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(57) ABSTRACT

A wastewater treatment method using annularly arranged
microorganism carriers in a reaction tank, which defines
therein an upper reaction area, a lower reaction area and a
passage area surrounded by the microorganism carriers and
kept in communication between the upper reaction area and
the lower reaction area. Microorganisms including nitrifying
bacteria and autotrophic denitrifying bacteria are attached to
the surface of each microorganisms carriers and suspending
in the water of the reaction tank for causing Anammox reac-
tion to convert NH,* and NO,~ in wastewater into nitrogen

gas, achieving removal of total nitrogen compounds from
water. The microorganism carriers are used to retain micro-
organisms in the reaction tank, enhancing the treatment effi-
ciency.
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WASTEWATER TREATMENT METHOD
USING ANNULARLY ARRANGED
MICROORGANISM CARRIERS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to wastewater treat-
ment technology and more particularly, to an Anammox
wastewater treatment method using microorganism carriers
for growing microorganisms for wastewater treatment.
[0003] 2. Description of the Related Art

[0004] Anammox (Anaerobic Ammonium Oxidation) is a
globally important microbial process of the nitrogen cycle for
wastewater treatment. US 2008/0245730 discloses a process
and apparatus for treating an aqueous nitrogeneous liquor by
performing ammonia oxidation and denitrification using a
biosludge comprising anammox bacteria and ammonia-oxi-
dizing bacteria. In the anammox process, NH,* works as
electron donor and NO,~ works as electron acceptor to gen-
erate nitrogen gas. The nitrogeneous components, in particu-
lar, ammonium nitrogen, are therefore removed. Further,
when NH,,* in water is excessively high and NO,™ is insuffi-
cient, a part of NH, " is oxidized into NO,™ in advance before
the reaction.

[0005] However, the growing speed of autotrophic denitri-
fying bacteria according to the aforesaid prior art design is
slow. Further, the autotrophic denitrifying bacteria may be
carried out of the reaction tank with the flowing water. Thus,
the population count of the autotrophic denitrifying bacteria
may be insufficient, resulting in low treatment efficiency.

SUMMARY OF THE INVENTION

[0006] The present invention has been accomplished under
the circumstances in view. It is the main object of the present
invention to provide a wastewater treatment method, which
uses microorganism carriers to retain microorganisms in a
reaction tank, enhancing performance of Anammox reaction.
[0007] To achieve this and other objects of the present
invention, a wastewater treatment equipment comprises a
reaction tank holding water therein, a plurality of microor-
ganism carriers annularly arranged in the reaction tank, and a
stirrer arranged in the bottom side inside the reaction tank.
The reaction tank defines therein an upper reaction area above
the microorganism carriers, a lower reaction area below the
microorganism carriers, and a passage area surrounded by the
microorganism carriers and kept in communication between
the upper reaction area and the lower reaction area. The
passage area has a width smaller than the width of the upper
reaction area and the width of the lower reaction area. Mul-
tiple microorganisms including nitrifying bacteria and
autotrophic denitrifying bacteria are attached to the surface of
each microorganism carrier and suspending in the water in the
reaction tank.

[0008] Further, the width of the passage area reduces
gradually in direction toward the upper reaction area. Further,
the stirrer is disposed in the lower reaction area of said reac-
tion tank. Further, the microorganism carriers are arranged
along the inside wall of the reaction tank. Further, each micro-
organism carrier comprises a plurality of grooves on the
periphery thereof. Further, disk aerators maybe arranged in
the bottom side inside the reaction tank.

[0009] To achieve this and other objects of the present
invention, a wastewater treatment method comprises the steps
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of: a) providing a reaction tank, a plurality of microorganism
carriers and a stirrer, which the reaction tank defining therein
an upper reaction area in a top side, a lower reaction areain a
bottom side and a passage area in communication between
the upper reaction area and the lower reaction area, the pas-
sage area having a width smaller than the width of the upper
reaction area and the width of the lower reaction area, the
microorganism carriers arranged in the reaction tank around
the passage area, the stirrer arranged in the reaction tank, the
passage area and the lower reaction area of the reaction tank
filled with water containing microorganisms including nitri-
fying bacteria and autotrophic denitrifying bacteria, the
microorganism carriers dipped in the water; b) guiding waste-
water into the reaction tank to have the upper reaction area be
filled up with the wastewater; ¢) operating the stirrer to stir up
the water in the reaction tank and to cause the water to circu-
late in the reaction tank; d) stopping the stirrer to let sus-
pended solids settle down in the water in the reaction tank;
and e) exhausting the water of the upper reaction area out of
the reaction tank.

[0010] Further, the width of the passage area reduces
gradually in direction toward the upper reaction area. Further,
oxygen may be guided into the water in the reaction tank
during step ¢).

[0011] Other advantages and features of the present inven-
tion will be fully understood by reference to the following
specification in conjunction with the accompanying draw-
ings, in which like reference signs denote like components of
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic sectional side view of waste-
water treatment equipment in accordance with a first embodi-
ment of the present invention (I).

[0013] FIG.2isafront elevation of a microorganism carrier
used in the wastewater treatment equipment in accordance
with the first embodiment of the present invention.

[0014] FIG. 3 is another schematic sectional side view of
the wastewater treatment equipment in accordance with the
first embodiment of the present invention (II).

[0015] FIG. 4 is still another schematic sectional side view
ofthe wastewater treatment equipment in accordance with the
first embodiment of the present invention (III).

[0016] FIG. 5 is a removal efficiency diagram, illustrating
the performance of the wastewater treatment equipment in
accordance with the first embodiment of the present inven-
tion.

[0017] FIG. 6 is a schematic sectional side view of a waste-
water treatment equipment in accordance with a second
embodiment of the present invention

DETAILED DESCRIPTION OF THE INVENTION

[0018] Referring to FIG. 1, a wastewater treatment equip-
ment 10 in accordance with a first embodiment of the present
invention is a sequencing batch reactor (SBR), comprising a
reaction tark 20, a plurality of microorganism carriers 30, a
stirrer 40 and a plurality of disk aerators 50.

[0019] The reaction tank 20 is filled up with water. The
microorganism carriers 30 are spherical members having
multiple grooves 32 on the periphery (see FIG. 2). These
microorganism carriers 30 are annularly arranged in the water
inside the reaction tank 20 along the inside wall of the reac-
tion tank 20. The stirrer 40 is arranged near the bottom side
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inside the reaction tank 20. The disk aerators 50 are arranged
in the bottom side inside the reaction tank 20 and connected to
an air supply pipeline 52 for guiding oxygen or air into the
water in the reaction tank 20. The reaction tank 20 defines
therein an upper reaction area 22, a passage area 24 and a
lower reaction area 26. The upper reaction area 22 is disposed
above the microorganism carriers 30. The lower reaction area
26 is disposed below the microorganism carriers 30. The
passage area 24 is surrounded by the microorganism carriers
30 and kept in communication between the upper reaction
area 22 and the lower reaction area 26. The passage area 24
has a width W1 gradually reducing in direction toward the
upper reaction area 22. The width W1 of the passage area 24
is smaller than the width W2 of the upper reaction area 22 and
the width W3 of the lower reaction area 26. The stirrer 40 is
disposed in the lower reaction area 26.

[0020] Further, the reaction tank 20 contains therein envi-
ronmental microorganisms for treating wastewater contain-
ing nitrogen compounds. These environmental microorgan-
isms are attached to the surfaces of the microorganism
carriers 30 and suspending in the water in the reaction tank 20.
These environmental microorganisms include at least nitrify-
ing bacteria and autotrophic denitrifying bacteria.

[0021] During installation, the microorganism carriers 30
can be connected in series with iron wires or wrapped with a
net-like wrapping material, holding the microorganism car-
riers 30 in place.

[0022] A wastewater treatment method in accordance with
the present invention comprises the steps of:

[0023] a) providing multiple microorganism carriers 30, a
stirrer 40 and a reaction tank 20 which defines therein an
upper reaction area 22 that is disposed in a top side inside the
reaction tank 20, a lower reaction area 26 that is disposed in a
bottom side inside the reaction tank 20 and a passage area 24
thatis disposed in communication between the upper reaction
area 22 and the lower reaction area 26 and has a width W1
smaller than the width W2 of the upper reaction area 22 and
the width W3 of the lower reaction area 26 and reducing
gradually in direction toward the upper reaction area 22, the
multiple microorganism carriers 30 arranged in the reaction
tank 20 around the passage area 24 and along the inside wall
of the reaction tank 20, the stirrer 40 arranged in the reaction
tank 20, the passage area 24 and the lower reaction area 26 of
the reaction tank 20 filled with water containing microorgan-
isms including nitrifying bacteria and autotrophic denitrify-
ing bacteria, the microorganism carriers 30 dipped in the
water, as shown in FIG. 3;

[0024] b) guiding nitrogen-containing wastewater into the
reaction tank 20 to have the upper reaction area 22 be filled up
with the nitrogen-containing wastewater that contains NH,*,
NO,~, NO,™ and organic substances, as shown in FIG. 1;
[0025] c¢)as shown in FIG. 4, operating the stirrer 40 to stir
up the water in the reaction tank 20 and to cause the water to
circulate repeatedly in proper order through the lower reac-
tion area 26, gaps in between the microorganism cartiers 30,
the upper reaction area 22 and the passage area 24 so that
microorganisms and pollutants in the water can be well
mixed, and simultaneously using multiple disk aerators 50 to
guide oxygen or air into the water in the reaction tank 20 for
enabling NH,* to be oxidized inte NO,™ by means of a
nitration reaction under the effect of nitrifying bacteria so that
NH,* that works as electron donor and NO,™ that works as
electron acceptor can perform Anammox reaction in the
upper reaction area 22, the passage area 24, the lower reaction
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area 26 and the surface of each of the microorganism carriers
30 under the effect of autotrophic denitrifying bacteria, caus-
ing the nitrogenous substances in the water in the reaction
tank 20 to be converted into nitrogen gas;

[0026] d) stopping the stirrer 40 to let suspended solids
settle down and the water in the reaction tank 20 gradually
become clear;

[0027] e)exhausting the water of the upper reaction area 22
out of the reaction tank 20 (see FIG. 3); and

[0028] f) repeating steps b), ¢), d) and e).

[0029] After exhaust of the water of the upper reaction area
22 of the reaction tank 20, microorganisms are still attached to
the surface of the microorganism carriers 20 and suspending
in the residual water in the reaction tank 20.

[0030] Afterstep e), stepsb),¢),d) and e) arerepeated again
to purify the wastewater that contains nitrogen compounds. In
one operation example of this wastewater treatment method,
one complete cycle of steps b) through e) takes one day, step
b) and step ¢) takes about 23 hours and more, and step d) takes
about 20 minutes. FIG. 5 is a removal efficiency diagram,
illustrating the performance of the wastewater treatment
equipment in accordance with the present invention. In this
example, the hydraulic retention time was 6 days, and the
concentration of ammonia nitrogen in the intake flow of
wastewater was adjusted from 180 to 800 mg-N/L. Under
these conditions, the method are capable of approximately up
to 80% total nitrogen removal.

[0031] Further, when microorganisms in the reaction tank
20 are well domesticated or the concentration of pollutants in
the wastewater is low, the operator can lower the hydraulic
retention time in the wastewater treatment equipment 10, for
example, performing one complete cycle in 6 hours, i.e. four
times per day, to increase the treatment capacity of the waste-
water treatment equipment 10. In this case, steps b) and c)
take about 5.5 hours and step d) takes about 20 minutes.

[0032] Thewidth W1 of the passage area 24 reduces gradu-
ally in direction toward the upper reaction area 22, i.e., the
equipment has a relatively greater number of microorganism
carriers 30 arranged adjacent to the upper reaction area 22 and
a relatively smaller number of microorganism carriers 30
arranged adjacent to the lower reaction area 26. This design
enables more microorganism carriers 30 to be arranged in the
reaction tank 20 and kept in fully contact with the flowing
water, enhancing ammonia nitrogen removal efficiency.

[0033] Inthis embodiment, the microorganisms in the reac-
tion tank 20 are mainly nitrifying bacteria and autotrophic
denitrifying bacteria. In case the water in the reaction tank
contains sufficient NO,~ and organic carbon sources, het-
erotrophic denitrifying bacteria will spontaneously grow
under this environment, and will be attached with the afore-
said nitrifying bacteria and autotrophic denitrifying bacteria
to the microorganism carriers 30 or suspending in the water in
the reaction tank 20. Under the effect of these heterotrophic
denitrifying bacteria, NO;™ can be also converted into nitro-
gen gas by a heterotrophic denitrification process which con-
sumes organic substances. In addition to natural propagation,
the user can also manually add heterotrophic denitrifying
bacteria into the water in the reaction tank 20.

[0034] FIG. 6 illustrates a wastewater treatment equipment
70 in accordance with a second embodiment of the present
invention. This second embodiment is substantially similar to
the aforesaid first embodiment with the exception that the
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passage area 74 of the reaction tank 72 has a constant width.
This second embodiment achieves the same effects as the
aforesaid first embodiment.

[0035]  Although particular embodiments of the invention
have been described in detail for purposes of illustration,
various modifications and enhancements may be made with-
out departing from the spirit and scope of the invention.
Accordingly, the invention is notto be limited except as by the
appended claims.

What is claimed is:
1. A wastewater treatment method, comprising the steps of’

a) providing a reaction tank, a plurality of microorganism
carriers and a stirrer, said reaction tank defining therein
an upper reaction area in a top side, a lower reaction area
in a bottom side and a passage area in communication
between said upper reaction area and said lower reaction
area, said passage area having a width smaller than the
width of said upper reaction area and the width of said
lower reaction area, said microorganism carriers
arranged in said reaction tank around said passage area,
said stirrer arranged in said reaction tank, said passage
area and said lower reaction area of said reaction tank
filled with water containing microorganisms including
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nitrifying bacteria and autotrophic denitrifying bacteria,
said microorganism carriers dipped in the water;

b) guiding wastewater into said reaction tank to have said

upper reaction area be filled up with the wastewater;

¢) operating said stirrer to stir up the water in said reaction

tank and to cause the water to circulate in said reaction
tank;

d) stopping said stirrer to let suspended solids settle down

in the water in said reaction tank; and

e) exhausting the water of the upper reaction area out of

said reaction tank.

2. The wastewater treatment method as claimed in claim 1,
wherein the width of said passage area reduces gradually in
direction toward said upper reaction area.

3. The wastewater treatment method as claimed in claim 1,
further comprising a sub-step of guiding oxygen into the
water in said reaction tank during performance of step c).

4. The wastewater treatment equipment as claimed in claim
1, wherein said microorganism carriers are arranged along an
inside wall of said reaction tank.

5. The wastewater treatment equipment as claimed in claim
1, wherein each said microorganism carrier comprises a plu-
rality of grooves on the periphery thereof.
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