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(57) ABSTRACT

A method for treating wastewater containing TMAH and
ammonium nitrogen includes the steps of (a) introducing a
first solution which contains ammonium nitrogen but no
TMAH into a single reactor with microorganisms comprising
nitrifying bacteria and anammox bacteria, and denitrifying
the first solution by the microorganisms under a dissolved
oxygen concentration ranging from 0.1-0.5 mg/IL and a pH
value of 7-8; (b) when the denitrification efficiency reaches a
steady state, introducing a second solution which contains
ammonium nitrogen and TMAH and has a concentration of
TMAH lower than 60 mg/L into the reactor; and (c) gradually
increasing the concentration of TMAH in the solution to be
added into the reactor for several times whenever the denitri-
fication efficiency reaches a steady state. Accordingly, the
inhibition of TMAH to the anammox bacteria can be signifi-
cantly decreased, and both TMAH and the ammonium nitro-
gen can be treated simultaneously.
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METHOD AND DEVICE FOR TREATING
WASTEWATER CONTAINING
TETRAMETHYLAMMONIUM HYDROXIDE
AND AMMONIUM NITROGEN

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a method
and a device for treating a wastewater containing nitrogenous
compound and more particularly, to a method and a device for
treating a wastewater containing both tetramethylammonium
hydroxide (TMAH) and ammonium nitrogen by biological
treatment.

[0003] 2. Description of the Related Art

[0004] Semiconductor or electro-optical industry usually
produces a lot of industrial wastewater containing high con-
centration ammonium nitrogen and organic nitrogen, such as
a strong alkaline TMAH which is often used as a developer
liquid. Thus, there is a need to provide a method that can
effectively remove the nitrogenous compound contained in
the wastewater.

[0005] In conventional activated sludge process, a higher
hydraulic retention time (HRT) and a higher dissolved oxy-
gen (DO) content are required for degradation of TMAH.
Therefore, the treating efficiency is low and the energy con-
sumption is high.

[0006] When the nitration-denitration reaction is further
proceeded in the activated sludge tank, the ammonium nitro-
gen and non-degraded TMAH may exist simultaneously in
the reaction system. Under such circumstances, the activity of
the anammox bacteria can be greatly inhibited by TMAH,
resulting in the decrease of the denitration (denitrification)
efficiency of the anammox bacteria.

[0007] In light of the above, the conventional biological
method for treating the wastewater containing both TMAH
and ammonium nitrogen has to be divided into at least two
individual steps. TMAH degradation is the first step to
degrade TMAH into ammonium nitrogen, and denitrification
is the second step to degrade the ammonium nitrogen into
nitrogen gas. Therefore, more than two reactors are required
to proceed with the above-mentioned steps respectively,
undesirably increasing the system fabrication cost and
enhancing the complexity of operation and maintenance.

SUMMARY OF THE INVENTION

[0008] Itis therefore one objective of the present invention
to provide a method and a device for treating a wastewater
containing tetramethylammonium hydroxide (TMAH) and
ammonium nitrogen in a single reactor.

[0009] In order to achieve the above-mentioned and other
objectives, a method for treating a wastewater containing
TMAH and ammonium nitrogen provided by the present
invention includes the steps of: (a) introducing a first solution,
which contains ammonium nitrogen but does not contain
TMAH, into a single reactor with microorganisms including
nitrifying bacteria and anammox bacteria, and denitrifying
the first solution by the microorganisms under a dissolved
oxygen concentration ranging from 0.1 to 0.5 mg/LL and a pH
value ranging between 7 and 8; (b) when a denitrification
efficiency of the reactor reaches a steady state, introducing a
second solution, which contains the ammonium nitrogen and
TMAH and has a concentration of TMAH lower than 60
mg/L, into the reactor, (c) when the denitrification efficiency
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reaches a steady state again, introducing a third solution,
which contains the ammonium nitrogen and TMAH and has
a concentration of TMAH higher than that of the solution
previously introduced, into the reactor; repeating this step for
several times.

[0010] In order to achieve the above-mentioned and other
objectives, a device for treating a wastewater containing
TMAH and ammonium nitrogen provided by the present
invention includes a reactor. In the reactor, the dissolved
oxygen concentration ranges from 0.1 to 0.5 mg/L and the pH
value ranges between 7 to 8, and TMAH and the ammonium
nitrogen are removed simultaneously by nitrifying bacteria,
anammox bacteria, and heterotrophic denitrifying bacteria.
The ammonium nitrogen is oxidized into nitrite nitrogen by
the nitrifying bacteria, the ammonium nitrogen and the nitrite
nitrogen are converted into nitrogen gas and nitrate nitrogen
by the anammox bacteria, and the nitrate nitrogen and TMAH
or the carbon-containing degradation products of TMAH are
converted into nitrogen gas by the heterotrophic denitrifying
bacteria.

[0011] In the prior research, it was found that TMAH can
significantly inhibit the denitrification of the anammox bac-
teria; however, the inventor of the present invention surpris-
ingly find that the aforesaid inhibition can be mitigated sig-
nificantly through the method provided by the present
invention by means of adding TMAH with lower concentra-
tion in the early stage and then gradually increasing the con-
centration of TMAH in the solution to be introduced in the
reactor later on, in such a way an unexpected effect that
TMAH and the ammonium nitrogen can be effectively treated
simultaneously in the single reactor is achieved.

[0012] 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

[0013] 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:

[0014] FIG.11isa schematic diagram ofa device for treating
awastewater containing TMAH and ammonium nitrogen ofa
preferred embodiment of the present invention;

[0015] FIG. 2 is a plot showing the relationship of relative
activity of the specific anammox activity versus concentra-
tion of TMAH;

[0016] FIG. 3 is a plot showing the removal rate of ammo-
nium nitrogen and the removal rate of total nitrogen from
stage 1 to stage 8 of the preferred embodiment of the present
invention; and

[0017] FIG. 4isaplot showing the concentration of TMAH
of the outflow and the removal rate of TMAH from stage 3 to
stage 8 of the preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention relates to a method for treat-
ing a wastewater containing tetramethylammonium hydrox-
ide (TMAH) and ammonium nitrogen. The method includes
the steps of introducing a first solution, which contains
ammonium nitrogen but does not contain TMAH, into a
single reactor with microorganisms including nitrifying bac-
teria and anammox bacteria, and denitrifying the first solution
by the microorganisms under a dissolved oxygen concentra-
tion ranging from 0.1 to 0.5 mg/L and a pH value ranging
between 7 and 8. Under the condition of low dissolved oxy-
gen concentration, a part of the ammonium nitrogen of the
first solution is oxidized into nitrite nitrogen by the nitrifying
bacteria through partial nitrification of the ammonium nitro-
gen. The resulting nitrite nitrogen and the residual ammo-
nium nitrogen are converted into nitrogen gas by the anam-
mox bacteria. Such a process is called as a denitrification
reaction in the present invention.

[0019] When the denitrification efficiency of the reactor
reaches a steady state, a second solution, which contains
TMAH and the ammonium nitrogen, is added into the reactor.
The initial concentration of TMAH to be added into the
reactor should be less than 60 mg/L since the denitrification
reaction is significantly inhibited by a high concentration of
TMAH.

[0020] When the denitrification efficiency reaches a steady
state again, a third solution, which contains TMAH and the
ammonium nitrogen and has a concentration of TMAH
higher than that of the solution previously introduced, is
introduced into the reactor. Such step is repeated for several
times, that is, the concentration of TMAH in the third solution
to be introduced is gradually increased until it is higher than
a predetermined value. Specifically, for the adjustment of the
concentration of TMAH in the third solution, if the concen-
tration of TMAH in the solution previously added to the
reactor is less than 300 mg/L, the concentration of TMAH in
the third solution subsequent added to the reactor should be
increased without exceeding three times the concentration of
TMAH in the solution previously added to the reactor. More
preferably, the concentration of TMAH in the third solution
subsequent added to the reactor is two to three times the
concentration of TMAH in the previously-introduced solu-
tion in order to reduce the number of repetition of TMAH
concentration adjustment process. On the other hand, if the
concentration of TMAH in the solution previously added is
already higher than 300 mg/L, the concentration of TMAH in
the solution subsequent added to the reactor should be
increased without exceeding two times the concentration of
TMAH in the solution previously added. It is noted that an
excessive increasing rate of the concentration of TMAH may
impose burden on the microorganisms and cause significant
inhibition of TMAH to the anammox bacteria, such that the
adjustment of the concentration of TMAH in the third solu-
tion is preferred in accordance with the above-mentioned
manner.

[0021] The present invention also provides a device for
treating a wastewater containing tetramethylammonium
hydroxide (TMAH) and ammonium nitrogen, which can be
applied to the method of the present invention. As shown in
FIG. 1, the device includes a reactor 10 filled with activated
sludge containing the above-mentioned microorganisms. A
plurality of carriers 20 for the attachment and growth of the
microorganisms are further disposed in the reactor 10, and
preferably are arranged in annular form. A stirring member 30
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may further disposed in the bottom of the reactor 10 so as to
promote the circular flow of the wastewater in the reactor 10
and to agitate the activated sludge in the bottom of the reactor
10, thereby accelerating the proceeding of the reaction.
[0022] In the present invention, the reactor 10 may be
designed to be a sequencing-batch reactor for conducting a
cyclic process which includes a feeding step, a reaction step,
a settling step and a decanting step. In the feeding step, the
first solution, the second solution or the third solution, subject
to the steps of the previous method of the present invention, is
introduced in the reactor 10. In the reaction step, the intro-
duction of the solution in the reactor 10 is stopped. In the
settling step, the stirring member 30 is stopped such that the
activated sludge containing the microorganisms starts to
settle and a clear supernatant is then obtained. In the decant-
ing step, at least a part of the supernatant is discharged from
the reactor 10.

[0023] The time for performing the aforesaid processes can
be adjusted according to the actual need. For example, the
time for the feeding step can be increased to mitigate the load
shock to the microorganisms caused by supplying a high-
concentration wastewater within a short time. It is also pos-
sible that, when the concentration of the nitrogenous com-
pounds contained in the wastewater to be supplied is similar
to that in the residual solution of the reactor 10, or when only
a little amount of the wastewater is supplied to the reactor 10,
the time for the feeding step can be reduced. In addition, the
time for the reaction step is subject to the required time that
the nitrogen substance contained in the wastewater can be
adequately digested by the microorganisms. However,
because the digestion of the microorganisms is continuously
proceeded in the other processes (although the reaction rate
may be different), the time for the reaction process can be
adjusted subject to the time for the other processes. For
instance, if the predetermined time for the feeding step is
long, the time for the reaction step can be shortened to reduce
the hydraulic retention time (HRT).

[0024] The “denitrification efficiency” as mentioned in the
present invention indicates the efficiency for removing total
nitrogen contained in the solution or wastewater. The afore-
said total nitrogen includes ammonium nitrogen, nitrite nitro-
gen and nitrate nitrogen. The denitrification efficiency
“reaches a steady state” as mentioned in the present invention
indicates that the change of the denitrification efficiency dur-
ing a period of time is lower than a deviation rate. The period
of time and the deviation rate are set in accordance with the
actual need, and generally the period of time is between 2 to
10 days, and the deviation rate is between £1% to £10%. In
one embodiment of the present invention, the steady state is
defined as a state in which the difference of the denitrification
efficiency is in a range of -5% to 5% within 7 days.

[0025] When the concentration of TMAH in the third solu-
tion is higher than a predetermined value, which can be
adjusted subject to actual needs, a real wastewater containing
both TMAH and the ammonium nitrogen can be introduced
into the reactor 10. For an example of the predetermined
value, the amount of TMAH contained in the real wastewater
can be used as a reference value. Because the amount of
TMAH contained in the real wastewater is usually not a
constant value but varies within a range, the predetermined
value s preferably equal to the lower limit value of TMAH
contained in the real wastewater, more preferably equal to the
average value of TMAH contained in the real wastewater, and
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most preferably equal to the upper limit value of TMAH
contained in the real wastewater. Subject to actual needs, the
predetermined value can also be higher than the upper limit
value of TMAH contained in the real wastewater. Further-
more, in order to reduce the time for cultivating the microor-
ganisms, the predetermined value also can be slightly lower
than the lower limit value of TMAH contained in the real
wastewater if appropriate.

[0026] The prior research has indicated that the introduc-
tion of TMAH may inhibit the denitrification reaction of
anammox bacteria, and the higher the concentration of
TMAH, the greater the inhibition of the denitrification reac-
tion. Nevertheless, the aforesaid inhibition can be signifi-
cantly mitigated through the method provided by the present
invention. Specifically, the initial concentration of TMAH of
the second solution is controlled to be no more than 60 mg/L,
and the concentration of TMAH of the solution subsequently
introduced is gradually increased whenever the denitrifica-
tion efficiency reaches a steady state. In this way, compared to
the condition that TMAH is introduced in a high concentra-
tion in a single step, the inhibition of the denitrification effi-
ciency caused by TMAH in the present invention is signifi-
cantly controlled and TMAH can be gradually degraded, such
that both TMAH and the ammonium nitrogen contained in the
wastewater can be effectively removed in the single reactor
eventually, thereby avoiding the use of two separate reactors
for the treatment of TMAH and the ammonium nitrogen
respectively.

[0027] Inorderto verify the inhibition of the denitrification
efficiency caused by TMAH, the following experiment is
performed.

[0028] For the chemicals used in the present experiment, it
includes ammonium chloride solution (NH,CI, 2300 mg-N/
L), sodium nitrite solution (NaNO,, 2300 mg-N/L), and phos-
phate buffer solution comprising 0.14 /L, of potassium phos-
phate monobasic (KH,PO,), 0.75 g/ of potassium
phosphate dibasic (K,HPO,), and 0.5 g/L. of potassium bicar-
bonate (KHCO,). The aforesaid chemicals were purged with
argon gas for 10 minutes to remove oxygen. Stock solutions
of TMAH (2500 mg/L) was also prepared. The activated
sludge containing nitrifying bacteria and anammox bacteria
was used in the present experiment, and was rinsed twice with
the phosphate buffer solution to eliminate the organic and
nitrogenenous compound. A plurality of serum vials with
total volume of 67 mL were provided, and each vial was filled
with NH,Cl solution of 1.7 ml, NaNO, solution of 1.7 ml and
the 53.6 ml of prepared sludge for blank. In this way, both the
concentration of ammonium chloride and sodium nitrite in
each vial were 70 mg-N/L. In order to test the inhibition of
denitrification efficiency caused by TMAH, TMAH solutions
with different concentrations as showed in Table 1 were
added to the vials respectively. In this way, the liquid volume
was 57 mL and the vapor volume was 10 mL in each vial.
Subsequently, argon gas was purged into the headspace of the
vials to expel oxygen and ensure the initial pressure inside the
vials was maintained at atmospheric pressure. The vials were
then sealed and shaked at 125 rpm and 25° C., and the pres-
sure in the headspace of the vials was measured by a pressure
gauge for 2 to 4 hours. The pressure was recorded every hour
and the test was conducted in duplicate.
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TABLE 1

Concentration of ~ Concentration of
ammonium nitrite

nitrogen (mg/L) nitrogen (mg/L)  Concentration of TMAH (mg/L)

70 70 0, 193, 325, 455, 520, 650, 780

[0029] Because nitrogen gas is generated during the
anaerobic ammonium oxidation (anammox) reaction by the
anammox bacteria, the denitrification efficiency can be deter-
mined by the generation rate of the nitrogen gas which is
obtained through the following equation (1):

GZNZ _ axVg
dr ~ RXT

1
(mol Nohr 1) @

[0030] In the equation (1), c is the slope of the pressure
increase in the vial along the time (atm), V ; is the volume of
gas phase (0.01 L), R is the ideal gas constant 0.0820575 (atm
1 mol™ K~ and T is the temperature (K).

[0031] The specific anammox activity (SAA), which rep-
resents the activity of the anammox reaction caused by anam-
mox bacteria, can be calculated through the following equa-
tion (2):

dN, @
28
dit *

XxVp

SAA = %24 (g N, =N (g V85 'd™H)

[0032] In the equation (2), the number 28 represents the
molecular weight of nitrogen gas and the unit of which is g
N/mol; the number 24 represents 24 hours a day; X represents
the biomass concentration in the vial and the unit of which is
g VSS/L; and V, represents the liquid volume in the vial and
the value of which is 0.057 L.

[0033] The sample with no TMAH containing is used as a
comparison basis (100%) in the present test. The ratio of the
SSA of the sample with TMAH to the SSA of the sample
without TMAH represents the relative activity. Referring to
FIG. 2 for the relationship of the relative activity of the SSA
versus the concentration of TMAH, it is found that the higher
the concentration of TMAH, the lower the relative activity of
the SSA. When the concentration of TMAH reaches 780
mg/L, the relative activity of the SSA is lower than 10%. This
result indicates that the introduction of high concentration
TMAH into a system for treating ammonium nitrogen with
anammox bacteria leads to significant decrease of the activity
of anammox bacteria.

[0034] However, the inhibition to the anammox bacteria by
the high concentration of TMAH can be greatly mitigated in
the present invention.

[0035] Ina preferred embodiment of the present invention,
the ammonium nitrogen solution containing TMAH was
treated by partial nitrification reaction, anammox reaction
and denitrification reaction simultaneously. In the system of
the present invention, a part of ammonium nitrogen was par-
tially nitrified to nitrite nitrogen by nitrifying bacteria under
low dissolved oxygen (DO) condition, and the residual
ammonium nitrogen and the obtained nitrite nitrogen were
converted into nitrogen gas and nitrate nitrogen respectively
by anammox bacteria through anammox reaction. The nitri-
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fication reaction and the anammox reaction were performed
simultaneously in the reactor. The added TMAH and the
nitrate nitrogen were converted into nitrogen gas by het-
erotrophic denitrifying bacteria through denitrification reac-
tion.

[0036] In the initial establishment of the present system, a
synthetic wastewater containing ammonium nitrogen but no
TMAH was introduced into the reactor. The composition of
the synthetic wastewater was shown in the following Table 2.

TABLE 2
Composition of
synthetic wastewater mg/L.  Composition of trace elements  mg/L
NH,*—N 400-600 EDTA 1500
KH,PO, 25 CoCl,*6H,0 240
CaCl,*2H,0 300 MnCl, *4H,0 990
MgSO,*7H,0 200 CuSO,*5H,0 250
FeSO, 6.25 NaMoO,*2H,0 220
trace elements 1 (mL/L) ZnSO,*7H,0 430
NaSeQ,*7H,0 210
H;BO,*7H,0 14
NiCl,*2H,0 190

[0037] In the present embodiment, a sequencing-batch
reactor with a working volume of 18 L. was used to carry out
the cyclic process including a feeding step for 12 hours, a
reaction step for 11 hours, a settling step for half hour, and a
decanting step for halfhour. That is to say, a cycle requires 24
hours. In addition, a plurality of spherical carriers were
arranged annularly in the reactor. For the reactor, the tempera-
ture was maintained at 25° C., the pH value was controlled in
arange of 7to 8, and the dissolved oxygen concentration was
controlled in a range of 0.1 to 0.5 mg/L.

[0038] The treatment of the present embodiment was oper-
ated for 392 days and can be divided into eight stages as
shown in the following table 3.

TABLE 3
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[0041] FIG. 3 shows the removal rate of ammonium nitro-
gen and the removal rate of total nitrogen from stage 1to stage
8 of the present embodiment of the present invention. When
TMAH is added into the reactor, i.e. from day 247 (stage 3),
it is observed that both the removal rate of ammonium nitro-
gen and the removal rate of total nitrogen were decreased.
However, because the initial concentration of TMAH con-
tained in the inflow is relative low, the slight inhibition of
anammox reaction can be tolerated. From day 330, it is
observed that the removal rate of ammonium nitrogen returns
to nearly 100%. From day 350 to day 392, although the
concentration of TMAH contained in the inflow is between
400 to 1000 mg/L, the removal rate of total nitrogen can be
maintained at a rate above 97%; therefore, it is shown that the
anammox reaction is no longer inhibited by high concentra-
tion of TMAH at this time.

[0042] In addition, FIG. 4 shows TMAH concentration of
the outflow and the removal rate of TMAH from stage 3 to
stage 8 of the present embodiment of the present invention.
When TMAH is added into the reactor in the early stages, itis
observed that TMAH remains at a low concentration in the
outflow; however, from day 292, the removal rate of TMAH
has reached nearly 100%. It is found by the inventor that this
is because the heterotrophic denitrifying bacteria has natu-
rally existed in the activated sludge in the reactor and TMAH
contained in the inflows introduced during stage 3 to stage 8
may be used as carbon source by the heterotrophic denitrify-
ing bacteria to conduct denitrification reaction, and thus the
heterotrophic denitrifying bacteria can be gradually prolifer-
ated in the reactor.

[0043] Further, it is also found by the inventor that because
TMAH is contained in the reactor during stage 3 to stage 8,
aerobic degradation bacteria of TMAH such as Paracoccus
kocurii can also be found in the reactor, such that TMAH is
degraded by the aerobic degradation bacteria of TMAH into

Stage

1 2 3 4 5

6 7 8

Period (day) 1-161
(161) (85) (14) (56) (25)
Ammonium nitrogen 400-600 660-850 900 900 900

concentration of inflow (mg/L)

Hydraulic retention time (day) 4 3 3 3 3
Nitrogen loading rate (g/m? - d) 100-150 220-283 300 300 300
TMAH concentration of inflow 33 100 200
(mg/L)

TMAH concentration of inflow 5 13 31
(mg-N/L)

162-246 247-260 261-316 317-341

342-358 359-372 373-392
an a4 Qo)
900 900 900

3 3 3
300 300 300
400 700 1000

62 108 154

[0039] For stages 1 and 2, the inflow contains ammonium
nitrogen but no TMAH, in which the inflow of stage 1 is the
synthetic wastewater shown in table 2, and was introduced
into the reactor. In stage 2, the inflow with higher concentra-
tion of ammonium nitrogen was introduced into the reactor
and the hydraulic retention time was reduced so as to enhance
the activity of the anammox bacteria.

[0040] For stage 3 to stage 8, TMAH was added into the
inflow. The concentration of TMAH contained in the inflow
of stage 3 was 33 mg/L, and the concentrations of TMAH
contained in the inflows of stages 4 to 8 are gradually
increased.

formaldehyde and ammonium nitrogen. In this way, not only
TMAH but also the carbon-containing degradation product of
TMAH, which includes formaldehyde and other carbon-con-
taining intermediates, can be used as the carbon source for the
denitrification reaction, resulting in that the nitrate nitrogen
can be converted into nitrogen gas. In addition to Paracoccus
kocurii, the aerobic degradation bacteria of TMAH such as
Nocardia sp., Mycobacterium sp., Pseudomonas amino-
vorans, and Methylobacterium strains may also be existed in
the reactor.

[0044] Inconclusion, inthe system of the present invention,
ammonium nitrogen is nitrified to nitrite nitrogen by nitrify-
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ing bacteria, ammonium nitrogen and nitrite nitrogen are
converted into nitrogen gas and nitrate nitrogen by anammox
bacteria, TMAH is degraded into ammonium nitrogen and
formaldehyde by aerobic degradation bacteria of TMAH, and
nitrate nitrogen and TMAH (or the carbon-containing degra-
dation product of TMAH) are converted into nitrogen gas and
other inorganic carbon compound by heterotrophic denitrify-
ing bacteria, such that the removal rate of TMAH and the
removal rate of total nitrogen can be significantly increased.
[0045] 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.

What is claimed is:

1. A method for treating a wastewater containing tetram-
ethylammonium hydroxide (TMAH) and ammonium nitro-
gen, the method comprising the steps of:

(a) introducing a first solution, which contains ammonium
nitrogen but does not contain TMAH, into a single reac-
tor with microorganisms comprising nitrifying bacteria
and anammox bacteria, and denitrifying the first solu-
tion by the microorganisms under a dissolved oxygen
concentration ranging from 0.1 to 0.5 mg/L and a pH
value ranging between 7 and 8;

(b) when a denitrification efficiency of the reactor reaches
asteady state, introducing a second solution, which con-
tains ammonium nitrogen and TMAH and has a concen-
tration of TMAH lower than 60 mg/L, into the reactor;
and

(c) when the denitrification efficiency reaches a steady
state again, introducing a third solution, which contains
the ammonium nitrogen and TMAH and has a concen-
tration of TMAH higher than that of the solution previ-
ously introduced, into the reactor; repeating this step for
several times.

2. The method of claim 1, wherein in the step (c), if the
concentration of TMAH in the solution previously introduced
into the reactor is less than 300 mg/L, the concentration of
TMAH in the solution subsequent introduced into the reactor
is increased without exceeding three times the concentration
of TMAH inthe solution previously introduced to the reactor;
and 1f the concentration of TMAH in the solution previously
introduced into the reactor is higher than 300 mg/L. the con-
centration of TMAH in the solution subsequent introduced
into the reactor is increased without exceeding two times the
concentration of TMAH in the solution previously introduced
into the reactor.

3. The method of claim 2, wherein in the step (c), if the
concentration of TMAH in the solution previously introduced
into the reactor is less than 300 mg/L, the concentration of
TMAH in the solution subsequent introduced into the reactor
is two to three times the concentration of TMAH in the
solution previously introduced into the reactor.
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4. The method of claim 1, wherein a plurality of carriers for
the attachment of the microorganisms are disposed in the
reactor.

5. The method of claim 1, wherein after the step (c). the
microorganisms in the reactor further comprises het-
erotrophic denitrifying bacteria and aerobic degradation bac-
teria of TMAH.

6. The method of claim 1, wherein the reactor is a sequenc-
ing-batch reactor containing an activated sludge for conduct-
ing a cyclic process which includes:

a feeding step in which one of the solution is introduced in

the reactor;

a reaction step in which the solution is stopped from enter-
ing the reactor;

a settling step in which the activated sludge containing the
microorganisms starts to settle and a clear supernatant is
then obtained; and

a decanting step in which at least a part of the supernatant
is discharged from the reactor.

7. A device for treating a wastewater containing tetram-
ethylammonium hydroxide (TMAH) and ammonium nitro-
gen, comprising:

a reactor with microorganisms including nitrifying bacte-
ria, anammox bacteria, and heterotrophic denitrifying
bacteria, in which TMAH and the ammonium nitrogen
are removed simultaneously by the nitrifying bacteria,
the anammox bacteria, and the heterotrophic denitrify-
ing bacteria under a dissolved oxygen concentration
ranging from 0.1 to 0.5 mg/L and the pH value ranging
between 7 to 8; wherein

the ammonium nitrogen is oxidized into nitrite nitrogen by
the nitrifying bacteria, the ammonium nitrogen and the
nitrite nitrogen are converted into nitrogen gas and
nitrate nitrogen by the anammox bacteria, and the nitrate
nitrogen and TMAH or carbon-containing degradation
products of TMAH are converted into nitrogen gas by
the heterotrophic denitrifying bacteria.

8. The device of claim 7, wherein a plurality of carriers for
the attachment of the microorganisms are disposed in the
reactor.

9. The device of claim 7, wherein the microorganisms in
the reactor further includes aerobic degradation bacteria of
TMAH for degrading TMAH.

10. The device of claim 7, wherein the reactor is a sequenc-
ing-batch reactor containing an activated sludge for conduct-
ing a cyclic process which includes:

a feeding step in which the wastewater containing TMAH

and the ammonium nitrogen is introduced in the reactor;

a reaction step in which the wastewater containing TMAH
and the ammonium nitrogen is stopped from entering the
reactor;

a settling step in which the activated sludge containing the
microorganisms starts to settle and a clear supernatant is
then obtained; and

a decanting step in which at least a part of the supernatant
is discharged from the reactor.
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