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(57) Abrege/Abstract:

There are provided processes for treating wastewater. The processes can comprise treating a mixture comprising the wastewater
and an activated sludge, In a single reactor, with an electric current having a density of less than about 55 A/m2, by means of at
least one anode and at least one cathode that define therebetween an electrical zone for treating the mixture; exposing the mixture
to an intermittent ON/OFF electrical exposure mode to the electric current in which an OFF period of time Is about 1 to about 10
times longer than an ON period of time; and maintaining an adequate oxidation-reduction potential in the single reactor. Such

processes allow for substantial removal of carbon, nitrogen and phosphorus from the wastewater in the single reactor of various
forms and for obtaining another mixture comprising a treated wastewater and solids.
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(57) Abstract: There are provided processes for treating wastewater. The processes can comprise treating a mixture comprising the
wastewater and an activated sludge, in a single reactor, with an electric current having a density of less than about 55 A/m2, by
means of at least one anode and at least one cathode that detine therebetween an electrical zone for treating the mixture; exposing the
mixture to an mtermittent ON/OFF electrical exposure mode to the electric current in which an OFF period of time 1s about 1 to
about 10 times longer than an ON period of time; and maintaining an adequate oxidation-reduction potential in the single reactor.
Such processes allow for substantial removal of carbon, nitrogen and phosphorus from the wastewater in the single reactor of various
forms and for obtaining another mixture comprising a treated wastewater and solids.
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PROCESSES AND APPARATUSES FOR REMOVAL OF

CARBON, PHOSPHORUS AND NITROGEN

TECHNICAL FIELD
[0002] The present disclosure relates to improvements in the field of waste

material treatment. For example, it relates to processes and apparatuses for

wastewater treatment.

BACKGROUND OF THE DISCLOSURE

[0003] Effluents from wastewater treatment plants pose environmental
hazard to the receiving water bodies mainly due to the contents of carbon,
phosphorus and nitrogen (C, P and N), particularly if the plant is not designed
to perform tertiary nutrient (N, P) treatment. These nutrients are the major
stimulants of eutrophication and they should be eliminated from the effluent
before discharge into the aquatic environment. Currently, new treatment
facilities are designed to remove these nutrients to extremely low levels as a
part of sustainable water management. The ever more stringent regulations
require the retrofitting of the existing wastewater treatment plants to meet the
disposal requirements and reduce the concentration of these nutrients as
much as possible. In conventional treatment plants, the removal of C, P and N
requires several biological reactors or zones within one vessel working

subsequently at different operating conditions to create the optimum

environment for the removal of each individual nutrient.

[0004] The aerobic activated sludge reactor is by far the most widely
applied method to remove carbon (C) through the oxidation of the organic
materials by the microbial biomass. Phosphorus (P) removal involves the

recycling of biomass into anaerobic and aerobic zones in order to promote the

accumulation of phosphate by micro-organisms in a process known as



CA 02894617 2015-06-10

WO 2013/116935 PCT/CA2013/000113

enhanced biological phosphorus removal (EBPR). Biological P-removal can
produce an effluent with soluble P as low as about 0.2 mg/L although
designers assume EBPR removals only to 0.5 mg/L. Chemicals such as

aluminum sulfate and ferric chloride are common P precipitants that are used
as alternatives to the EBPR process or in cases where lower P concentrations
are demanded. On the other hand, Nitrogen (N) removal involves sequential
aerobic and anoxic biological reactions to achieve complete transformation of
the influent ammonium into nitrogen gas. Carbon source is added into the
anoxic reactor to sustain the heterotrophic denitrifiers responsible for
conversion of nitrate into gas, which is costly. The elimination of all these

nutrients in one single reactor is a challenging task.
SUMMARY OF THE DISCLOSURE

[0005] According to one aspect, there 1s provided a process for treating

wastewater, the process comprising

treating a mixture comprising the wastewater and an activated
sludge, in a single reactor, with an electric current having a density of less
than about 55 A/m?, by means of at least one anode and at least one cathode

that define therebetween an eiactrical zone effective for treating the mixture;

exposing the mixture to an intermittent ON/OFF electrical
exposure mode to the electric current in which an OFF period of time is about

1 to about 10 times longer than an ON penod of time; and

maintaining an adequate oxidation-reduction potential In the

single reactor,

thereby allowing for substantial removal of carbon, nitrogen and phosphorus
from the wastewater in the single reactor and for obtaining another mixture

comprising a treated wastewater and solids.

[0006] According to another aspect, there is provided a process for treating

wastewater, said process comprising :
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treating a mixture comprising said wastewater and an activated
sludge, in a single reactor, with an electric current having a density of less
than about 55 A/m?, by means of at least one anode and at least one cathode

that define therebetween an electrical zone for treating said mixture;

exposing said mixture to an intermittent ON/OFF electrical
exposure mode to said electric current in which an OFF period of time is

about 1 to about 10 times longer than an ON period of time; and

maintaining an oxidation-reduction potential in said single

reactor between — 200 and + 200 mV,

thereby allowing for substantial removal of carbon, nitrogen and phosphorus
from said wastewater in said single reactor and for obtaining another mixture

comprising a treated wastewater and solids.

[0007] According to another aspect, there is provided a process for treating

wastewater, the process comprising :

treating a mixture comprising the wastewater and an activated
sludge, in a single reactor, with an electric current having a density of less
than about 55 A/m?, by means of at least one anode and at least one cathode
that define therebetween an electrical zone effective for treating the mixture,

wherein a ratio volume of the electrical zone / total volume of the reactor is

about 0.8 or less;

exposing the mixture to an intermittent ON/OFF electrical
exposure mode to the electric current in which an OFF period of time 1s about

1 to about 20 times longer than an ON period of time; and

maintaining an adequate oxidation-reduction potential in the

single reactor,
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thereby allowing for substantial removal of carbon, nitrogen and phosphorus

from the wastewater in the single reactor and for obtaining another mixture

comprising a treated wastewater and solids.

[0008] It was found that such processes were effective for providing to a
wastewater a high removal efficiency of the unwanted components (C, N and
P) in one single operation unit I.e. a single reactor. It was shown that removal
efficiency up to more than 97% for C, N and P was possible. For example, it
was observed that such processes were efficient for removing carbon through
biomass oxidation, removing P through the formation of phosphate complexes
white N was transformed into nitrogen gas through electrically changing of the
oxidation-reduction potential (ORP) for example between -200 to 200 mV to
promote the simultaneous nitrification/denitrification processes in the reactor.
It was observed that under such a range of ORP values, nitrification potential
was enhanced up to 50% for example due to the activation of anammox
(anaerobic ammonium oxidation) bacteria as another nitnfication process

working in harmony with the aerobic nitrifiers.

[0009] |t was observed that the processes of the present disclosure can be
easily incorporated Into the already established facilities, thereby reducing any
additional infrastructure related costs. These upgrading processes require the
iImmersion of the electrodes (at adequate distances) into the activated sludge
basin to upgrade its performance and the effluent quality. The electro-
bioreactor consumes low energy because the system works at low current
density (e.g.15 A/m?), and intermittent exposure to the electrical field (e.g. 5'-
ON/20'-OFF). Finally, removing of the major environmentally hazardous
nutrients in addition to the improvement of sludge characteristics in one singie
reactor is an important advancement in wastewater treatment technology that

can be considered whenever better treatment quality Is a concern.
BRIEF DESCRIPTION OF DRAWINGS

[0010] In the following drawings, which represent by way of example only,

various embodiments of the disclosure :
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[0011] Fig. 1 is a schematic diagram of a bioreactor according to an

example of the present disclosure;

[0012] Fig. 2 is a schematic diagram of a bioreactor according to another

example of the present disclosure;

[0013] Fig. 3 is a graph showing the Chemical Oxygen Demand (COD) in
an effluent over the treatment time, in an example of a process according to
the present disclosure, wherein E refers to the use of a first type of reactor

(SMEBR) and wherein C refers to the use of a second type of reactor (MBR);

[0014] Fig. 4 is a graph showing the phosphorus removal as a function of
time in an example of a process according to the present disclosure, wherein
“electrical” refers to the use of a first type of reactor (SMEBR) and wherein

“control” refers to the use of a second type of reactor (MBR);

[0015] Figs. 5a, 5b, 5¢ and 5d show the fluctuation of ORP overtime at
different levels of dissolved oxygen concentrations in processes according to

various examples of the present disclosure;

[0016] Figs. 6 and 7 show the concentrations of ammonium and nitrate in
the electrical bioreactor (SMEBR) and control (MBR) as a representative
example which shows the superiority of the electrical bio-reactor over other

conventional processes;

[0017] Fig. 8 and 9 show the enhancement of the nitrification capability of
the SMEBR by 50% as indicated by the changes in effluent concentrations of
ammonium at different levels of influent ammonium during processes

according to various examples of the present disclosure;

[0018] Fig. 10 is a curve showing the comparison of the nitrate
concentration during two examples of processes according to the present

disclosure, wherein the examples were carried out Iin different reactors;

[0019] Fig. 11 is a curve showing the expected mechanisms of nitrate
removal in the SMEBR during two examples of processes according to the

present disclosure, wherein the examples were carried out in different

reactors;
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[0020] Fig. 12 is a schematic representation of an apparatus for treating
wastewater in accordance with an example of the present disclosure in which
anodes are represented with continuous lines and cathodes are represented

with discontinuous lines; and

[0021] Fig. 13 is a graph showing the percentage of removal of ammonium,
phosphate, nitrate and COD as a function of time (at equilibrium stage) in an

example of a process according to the present disclosure.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0022] The following non-limiting examples further illustrate the technology

described In the present disclosure.

[0023] The expression “for substantial removal of carbon, nitrogen and
phosphorus from the wastewater” as used herein refers, for example, to a
removal, in the wastewater, of carbon of at least 50, 75, 85, 90, 95, 97 or 99
%, a removal of nitrogen of at least 50, 75, 85, 90, 95, 97 or 99 %, and a
removal of phosphorus of at least 50, 75, 85, 90, 95, 97 or 99 %.

[0024] The expression “removal of nitrogen” as used herein refers, for
example, to a removal of nitrogen atoms under various forms such as forms
chosen from nitrate, nitrite, ammonia, and mixtures thereof. For example,
such an expression can refer to Total Nitrogen (TN). For example, such an
expression can refer to nitrogen atoms under various forms such as at least
two forms chosen from nitrite, nitrate and ammonia. For example, such an

expression can refer to nitrogen atoms under various forms that are nitrite,

nitrate and ammonia.

[0025] The expression “electrical zone” as used herein refers, for example,
to a zone disposed between two electrodes and which is effective for carrying

out an electrochemical treatment.

[0026] The expression “a ratio volume of the electrical zone / total volume

of the reactor” as used herein refers, for example, to a ratio obtained by taking
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the volume of the electrical zone defined by two electrodes divided by the total

volume of the reactor.

[0027] The expression “maintaining an adequate oxidation-reduction
potential in the single reactor’ as used herein refers, for example, to
maintaining the oxidation reduction potential profile to fluctuate between the
anaerobic, anoxic and aerobic conditions to create
appropriate operation conditions for the major bacteria responsible for the

nitrogen transformation into gas.

[0028] The expression “adjusting electrokinetics and dissolved oxygen
concentration so as to control activity of different types of bacteria” as used
herein refers, for example, to all possibilities and
combinations of the current densities, electrical exposure modes,
voltage gradients and the dissolved oxygen concentrations that can create

an adequate oxidation reduction potential profile.

[0029] For example, removal of nitrate can be at least 50, 75, 85, 90, 95,
97, 99 or 99.9%.

[0030] For example, removal of nitrite/nitrate can be at least 50, 75, 85, 90,
95, 97, 99 or 99.9 %.

[0031] For example, the processes can be effective for removing Chemical
Oxygen Demand of said wastewater by at least 50, 75, 85, 90, 95, 97, 98 or
99 %.

[0032] For example, the processes can be effective for removing at least
50, 75, 85, 90, 95, 98, 99, 99.5 or 99.9 % of total nitrogen (TN).

[0033] For example, the processes can be effective for removing at least
50, 75, 85, 90, 95, 98, or 99.9 % of at least one metal from said wastewater.

[0034] For example, the at least one metal can be chosen from Al, Pb, Cu,
Ni, Cd, Mg, Zn, Fe, Ca and mixtures thereof. Other similar types of metals can

also be removed.
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[0035] For example, wherein the single reactor can comprise a circular
anode and a circular cathode. For example, the single reactor can comprise

two electrodes, the anode and the cathode.

[0036] For example, the at least one cathode and the at least one anode
can have a rectangular shape. The single reactor can have a square based
prism shape, a rectangular based prism shape, a pentagonal based prism
shape and a hexagonal based prism shape. The single reactor can have a

cylindrical shape or an oval shape.

[0037] For example, a ratio volume of the electrical zone / total volume of
the single reactor can be about 0.1 to about 0.8, 0.2 to about 0.6; about 0.25
to about 0.65; about 0.3 to about 0.6; about 0.3 to about 0.5; or about 0.35 to

about 0.45. For example, such a ration can be about 0.1, about 0.4 or about
0.75.

[0038] For example, the electric current density can be about 1 to about 50
A/m? about 5 to about 45 A/m?, about 10 to about 35 A/m?, about 12 to about
28 A/m?, about 15 to about 25 A/m*. or about 15 to about 20 A/m?.

[0039] For example, the at least anode can comprise aluminum, carbon or
iron. For example, the at least cathode can comprise aluminum, carbon or
iron. For example, the at least anode can comprise aluminum and the at least
cathode can comprise iron. For example, the anode and/or cathode matenal

can be of any type which is capable to change ORP of the reactor.

[0040] For example, the OFF period of time can be about 1 to 20 , 1 to
about 10, 2to 8, 3to 7, or 4 to 6 times longer than the ON period of time.

[0041] For example, the ON period of time can have duration of about 1 to
about 30 minutes, about 1 to about 20 minutes, about 2 to about 16 minutes,

about 4 to about 12 minutes, about 3 to 7 minutes, 4 to 6 minutes, about 2 to

6 minutes or about 5 minutes.
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[0042] For example, the OFF period of time can have a duration of about 10
to about 180 minutes, about 10 to about 120 minutes, about 12 to about 100
minutes, about 15 to about 60 minutes, about 10 to about 30 minutes, about

12 to about 28 minutes, or about 15 to about 25 minutes.

[0043] For example, the oxidation-reduction potential in the single reactor
can be maintained between — 180 and + 180 mV, between - 175 and + 175
mV, between — 160 and + 160 mV, between — 150 and + 150 mV, — 100 and
+ 150 mV, or between — 125 and + 125 mV.

[0044) For example, the processes can be carried out with a gradient
voltage of about 0.1 V/cm to about 20 V/cm, about 0.1 V/cm to about 10 V/cm,
about 0.2 to about 8 V/cm, about 0.3 to about 6 VV/cm, or about 0.5 V/icm to
about 5 V/cm.

[0045] For example, the processes of the present disclosure can be
processes In which dissolved oxygen has a concentration of less than about
5.5 mg/L, about 0.05 to about 5.00 mg/L, about 0.1 to about 3.0, about 0.1 to
about 2.0 mg/L., about 0.2 to about 1.5 mg/L, or about 0.3 to about 1.25 mg/L.

[0046] For example, the at least one cathode and the at least one anode
can have an electrical potential difference of about 3 V to about 100 V, about
3 V to about 50 V, about 5 V to about 30 V, about 10 V to about 25 V, or

about 10 V to about 20 V.

[0047) For example, the solids can comprise organic solids and inorganic

solids. For example, the organic solids can comprise carbon removed from
the wastewater. For example, the inorganic solids can comprise phosphorus

removed from the wastewater. For example, another mixture can comprise
No.

[0048] For example, during the treatment carried out in the processes of the
present disclosure, the nitrogen contained in the wastewater can be converted

into N, and separated from the treated wastewater and from the solids.
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[0049] For example, the processes can further comprise separating treated
wastewater from the solids. For example, treated wastewater can be

separated from the solids by means of a membrane.

[0050] For example, the electrodes can be effective for performing as

heating devices for changing temperature of the reactor.
[0051] For example, the processes can be a continuous process.
[0052] For example, the processes can be a batch process.

[0053] For example, the processes can further include adding an organic

carbon conditioner.

[0054] For example, processes can further comprise adjusting
electrokinetics and dissolved oxygen concentration so as to control activity of
different types of microorganisms (such as aerobic nitrifiers, anammox
nitrifiers,  heterotrophic  denitrifiers, hydrogen  trophic  denitrifiers,
polyphosphate accumulating organisms (PAO) that are responsible for

biological processes in the reactor (such as removal of P and N).

[0055] Electro-bioreactor (Fig. 1) can comprise two electrodes immersed in
an activated sludge reactor. The maternial of the anode can be aluminum and
the material of the cathode can be iron. In this reactor, different
electrochemical reactions can be taking place once the direct current (DC)
field is activated. Each reaction can play a role in removing the targeted

nutrients. In this context, three major operating conditions can be considered

in order to create the optimal conditions for the removal of C, P, and N:

[0056] Current density (CD) is the current (A) passing between the two
electrodes divided by the anode surface area (m?). The strength of the current

density determines the amount of Al*® and electrons produced into the system
(reactions 1 and 2) and the amount of hydrogen gas produced at the cathode

(reaction 3), which all play major role in nutrient removal.

10



CA 02894617 2015-06-10

WO 2013/116935 PCT/CA2013/000113

[0057] Electrical exposure mode (time-ON/time-OFF) that also affects the
production rate of Al electrons and H, gas over the operating time.
Meanwhile, microorganisms cannot tolerate continuous exposure to the

current and can be given enough time-OFF to recover from the electrical

impact and resume its biological role in the system.

[0058] Dissolved oxygen (DO) concentration can be adjusted In order to
create different levels of oxidation-reduction potential (ORP) and promote
different bacterial genotypes responsible for the transformation of N and P in
the system. For example, such a level can be adjusted by injecting air in the

wastewater to be treated.

At the anode:

Al — » Al™ 4+ 3e° (reaction 1)

2H,0 —» Oz (qas) +4H" aq + 4e° (reaction 2)

At the cathode:;:

3H,0 + 3¢¢ —/»  3/2H;(y + 30H (reaction 3)

% O, +2e + H30 —p 20H (reaction 4)

[0059] Carbon removal can be achieved in the reactor through the oxidation
of organic material by the biomass. Without wishing to be bound to such a
theory, it can be said that in the electro-bioreactor, biodegradation is not the
sole possible removal pathway of carbon. For example, when the anode
comprises Al, the produced Al can react with the free OH™ in water to initially

form monomeric species such as Al(OH)", Al(OH),"" and AI(OH), . Afterward,

these species can be converted into polymeric species such as Alg(OH)20™,

11
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Al13(OH)34™, which eventually can be transformed into a long chain of
Al(OH)i). These cationic hydroxide complexes can effectively adsorb the
negatively charged organic matenals through the electrostatic forces,

particularly those colloids of non-biodegradable nature.

[0060] For example, when the anode comprises Al, phosphorus removal
can be achieved through the formation of AIPO,4 solids or forming complexes
with Al{OH)s. Thus, phosphorus becomes part of the suspended solids
(Inorganic solids) of the system that could be recovered after the solid liquid
separation using either a clarifier or membrane modules. In addition to the
electrochemical removal of P, biological removal is highly expected to take
place because of the capability of the system to work at alternating levels of
ORP.

[0061] The possibility of removing N in a single reactor can be carried out
due to the fact that ORP could be adjusted (due to a combination of electrical
and air supply systems) to fluctuate within the anaerobic, anoxic and aerobic
conditions, which in return promotes different sorts of bacteria species
responsible for complete transforming of ammonium from the influent
wastewater into nitrogen gas. The optimum ORP value for each biological
processes Is given in table 1. For example, maintaining an oxidation-reduction
potential in the reactor between — 200 and + 200 mV allows for such a

removal.

Table 1. Optimal oxidation-reduction potential (ORP) for different biological

processes
Biological process Conditions Optimum ORP
Nitrification Aerobic +100 to +350
Denitrification ANOXIC -50 to +50
P-removal Anaerobic stage -100 to -225
Aerobic stage +25 10 +250

[0062] Electrokinetic phenomena applied to wastewater can regulate ORP

levels to promote the simultaneous removal of C, P and N. Without wishing to

12
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be bound to such a theory, it can be said that during the processes described
in the present document, the mechanism of such an electrical process can, for

example, undergo six steps.

[0063] Step 1. Once the DC field is activated, the electrons can be
discharged from the anode zone (reaction 1 and 2). Since the dissolved
oxygen molecules have the highest electro-negativity (affinity to gain
electrons) in the system, most of these discharged electrons can react with
the dissolved oxygen (reaction 4) to produce hydroxyl ions. In the
electrochemical systems, reaction 4 proceeds reaction 3 until DO is
consumed at the cathode surface. Therefore, DO concentration decreases

over time as long as the current is on the time-ON mode.

[0064] Step 2: For example, in the case that the concentration of DO iIn the
reactor is {00 high, the high buffering capacity of the reactor can consume all
the electrons and can still hold enough oxygen to act as the major electron
acceptor for the biological reactions. In that case, the ORP can stay high
(>+100) and it can promote only the autotrophic nitrification process that
transforms ammonium into nitrate in the system (reactions 5 and 6 with

bacterial species given just 2s an example of ammonia oxidizers and nitrite

oxidizers).

[0065]

NH, + 3/20, —» NO, + H,O0 + 2H" Nitrosomonas bacteria
(reaction 5)

NO, + H,O — NO3 + 2H" + 2e Nitrobacter bacteria

(reaction 6)

[0066] Step 3: For example, in the case that the dissolved-oxygen In the
reactor is not too high, the discharged electrons can react with DO until not
enough oxygen is available to support the aerobic condition to act as the

major electron acceptor. As a result, nitrate as electron acceptor can appear
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In the system and the ORP can drop from the aerobic limit to the anoxic limit
(+50 to -50 mV). At this level of ORP, the heterotrophic nitrifiers can become

active and start the conversion of nitrate into N, gas.

[0067]

——

NO; — NO, - NO + N,O0 - N, (Denitrification process)

(reaction 7)

[0068] Step 4. To make the system even more powerful and enhance the
nitrification potential of the system, the influx of electrons and dissolved
oxygen levels can be adjusted for example to lower the ORP of -150 mV. At
this level of redox potential, the autotrophic anaerobic ammonium oxidation
(anammox) can be activated and starts to nitrify the ammonium using the
already existing nitrite in the system as an electron acceptor (reaction 8).
Since the rate of anammox is higher than the aerobic autotrophic nitrification,
it can be expected to achieve a higher nitrification potential than the reactor
operated only at aerobic nitrification as it does in the conventional biological

activated sludge reactor.

NH," + NO,- —» N, + 2H,0 (anammox)

(reaction 8)

[0069] Step 5: For example, in order to achieve complete and enhanced N
removal, the system can fluctuate between a redox potential of -150 mV and
+150 mV. For example, nearly, 50% of the time the reactor can work at

aerobic conditions In order to give enough time for nitrification to partially
convert ammonium into nitrite and nitrate. For example, the other 50% of the

time can be given to support the anoxic heterotrophic denitrifers and the
anammox, which can work simultaneously. This changing of ORP profile can
be achievable through activating the DC field for some time (time-ON) at a
current density strong enough to produce enough electrons to satisfy oxygen
needs of electrons and neutralize its function as the major electron acceptor.

Afterwards, NOj3™ can start to take over the role as the major electron acceptor
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and later nitrite at the anammox conditions. Once this limit is reached, the DC
field is deactivated so that no more electrons can be discharged. Then, the
system can be given enough time (time-OFF) to recover its oxygen content to
a level that can support the aerobic conditions after which another cycle starts

to repeat the process once again.

[0070] Step 6: For example, another pathway of N removal in the system is
the hydrogen trophic denitrification in which some bacteria species can be
capable of using the H, gas produced at the cathode (reaction 3) as electron

donor and nitrate as electron acceptor to denitrify it into N; gas (reaction 9).

2NO3“ + 5H- + 2H —_— N- + 6H20

(hydrogen trophic denitrification) (reaction 9)

[0071] The above electrokinetic control of ORP for promoting the removal of
nutrients and carbon can be applied into batch reactor and continuous filow
reactor (including completely mixed activated sludge reactor and membrane
bioreactor). An application to continuous flow reactor with submerged

membrane module (SMEBR) is presented below.

Example 1

[0072] In this experiment, one submerged membrane electro-bioreactor
SMEBR (Fig. 2) and one submerged membrane bioreactor (MBR) without
electrical field to serve as a control were operated simultaneously. They were
fed with the same mixture comprising synthetic wastewater and activated
sludge and run at the same operating conditions to create perfect comparing
conditions. SMEBR outer body was composed of a cylindrical polyethylene
container (20 L). The design is adequate to patented SMEBR system
(Elektorowicz et al.,, 2009). In the middle of this reactor, a hollow fiber
ultrafiltration membrane module was placed vertically. Air diffusers were
inserted on top and below the membrane to provide air intensity enough to
mitigate fouling on the membrane surface. Two cylindrical perforated

electrodes (aluminum anode and stainless steel cathode) were placed around

the membrane as demonstrated In Fig. 2. Direct current power supply
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connected with an electrical timer was applied to provide the required current
density and exposure mode (time-ONAtime-OFF). Vacuum pump was
connected to the membrane outlet to extract the liquid phase of the sludge

liquor at a constant flow rate.

[0073] Based on preliminary batch and continuous flow reactors tests, a
current density of about 15 A/m“ and electrical exposure modes of 5'-
ON/20'OFF were applied to generate sufficient dosing of Al™® to cause the
removal of phosphorus and enough electron flux to change the ORP profile to
fluctuate between -100 to +150 and thus transforming N into gas. During the
operation, the dissolved oxygen (DO) concentration was fluctuating to verify
the influence of oxygen concentration on the ORP profile. In this example, the
Influent synthetic wastewater had different sources for nitrogen, for example,
chemically bound nitrogen (easily dissolving ammonium sulfate) and organic
compounds rich in ammonium (yeast extract and peptone) that release

nitrogen in the ammoniacal form once degraded by the biomass.

[0074] Several runs were conducted to reach the targeted results. For
example, run 1 was operated at the highest influent concentration of TN = 110
mg-N/L. Run 2 at lower concentration of TN= 57mg-N/L to study the removal
efficiency at different levels of organic N. Run 2 consisted of Run 2a
performed at hydraulic retention time (HRT) of 12.8 h and Run 2b at longer
HRT of 24 h. Run 3 was operated based on glucose as a carbon source and
ammonium sulfate as the sole source of ammonium in order to know exactly
the concentration of ammonium in the influent. This run was conducted for
evaluating the nitrification potential of the SMEBR and the control MBR.
SMEBR was expected to exhibit higher nitrification potential due to the
electrokinetic steps (electrical activation of different types of N transforming

bacteria).

[0075] The activated siudge was brought from the activated sludge reactor
in the wastewater treatment plant just before starting the experiments. The
mixed liquor concentration (MLSS) was adjusted between 2000 to 3000 mg/L

before used in the reactors. No sludge whatsoever was disposed except for
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the sludge sampled for analyses. When the MLSS concentration increased to
a sufficiently high level that causes high membrane fouling rate, the MLSS
concentration was diluted to maintain a reasonable fouling rate. This allowed
studying the impact of electrical operating conditions on the reactor
performance at different MLSS as well. Samples were taken periodically from
the influent, effluent and from the sludge supernatant (after centrifugation at
4000 rpm for 20 minutes). Sludge pH, electrical conductivity (EC) and DO

were measured continuously.

[0076] The removal efficiency of COD was very high in SMEBR (>99%) as
well as in MBR (>97%) even after a long operating period as shown in Run 2b
(Fig. 3). This indicates that the microbial flocs were able to recover the
electrical impact. After 45 days of operations the biomass was highly active
and performed the oxidation of organic materials to the highest level.
However, slightly higher removal efficiency was achieved in the SMEBR due
to the capability of this system to coagulate the colloidal organic matenals or

even those with high molecular weight.

[0077] All runs of SMEBR showed almost complete removal efficiency of
phosphorous (Fig. 4). The electro-chemical dosing of Al'> into the system at
these electrical parameters was enough to form complexes with phosphorus
and extract it from the liquid phase of the sludge. On the other hand, the
effluent orthophosphate concentration in the MBR stabilized around 12 mg
PO,” P (less than 10% removal — common case in conventional MBR). Other

Runs exhibited similar behaviour.

[0078] Complete transformation of N into gas in one reactor can require the
fluctuation of the ORP between the anoxic/anammox and the aerobic
conditions. For example, in order to force the ORP to adequately fluctuate, the

electrical operating parameters (current density, voitage gradient and

exposure mode) can be adjusted with the other operating conditions such as
the organic loading, HRT and MLSS, which determines the biological oxygen
demand and the diffusivity of gases in the system. Obtaining an ORP

fluctuating between -150 to +150 mV can be achieved at different levels of DO
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based on the operating conditions. For example, working at low MLSS
requires high DO concentration because the diffusivity of electrons in the
reactor Is high and can easily reach the DO and deactivate its role as the
dominant electron acceptor. Likewise, at high MLSS, low DO concentration is
required since the movement of the electrons is hindered by the low diffusivity
of the reactor. For example, at current density of 17 A/m*, MLSS of 10,000
mg/L and exposure mode of 5-ON/20°-OFF did not show any significant
changes in ORP due to the abundance of DO. Once the DO was reduced to 4
mg/L, a slight reduction of ORP was observed (from 250 to 130 mV) that is
not enough to develop anoxic conditions (Fig. 5a). As the DO was lowered
again (2 to 3 mg/L), the ORP declined down to 30 mV for a short period of
time, which is not enough to cause significant denitrification of nitrate under
perfect anoxic conditions (Fig. 5b). Further reduction of DO (1.5 to 2.5 mg/L)
showed more reduction of ORP down to -60 mV at the end of time-ON, at
which the DO concentration was at its lowest level (Fig. 5¢) Once the time
OFF started, the ORP began to recover its starting value (ORP= +155 mV).
Each electrical cycle was divided into nearly 50% of typical anoxic condition
followed by 50% of typical aerobic conditions. Further reduction of DO to 0.2
at the end of time-ON and up to 1.6 mg/L at the end of time-OFF permitted
the ORP to drop down to -130 mV where anammox conditions developed and
enhanced nitrification of ammonium is likely to take place (Fig. 5d). Working at
ORP profile fluctuating between -150 to +150 mV was found to exhibit the
best conditions for N removal. Furthermore, nitrification potential of the
SMEBR reactor was higher than the control reactor due to the activation of

anammox as another pathway of nitrification.

[0079] Run 2 was operated at an influent total nitrogen (TN) of 57 mg-N/L
split between the organic N (yeast extract and peptone) and Inorganic

ammonium sulfate.

[0080] Run 2b was the continuation of Run 2a but at longer HRT of 24 h,
and the ORP profile was adjusted in SMEBR between -100 to +150 mV
starting on day 33 to support the simultaneous nitrification/denirtification

conditions (Figs. 6 and 7). In the MBR, typical nitnification condition led to

18



CA 02894617 2015-06-10

WO 2013/116935 PCT/CA2013/000113

more than 99% conversion of ammonium into nitrate, and the concentration of
nitrate was almost higher than 40 mg-NOs;/L. The SMEBR proved the
possibility of achieving almost complete nitrification of ammonium and
complete denitnfication of nitrate if the loading of ammonium into the reactor
IS lower than the nitrification capacity of the system, which was the case In

that run. The removal efficiency of TN was up to 97% on day 40.

[0081] Run 3 was conducted to examine the nitrification potential of
SMEBR and MBR. In that run, ammonium sulfate was used as the sole
source of ammonium in order to assess the nitrification potential of each
reactor. When the SMEBR operated at DO of 1 to 2.5 mg/L and ORP
fluctuating between -100 to 150 mV, an increase of up to 10% In the
nitrification potential was achieved because of combined aerobic and
anaerobic nitrification in the SMEBR compared to only aerobic nitnfication in
the MBR (Figs. 8 and 9). On the other hand, by 50% enhanced nitrification
potential was achieved in the SMEBR as the ORP was adjusted between -130
to 130 mV at DO from 0.3 to 1.3 mgL because more anammox blo-reactions
were taking place in the reactor at that level of oxygen. However, the
enhanced nitrification was not at the expense of the denitrification. Nitrate
concentration in the SMEBR effluent was very low (< 0.2 mg-NO3’/L) over the
whole operating period (Fig. 10). For example, on day 27, when the reactors
were fed with 47 mg-NH4-N/L. the MBR produced effluent with 11 mg- NHs-
N/L, 5 mg- NO3/L and total nitrogen of 20.8 mg-N/L, while the SMEBR
produced effluent with 0.2 mg NH4-N/L, 0.02 mg NO3 /L and total nitrogen of 1
mg-N/L. The total nitrogen removal efficiency of the SMEBR was higher than

97% when the ammonium loading was less than 47 NH,"-N mg/L..d.

[0082] In SMEBR, denitrification was carried out in two different biological
processes. The first process is the heterotrophic denitrification in which
carbon is taken from the organic materials and nitrate serve as e-acceptor.
The other denitrification process in SMEBR is through the autotrophic
hydrogen denitrification in which the hydrogen produced at the cathode acts
as electron donor and nitrate as electron acceptor. In order to evaluate the

contribution of each process in the total denitrification potential of the SMEBR,
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a small experiment was conducted. In that experiment, the SMEBR was fed
with an influent of high nitrate concentration and very low organic carbon
source for 7 days (Fig. 11). On day 8, the influent was enriched with organic
carbon. During the first 7 days of operation where no organic materials were
injected into the reactor to eliminate the heterotrophic denitrifies, a slight
reduction of nitrate was obtained (up to 25 %). The reduction of nitrate
concentration in the absence of organic carbon sources indicated the role of
the hydrogen autotrophic denitrfication, which takes its carbon needs from the
Inorganic sources such as carbonate and bicarbonate. On day 8 when the
Influent was high in organic carbon, the nitrate concentration was reduced
substantially (72%). This outstanding reduction of nitrate in a short period of
time confirmed that heterotrophic denitrification is the major contributor of
transforming nitrate Iinto gas. However, the hydrogen autotrophic
denitrification existed in the reactor and contributed to an extra transformation
of N into gas. In addition, the anammox process using nitrite from the
Incomplete nitrification as electron acceptor helped in reducing the production
of nitrate In the reactor. Therefore, anammox with the other two denitrification
processes (heterotrophic and H-denitrification) working simultaneously in one
reactor ensured an effluent with a very low nitrate concentration, which was

the case In this example.

[0083] In addition to the superior removal of nutrients (C, P and N), electro-
bioreactor and processes of the disclosure provided extra benefits to the
treatment process. These benefits include better sludge filterability and
dewaterability, better flocs settleability, less soluble microbial products and
colloidal materials in the sludge supernatant, a lower membrane fouling rate
and thus better effluent quality. Electrical field, once applied properly, is able
to change sludge characteristics through its versatile electro-kinetic processes

that are taking place in the reactor such as electroosmosis, electrocoagulation

and electrochemical reactions, and ultimately enhances its quality.

[0084] Electrokinetic treatment for the removal of C, P and N in one reactor
(a single reactor) can be installed as part of the new plants or in the retrofitting

of the old ones. In fact, the processes described in the present disclosure are
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quite versatile and be carried out with a various different types of reactors. For
example, it can be used using an existing reactor of a company or a plant,
thereby significantly reducing the involved costs for such a company. It could
be applied with or without membrane modules. The electrodes can be placed
in parallel (rectangular shape) as in Fig. 12 or in circular configuration (see
Fig. 2 concerning a circular configuration). The membranes could be placed in
the middle of the circular electrodes or any other place rather than the
electrical zone. For example, the electrical zone can compromise about 10 to
about 80% of the total reactor volume. For example, the current density can
be less than 50 A/m*®, at exposure modes 5'-ON-20’-OFF. Aluminum anodes
iIn conjunction with other electrokinetic processes can effectively remove P
and with controlled aerated system will provide suitable fluctuation of ORP
based on the other operating conditions (HRT, MLSS, organic loading and

solid retention time).
Example 2

[0085] Further tests have been made for simultaneously removing of
carbon, phosphorous and nitrogen in a rectangular electro-bioreactor. The lab
scale tests were carried out in rectangular 15L reactor where three modules
hollow fiber membranes were Iinstalled after two pairs of electrodes
submerged In wastewater. Both aluminum anodes and stainless steel
cathodes were perforated to permit on free flow throughout from point of
wastewater supply towards membranes. Applied CD was less than 15 A/m?
and a ratio of electrical zone to total volume of the electro-bioreactor was no
more than of 0.4.The continuous flow reactor was fed with synthetic
wastewater inoculated with activated sludge sampled at wastewater treatment
plant. The influent of synthetic wastewater contained COD at the range of
892-999 mg/L as well as 16.8 -17.4 mg NH3-N/L, 0.23-0.24 mg NOs-N/L and
15.3-22.1 mg PO4/L.

[0086] The reactor has run for 5 months at a constant flow of 45 L/d and
SRT of 15 days. The system was able to remove COD, phosphorous,

ammonia by 99%, 99.7%, 99.7% respectively at equilibrium conditions. Entire
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removal of nitrates was also achieved simultaneously (Fig. 13). This
experiment confirmed that the described processes are capable of
simultaneous removal in the same electro-bioreactor of carbon, nitrogen and

phosphorus. Furthermore, the system is efficient in various electrodes

configurations as indicated in the present disclosure.
Example 3

Further tests have been made in order to verify the possibility of removing
metals by using a process similar to the process of Example 1 using a
SMEBR. A PVC cylindrical reactor (235 L), two cylindrical electrodes
connected to a low DC power supply (intermittent supply of electrical field),
and a hollow fiber microfiltration membrane (MUNC-600A, Microza, Asahl
Kasei Chem. Corp., Japan) were used (see Fig. 2). The membrane had an
effective surface area of 12.5 m?, a pore size of 0.1 um, and the module was
equipped with a built-in bottom air diffuser for scouring. Several fine bubble air
diffusers were also placed at the bottom of the reactor to supply the oxygen
required for both mixing and microbial activity. SMEBR was continuously fed
with pre-screened raw municipal wastewater containing metals (see Tables 2
and 3) redirected from the influent channel at a flow rate of 550 L/d for 7
weeks. SRT and HRT were 10 d and 11 h, respectively. SMEBR operated
under constant current density less than 20 A/m2, and volume of electrical

zone to volume of the reactor was no higher than 0.5.

Table 2. Characteristics of influents during the testing period

Parameters SMEBR
PO,”-P, mg/L 4.13 +1.84
NH; -N, mg/L 42.9 + 11.2
NO;-N, mg/L 0.41+0.11
COD, mg/L 316 £ 145.9
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Table 3. Metal content in inffluent and effluent
Contaminant Influent (mg/L) Effluent (mg/L) Removal efficiency (%)
Ca 5.9 0.0 100
Pb 0.009 0.0 100
Fe 1.8 0.27 85
Cu 0.05 0.0 100
Zn 0.46 0.09 80.4
N 12.5 0.24 98.1
Mg 0.072 0.009 87.5
Cd 0.75 0.04 94.6
[0087] Dissolved oxygen (DQO), pH values, temperature, electrical current

and voltage were continuously monitored. Samples from influent raw

wastewater and treated effluent were collected four times per week and tested
for COD, phosphorus, and ammonia, using Hach TNT vials. Samples were
repeated twice and an average value was recorded. At the last stage of the
SMEBR pilot test, metals such as Ni, Pb, Cd, Cu, Fe, Ca, Mg and Zn were
also measured after digestion with nitric acid digested in samples of influent
and effluent using an Atomic Absorption Spectrometer. (Perkin Elmer, Analyst
100).Readings were repeated three times for each sampie and average
values were reported. The handheld NITON XRF analyzer was used to

identify the elements present in electrode deposits as well as in the biosolids.

[0088] The obtained results showed that the SMEBR without any additional
units was able to remove undesirable metals from wastewater (Table 3). High
removal rates of Pb (100%), Ni (98.1%), Cu (100%), and Cd (94.6%) were
reported at this range of pH (8-9) with very low concentrations in the treated
effluent (0.0, 0.24, 0.0 and 0.04 mg/L for Pb, Ni, Cu, and Cd, respectively),
while the removal rates of Mg, Zn, and Fe were 87.5%, 80.4%, and 85%,
respectively. SMEBR produced a very high quality effluent where the

concentrations of Ca, Mg, Zn, and Fe in the treated effluent were significantly
low (0.0, 0.009, 0.09, and 0.27 mg/L, respectively).

[0089] Based on the results presented in the present application, these

processes of the present disclosure have proved their capability of high
removal efficiency of the unwanted components (C, P andN ) in one single
operation unit (a single reactor). The examples showed removal efficiency up

to more than 97% for all nutrients when the electrical parameters and the
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other operating conditions (HRT, MLSS, DO and organic loading) were
adjusted for that purpose. Carbon was removed through biomass oxidation; P
was removed through the formation of aluminum phosphate complexes while
N was transformed into nitrogen gas through electrically changing of the ORP
to promote the simultaneous nitrification/denitrification processes in the
reactor. Nitrification potential was enhanced up to 25% in the SMEBR due to
the activation of anammox as another nitrification process working in harmony
with the aerobic nitrifiers, while the SMBR does the nitrification only through

the autotrophic nitrification.

[0090] Applying elektrokinetics ito wastewater reduces the plant footprints.
Electrokinetics could be incorporated into already established facilities
reducing any additional infrastructure. This upgrading process requires the
immersion of the electrodes (at adequate distances) into the activated sludge
basin to upgrade its performance and the effluent quality. The electro-
bioreactor consumes low energy because the system works at low current
density, low voltage and intermittent exposure to the electrical field. Finally,
removal of the major environmentally hazardous nutrients in addition to the
improvement of sludge characteristics in one single reactor is an important
advancement in wastewater treatment technology that should be considered

whenever better treatment quality is the concern.

[0091] The processes of the present disclosure can be applied to different
treatment systems with different electrodes’ configuration. They can be
applied in combination with or without membranes. The membranes can be
submerged and located within the center of the same reactor where
electrodes are installed in circular or none circular form. The submerged
membranes can also be located in different sides of a hybrid reactor in any
justified position with respect to the electrodes (which can be flat or circular,
perforated or not). Furthermore, the processes can be performed in electrode
system sidewise, sideways or side by side (in separate compartments) with
respect to membranes. The processes can also be performed in a separated
compartment with electrodes located before or after any other wastewater

treatment method. Thus, it can be used to upgrade (advanced treatment of)
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existing wastewater treatment plants with respect to carbon phosphorus,

nitrogen and removal where filterability of sludge is improved.

[0092] While a description was made with particular reference to the
specific embodiments, it will be understood that numerous modifications
thereto will appear to those skilled in the art. Accordingly, the above
description and accompanying drawings should be taken as specific

examples and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A process for treating wastewater, said process comprising :

treating a mixture comprising said wastewater in a single
activated sludge reactor, with a constant electric current having a
density of less than 55 A/m?, by Injecting a continuous flow of air into
saild mixture and by means of at least one anode and at least one
cathode that define therebetween an electrical zone for treating said
mixture, wherein a ratio volume of the electrical zone / total volume of
the reactor is 0.8 or less, wherein dissolved oxygen has a concentration
of less than 5.0 mg/L in said mixture, and wherein said concentration of
dissolved oxygen is controlled by electrons flowing between said at least

one anode and said at least one cathode:

fluctuating the oxidation-reduction potential in said activated
sludge reactor between aerobic and anoxic/anaerobic conditions by
exposing said mixture to an intermittent ON/OFF electrical exposure
mode to said electric current in which an OFF period of time is about 1
to about 10 times longer than an ON period of time while maintaining
said injecting of continuous flow of air into said mixture, wherein said
OFF period of time provides aerobic conditions suitable for biological
ammonium nitrification and said ON period of time provides

anoxic/anaerobic conditions suitable for biological nitrate denitrification;

and

maintaining a fluctuation of the oxidation-reduction potential
between — 150 mV and + 150 mV relative to a reference electrode in the
single reactor, wherein for about 50% of each electrical cycle the single

reactor is under aerobic conditions and for the other about 50% of each

electrical cycle the single reactor is under anoxic conditions.
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2. The process of claim 1, wherein said electric current has a density of
about 5 to about 45 A/m?.

3. The process of claim 1, wherein said electric current has a density of
about 10 to about 35 A/m*.

4. The process of claim 1, wherein said electric current has a density of
about 12 to about 28 A/m~.

5. The process of claim 1, wherein said electric current has a density of
about 15 to about 25 A/m*.

6. The process of claim 1, wherein said electric current has a density of
about 15 to about 20 A/m*.

7. The process of any one of claims 1 to 6, wherein said at least one

anode comprises aluminum.

8. The process of any one of claims 1 to 6, wherein said at least one

anode comprises iron.

9. The process of any one of claims 1 to 6, wherein said at least one

anode comprises carbon.

10. The process of any one of claims 1 to 9, wherein said at least one

cathode comprises iron.

11. The process of any one of claims 1 to 9, wherein said at least one

cathode comprises aluminum.

12. The process of any one of claims 1 to 9, wherein said at least one

cathode comprises carbon.

13. The process of any one of claims 1 to 6, wherein said at least one
anode comprises aluminum and said at least one cathode comprises

iron.

CA 2894617 2017-08-28 29



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The process of any one of claims 1 to 13, wherein said ratio volume of

sald electrical zone / total volume of said reactor is about 0.1 to 0.8.

The process of any one of claims 1 to 13, wherein said ratio volume of
sald electrical zone / total volume of said reactor is about 0.2 to about
0.6.

The process of any one of claims 1 to 13, wherein said ratio volume of

said electrical zone / total volume of said reactor is about 0.3 to about
0.5.

The process of any one of claims 1 to 13, wherein said ratio volume of
sald electrical zone / total volume of said reactor is about 0.35 to
about 0.45.

The process of any one of claims 1 to 17, wherein said single reactor

comprises a circular anode and a circular cathode.

The process of any one of claims 1 to 17, wherein said single reactor

comprises two electrodes, said anode and said cathode.

The process of any one of claims 1 to 17, wherein said at least one

cathode and said at least one anode have a rectangular shape.

The process of any one of claims 1 to 20, wherein said single reactor

has a square based prism shape, a rectangular based prism shape, a

pentagonal based prism shape or a hexagonal based prism shape.

The process of any one of claims 1 to 20, wherein said single reactor

has a cylindrical shape or an oval shape.

The process of any one of claims 1 to 22, wherein said OFF period of

time Is about 2 to 8 times longer than said ON period of time.

The process of any one of claims 1 to 22, wherein said OFF period of

time is about 3 to 7 times longer than said ON period of time.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

39.

36.

The process of any one of claims 1 to 22, wherein said OFF period of

time is about 4 to 6 times longer than said ON period of time.

The process of any one of claims 1 to 25, wherein said ON period of

time has a duration of about 1 to about 20 minutes.

The process of any one of claims 1 to 25, wherein said ON period of

time has a duration of about 2 to about 16 minutes.

The process of any one of claims 1 to 25, wherein said ON period of

time has a duration of about 3 to about 7 minutes.

The process of any one of claims 1 to 25, wherein said ON period of

time has a duration of about 4 to about 6 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 10 to about 180 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 12 to about 100 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 15 to about 60 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 10 to about 30 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 12 to about 28 minutes.

The process of any one of claims 1 to 25, wherein said OFF period of

time has a duration of about 15 to about 25 minutes.

The process of any one of claims 1 to 35, wherein said process is

carried out with a gradient voltage of about 0.1 V/cm to about 20 V/em.
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47 .

48.

The process of any one of claims 1 to 35, wherein said process is

carried out with a gradient voltage of about 0.2 V/cm to about 8 V/cm.

The process of any one of claims 1 to 35, wherein said process is

carried out with a gradient voltage of about 0.3 V/cm to about 6 V/cm.

The process of any one of claims 1 to 35, wherein said process is

carried out with a gradient voltage of about 0.5 V/cm to about 5 V/cm.

The process of any one of clams 1 to 39, In which said dissolved

oxygen has a concentration of less than 3.0 mg/L in said mixture.

The process of any one of claims 1 to 39, in which said dissolved

oxygen has a concentration of less than 2.5 mg/L in said mixture.

The process of any one of claims 1 to 41, wherein said solids

comprise organic solids and inorganic solids.

The process of claim 42, wherein said organic solids comprise carbon

removed from said wastewater.

The process of claim 42, wherein said inorganic solids comprise

phosphorus removed from said wastewater.

The process of any one of claims 1 to 44, wherein said another

mixture comprises No.

The process of any one of claims 1 to 44, wherein during said
treatment, said nitrogen contained in said wastewater is converted

into N, and separated from said wastewater.

The process of any one of claims 1 to 46, further comprising

separating said treated wastewater from said solids.

The process of claim 47, wherein said treated wastewater is

separated from said solids by means of a membrane.
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49.

50.

51.

52.

53.

o4.

595.

56.

S57.

The process of any one of claims 1 to 48, wherein said electrodes are

effective for performing as heating devices for changing temperature

of the reactor.

The process of any one of claims 1 to 49, wherein said process is a

continuous process.

The process of any one of claims 1 to 49, wherein said process is a

batch process.

The process of any one of claims 1 to 51, wherein said process

further includes adding an organic carbon conditioner.

The process of any one of claims 1 to 52, wherein said process
comprises adjusting electrokinetics and dissolved oxygen concentration
so as to control activity of different types of microorganisms that are

responsible for at least one biological process in the reactor.

The process of claim 53, wherein said microorganisms are chosen from
aerobic nitrifiers, anammox nitrifiers, heterotrophic denitrifiers, hydrogen

trophic denitrifiers, and polyphosphate accumulating organisms.

The process of claim 53 or 54, wherein said at least one biological
process in the reaction is chosen from removal of carbon and removal

of phosphorus.

The process of claim 53, wherein said process comprises adjusting
electrokinetics and dissolved oxygen concentration so as to control
activity of aerobic nitrifiers, anammox nitrifiers, heterotrophic
denitrifiers and hydrogen trophic denitrifiers in the reactor that are

responsible for converting ammonia in said wastewater into N, gas.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 75 % of ammonia from said wastewater.
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 85 % of ammonia from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 97 % of ammonia from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 99 % of ammonia from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 99.5 % of ammonia from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 99 % of phosphorus from said wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing Chemical Oxygen Demand of said wastewater
by at least 98 %.

The process of any one of claims 1 to 56, wherein said process is

effective for removing Chemical Oxygen Demand of said wastewater
by at least 99 %.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 50 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 75 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 85 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 90 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 97 % of nitrate from said wastewater.
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70.

1.

72.

/3.

4.

75.

76.

77,

78.

79.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 99 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is

effective for removing at least 99.5 % of nitrate from said wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 75 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 85 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 90 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 97 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 99 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 99.5 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 56, wherein said process is
effective for removing at least 99.0 % of total nitrogen (TN) from said

wastewater.

The process of any one of claims 1 to 78, wherein at least a portion of

said removed phosphorus is deposited on at least one electrode and
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saild deposited phosphorus, after separation from said at least one

electrode, is effective for being used as a fertilizer.

80. The process of any one of claims 1 to 79, in which said dissolved
oxygen has a concentration of about 0.1 to about 2.0 mg/L in said

mixture.

81. The process of any one of claims 1 to 79, in which said dissolved
oxygen has a concentration of about 0.1 to about 1.6 mg/L Iin said

mixture.

82. The process of any one of claims 1 to 79, in which said dissolved
oxygen has a concentration of about 0.2 to about 1.5 mg/L in said

mixture.
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