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(57) ABSTRACT

A process for treating nitrogenous wastewater contains an
autotrophic denitrification reaction, a heterotrophic denitrifi-
cation reaction and a COD removal reaction simultaneously
and mixedly taking place in a single reactor. The nitrification
reaction is caused by nitrifving bacteria, in which ammonium
is oxidized into nitrite. The autotrophic denitrification reac-
tion is caused by autotrophic denitrifying bacteria, in which
ammonium used as electron donor and nitrite used as electron
acceptor are converted into nitrogen gas and nitrate. The
heterotrophic denitrification reaction is caused by het-
erotrophic denitrifying bacteria, in which nitrate and COD are
consumed. It is not necessary to build two separate reactors
for aerobic nitrification and anaerobic denitrification, thereby
effectively reducing the fabrication and operation cost.
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PROCESS FOR TREATING NITROGENOUS
WASTEWATER WITH SIMULTANEOUS
AUTOTROPHIC DENITRIFICATION,
HETERTROPHIC DENITRIFICATION AND
COD REMOVAL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a process for treat-
ing nitrogenous wastewater and more specifically, to a pro-
cess for treating nitrogenous wastewater with simultaneous
nitrification, autotrophic denitrification, heterotrophic deni-
trification and COD (chemical oxygen demand) removal.
[0003] 2. Description of the Related Art

[0004] Wastewaters, for example domestic wastewater,
livestock wastewater, landfill leachate and industrial water,
contain high concentration organic nitrogen compounds and
ammonium. In general, organic nitrogen compounds further
decomposes to ammonium. Conventional biological pro-
cesses for treating nitrogenous wastewater shown as FIG. 1
consist of two reaction steps. The first step is aerobic nitrifi-
cation, in which the ammonium nitrogen is oxidized by chem-
olithotrophic bacteria into nitrite and further into nitrate, and
oxygenis supplied as electron acceptor. In this step, oxygen is
compressed and dissolved into the liquid, which consumes a
lot of energy and cost. The second step is anaerobic denitri-
fication, in which the nitrate is converted into gaseous nitro-
gen by heterotrophic microorganism under the metabolism
utilizing an organic substance as carbon source. However,
wastewater usually lacks sufficient carbon source for the
denitrification reaction, resulting in that operators must add
extra carbon source to the reactor, thereby increasing the
operation cost. Additionally, the enormous sludge yielded by
the heterotrophic bacteria takes much effort to dispose of
Aerobic nitrification and anaerobic denitrification processes
involving two different reaction conditions need respective
reactors, which increase the fabrication cost.

[0005] An improved method for treating nitrogenous
wastewater, anaerobic ammonium oxidation (ANAMMOX),
1s also developed. As disclosed in U.S. Pat. No. 5,078,884, the
ANAMMOX process under anaerobic condition is caused by
autotrophic denitrifying bacteria capable of using ammonium
as electron donor, using nitrite as electron acceptor, and
directly producing nitrogen gas. Additionally, if nitrite is not
sufficient to supply for the autotrophic denitrification, ammo-
nium is designed to be partially nitrified into nitrite first, and
then proceeds the ANAMMOX process with the remaining
ammonium. Since nitrification is an aerobic reaction and
ANAMMOX process is an anaerobic process, two respective
reactors are also necessary to implement nitrification and
ANAMMOX processes, which also increase the costs of
maintenance and fabrication. Besides, the ANAMMOX pro-
cess is not able to remove COD from the wastewater.

SUMMARY OF THE INVENTION

[0006] The present invention has been accomplished in
view of the above-noted circumstances. It is one objective of
the present invention to provide a process for treating nitrog-
enous wastewater, in which a nitrification reaction, a
autotrophic denitrification reaction, a heterotrophic denitrifi-
cation reaction and a COD removal reaction simultaneously
and mixedly take place in a single reactor, thereby reducing
the fabrication and operation cost.
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[0007] To achieve this objective of the present invention,
the process for treating nitrogenous wastewater comprises the
steps of: providing a reactor with liquid for a variety of
microorganisms to mixedly grow therein and introducing the
nitrogenous wastewater into the reactor and discharging
effluent from the reactor. A nitrification reaction, an
autotrophic denitrification reaction, a heterotrophic denitrifi-
cation reaction and a COD removal reaction simultaneously
and mixedly take place in the single reactor. The microorgan-
isms contain nitrifying bacteria, autotrophic denitrifying bac-
teria and heterotrophic denitrifying bacteria. The nitrification
reaction is caused by the nitrifying bacteria, in which ammo-
nium is oxidized into nitrite. The autotrophic denitrification
reaction is caused by the autotrophic denitrifying bacteria, in
which ammonium used as electron donor and nitrite used as
electron acceptor are converted into nitrogen gas and nitrate.
The heterotrophic denitrification reaction is caused by the
heterotrophic denitrifying bacteria, in which nitrate and COD
are consumed.

[0008] Inan embodiment of the present invention, the pro-
cess comprises a step of introducing oxygen to the liquid of
the reactor for nitrification reaction. Further, the microorgan-
isms are suspended uniformly in the liquid of the reactor. The
autotrophic denitrifying bacteria causing the autotrophic
denitrification reaction is deposited to the Korean Collection
for Type Cultures (KCTC) under Deposit No. KCTC 11551
BP. The dissolved oxygen concentration in the reactor is
maintained between 0.1-0.5 mg/L.

[0009] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0011] FIG. 1 is a flow chart of conventional biological
process for treating nitrogenous wastewater in accordance
with the prior art.

[0012] FIG. 2 is a schematic drawing showing a reactor in
accordance with the embodiment of the present invention.
[0013] FIG. 3 is a diagram of the ammonium influent con-
centration, ammonium effluent concentration, and removal
ratio in accordance with the embodiment of the present inven-
tion.

[0014] FIG. 4 is a diagram of the COD influent concentra-
tion, COD effluent concentration, and removal ratio of in
accordance with the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] This invention provides a method for treating waste-
water involving nitrifying bacteria, autotrophic denitrifying
bacteria and heterotrophic denitrifying bacteria. The nitrify-
ing bacteria and the heterotrophic denitrifying bacteria are
generally used in the conventional wastewater treatment
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plant, which are easily available. The autotrophic denitrifying
bacteria also exist in the activated sludge of the wastewater
treatment plant and in the water in nature, but are quantita-
tively insufficient for commercial use. The inventors seeded
the reactor of a wastewater treatment plant with activated
sludge for the microorganisms to propagate therein. In the
cultivation process, high concentration nitrogenous wastewa-
ter and oxygen are introduced into the reactor. A nitrification
reaction caused by thenitrifying bacteria, in which the ammo-
nium is oxidized into nitrite, takes place in the reactor.
Besides providing electron acceptor for the nitrification reac-
tion, the air is also helpful to stir the wastewater with the
biomass. The dissolved oxygen concentration is maintained
between 0.1-0.5 mg/L, more preferably 0.2-0.3 mg/L. Under
low dissolved oxygen condition, ammonium is only oxidized
into nitrite, unable to be converted into nitrate, resulting in the
liquid containing sufficient ammonium and nitrite. It is suit-
able for the autotrophic denitrifying bacteria metabolism.
After 3-4 months, the autotrophic denitrifying bacteria are
cultivated. The bacteria identified by molecular biotechnol-
ogy is named Candidatus “Kuenenia stuttgartiensis”, and
deposited to the Korean Collection for Type Cultures under
Deposit No. KCTC 11551 BP. Under anaerobic condition, the
autotrophic denitrifying bacteria are capable of reacting
ammonium as the electron donor with nitrite as the electron
acceptor to form nitrogen gas and nitrate. The optimum
growth temperature for the autotrophic denitrifying bacteria
is35°C.

[0016] The process for treating nitrogenous wastewater of
the present invention comprises the steps of: providing a
reactor with liquid for a variety of microorganisms to mixedly
grow therein, introducing oxygen to the liquid of the reactor,
and introducing the nitrogenous wastewater into the reactor
and discharging effluent from the reactor.

[0017] A nitrification reaction, an autotrophic denitrifica-
tion reaction, a heterotrophic denitrification reaction and a
COD removal reaction simultaneously and mixedly take
place in the reactor. The microorganisms suspended in the
liquid of the reactor contain nitrifying bacteria, autotrophic
denitrifying bacteria and heterotrophic denitrifying bacteria.
The nitrification reaction is caused by the nitrifying bacteria,
in which ammonium is oxidized into nitrite. The autotrophic
denitrification reaction is caused by the autotrophic denitri-
fying bacteria, in which ammonium used as electron donor
and nitrite used as electron acceptor are converted into nitro-
gen gas and nitrate. The heterotrophic denitrification reaction
is caused by the heterotrophic denitrifying bacteria, in which
nitrate and COD are consumed.

[0018] The dissolved oxygen concentration being lower
than 0.5 mg/lL seems to be insufficient for the nitrification
reaction. However, the high concentration ammonivm effec-
tively promotes the proceeding of the autotrophic denitrifica-
tion reaction, resulting in that nitrite is consumed immedi-
ately and maintained in a low concentration level. Due to the
shortage of nitrite, the nitrification reaction is still possible to
take place.

[0019] The microorganisms, including nitrifying bacteria
and autotrophic denitrifying bacteria and heterotrophic nitri-
fying bacteria, are suspended in the reactor which could be a
sequencing batch reactor (SBR) or a continuous stirred tank
reactor (CSTR).
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[0020] To illustrate the characters of the invention, three
cases are listed as below, but it doesn’t mean that the invention
limited as the illustration.

Example 1

[0021] As showed in FIG. 2, the reactor 10 provided for the
process of treating nitrogenous wastewater in accordance
with a preferred embodiment of the present invention is a
continuous stirred tank reactor (CSTR), which has a tank 12
with liquid, a variety of microorganisms, a plurality of aera-
tion plates 14, an air compressor 16 and a clarifier 18. The
microorganisms containing  nitrifying  bacteria and
autotrophic denitrifying bacteria and heterotrophic denitrify-
ing bacteria are mixedly suspended in the tank 12. The aera-
tion plates 14 are installed in the bottom of the tank 12. Air
compressor 16 is connected with the aeration plates 14 for
supplying air to increase the dissolved oxygen in the tank 12.
The air compressor and aeration plates provide enough oxy-
gen for nitrification and for mixing. The clarifier 18 is con-
nected with the tank 12.

[0022] The nitrogenous wastewater is introduced into the
tank 12 and then decanted to the clarifier 18 to settle down
suspended solid. The effluent from the clarifier 18 is dis-
charged to the outside environment, and a part of the bottom
sludge of the clarifier 18 returns to the tank 12 through a
recirculation pipe 20. The hydraulic retention time (HRT) and
sludge retention time (SRT) of the system are 1 day and 18
days, respectively. The concentration of dissolved oxygen is
0.2-0.3 mg/L in the reactor. The effluent characteristics and
removal efficiency are showed in FIG. 3 and FIG. 4. The
ammonium concentration of influent and effluent are between
900-1100 and 44-208 mg-N/L, respectively (FIG. 3). The
removal efficiency of COD is 46-63% (F1G. 4). The results
show this process is capable of removing ammonium and
COD at the same time.

Example 2

[0023] A continuous stirred tank reactor (CSTR) is also
used. The hydraulic retention time (HRT) and sludge reten-
tion time (SRT) of the CSTR are 1 day and 18 days, respec-
tively. The concentration of dissolved oxygen is 0.2-0.3 mg/LL
in the reactor. The influent and effluent characteristics are
showed as below:

Influent Efftuent
NH,* (mg-N/L) 850 293
NO,™ (mg-N/L) 0 75
NO;™ (mg-N/L) 3 66
COD (mg/L) 656 437
Total N (mg-N/L) 853 434

[0024] The total nitrogen removal by this process is 49.2%,
and the heterotrophic denitrification and the autotrophic deni-
trification contribute 5.0% and 44.2%, respectively. The total
COD removal by this process is 33.4%. The heterotrophic
denitrifying bacteria consume 30.0% of total influent COD,
and other heterotrophic denitrifying bacteria in the reactor
consume 3.4% of total influent COD. In the process for treat-
ing nitrogenous wastewater, autotrophic denitrifying bacteria
are responsible for removal of total nitrogen and reduction of
sludge production. Additionally, the process in accordance
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with the present invention consumes less carbon source than
traditional process, resulting in that extra carbon source is not
necessary to be added into the reactor.

Example 3

[0025] The hydraulic retention time (HRT) and sludge
retention time (SRT) of the CSTR are 1 day and 18 days,
respectively. The concentration of dissolved oxygen is 0.2-
0.3 mg/L in the reactor. The influent and effluent character-
istics are showed as below.

Influent Effluent
NH,* (mg-N/L) 600 168
NO,™ (mg-N/L) 0 21
NO;™ (mg-N/L) 3 47
COD (mg/L) 761 433
Total N (mg-N/L) 603 236

[0026] The total nitrogen (TN) removal of this process is
60.9% and the autotrophic denitrification contributes 54.7%
TN removal. The ratio of COD removal by heterotrophic
denitrifying bacteria and other heterotrophic bacteria are
19.7% and 23.2%, respectively.

[0027] The process for treating nitrogenous wastewater in
accordance with the present invention contains simultaneous
nitrification, autotrophic denitrification and heterotrophic
denitrification. Those reactions are able to simultaneously
and mixedly take place take place in the single reactor. Itis not
necessary to build two separate reactors for aerobic nitrifica-
tion and anaerobic denitrification, thereby effectively reduc-
ing the fabrication and operation cost.

[0028] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.
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What is claimed is:

1. A process for treating nitrogenous wastewater, compris-
ing the steps of:

providing a reactor with liquid for a variety of microorgan-

isms to mixedly grow therein; and

introducing said nitrogenous wastewater into the reactor

and discharging effluent from the reactor;

wherein a nitrification reaction, an autotrophic denitrifica-

tion reaction, a heterotrophic denitrification reaction and
a COD removal reaction simultaneously and mixedly
take place in the reactor;

wherein said microorganisms contain nitrifying bacteria,

autotrophic denitrifying bacteria and heterotrophic
denitrifying bacteria, the nitrification reaction caused by
the nitrifying bacteria in which ammonium is oxidized
into nitrite, the autotrophic denitrification reaction
caused by the autotrophic denitrifying bacteria in which
ammonium used as electron donor and nitrite used as
electron acceptor are converted into nitrogen gas and
nitrate, the heterotrophic denitrification reaction caused
by the heterotrophic denitrifying bacteria in which
nitrate and COD are consumed.

2. The process for treating nitrogenous wastewater as
claimed in claim 1, wherein the autotrophic denitrifying bac-
teria causing the autotrophic denitrification reaction is depos-
ited to the Korean Collection for Type Cultures under Deposit
No. KCTC 11551BP.

3. The process for treating nitrogenous wastewater as
claimed in claim 1, wherein the microorganisms are sus-
pended in the liquid of the reactor.

4. The process for treating nitrogenous wastewater as
claimed in claim 1, further comprising a step of introducing
oxygen to the liquid of the reactor for nitrification reaction.

5. The process for treating nitrogenous wastewater as
claimed in claim 1, wherein the dissolved oxygen concentra-
tion in the reactor is maintained between 0.1-0.5 mg/L.

6. The process for treating nitrogenous wastewater as
claimed in claim 1, wherein nitrifying bacteria, autotrophic
denitrifying bacteria and heterotrophic denitrifying bacteria
uniformly grow in the reactor.
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