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DESCRIPTION 

TITLE OF INVENTION 

CARRIER FOR RETAINING ANAMMOX BACTERIA FOR USE IN 

WASTEWATER TREATMENT, ANAMMOX BACTERIA-ADHERED PARTICLE, 

AND WASTEWATER TREATMENT APPARATUS USING THE CARRIER 5 

TECHNICAL FIELD 

[0001] 

The present invention relates to a carrier for retaining anammox bacteria for use 

in a wastewater treatment, an anammox bacteria-adhered particle, and a wastewater 

treatment apparatus using the carrier.   10 

BACKGROUND ART 

[0002] 

A cause of eutrophication is that nitrogen and phosphorus that have been 

contained in domestic wastewater, industrial wastewater, and agricultural wastewater 

remain within closed water in the natural world.  Among approximately 2,200 sewage 15 

treatment plants throughout the whole country, only approximately 100 plants are able to 

perform a sufficient nitrogen treatment (see Non-patent literature 1).   

[0003] 

Examples of the treatment methods for nitrogen contained in wastewater include 

catalyst degradation methods, direct combustion methods, hypochlorous acid 20 

impregnation methods, and biodegradation methods.  In many cases, the biodegradation 

methods are utilized particularly for decomposition of ammonia nitrogen at a level of 1 

ppm to 1,000 ppm, partly because of cost considerations (see Patent Literature 1 listed 

below).  This wastewater treatment using biodegradation is a technique of causing 

microorganisms to be adhered to an immobilized carrier to decompose organic substances 25 
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and nitrogen contained in the wastewater, in which the treatment is performed through 

the process of nitrification and nitrogen removal (hereinafter also referred to as 

denitrification).  However, this method has various problems.  For example, the 

denitrification process requires a hydrogen donor (methanol addition), and the 

nitrification process requires a large aeration volume.   5 

[0004] 

In view this, a technique of treating nitrogen using an anammox reaction with 

anammox bacteria has been proposed in recent years as a new technique of nitrogen 

removal.  This nitrogen removal technique using anammox bacteria makes it possible to 

perform the treatment in an anaerobic atmosphere and to reduce the supply of organic 10 

substance that serves as a hydrogen donor.  Therefore, the nitrogen treatment technique 

using anammox bacteria has the advantage that it can reduce the aeration volume and the 

amount of methanol to be added.   

CITATION LIST 

Patent Literature 15 

[0005] 

[Patent Literature 1] Japanese Published Unexamined Patent Application No. 

2003-053382 

Non-Patent Literature 

[0006] 20 

[Non-patent Literature 1] Nikkei Business (December 28, 2015 and January 4, 

2016 combined issue) 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0007] 25 
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However, the anammox bacteria have a division time (i.e., doubling time) of 

about 10 days, which means that the proliferation rate is significantly low.  Therefore, it 

takes about 6 months for starting up to obtain a nitrogen removal speed of 1 kg-N/m
3
/day, 

which is defined as the amount of ammonia nitrogen produced per unit volume per day.  

For this type of apparatus, it is required that the start-up period at a user site be within 1 5 

month, so a problem is that the user requirements cannot be satisfied by merely using 

anammox bacteria.   

[0008] 

The present invention has been accomplished in view of the foregoing 

circumstances, and it is an object of the invention to provide a carrier for retaining 10 

anammox bacteria, an anammox bacteria-adhered particle, and a wastewater treatment 

apparatus that can remarkably reduce the start-up period for obtaining a nitrogen removal 

speed of 1 kg-N/m
3
/day.   

SOLUTION TO PROBLEM 

[0009] 15 

In order to accomplish the foregoing object, the present invention is 

characterized in that carbon particles are used as a bacteria carrier.   

ADVANTAGEOUS EFFECTS OF INVENTION 

[0010] 

The present invention achieves a significant advantageous effect of remarkably 20 

reducing the start-up period for obtaining a nitrogen removal speed of 1 kg-N/m
3
/day.   

BRIEF DESCRIPTION OF DRAWINGS 

[0011] 

[Fig. 1] Fig. 1 is a schematic view illustrating a wastewater treatment apparatus 

used in Example 1.   25 
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[Fig. 2] Fig. 2 is a photograph showing an operating state of the wastewater 

treatment apparatus used in Example 1.   

[Fig. 3] Fig. 3 is a graph illustrating the results of treatment when wastewater is 

treated with the wastewater treatment apparatus of Example 1.   

[Fig. 4] Fig. 4 is a graph illustrating the relationship between the zeta potential 5 

of a carrier and the anammox activity on 90 days after the start of experiment.   

[Fig. 5] Fig. 5 is a graph illustrating the relationship between the average particle 

size of graphite particles and the anammox activity on 90 days after the start of 

experiment.   

[Fig. 6] Fig. 6 is a schematic view illustrating an apparatus of the present 10 

invention used in Example 3.   

[Fig. 7] Fig. 7 is a photograph showing an operating state of a wastewater 

treatment apparatus used in Example 3.   

[Fig. 8] Fig. 8 is a schematic view illustrating a modified example of the 

wastewater treatment apparatus of the present invention.   15 

[Fig. 9] Fig. 9 is a graph illustrating the relationship between the zeta potential 

and the cumulative strength (the number of moved particles) (a: anammox 

bacteria-adhered particle, and b: nitrifying bacteria-adhered particle).   

DESCRIPTION OF EMBODIMENTS 

[0012] 20 

An embodiment of a carrier for retaining anammox bacteria according to the 

present invention (hereinafter also simply referred to as “carrier”) is characterized by 

including carbon particles.  This carrier may be an aggregate in which carbon particles 

are aggregated.   

The just-described configuration allows anammox bacteria to be easily adhered 25 
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to the carrier for retaining anammox bacteria, and therefore, makes it possible to 

significantly reduce the start-up period for obtaining a nitrogen removal speed of 1 

kg-N/m
3
/day.   

[0013] 

Examples of the carbon particles include particles of graphite, activated carbon, 5 

carbon black, carbon nanotube, and fullerene.  Graphite particles are desirable because it 

is easy to obtain a particle size suitable for bacteria to adhere thereto.  Examples of the 

graphite particles include artificial graphite particles and natural graphite particles.  

Examples of the artificial graphite particles include isotropic graphite particles and 

anisotropic graphite particles.  From the viewpoints of the strength of the carrier and the 10 

adhering capability of bacteria due to pores, it is desirable to employ graphite, more 

desirably isotropic graphite.  Moreover, because graphite particles can be manufactured 

in a greater amount at lower cost than carbon nanotubes and the like, graphite particles 

are more advantageous.   

[0014] 15 

It is desirable that the carrier for retaining anammox bacteria that includes the 

carbon particles have an apparent zeta potential (hereinafter also simply referred to as 

“zeta potential”) of −35 mV to 0 mV.   

When the zeta potential of the carrier is restricted to be in the range of −35 mV 

to 0 mV, the anammox bacteria can be more easily adhered to the carrier.   20 

It is preferable that the zeta potential be greater than or equal to −30 mV, more 

preferably greater than or equal to −20 mV.   

In the present application, the zeta potential of the carrier means the value 

measured according to the following.   

(1) 1 g of carrier is added to 50 mL of water.   25 
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(2) The mixture is stirred with a spoon for 1 minute, and thereafter stirred with 

an ultrasonic cleaner (ultrasonic cleaner ASU-10 manufactured by AS ONE corp.)  at a 

frequency of 40 Hz and an output power of 240 W for 5 minutes.   

(3) Immediately after the stirring, 1 mL of (2) is filled into a dip cell, and the 

zeta potential is measured using a zeta potential measurement device (Zetasizer Nano 5 

ZS90 manufactured by Malvern Ltd.)  with a red laser at a wavelength of 633 nm.  The 

pH at the time of the measurement is 7.  The measurement is carried out three times, and 

the average value of the measurements is employed as the zeta potential of the carrier.   

[0015] 

It is desirable that the average particle size of the carbon particles be from 2 μm 10 

to 1000 μm, preferably from 2 μm to 500 μm, and more preferably from 8 μm to 200 μm.   

When the average particle size of the carbon particles is within the foregoing 

ranges, the anammox bacteria can be adhered to the carrier more easily.   

[0016] 

The carbon particles may be bonded to each other by a binder agent.   15 

When the carbon particles are bonded to each other by the binder agent, the 

strength of the carrier in water is improved so as to prevent degradation of the bonded 

carbon particles in water.  As a result, the above-described advantageous effects can be 

obtained more significantly.  An example of the binder agent is polyvinyl alcohol 

(PVA).   20 

[0017] 

An embodiment of the present invention is characterized in that the anammox 

bacteria-adhered particle is disposed in a wastewater treatment tank.   

The use of the anammox bacteria-adhered particle can remarkably reduce the 

start-up period until the nitrogen removal speed reaches a predetermined value, and 25 
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moreover, the anammox bacteria make it possible to treat wastewater smoothly.  

Therefore, it is possible to provide a wastewater treatment apparatus that is excellent in 

treatment capability.   

[0018] 

Another embodiment of the present invention is characterized in that the 5 

anammox bacteria-adhered particle and a nitrifying bacteria-adhered particle in which 

nitrifying bacteria are adhered to carbon particles are disposed in a common wastewater 

treatment tank.  In this embodiment, the anammox bacteria, which are anaerobic, and 

the nitrifying bacteria, which are aerobic, are caused to work under an appropriate 

amount of dissolved oxygen, and this is referred to as a SNAP process.   10 

Such an embodiment makes it possible to convert part of ammonia nitrogen into 

nitrite nitrogen by nitrifying bacteria and also convert ammonia nitrogen and nitrite 

nitrogen into nitrogen gas by anammox bacteria.  When nitrifying bacteria serve to 

cause part of the wastewater treatment reaction in this way, the anammox reaction takes 

place more smoothly.   15 

[0019] 

Another embodiment of the present invention is characterized by providing a 

wastewater treatment section that treats wastewater by stirring and flowingly moving the 

anammox bacteria-adhered particle, and a waste material reserving section that stores 

carbon particles that have lost anammox activity and from which the anammox bacteria 20 

have been detached, and characterized in that the wastewater treatment section and the 

waste material reserving section are separated from each other.   

When the wastewater treatment section and the waste material reserving section 

are separated from each other, it means that only the anammox bacteria-adhered particles 

retaining anammox activity are present in the wastewater treatment section.  As a result, 25 
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it is possible to significantly improve the treatment capability of the wastewater treatment 

apparatus.   

[0020] 

It is also desirable that the wastewater treatment apparatus further include a 

carbon particle supply unit that supplies carbon particles constantly or intermittently to 5 

the wastewater treatment tank.  When carbon particles are supplied constantly or 

intermittently to the wastewater treatment tank, the supplied carbon particles serve as 

new carriers, and anammox bacteria are adhered thereto.  As a result, the treatment 

capability of the wastewater treatment apparatus is improved more significantly.   

Specifically, it is possible to provide a reservoir tank that stores carbon particles 10 

above the wastewater treatment section, and carbon particles are dropped into the 

wastewater treatment section constantly or at every predetermined time.   

Hereinbelow, the present invention will be described with reference to examples, 

but it should be noted that the present invention is in no way limited to the following 

examples.   15 

Example 1 

[0021] 

Example 1 uses a wastewater treatment apparatus as illustrated in Fig. 1.  As 

illustrated in Fig. 1, the wastewater treatment apparatus includes a reaction tank 1.  The 

reaction tank 1 includes a wastewater treatment section 4 for performing wastewater 20 

treatment, and a waste material reserving section 5 for storing carbon particles that have 

lost anammox activity and from which anammox bacteria have been detached 

(hereinafter, the carbon particles may also be referred to as “waste material”).  By 

providing the waste material reserving section 5 in this way, it is possible to prevent the 

waste material from remaining in the wastewater treatment section 4 and thereby prevent 25 
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the treatment capability of the wastewater treatment section 4 from degradation.  The 

reaction tank 1 has such a structure that wastewater is supplied from a wastewater inflow 

portion 2 and treated water flows out from a treated water outflow part 3.  In Fig. 1, 

reference numeral 6 denotes a carbon particle to which anammox bacteria are adhered 

(anammox bacteria-adhered particle), reference numeral 7 denotes a carbon particle from 5 

which the anammox bacteria are detached, and reference numeral 9 denotes an agitator.   

[0022] 

Herein, the wastewater treatment section 4 and the waste material reserving 

section 5 are separated from each other by a shield plate 8, and the shield plate 8 is 

inclined so that the waste material reserving section 5 is tapered downwardly.  The 10 

reason for employing such a structure is as follows.  When operating the wastewater 

treatment apparatus, an aggregate 31 of anammox bacteria-adhered particles that retain 

anammox activity is present in an upper region, while carbon particles 30 that have lost 

anammox activity and from which the anammox bacteria have been detached are present 

in a lower region.  By pressing the water surface, the carbon particles 30 can be moved 15 

from the wastewater treatment section 4 to the waste material reserving section 5 through 

a lower-end opening 8a, which is formed in the shield plate 8.  At this time, if the 

lower-end opening 8a is large, not only the carbon particles 30 but also the aggregate 31 

of the anammox bacteria-adhered particles may move into the waste material reserving 

section 5.  In order to prevent such an event, the shield plate 8 is inclined to make the 20 

lower-end opening 8a small.  This serves to provide a sufficient volume of the waste 

material reserving section 5 and also prevents the aggregate 31 of anammox 

bacteria-adhered particles from moving into the waste material reserving section 5.   

[0023] 

In the wastewater treatment apparatus shown in Fig. 1, 20 mL of graphite 25 
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particles (with a filling rate of 1.3 volume %) and 78 mL of anammox bacteria (with a 

filling rate of 5.0 volume %) were put into the reaction tank 1 (volume: 1.55 L), and 

thereafter, the reaction tank 1 was filled with test sample wastewater.  The graphite 

particles used were isotropic graphite particles manufactured by Toyo Tanso Co., Ltd., 

which had a zeta potential of −9.1 mV and an average particle size of 40 μm, and the 5 

graphite particles were suspended in water.   

[0024] 

The average particle size of the graphite particles was determined in the 

following manner.   

In the present application, the average particle size of the carbon particles refers 10 

to the value obtained in the following manner.   

(1) A beaker was charged with 60 cc of pure water, and 5 mg of graphite 

particles was put therein.   

(2) 2 mL of surfactant, polyethylene oxide (polyoxyethylene (10) octylphenyl 

ether), was dropped into the beaker filled with (1).   15 

(3) The beaker filled with (2) was subjected to untrasonication for 5 minutes 

using an ultrasonic cleaner ASU-10 available from AS ONE corp.   

(4) Using a particle size analyzer Partica LA-950V2 manufactured by HORIBA 

Ltd., the particle size determination was conducted according to carbon measurement 

conditions.   20 

[0025] 

In addition, to promote the growth of anammox bacteria, two kinds of trace 

elements set forth in Tables 1 and 2 below were added in an amount of 1 mL each per 

1000 mL of test sample wastewater.  In addition, the test sample wastewater was 

prepared as follows.  Inorganic synthetic wastewater (T-N 954 mg/L) shown in Table 3 25 
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below was diluted or densified with tap water so that T-N became 100 mg/L to 1300 

mg/L.  Herein, T-N means the total nitrogen concentration, which is represented by the 

following equation.   

T-N = [NH4 − N] + [NO3 − N] + [NO2 − N] 

[0026] 5 

TABLE 1 

Component Concentration(mg/L) 

EDTA 5000 

FeSO4 5000 

 

[0027] 

TABLE 2 

Component Concentration (mg/L) 

EDTA 15000 

H3BO4 14 

CuSO4•5H2O 250 

MnCl2•4H2O 990 

NaMoO4•2H2O 220 

ZnSO4•2H2O 430 

CoCl2•6H2O 240 

NiCl2•6H2O 190 

 

[0028] 

TABLE 3 

Component Concentration (mg/L) 

NH4Cl 2320 

NaNO2 1710 

NaHCO3 2500 

KH2PO4 675 

MgSO4 1500 

CaCl2 750 

 

[0029] 

The treatment operation was carried out so that the flow rate and the 
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concentration were gradually increased to thereby increase the nitrogen load (i.e., T-N 

load).  In the operation, the residence time was set to 8 hrs. to 20 hrs., and the test 

sample wastewater T-N concentration (hereinafter simply referred to as nitrogen 

concentration) was set to 100 mg/L to 1300 mg/L.   

The calculation of the nitrogen load Lv was performed according to the 5 

following.   

Lv = (C × Q)/(V × 1000) 

Lv: nitrogen load (kg-N/m
3
/day) 

C: test sample wastewater T-N (mg/L) 

Q: flow rate (L/day) 10 

V: reactor volumetric capacity (L) 

[0030] 

The results obtained by treating the test sample wastewater are shown in Fig. 3.  

The nitrogen removal speed means the T-N nitrogen removal speed.  From the start of 

the operation to day 8, the nitrogen removal speed remained approximately at the same 15 

level, 0.08 kg-N/m
3
/day to 0.10 kg-N/m

3
/day.  The nitrogen removal percentage 

represented by the following equation (1) was observed to be very high, 67.2% to 90.7% 

from the initial stage of the operation.   

[0031] 

δ = ((C0 − C1)/C0) × 100  …(1) 20 

δ: nitrogen removal percentage (%) 

C0: test sample wastewater T-N (mg/L) 

C1: treated water T-N (mg/L) 

[0032] 

It was confirmed that the nitrogen removal speed gradually increased from day 25 
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11 to day 15, and the nitrogen removal speed suddenly increased from day 18 onward.  

Further, it was observed that the nitrogen removal speed reached 0.55 kg-N/m
3
/day on 

day 21 of the operation, 1.06 kg-N/m
3
/day on day 26 of the operation, and 1.50 

kg-N/m
3
/day on day 32 of the operation.  Thus, the nitrogen removal speed exceeded 

1.0 kg-N/m
3
/day on day 26.  Therefore, it is demonstrated that the present invention is 5 

able to reduce the start-up period to less than or equal to 1 month.   

Moreover, on day 18, an aggregate in reddish-brown color, which is believed to 

be granule, was observed, and it was confirmed that the generated nitrogen gas was 

adhered to graphite particles and flowed out of the system.  In addition, it was observed 

that the nitrogen removal speed reached 3.0 kg-N/m
3
/day, which is considered to be 10 

excellent, within about 90 days.  Note that Fig. 9 shows the results of measurement of 

apparent zeta potential of the anammox bacteria-adhered particle.  The measurement of 

zeta potential was carried out in the same manner as used for obtaining the apparent zeta 

potential of the carrier.  The value of the zeta potential was found to be −26.6 mV.  

Since the zeta potential of carrier prior to adhering of anammox bacteria was −9.1 mV, it 15 

is appreciated that the change in zeta potential was caused because of adhering of 

anammox bacteria to the carrier.   

Example 2 

[0033] 

The relationship between the zeta potential of carrier (i.e., the zeta potential in a 20 

state in which bacteria are not adhered) and the anammox activity on day 90 after the 

start of experiment was investigated in the same manner as described in Example 1 above.  

The results are shown in Fig. 4.  Note that the zeta potential was adjusted by varying the 

particle size distribution of the carbon particles.  As clearly seen from Fig. 4, it was 

observed that the zeta potential should preferably be in the range of −35 mV to 0 mV, 25 
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more preferably in the range of −30 mV to 0 mV, and still more preferably in the range of 

−20 mV to 0 mV.   

In addition, the relationship between the average particle size of graphite 

particles (carbon particles) and the anammox activity on day 90 after the start of 

experiment was investigated in the same manner as described in Example 1 above.  The 5 

results are shown in Fig. 5.  As clearly seen from Fig. 5, it was observed that the 

average particle size of carbon particles should preferably be in the range of 2 μm to 1000 

μm, more preferably in the range of 2 μm to 500 μm, and still more preferably in the 

range of 8 μm to 200 μm.   

Example 3 10 

[0034] 

A carrier for retaining anammox bacteria was prepared by bonding graphite 

particles having an average particle size of 20 μm to each other with PVA.  A treatment 

operation was carried out in the same manner as described in Example 1 above, except 

that the prepared carrier was filled in the wastewater treatment apparatus shown in Fig. 6.  15 

In Fig. 6, like components having the same functions as those depicted in Fig. 1 are 

designated by like reference numerals.  In Fig. 6, reference numeral 15 denotes an 

anammox bacteria-adhered particle, and reference numeral 17 denotes a separating 

section.   

[0035] 20 

The results of the experiment show that a nitrogen removal speed of 1.25 

kg-N/m
3
/day was achieved in 1 month, and a maximum nitrogen removal speed of 5.95 

kg-N/m
3
/day was achieved on day 173 of the operation (the photograph is shown in Fig. 

6).  From the foregoing, it is observed that the configuration of Example 3 is also able to 

treat anammox bacteria at a high rate.   25 
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Fig. 7 shows that the aggregate 31 of anammox bacteria-adhered particles that 

retain anammox activity is present in the lower region, while the aggregate 30 of 

anammox bacteria-adhered particles that have lost anammox activity is present in the 

upper region.  Thus, the positions of the aggregate 30 and the aggregate 31 are upside 

down in contrast to the case of Fig. 2.  Taking these things into consideration, the 5 

separating section 7 is disposed in an upper portion of the wastewater treatment 

apparatus.   

Example 4 

[0036] 

A single tank-type nitrification and denitrification was investigated using a 10 

carrier to which nitrifying bacteria were adhered (i.e., using what is called the SNAP 

process) as well as the carrier to which anammox bacteria were adhered.  The conditions 

of the experiment are set forth below.  Note that the same type of wastewater treatment 

apparatus as used in Example 1 was used as the wastewater treatment apparatus.   

[0037] 15 

(1) Single tank-type nitrification and denitrification apparatus specification 

Reactor: 1.1 L 

Filling rate of anammox bacteria-adhered particle: 5 volume % 

Filling rate of nitrifying bacteria-adhered particle: 5 volume % 

Control temperature: 25°C 20 

Aeration volume (gas mixture of nitrogen and air in a ratio of 1/9 was used): 1 

L/min.   

[0038] 

(2) Operating conditions 

Synthetic wastewater treatment (synthetic wastewater shown in Table 4 was 25 
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diluted to 40 mg/L) 

Residence time: 6 hrs. to 8 hrs.   

[0039] 

The anammox bacteria-adhered particle used was the one with which the 

operation was completed in Example 1 above.   5 

The nitrifying bacteria-adhered particle was a carrier in which nitrifying bacteria 

were cultured in synthetic wastewater NH4-N 200 mg/L shown in the following Table 4 

and to which the nitrifying bacteria were adhered.  A gas mixture of nitrogen and air in a 

ratio of 1/9 was used for aeration, and the dissolved oxygen was adjusted to be 1 mg/L or 

less.   10 

[0040] 

TABLE 4 

Chemical Name Composition (mg/L) 

NH4Cl 0.764 

NaHCO3 2.343 

Na2HPO4•12H2O 0.231 

 

[0041] 

The results of the experiment show that the nitrogen removal percentage was 

stabilized on day 20 of the operation, and the nitrogen removal percentage obtained was 

in the range of 50% to 62%.  It is believed that part of ammonia nitrogen was converted 15 

into nitrite nitrogen by the nitrifying bacteria-adhered particle, and ammonia nitrogen and 

nitrite nitrogen were converted into nitrogen gas by the anammox bacteria-adhered 

particle.  Note that Fig. 9 shows the results of measurement of apparent zeta potential of 

the nitrifying bacteria-adhered particle.  The measurement of zeta potential was carried 

out in the same manner as used for obtaining the apparent zeta potential of the carrier.  20 

The value of the zeta potential was found to be −10 mV.  Since the zeta potential of the 
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carrier prior to adhering of nitrifying bacteria was −30.9 mV, it is appreciated that the 

change in zeta potential was caused by adhering of nitrifying bacteria to the carrier.   

Example 5 

[0042] 

In Example 4, when the apparatus is operated for a long period of time, a portion 5 

of the graphite particles may flow out of the system, and the treatment rate may degrade.  

In view of the problem, periodical replenishment of graphite particles was investigated in 

the present example 5.  After the operation of Example 4, the wastewater treatment 

apparatus was operated in 5 series of graphite particle-replenishment rate per year, 0.01 

weight %, 0.1 weight %, 1 weight %, 2 weight %, and 5 weight %.  The graphite 10 

particle-replenishment rate per year means that, for example, in the case where the 

replenishment rate is 1 weight %, the apparatus with a capacity of 1.1 L is replenished 

with 11 g of graphite particles per year.  Specifically, a total of 11 g of graphite particles 

was divided into 12 parts, and 11/12 g of graphite particles was added every month.  

The other operating conditions were the same as described in Example 4 above.  The 15 

nitrogen removal percentages obtained after operating the apparatus for 1 year are shown 

in the following Table 5.   

[0043] 

TABLE 5 

Sample 

Graphite 

particle-replenishment 

rate (volume %) 

Average nitorogen 

removal percentage 

(%) 

Standard deviation 

of removal 

percentage 

1 0.01 45 18 

2 0.1 48 12 

3 1 54 6.0 

4 2 58 4.2 

5 5 62 4.1 

 

[0044] 
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As is clear from Table 5, the standard deviation of the removal rate tended to be 

stabilized in the cases of Samples 2, 3, 4, and 5, and in particular, the standard deviation 

of the removal rate tended to be stabilized remarkably in the cases of Samples 3, 4, and 5.  

This indicates that it is preferable that the graphite particle-replenishment rate per year be 

0.1 weight % or greater, more preferably 1 weight % or greater.   5 

The addition of graphite particles is not limited to the case of the SNAP process, 

but it is possible to employ the addition of graphite particles in the cases where only the 

anammox bacteria-adhered particle is used, as shown in Examples 1 to 3.   

Example 6 

[0045] 10 

A treatment operation was carried out in the same manner as described in 

Example 1, using activated carbon having an average particle size of 5 μm (powdered 

activated carbon manufactured by Wako Pure Chemical Corp., product code 037-02115) 

as the carrier.  The zeta potential of the carrier was −21.5 mV.  After 1 month of the 

operation, the nitrogen removal speed was 1.07 kg-N/m
3
/day.  The zeta potential of the 15 

anammox bacteria-adhered particle was −24.3 mV.   

Comparative Example 1 

[0046] 

A treatment operation was carried out in the same manner as described in 

Example 1, using an anammox bacteria carrier employing a carrier containing PVA alone.  20 

The nitrogen removal speed reached only 0.2 kg-N/m
3
/day even after 3 months of the 

operation.   

Comparative Example 2 

[0047] 

Carbon particles having an average particle size of 1100 μm or 0.1 μm were used 25 
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as the carrier, and an anammox bacteria carrier was prepared in the same manner as 

described in Example 1, to carry out a treatment operation.  The nitrogen removal speed 

reached only 0.1 kg-N/m
3
/day after 1 month of the operation.   

[0048] 

Other Embodiments 5 

Embodiments of single tank-type wastewater treatment apparatus have been 

described in Examples 1 to 6 above.  However, the embodiments are not limited to such 

a structure.  It is also possible to employ such a structure as shown in Fig. 8, in which a 

separation tank 20 for separating carriers and treatment water is provided and separated 

carriers are returned to the wastewater treatment tank 1 using a return pipe 19.  It should 10 

be noted that in Fig. 8, like components having the same functions as those depicted in 

Figs. 1 and 6 are designated by like reference numerals.  In Fig. 8, reference numeral 18 

denotes an agitator for pulverizing the outflow carriers.   

INDUSTRIAL APPLICABILITY 

[0049] 15 

The present invention is applicable to a wastewater treatment apparatus that uses 

carbon particles to which anammox bacteria are adhered.   

REFERENCE SIGNS LIST 

[0050] 

1 -- Reaction tank 20 

4 -- Wastewater treatment section 

5 -- Waste material reserving section 

6 -- Carbon particle to which anammox bacteria are adhered (anammox 

bacteria-adhered particle) 

7 -- Carbon particle 25 
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CLAIMS 

 

1. A carrier for retaining anammox bacteria, the carrier comprising carbon 

particles.  

 5 

2. The carrier for retaining anammox bacteria according to claim 1, wherein the 

carrier has an apparent zeta potential of −35 mV to 0 mV.  

 

3. The carrier for retaining anammox bacteria according to claim 1 or 2, wherein 

the carbon particles have an average particle size of 2 μm to 1000 μm.  10 

 

4. An anammox bacteria-adhered particle according to any one of claims 1 to 3, 

to which anammox bacteria are adhered.  

 

5. A wastewater treatment apparatus, characterized in that the anammox 15 

bacteria-adhered particle according to claim 4 is disposed in a wastewater treatment tank.  

 

6. A wastewater treatment apparatus, characterized by comprising a wastewater 

treatment section that treats wastewater by stirring and flowingly moving the anammox 

bacteria-adhered particle according to claim 4, and a waste material reserving section that 20 

stores carbon particles that have lost anammox activity and from which the anammox 

bacteria have been detached, the wastewater treatment section and the waste material 

reserving section being separated from each other.  

 

7. A wastewater treatment apparatus, characterized by comprising the anammox 25 
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bacteria-adhered particle according to claim 4 and a nitrifying bacteria-adhered particle in 

which nitrifying bacteria are adhered to carbon particles, the anammox bacteria-adhered 

particle and the nitrifying bacteria-adhered particle being disposed in a common 

wastewater treatment tank.  

 5 

8. The wastewater treatment apparatus according to any one of claims 5 to 7, 

further comprising a carbon particle supply unit that supplies carbon particles constantly 

or intermittently.  


