous line) in municipal influent wastewater has been
investigated in an experiment using municipal wastewater of
Stockholm (Sweden), Cochranton (PA, USA) and El1 Monte
{Chile), respectively, as direct influent to a basin
{(bioreactor). The obtained results are visualised in Figs. 2-
4. In Stockholm and Ceochranton the nitrogen-containing
compound was ammonium nitrogen (NH4—N) whereas the nitrogen-
containing compound in El Monte was Total Kjeldahl nitrogen
(TEN). As is known in the art, TKN is the sum of crganic
nitregen, ammonia (NHs), and ammonium (NH;+) present in the
tested sample. The level of respective nitrogen—-containing
compound in the wastewater was monitored for a period of

twelve months.
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The detalls of the monitoring were as follows:

STOCKHOLM:

Continucous measurement of ammonia concentration,
indirectly measured via NHs-N, was done with an ISE probe
containing NH,~N and pcfassium (compensation ion) electrodes
{(Varion™ Plus 700 IQ, WTW). In this context, concentration of
ammonia-nitrogen in wastewater is representative for
determining concentration of ammonia (NHjz).

Measurement of fotal phosphorous concentration was made
in a laboratory approximately four times per week using the
standard method EV 08 SS-EN ISO 6878:2005.

Sample used for phosphorous analysis was a composite

sample collected over a 24-hour period.

COCHRANTON :

Biweekly measurement of ammonia concentration, indirectly

measured via NH;-N, was done through laboratory analysis
using standard EPA Method 350.1.

Measurement of total phosphorous concentration was done
through laboratory analysis using the standard method EV 08
SS—-EN IS0 ©878:2005.

Sanmple used for phosphorous analysis was a composite
sample collected cver a 24-hour periocd.

EL MONTE:

Biweekly measurement of TEN-concentration was done
through laboratcory analysis using standard EPA Method 350.2.

Measurement of total phosphorous concentraticn was done
through laboratory analysis using the standard methed EV 08
SS-EN IS0 6878:2005%,

Sanple used for phosphorous analysis was a composite
gample collected over a 24-hour period.

Results
The results collected in Stockholm and Cochranton

(visualised in Figs. 2 and 3) demonstrate, independently cf
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each other, that the concentrations of ammonia-nitrogen

(dashed line) and total phosphorcous (continuous line) in

municipal wastewater are closely correlated.

Results collected in E1l Meonte (visualised in Fig. 4)
demonstrate that a certain correlation exists between TKN
{dashed line) and total phosphorous (continuous line) in

municipal wastewater.

Conclusions

Hence, the measurement of ammonia nitrogen is a reliable
procedure to estimate the total phosphorous concentration in

municipal wastewater. Mocreover, the measurement of TKN gives

15

20

25

valuable indications useful in estimating the total

phosphorous concentration in municipal wastewater.

As listed in Table 1 below, the Stockholm-test

established that the average, minimum and maximum mass ratios

of ammonia-nitrogen and phosphorous in Stockholm municipal

wastewater are 5,1; 3,7; and 6,5; respectively.

Table 1
Total Mass

Ammcnla phosphorous Ratio

{n] {F] NH4: P

{mg/L) (mg /1)
Average 32,5 6,4 5,1
Standard deviation 5,8 1,1 Q9,5
Minimum 16,1 2,0 3,7
Maximum 53,3 10,3 6,5

In this context and as listed in Table 2 below, the
Cochranton-test established that the average, minimum and
maximum mass ratics of ammonia-nitrogen and phosphorcus in
Cochranton municipal wastewater are 6,2; 5,3; and 7,0;

respectively.



5

10

15

WO 2016/051328 PCT/IB2015/057422

22
Tabie 2
Mass
Ammonia Total phosphorous
ratio
[N] [P] NH4:P
(mg/ L) {mg/1L)
Average 43,9 7.1 6,2
Standard deviation 9,1 1,6 0,6
Minimum 31,0 5,2 5.3
Maximum 64,0 12,0 7,0

The tests performed in El Monte, listed in Table 3 below,
establish that the average, minimum and maximum mass ratios
of TKN and phosrhorous in municipal wastewater are 4,5; 2,7;
and 6,9,

Table 3
Mass
TKN Total phosphorous
ratio
(N} [P] TEN:P
{mg/L) {mg/L}
Average 52,3 11,8 4,5
Standard deviation 11,2 2,2 1,0
Minimum 28,2 8,0 2,7
Max imum 76,6 16,2 6,9

Feasible modifications of the Invention

The inventicn is not limited only to the embodiments
described above and shown in the drawings, which primarily
have an illustrative and exemplifying purpose. This patent
application is intended te cover all adjustments and variants
of the preferred embodiments described herein, thus the
present invention is defined by the wording of the appended
claims and the egquivalents thereof. Thus, the equipment may
be modified in all kinds of ways within the scope of the
appended claims.
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It shall alsoc be pointed out that all information
about/concerning terms such as above, under, upper, lower,
etc., shall be interpreted/read having the equipment oriented
according to the figures, having the drawings oriented such
that the references can be properly read. Thus, such terms
only indicates mutual relations in the shown embodiments,
which relations may be changed 1f the inventive eguipment is
provided with another structure/design.

It shall also be pcinted out that even though it is not
explicitly stated that features from a specific embodiment
may be combined with features from another embodiment, the
combination shall be considered obvious, if the combination
is possible.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
“comprise”, and variaticns such as “comprises” or
“comprising”, will be understood to imply the inclusion of a
stated integer or steps or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.
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Claims

1. A method for managing a wastewater treatment process,
wherein the influent wastewater contains phosphorous, said
method compriging at least the steps of:

- meaguring an amount of at least one nitrogen-containing
substance in the influsnt wastewater {(Cu, jofivenrt, wWherein the
nitrogen-containing substance is at least one of ammonium-
nitrogen (NH4-N}, organic nitrogen, ammania (NH3) and
ammonium (NH4+) . and

- determining an amount of phosphoroug to be removed from
the influent wagstewater (Cp, infiluem) based on the measured
amount of at least one nitrogen-containing substance in the
influent wastewater {(Cy, winfiwest) , based on a predetermined
correlation between the amount of phosphorous (Cp, infiuven:) and
the amount of said at least one nitrogen-containing substance
{Cy, influent) im The influent wastewater.

2. The method according to claim 1, gaid method further
comprising the step of:

- removing the determined amount of phogphorous from the
influent wastewater (e, jnfiuent) -

3. The method according to any of preceding claims, wherein
the step of determining the amount of phosphorous to be
removed from the influent wastewater (Cp, infigent) Lurther
comprises:

- subtracting a target value for the amount of phosphorous
in the effluent wastewater {(Cp, tsrget, efflvent) LYoOm the
previocusly determined amount of phosphorous to be removed
from the influent wastewater (Cp, influeat) -

4. The method according to claim 3, wherein the step of
determining the amount of phosphorous to be removed from the
influent wastewater (Cp, inriuent) further comprises:

- adding a difference between the current measured valus
for amount of phosphorous in the effluent wastewater (Cp,
effluent) and the target value for amcunt of phosphorous in the
effluent wastewater (Cp, carget, effluent) L0 The previously
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determined amount of phogphorous te be removed from the
influent wastewater (Cp, infiuent) .

5. The method acceording to any of claimg 1-4, wherein the
gstep of removing the derermined amount of phosphorous from
the influent wastewater {Cp, inflwent) Further compriges:

- introducing an amount of coagulant during a chemical
treatment phase of a reaction phase of the wastewater
treatment process, wherein the introduced amount of coagulant
is determined based con the previously determined amount of

phosphorous to be removed from the influent wastewater {Cp,

influent) «

6. The method according to any of claims 1-5, wherein the
step of determining the amount of phiosphorous to be removed
from the influent wagstewater (Cp, inrivent) Lurther comprises:

- subtracting a value corresponding to a biological uptake
of phosphorous from the previously determined amount of
phosphorous to be removed from the influent wastewater (Cp,
influent) . Sald blological uptake of phosphorous occurring
during a bicdlogical treatment phase of the reaction phage of
the wastewater treatment process.

7. The method according to claim &, wherein said biological
uptake of phosphorous is based at least on consumed
biodegradable carbon, preferably expressed by means of
biclogical oxygen demand (BOD}.

8. The method according to any of claims 1-7, wherein the
gtep of determining the amount of phosphorous to be removed
from the influent wastewater (Cp, infiuvent) Further comprises:

- subtracting a value corresponding to an uptake of
phosphorous by phogphorous accumulating organisms (PAC} from
the previcusly determined amount of phosphorous to be removed
from the influent wastewater {(Cp, influent). Said uptake of
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phogphorous by phosphorcus accumulating organisms (PAC)
occurring during a biologlcal treatment phase of the reaction
phase of the wastewater treatment process.

" 9. The method according to claim 8, wherein said uptake of

phosphorous by phosphorous accumulating organiswme (PAO) is
based at least on the difference between the wvalue of readily
biodegradable carbon present in the influent wastewater and
the value of readily biocdegradable carbon present in the
effluent wastewater under anaerobic conditions, said readily
biocdegradable carbon preferably being expressed by means of
readily biodegradable chemical oxygen demand {rbCOD) .

10. The methed according to any of clzimg 6-9, wherein the
step of determining the amount of phosphorous to be removed
from the influent wastewater (Cp, influent) Lurther comprises:

- taking into account duration of the anaerchic part of
the biolegical phase of the reaction phase of the wastewater
treatment process when determining uptake of phosphorous
through biological uptake and/or through phogphorous
accumulating organisms (PAQ) .

11. The method according to any of preceding ¢laims, wherein
the nitrogen-containing substance is ammonium-nitrogen (NH4-
N).

12. The method according to c¢laim 11, wherein the correlation

between the phosphorous concentration of the influent
wastewater (Cp, inrluens} and the concentration of ammonium-
nitrogen (NH4-N} in the influent wastewater (Cums, influene) 18
equal to or less than 1:2 and equal to or more than 1:8,
preferably egqual to or less than 1:4 and equal to or more
than 1:6, most preferably about 1:5.

13. The method according to any of claims 1-12, wherein the
nitrogen-containing substance is at least one of organic
nitrogen, awmonia (NH3) and ammonium (NH4+).
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14, The method accorxding to c¢laim 5, wherein the coagulant is
a rare earth salt that comprises a cerium ion.

15. The method according to claim 14, wherein molar ratio of
cerium (Ce) and phosphorous (P) is between 0.2 and 2,

preferably 1.,

16. The method according to claim 14 or 15, wherein the
coatgiulant isg eerium trichloride (CeCl,).

17. The method according to ¢laim 5, wherein the coagulant is

a wetal galt that comprises an iron ion.,

18. The method according to claim 17, wherein melar ratio of
iron (Fe) and phosphorous (P) is between 1 and 4, preferably
2.5.

19. The method according to claim 18, wherein the coagulant
is iron trichloride (FeCl,).

20. The wmethod according to claim 1 or 2, wherein the step of
determining amount of phogphorous to be removed from the
influent wastewater (Cp, inpfiuent} further comprises:

- measuring level of biodegradable carbon in the influent
wastewater (Cy, infiuenm) , and

- ‘subtracting the meggured level of biodegradable c¢arbon
in the influent wagstewater (€N, influent) from the previously
determined amount of phosphorous in the influent wastewater

t'CP, influent) .



