2 5 OCT 2006 Title of the Invention Apparatus and nethod for treating

wast ewat er contai ning nitrogen-containing dyes (a) Background of th95ﬂﬂhqm%
Art 1. Technical Field The present invention relates to a wastewater
treatment apparatus which biologically decolorizes and denitrifies

wast ewat er contai ning a nitrogen-containing dye. More specifically, the
I'nvention pertains to a wastewater treatnent apparatus capable of easily
decol ori zi ng and deconposing, at a |low cost, a persistent

ni trogen-contai ning dye such as an azo conpound in wastewater containing a
dye, being conpact, having excellent durability and hi gh processi ng power
and ensurin | ong-term stabl e operation. 2. Description of the Prior Art

Ni t r ogen- &l miFhe dnvesdiiQicul arly, azo dyes account for the |argest
proportion of all synthetic dyes. They are used in various fields such as
fibers, féeparaihsantkmeddio taeatdogt estayahest eanteindingchar ged from
dye manufacturing plants and the [ike is released into the environnent, it
col ors t mdtsnogenrubmipiodvig ciyeent and i npairs the environnment and

beauti ful appearance. There is accordingly an increasing demand for the
decol ori zdtd JorBawkgiiund fdfc athieorPrdfort Aet above- descri bed dye existing in the
wast ewat er. \ast ewat er

1. Technical Field
The present inventlon relates to a wastewater treatment
apparatus which biologically decolorizes and denitrifies

wastewater containing a nitrogen-containing dye. More

specifically, the invention pertains to a wastewater treatment
apparatus capable of easily &ecolorizing and decomposing, at
a low cost, a persistent nitrogen-containing dye such as an azo
compound in wastewater containing a dye, being compact, having
excellent duraﬁility and high processing power and ensuring
long-~-term stable operation.
2. Description of the Prior Art
Nitrogen-containing dyes, partlcularly, azo dyes account
] for the largest proportion of all synthetic dyes. They are used
in various fields such as fibers, foods and cosmetics. When
" dye~containing wastewater d}scharged from dye manufacturing
plants and the like is releaséd into the environment, it colors
the surrounding environment and impairs the environment and
beautiful appearance. There 1lg accordingly an increasing

deménd for the decolorization or detoxification of the

above-described dye existing in the wastewalter. Wastewater



- 1 250CT2006 containing dyes have conventionally been treated mainly as a
m xture with anot her wastewater by the activated sludge process under
aerobic conditions. The activated sludge process however only renoviﬁ}@ﬁP
(Birochem cal Oxygen Demand) and SS (Suspended Substance) conponents 4+ 1006
the wastewater. Many dyes are persistent nitrogen-containing conpounds such
as azo dyes. Since they cannot be renoved biologically by the activated

sl udge process, the wastewater has been released into the environnment

wi t hout renoving therefromcoloring or nitrogen conponents derived from

t hese dyes. As a nethod of physically renoving a dye-containing substance
fromwastewater, it is known to treat dye-containing wastewater by the
activated sludge process, physically separating the dye fromthe wastewater
by soIidibynth&nid;edgamthhﬂéngoaubataunalmytﬁeeﬂmtnﬂaiaﬁ madadyl aki ag

sedi nentation or by adsorbing the substance onto activated charcoal or the

| i ke; andmikearessl th EnidHdiewalytewdbes byetli®dctilvaledyridRcpoopassed with
such a drawback that the persistent dye which has renai ned undeconposed

exerts a QaderddtENEe MhaiNSOnYViTHNEERivabED slladge dﬁz@d@@é@ﬂoﬁbﬁéﬁi nto. In
order to avoid such an influence, only a limted landfill site can be

used. As 3nA%t PEfcREsBEH (Balokch eHRCRATPORY 88N Deberd)0BAAI S8 MQuspended
Substance) components from the wastewater. Many dyes are
persistent nitrogen-containing compounds such as azo dyes.

Since they cannot be removed biologically by the actlvated

i sludge process, the wastewater has been released into the
environment without removing therefrom coloring or nitrogen
components derlved from these dyes.

As a method of physically removing a dye-containing
substance from wastewater, it is known to treat dye-containing
wastewater by the activated sludge process, physically
separating the dye from the wastewater by sclidify the
dve~containing substancelwith the aid of coagulating
gedimentation or by adsorbing the substance onteo activated
charcoal or the like; and then reclaiming the dye. This method
is however accompanied with such a drawback that the persistent
dye which has remained undecomposed exerts a bad influencé on
the environment when 1t 1ls released thereinto. In order to
avold such an influence, only & limited landfill site can be
used.

As a method of chemlcally decomposing a dye-containing

substance in wastewater, proposed are, for example, a method



substance in wastewater, proposed are, for exanple, a method 2 250CT2006
of deconposing the dye by bringing it into contact with ozone (Japangff

Pat ent Lai d-Open No. 239383/1997), a method of bringing it in conta ‘Qﬁ{ﬁmﬁ
oxygen under humi d conditions, thereby oxidizing it (Japanese Patent

Laid- Open No. 253669/1997), a nethod of bringing it in contact with an
enzynme, thereby deconposing it (Japanese Patent Laid-Qpen No.

2000- 245468), and a net hod of deconposing it under supercritical conditions
(Japanese Patent Laid-Qpen No. 2001-121137). Any one of these nethods
however involve drawbacks such as necessity of an extra cost for chemcals

Gescri bed HhAFE TR ERR R SV Py AR 1 SRtO ke TATE W BRarer
i £ ogen- ORISR TENRAS e GORED N s 1/ Se Jox BoAtHGE Fiving an
adverse environnental effect is not known. An object of the present
i nvent i on BBINKEIETbF el B CHRbRGE TRt Rt Rifn amdaedymig capdditdons . capabl e
of easily decolorizing and deconposing, at a |ow cost, a persistent
ni t r ogen- cidmzaby e oylz Sug hibis( SapanesgmBabent haldsOpeat o .cont ai ni ng a
ni trogen-contai ning dye, being conpact, having excellent durability and
hi gh procezx%36%£/1997), a method of bringing it in contact with an enzyme,
thereby decomposing it (Japanese Patent Laid-Open No.
2000-245468), and a method of decomposing it under
, supercritical condltions (Japanese Patent Laid-Open No.
2001-121137). Any one of these methods however involve
drawbacks such as necessity of an extra cost for chemicals and
facilitles and generatlion of hy-products which disturb
treatment. |
As described above, an apparatus for treating
dye~containing wastewater capable of decolorizing and
decomposing, at a low cost, a persistent nitrogen-containing
dye such as azo compound to an extent not having an adverse
environmental effect i1g not known. An object of the preéent
invention is therefore to provide a wastewater treating
apparatus capable of easlly decolorlzing and decomposing, at
a low cost, a persistent nitrogen-containing dye sﬁch as azo
compound in wastewater contalning a niltrogen-containing dye,
being compact, having excellent durability and high processing

power, and ensuring long-term stable operation.

(b) Summary of the Invention



power, and ensuring |ong-term stable operation. (b) Summary of the lInvention
3 250CT2006 According to the present invention, the above-descri bepl5@gjlqolh
can be attained by a wastewater treatnment apparatus which is equipped with
an obligatory anaerobic tank in which wastewater containing a :
nitrogen-contai ning dye is brought into contact with sulfate reducing
bacteria under obligatory anaerobic conditions, a nitrification tank in
which the wastewater is brought into contact with nitrifying bacteria

under aerobic conditions, and a denitrification tank in which the
wastewater is brought into contact with denitrifying bacteria under

anaer obi c conditions, thereby decolorizing and denitrifying the wastewater

cont ai ni ng a nitcogdihngohtatimeé preshyret ivbremtdoeci theabbyyet Gesprisedt
invention relates to a wastewater treatnment apparatus in which

denitrifisnjeon can baratrédinet by a whbteWatari opédenenti fippataoms step or
denitrification/nitrification step after decolorization in the obligatory

anaer obi cyBi€n 18 @qdﬁpgé@ Wit ea duIEigBdey atiediodfificOrahRi RE wRieked
agai n. The above-descri bed wastewater treatnent apparatus of the present

i nventi onygB¥eWater tOnt@ialRGEa AitkbYehUbBntBiWDhghaybhes obkbBgherY _
anaerobic tank, denitrification tank and nitrification tank are disposed in
the orderjQtoBAhtABtaRELA sulfate reducing bacteria under obligatory
anaeroblic conditlons, a niltrification tank in which the
wastewater is brought into contact with nitrifying bactexria
i under aercbic conditions, and a denitrification tank in which
the wastewater 1s brought into contact with denitrifying
bacteria under anaeroble¢ conditions, thereby decolorizing and
denitrifying the wastewater containing a nitrogen-containing
dye. More speclfically, the present invention relates to a
wastewater treatment appsaratus in which denitrification is
carried out in a nitrification/denitrxrification step or

denitrification/nitrification step after decolorization in

the obligatory anaercbilc step in order to prevent the waste

water from being colored again.

The above-described wastewater treatment apparatus of the
present invention may have, for example, a structure in which
the obligatory anaerobic tank, denltrification tank and
nitrification tank are disposed in the order of mentlon and a

- portlon of nitrified wastewater discharged from the

nitrification tank is returned and circulated to the

denitrification tank. In a preferred embodiment, the bacteria



portion of nitrified wastewater discharged fromthe nitrification tank is
retuurned and circulated to the denitrification tank. In a preferregsﬂcrzmﬁ
enbodi ment, the bacteria 4 _ 250CT2006 are inmobilized by a m croorgani sm
i.nmobi | i zation support in at |east one tank selected fromthe obligatory
anaerobic tank, nitrification tank and denitrification tank. Alternatively,
t he wastewat er treatnent apparatus may have a structure in which the
obl i gatory anaerobic tank, nitrification tank and denitrification tank are
di sposed in the order of nention and a re-aeration tank is di sposed
downstream of the denitrification tank in order to bring BOD deconposi ng
bacteria intog con%ffl%mﬁth wast ewat er under aerobic conditions. In a

pref er r ed EnHodiRY %8 BE&E Sicroargantsnimmobil byakion RRRAR adins m

i mrobi |'i zatjon support in at |east one tank selected fromthe obligatory
anaer obi ¢ Tarke 8% orier Eanki pleqnk Irgunthe iotildgrtorn anrennbie damdr.at i on
tank. In a nore preferred enbodi nent, the m croorganism inmobilization
support nefleliicatiop baek sarpbsianidatiddicsdiohr bankel | Abtexnspvedy ,pl asti ¢
supports and fibrous supports, of which use of a polyvinyl alcohol hydrogel
as the ni cthorgastewaterobreatmenbnaspapatis isagtidve retpicafaie ad. The
wast ewat er treatnment apparatus according to the present invention can
easi | y decdhibchzthandblidgatppgeanatrablowank, nitrification tank and
denltrification tank are disposed in the order of mention and

a re-aeratlon tank 1is disposed downstream of the

denitrification tank in order to bring BOD decomposing bacteria

into contact with wastewater under aerobic conditions. In a
preferred embodiment, the bacterla are immobllized by a
microorganism immobilizatlon support in at least one tank
selected from the obligatory anaerobilc tank, nitrification

tank, denitrification tank and re-aeration tank.

In a more preferred embodiment, the mlcroorganism
immobilization support may be at least one support selected
from gelled supports, plastic suppoxrts and f£ibrous supports,
of which use of a polyvinyl alcohol hydrogel ag the
microorganism immobilization support is stilll more preferred,

The wastewater treatment apparatus according to the
pregent invention cen easily decolorize and decompose, at a low
cost, a persistent nitrogenous compound in wastewater
contailning a nitregen-containing dye, ls compact, has

excellént durability and high processing power and ensures

long~term stable operation.



cost, a persistent nitrogenous conpound in wastewater containing a
ni_.trogen-contai ning dye, is conpact, has excellent durability and %ggg T 7006
pr.ocessi ng power and ensures long-termstable operation. - 5 25 8

(€)- Brief Description of the Drawings FIG 1 is a flow chart illustrating a
wast ewat er treatnent apparatus according to a first enbodi nent of the
present invention; and FIG 2 is a flow chart illustrating a wastewater
treatment apparatus according to a second enbodi nent of the present
invention. (d) Detailed Description of the Preferred Enbodi nent The term

"ni trogen- containing dye" .as used herein neans, anong acid dyes, acid

nor dant d | £ed d es, direct azo dyes, azoic
YEF REECR pERERLBKISR! be VAT, Drdifhgs TY '

dyes and ter solu ving a chem cal structural

formila whi ch pjgo ugssa PELE A Y1900 RILL £ UEAkYne 80 220 L

Exanpl es ogen-¢C arni ng e ani'né azo es such as
Acid Orange 10, sulfanilic_ acid azg, dyges suc Ci e 1 and Acid

Or ange 24° P\%‘Hﬂﬁlaﬁ‘iﬁrﬁ§’ég tﬁcﬁ gir%«g 8'“%’&#&%“@ an@eﬂ\ 9(3 Bfhge 8,
nahthyla ne az gP auch as Acid Blue 92 and Acid Blue 120, anthraqui none
“dyes such 9%?% %% and Acid Blue 126, pyrazol one azo dyes such as Acid

Yell ow 11 and Acid
FIG. 2 is a £low chart :Lllustrating a wastewater treatment

apparatus according to a second embodiment of the present

inventlon.

{(d) Detailed Description of the Preferred Embodiment

The term "nitrogen-containing dye” as used herein means,
among acid dyes, acld mordant dyes, metal complex salt dyes,
basile¢ dyes, direct azo dyes, azoic dyes and reactive dyes, water
soluble dyes having a chemical structural formula which
includes therein nitrogen, particularly, an azo bond. Examples
of the nitrogen-containing dye include anlline azo dyes such
ag Acid Orange 10; sulfanilic acid azo dyes such as Acld Orange
1 and Acid Orange 24, naphthol azo dyes such as Acld Orange 7
and Acid Orange 8, nahthylamine azo dyes such as Acid Blue 92
and Acid Blue 120, anthraquinone dyeg such Acid Blue 82 and Acid
Blue 126, pyrazolone azo dyes such as Acid Yellow 11 and Acild
Yaellow 17, end azolc dyes such as Azoic Diazo Component 1 and
Azoic Diazoe Component 27.

The term "sulfate reducing bacteria” as used herein means
obligatory anaerobic bacteria such as Desulfovibrio

desulfurlcan. They are known bacterila which reduce a sulfate



Yel l ow 17, and azoic dyes such as Azoic D azo Conponent 1 and Azoic Diazo
Conponent 27. The term "sul fate reduci ng bacteria" as used herein nezg CT.7006
obl i gatory anaerobic bacteria such as Desul fovibrio desulfurican. T jlgrg
known bacteria which reduce a sulfate 6 250CT2006 to hydrogen sul fide by
sulfate respiration. In an obligatory anaerobic tank, the
nitrogen-contai ning dye i s deconposed by the above-described sulfate
reduci ng bacteria under obligatory anaerobic conditions. The term
"obligatory anaerobic conditions" nmeans the conditions in which a redox
potenti al in a liquid, if this potential being used as an index, is usually

-200 mV ol arogaﬁn shLELB U S deiidpl Fadsoh P A BEENGatatgntion. 2

predeterm ne c natters exi st |nt

anaer obi ¢ po nt [ e {or Stra of sulfate
Ceducing s& ARiE e écOﬁﬁésﬁ% 5195k PRt A Ehla égﬁghgg%é BY ce;
y.M . e.
S iN ‘%\Igg‘%fé:escrﬁbe‘gs‘%l%ﬁfergig inwastﬁﬁa~ur{qer?é9§fw¥rzR i
" oh ok R S+Y '19:5. -0t Y}" y,if~y\] noist CN%+;g"S ~'y
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conditions in which a redox poten‘tial in a liquid, if this

potential being used as an index, is usually -200 mV or less
, when the pH in the liquid is 7.
In the present invention, a predetermined amount of
organic matters must exist in the obllgatory anaerobilc tank
upon synthesis of a respiratory substrate or cell of sulfate

reducing bacteria or decomposgition of the nitrogen-containing

dA alcohols. Of these, methanol and ethanol

tend to be employed.

In the present invention, it 1s preferred that bacteria
have been immobilized by a mlcroorganism lmmobilization
support in at least one tank selected from the above-described
obligatory anaerobic tank, nitrification tank,
denitrification tank and re-aeration tank. A process using the

microorganism immobilization support (which process will



tstmt s ~y}y y~y~p~y } .>< e?k;'" , h.r a.. _5.voxo:.vv r..k, ;i';:wWly..
nyT,.1,"i.~ )~ 3f is Y: %3wW, "n', ",.1K MP, W17 ..0ia.. n.. .,.,.25GFU006
., 0> Xu~.a.~?:~ ..d.,n..5., alcohols. O these, nethanol and ethanol tend to

be enployed. In the present invention, it is preferred that bacteria have
been i mmbilized by a nicroorgani smimobilization support in at |east one
tank sel ected fromthe above-described obligatory anaerobic tank,
nitrification tank, denitrification tank and re-aeration tank. A process
using the mcroorgani sminmobilization support (which process will 7 _
250CT2006 hereinafter be called "support process” sinply) is better than

the activated sl udge process,  hecause the fornpr one does not, require

sl udge reﬂﬁrﬁ,i%ﬁ%?’ B&c??‘H%ﬁ Eé%%ra PBﬂC%ﬁgﬁ Sr*ﬁ\ﬂ?tygnéﬁcléeiiﬁere gﬁ“t ank;
particularly in the obligatory anaerobi c tank, a fine pore passes through
from t he dWie gediyetedheludgpop¥osdimr dedruissefbeafopaet e tdaessupport, and
use of acetalized polyvinyl alcohol gel which facilitates habitation of
anaer obi ¢ ne@yigs FEdgs deldine othidie fagidditratiespopesatieabiandt i on property
of the sulfate reducing bacteria; conplete sealing as enployed in the

act i vat ed mdindgnanes el aamdertandyl inprtidroplardar b ¢heowdiltigefiorys not
necessary; and the capacity of the reaction tank can be reduced to nake the
tank conpacterobic tank, a fine pore passes through from the surface of

the support toward the central part of the support, and use of

acetalized polyvinyl alcohol gel which facilitates habitation

of anaerobic microcorganisms inside of the support improves
habitation property of the sulfate reducing bacterla; complete
sealing as employed in the activated sludge process under
obligatory anaercbic conditions 18 not necessary; and the
capacity of the reaction tank can be reduced to make the tank
compact.
The microorganism immobilization support suitably

employved in the present lnvention 1s a golld having fine pQres

which will serve as & habitat for the microorganisms., Examples

T

of the material for the support include vinyl alcohol baszed
resing such as pelyvinyl alcohol, ether based resins such as
polyethyleng glycol, acrylic resins such as polymethacrylic
acid, acrylamide based resins such as polyacrylamide, olefin
based resins such as polyethylene and polypropylene, styrene
based.resins,such as polystyrene, ester based resins such as
ﬁolyethylene terephthalate and polybutylene terephthalate,

acrylonitrile based resins such as polyacrylonltrile, urethane



The m croorgani sminmobilization support suitably enployed in the present
invention is a solid having fine pores which will serve as a habitgLSf%i 05
the m croorgani sns. Exanples of the material for the support inclu @i ;9
al cohol based resins such as polyvinyl alcohol, ether based resins such as
pal yet hyl ene gl ycol, acrylic resins such as polynmethacrylic acid,
acryl am de based resins such as polyacrylam de, olef in based resins such

as pol yet hyl ene and pol ypropyl ene, styrene based resinssuch as pol ystyrene,
ester based resins such as polyethylene terephthalate. and pol ybutyl ene
terephthal ate, acrylonitrile based resins such as polyacrylonitrile,

ur et hane .1.20 based. resins_su as pol e onge

pol ysacch A %&glsgsgéﬁsa%ggélacsfﬁﬁ?% 5?#’31?%‘? E&%@%er‘aég%#%%%é}g%c?&aﬁgcBeI | ul ose
derivatives, photocuring resins such as polyester acrylate epoxy acryl ate
and ur et ha@fe CRSHER AL1EHE b KICaTFRIGEN  AGRSouFdd SBAAUASEACT | vat ed
charcoal. O these, polyvinyl alcohol hydrogels are preferred because they
have a st dectiwe=s iwds clphet goroirsg areb itet vinrdh e pdalysisderofacriydagel, s and
can absorb a large anount of water in the gels. Mire preferred exanples

i ncl ude f eprady Zaskyid i and Wt eihe gt e arthd aegicalsi 2adrpahy e nyl
al cohol hydrogel. The m croorganism inmmobilization supports nmay be used

telr te gte;re fnlt R@mpAndd) s¥eibifaddetvafednldiecdd EWGintithetl 2 poagvangier
alcohol.hydrogels are preferred because they have & structure
which is porous and network even inside of the gels and can
absorb a large amount of water in the gels. More preferred
examples include foimalized polyvinyl alcohol hydrogel and
acetalized polyvinyl alcohol hydrogel. The microorganism
immobilization supports may be used eilther singly or in
combination. From the viewpoints of a wastewater treatment
efficiency and support fluidlty, its £illing ratio is, based
on the capacity of the tank, preferably 1% or greater but not

greater than 50%, with a ratlo of 3% or greater but not greater

than 30% being more preferred.

- ("'—‘\:

FIG. 1 1= a flow chart of a wastewater treatment apparatus
accordlng to a first embodiment of the present invention, which
is structured to have an obligatory anaerobic tank,
denitrification tank and nitrification tank disposed in the
order of mention and to return and circulate a portion of water
discharged from the nitrification tank after nitrification
treatment to the denitrification tank. In FIG. 1, bacteria in

the absolute anaerobic tank 1, denitrification tank 2 and



efficiency and support fluidity, its filling ratio is, based on the
capacity of the tank, preferably 1% or greater but not greater thap55@%07006
with a ratio of 3% or greater but not greater than 30% being nore
preferred. FIG 1 is a flow chart of a wastewater treatnent apparatus
according to a first enbodi nent of the present invention, which is
structured to have an obligatory anaerobic tank, denitrification tank and
nitrification tank disposed in the order of nmention and to return and
circulate a portion of water discharged fromthe nitrification tank after
nitrification treatnment to the denitrification tank. in FIG. 1, bacteria in

t he absol ut er bic aqﬁn%, denitrifjcati k 2 5 OCT 2006
nitrifica??gﬁggg §°Er£a? b?F?z%ﬂm%Qlfﬁ% %?%¥a€h eﬂ#hﬁﬁ? t9% zat i on
supports 11, 14 _and 18, respectively. A WAstewater 4 containing a
ni trogen- ieneRiniagtdgl PUPPRHLEolfhelt o114 ghl orTEERRRY IR LY t ank 1, in which
it is brought into contact wth sulfate reducing bacteria under obllgatory
anaer obi cWagbaWRtPETsCPBtadBoRFGE BitKESRRr FOREALlBNTAYE A kR toshe he
bottom of the obligatory anaerobic tank 1, an. agitator 9 is disposed, by
whi ch stieblhgatery@naenaddd hapkder in el choi. t dgseréuglat Lok ogfon bect:
m croorgani sminmobilization supports each other. The m croorgani sm
i mobi | i zat.tbnssdfpbet reddchng beehepbarendén ebhigatory ldnaedodizhe cont ai ns
conditions to decompose the nitrogen-containing dye.

At the bottom of the obligatory anaexobic tank 1, an
; ag.itator 9 is disposed, by which stirring 1s conducted in order
not to.cause friction of the microorganism Iimmobilization
supports each other. The microorganism immobilization support
11 has been poured in a mixturehlo, which contailns
microorganisms such as sulfate reducing bacteria, in the
obligatory anaerobic tank 1. When the agitator 9 is started,
a circulatory f£low of the mixiure 10 occurs in the cobligatory
anaerobic tank 11. This circulatory flow causes flow of the
microorganism immobilization?support'll in the obligatory
anaercobic tank 1, during whicp microorganisms composed mainly
of the sulfate reducing bacteria exlsting in the mixture 10 are
caused to adhere to, combilne with and immobilize onto the
microorganism immobilization supporti 11.

The wastewater thus treated 5 is denitrified by

denitrifying bacterla in the denitrification tank 2 under
anaerobic conditions. At the bottom of the denitrification

tank 2, an agltator 12 1s disposed for carrying out stilrring

- 10 -



m.croorgani sns such as sul fate reducing bacteria, in the obligatory
anaerobic tank 1. When the agitator 9 is started, a circulatory fl'%ghtmg
m xture.10 occurs in the obligatory anaerobic tank 11. This circul atory

fl ow causes flow of the microorgani smimobilization support 11 in the
obligatory anaerobic tank 1, during which m croorgani sms conposed nainly

-of the sulfate reducing bacteria existing in the mxture 10 are caused to
adhere to, conbine with and immobilize onto the m croorganism

i mobi | i zation support 11. The wastewater thus treated 5 is denitrified by
denitrifying bacteria in the denitrification tank 2 under anaerobic
conditions. At the bottomof the denitrification tank 2, an agitator 12 is
di sposed £Br c&deryPRE &6t cetiser ERgctdonogbctheoBicraosgaeismot to cause
friction of the mcroorgani smimobilization supports each other. The

m cr oor gaAmBapiliassilon; supperigppech oihpas bThe pbdoredryanEsmi xture 13,

whi ch contains mcroorgani sns such as the denitrifying bacteria, in the
denitrifi damobdlizakizn supporhd 4dis heen gired sna nbdtura 168i,rwhidctiory fl ow
of the m xture 13 occurs in the denitrification tank 2. This circul atory

f1 ow causesnthdwsohicrhexrganismsgantts msi thebdénizatifnirapypaeterlid,iint he

denitrification tank 2, during which m croorgani sns conposed mainly of the
denitrifyithe Gesterigiestibhngahk 1 hewhext the dPitator 12 1= started,
a circulatory flow of the mixture 13 occurs in the
denitrification tank 2. This circulatory flow causes flow of
the microorganism immobilization support 14 in the
denitrification tank 2, during which microorganisms composed
mainly of the denitrifying bacteria exlsting in the mixture 13
are caused to adhere to, combine with and immobilize onto the
microorganism immobilization support 14. The organic matters
in the mixture 13 are utilized as a source for respiratory
substrate of denitrifying bacteria br for cell synthesis.
Similar to the case of the obligatory anaeroblc tank, an alcohol
(such as methanol or ethanol) may be added f£rom the outside of
' the system if necessary.
The denltrified wastewater 6 1s then fed to the
nitrification tank 3 and i1s brought into contact with the
- nitrifying bacteria in the niltrification tank 3 under aexcblc
conditions, whereby the denitrified watexr 6 is nitrified. At
the bottom of the nitrification tank 3, an air diffuser 15 for

feediﬁg an oxygen-containing gas such as eir is installed in

connection with a blower 16. A microorganism immobilization



are caused to adhere to, conbine with and i mMmobilize onto the m croorganism
i-nmobi | i zation support 14. The organic matters in the mxture 13 a%ﬁUETZWE
utilized as a source for respiratory substrate of denitrifying bacteria or
f.or cell synthesis. Simlar to the case of the obligatory anaerobic tank,

an al cohol (such as nethanol or ethanol) may be added fromthe outside of

L the systemif necessary. The denitrified wastewater 6 is then fed to the
nitrification tank 3 and is brought into contact with the nitrifying
bacteria in the nitrification tank 3 under aerobic conditions, whereby the
denitrified water 6 is nitrified. At the bottomof the nitrification tank

3, an air diffuser 15 for feeding_an oxygen-containing gas such as air is

i nst al | edSRAPCEBNAR CRPBNLGRRNPIUEEBWER A FTL1REYER r bbr JHHi @GNS zati on -
i1 250CT2006 support 18 has been poured in a mxture 17, which contains
nm cr oor gahi-rBoEgeRians nrehf §pnplbativing bagtenta, ni% 14 cation tank 3.
When air cones fromthe air diffuser 15, oxygen is fed to the mxture 17 in
the nitrifhitaiforatior Bning. dthamelsanmes fromathe ey ddSEPSLrd® of t he
m xture 17 occurs owing to the resulting ascending air bubble flow While
this cirorygenris fledvtoatise snifdtaweol 7 tine thecn bor fbestion rhamik Biared | on
support 1S in the nitrification tank 3,
at the same time, a circulatory flow of the mixture 17 occurs
owing to the resulting ascending aixr pbubble £flow. While this
clrculatory flow causes f£low of the microorganism
- immobilization support 18 in the nitrification tank 3,
microorganisms composed mainly of the nltrifying bacteria
exlsting in the mixture 17 are caused to adhere to, combine with
and immobilize onto the microorganism immobillzation support
18, By the thus-immobllized nitrifying bacteria and floating
nitrifying bacteria, biological treatment of the mixtuxre 17 in
the nitrificatlion tank 3 1is carried out.
A portion of the nltrified wastewater 7 is introduced into
the denitrification tank 2, which is disposed upstream of the
nitrification tank 3, as water 8 to be returned and clrculated
and 1s denitrified under snaerobic conditions. A remaining
portion of the nitrified wastewater 7 is released or recycled
after removal therefrom of the solld conteni in the nitrified
wastewater 7 by the ordinarily employed method such as
_ coagulating sedimentation treatment or membrane treatment,

For the purpose of attalning complete denitrification and/or

decompesition of BOD components, it 1s also possible to treat
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m_croor gani sns conposed mainly of the nitrifying bacteria existing in the
m xture 17 are caused to adhere to, conbine with and inmobilize ong g (fng[s
m croorgani smimmobilization support 18. By the thus-inmobilized nitrifying
bacteria and floating nitrifying bacteria, biological treatnent of the
mXxture 17 in the nitrification tank 3 is carried out. A portion of the
nitrified wastewater 7 is introduced into the denitrification tank 2, which
i s di sposed upstreamof the nitrification tank 3, as water 8 to be returned
and circulated and is denitrified under anaerobic conditions. A remaining
portion of the nitrified wastewater 7 is released or recycled after renoval
therefromof the sol,id content in the nitrifie wast ewater_7 by the
ordinariI§85nﬁﬁgf§31ﬁ§tWS&tgﬁ@hogéth@baéﬁF&F#ﬁ YBELERATEEi On treatnent or

menbrane treatnent. . For the purpose of attaining conplete denitrification

and/ or dEBEREESIVIEdY o BOSSIIiFafdcasiony taEkaRs 0apBsi BeraeEAt+eRt - 12

250CT2006 the remaining portion of the nitrified wastewater 7 successively
in a deniﬁﬂﬁkié@bi@nt@@akf?rz%ﬁf&iiﬂ@-&@ﬁ&@ﬁ@ﬁertkaBQD,ﬁacpmnﬂsibg treating
wast ewat er by BOD deconposing bacteria under aerobic conditions, follow ng
t he treat bastenia pvhdeni aerobiatdanditicnsl; frédoving the teelttendniant from
the resulting wastewater 7' by the ordinarily enployed nethod such as
coagul ati ipesaditréftlaaitdont teakn®ntremovienptanestLdtetafent from the
resulting wastewater 7' by the ordinarily employed method such
as coagulating sedimentatién tieatment or membrane treatment;
and then releasing or recycling the résidue.

Alternatively, the obligatory anaerobic tank and
denitriflication tank which are illustrated in FIG. 1 are
combined into one denltirificatlion tank, in which
decolorization and denitrification of wastewater are conducted
by bringing it into contact wlth sulfate reducing bacteria and
denitrifying bacteria. Then, the wastewatex thus treated may
be brought into contact with nitrifying bacteria under aerobilc
conditionsg. It is preferred to return and circulate a portion
[ of the nitrified wastewatexr discharged £rom the nitrification

tank to the denitrificatlon tank.

FIG. 2 ig a flow chart of a wastewater treatment apparatus

according to a second embodiment of the present lnvention, in

which an obligatory anaerobilc tank, a nitrification tank and

a denltrification tank are disposed in the order of mention,

and downstream of the denitrification tank, a re-aeration tank

for bringing BOD decomposing bacteria into contact with the

- 13 -



and then releasing or recycling the residue. Alternatively, the obligatory
anaerobic tank and denitrification tank which are illustrated in Fl U%T?@ﬁ
conbi ned into one denitrification tank, in which decolorization an
denitrification of wastewater are conducted by bringing it into contact
with sulfate reducing bacteria and denitrifying bacteria. Then, the

wast ewater thus treated nmay be brought into contact with nitrifying
bacteria under aerobic conditions. It is preferred to return and circul ate
a portion of the nitrified wastewater discharged fromthe nitrification
tank to the denitrification tank. FIG 2 is a flow chart of a wastewater
treat nent .apparatus _ according to a second enbodi nent of the, present
inventionﬁePﬁtnﬂﬁ¥ﬂ¢-§HSGBWP§gFoP9d%ﬁa%ﬁ¥RF¥Ft?ﬁﬂéiﬂ;QQQ:FﬁfﬂégPPBﬁdtank and
a denitrification tank are disposed in the order of nention, and downstream
of the dedht Fild.cai dRatemla 4y &hgeoRliigntogik anperobirngrnly BoD
deconposi ng bacteria into contact wwth the 13 250CT2006 denitrified

wast ewat enigrdéicadriom daadndi t fenttrificapberdank Fread 2ze-paratdion in the
obligatory anaerobic tank 1, nitrification tank 3, denitrification tank 2
and re-aerankorl? feave Heemnadeneddd iizedo by pregelry mpeopergandemor gani sm

I mobi | 1 zati on supports, respectively. Wastewater 20 containing a

ni t r ogen- deniodiiniingitdyen isuppedts, respectively.

Wastewater 20 containing a nitrogen-containing dye 1s fed

to the oblligatory anaercbic tank 1, in which it is brought into
;T contact with sulfate reduclng bacteria under obligatory

.anaerobic conditions, whereby the nitrogen-contalning dye is
decomposed. |

The treated wastewater 21 is fed to the nitrification tank
3 and is brought into contact with nitrifying bacteria under
aercoblec conditlons, whereby the treated wastewater 21 is
nitrified. The nitrified water 22 is then fed to the
denitrification tank 2, in which the nitrified wastewater 22

is brought inte contact with denitrifying bacteria under

—-

anaercobic conditions to denitrify the nitrified wastewater 22.
In the denitrification tank 2, an organic matter is utilized
as a source for the synthesis of a respiratory substrate or
cells of denltrifying bacteria. It may be added from the
outside of the system 1lf necessary.

Downatream of the denitrification tank 2, a re-aeration
tank 19 is disposed to treat the organic matter which has

remalned in the denitrifled wastewater 23 without beilng

- 14 -



to the obligatory anaerobic tank 1, in which it is brought into contact

wi t.h sul fate reduci ng bacteria under obligatory anaerobic conditio?§L T 2006
wher eby the nitrogen-containing dye is deconposed. The treated was Agier
2Y is fed to the nitrification tank 3 and is brought into contact with
nitrifying bacteria under aerobic conditions, whereby the treated
wastewater 21 is nitrified. The nitrified water 22 is then fad to the
denitrification tank 2, in which the nitrified wastewater 22 is brought
into contact with denitrifying bacteria under |.. anaerobic conditions to
denitrify the nitrified wastewater 22. In the denitrification tank 2, an
organic matter is utilized as a source for the synthesis of a respiratory
substrateCGPBUEGﬁIénoihﬁeﬂﬁﬂitF%ﬁﬁbnﬁaﬁﬁiﬁﬁ%ﬂnI&nggéﬁ Basghdsaefr $¥9m he
outside of the systemif necessary. Downstream of the denitrification tank
2, a re-athatdenitrifiicagipn §8pkoded Rronm rdw ashketedgwnstewateer 2dhi ch has
remained in the denitrified wastewater 23 without being - 14 250CT2006
consuned thetdelidmantidnt ig remcvedrbyite srdisehihlyehpfloyad hethod
denitrification tank 2. Fromthe aerated wastewater 24, the solid content

i s renmovesgubl BBRecongulatiing esdiompadatebhodreatinbnésoeongnbabneg.

sedi nentation treatnent or nmenbrane

treatment, followed by release or recycling use.
In ?IGS. 1 and 2, the nitrogen-containing dye,

particularly azo dye, is brought into contact with sulfate

-

reducing bacteria in the obligatory anaercbic tank 1, which
causes reductive cleavage of the azo bond in an azo dye, whereby
the azo dye is5 decomposed 1nto colorless aromatic amine. The
aromatic amlne fhus obtalned by the decomposition of the azo
dye is brought into contact with the nitrifying bacteria in the
nitrification tank 3, whereby the structure such as aromatic
ring or hetero ring is decomposed.

A hydrogen sulfide gas generated in the obligatory
anaerobic tank 1 can be treated in the conventional manner. In
FIG. 1, the anaerobic condition is promoted by the introduction
6f the gas into the denitrification tank 2 downstream of the
obligatory anaerobic tank; and in FIG, 2, the hydrogen nitride
gas is introduced into the nitrificatlon tank 3 downstream cf
the obligatory anaercbic tank, im which 1t can be removed by
oxidative reaction.

For preventing spillage of the microorganism

immobilizatlion support, it is desired to attach a screen 25 to

- 15 -



treatnment, followed by release or recycling use. In FIGS. 1 and 2, the

ni trogen-containing dye, particularly azo dye, is brought into cont?gqlwﬁgg
sul fate -reducing bacteria in the obligatory anaerobic tank 1, which cgug
reductive cl eavage of the azo bond in an azo dye, whereby the azo dye is
deconposed into colorless aromatic am ne. The aromatic am ne thus obtained
by the deconposition of the azo dye is brought into contact with the
nitrifying bacteria.in the nitrification tank 3, whereby the structure such
as aromatic ring or hetero ring is deconposed. A hydrogen sul fide gas
generated in the obligatory anaerobic tank 1 can be treated in the

conventional manner. | FIG 1, .the aerobic condition_is. pronoted by the
i ntroduct i Ptise ‘b‘gse?‘m Oom%hglqjeqﬁ%&qaf‘qocrat[ ia@r‘?‘eFQ&?I%CZ téa%nit'r eam of the
obligatory anaerobic tank; and in FIG 2, the hydrogen nitride gas s

i nt r oduced@3Thr HHkcat 1on fiank RoAndamit ol flnacionedenk 3 imEFIh ilgandry
anaerobic tank, in which it can be renoved by. oxidative reaction. For
prevent i ngcspihe et et 1o each oof gt FR1IGHEREY iBPgereRisuSpakt 1.it is
desired to attach a screen 25 to - 15 250CT2006 the outlet of each of the
obl i gat or ynlimkfigatienenk Jedendtrificaghonahanie Zhendire-perediiodn tank 3

in FIG 1 and to the outlet of each of the obligatory anaerobic tank 1,
tank 19.

Each of the obligatory anaerobic tank 1, denlitrification
tank 2 and nitrification tank 3 iﬁ FIG. 1, and the obligatory
anaeroblec tank 1, nitrification tank 3, denitrification tank
2 and re-aeratlon tank 19 of FIG, 2 is filled with a support
having sulfate reducing bacterla, denltrifying bacteria,
nitrifying bacteria or BOD decomposing bacteria immobilized
thereon. The nature of the suppoert may be determined, depending
on the need. The sulfate reduclng bacteria, denitrifying
bacteria, nitrifying bacteria and BOD decomposing bacterla
‘included in and immobillized to a microorganism immobilization
support in advance may be employed. Alternatively, it is
possible to utilize spontanecus adhesion of bacteria to the
mlicroorganism immobilization support which has been poﬁred in
each tank in advance.

(Examples)
The present invention will hereinafter be described more
 specifically by Examples. It should however be borne in mind
that the present invention is not limited to or by them. The?

chromaticity, BOD (Biochemical Oxygen Demand) concentration
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nitrification tank 3, denitrification tank 2 and re-aeration tank 19. Each
of the obligatory anaerobic tank 1, denitrification tank 2 and 25 0CT 2006
nitrification tank 3 in FIG 1, and the obligatory anaerobic tank 1,
nitrification tank 3, denitrification tank 2 and re-aeration tank 19 of
F.G 2 is filled with a support having sulfate reducing bacteria,
denitrifying bacteria, nitrifying bacteria or BOD deconposi ng bacteria

i mobilized thereon. The nature of the support may be determ ned, depending
on the need. The sulfate reducing bacteria, denitrifying bacteria,
nitrifying bacteria and BOD deconposi ng bacteria included in and .

I mobi |1 zed .t lL,CroqQrgani sm i bilization: support i vanc y be
enployed.aﬂPt@Fﬁa?#V@P@fgﬁﬁrpgen oggPBFE%Fﬁgﬁ?FI?géugﬂbﬁﬂaﬁgﬁuécgﬂggsion of
bacteria to the  mcroqrgani smimmbilization support whi ch has been poured
in each WERteMRtsd aRdetreakadpianevafticr yeessRe2ritet it ACRPFAARER I naf t er
be described nmore specifically by ExanEIes. It shoul d however be bornein
mnd thatitheTessdem Methoss 6ATi snfvetriali¥etend OIIDHK OROAr1$RG) .
chromaticity, BOD (Bi ochem cal Oxygen Denmand) concentration - 16 2 5 OCT
2006 and T-N (Total -Nitrogen) concentration of each of the actual

wast ewat er and treated wastewater were neasured in accordance
Example 1

A wastewater treatment apparatus was manufactured in such

a manner that an obligatory anaerobic tank, a denitrification

—

tank and a nltrificatlon tank were disposed in the order of
mention and 75% of nitrifled wastewater discharged from the
nitrification tank was returned-circulated to the
denitrification tank. Each tank had a. capacity of 150 L. The
obligatory anaerobic tank was fillled with, as a microorganism
immobillized support, 10% (by weight, which wiil equally apply
herelnafter) of acetalized polyvinyl alcohol hydrogel (which
will hereinafter be called “PVA gel” simply) having sulfate
(- reducing bacteria ilmmobllized thereon., The PVA gel was caused
to flow by an agitator. The denitrification tank was filled
with 16% of PVA gel having denitrifying bacteria immobilized
thereon and using an agitator, the PVA gel was caused to flow
similarly. The nitriflcatlon tank was filled with 10% of PVA
gel having nitrifying bacteria immobilized therecon and
aeratlion was conducted via an air diffusing tube. As the
wastewater, actual wastewater containing Acld Orange 7 and Acild

Blue 126 was employed.
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with Testing Methods for Industrial Water (JIS K 0101-1991). Exanple 1 A
wast ewat er treatnent apparatus was manufactured in such a manner thai a[&'I
obl'igatory anaerobic tank, a denitrification tank and a nitrificatio 5t 1008
were disposed in the order of nention and 75% of nitrified wastewater

di scharged fromthe nitrification tank was returned circulated to the
denitrification tank. Each tank had a capacity of 150 L. The obligatory
anaerobic tank was filled with, as a mcroorganism immobilized support, 10%
(by weight, which will equally apply hereinafter) of acetalized pol yvinyl

al cohol hydrogel (which wll hereinafter be called PVA gel' sinply) having
sul fate reduci bacter.i bilize ereqn PVA gel S sed to

fl ow by an agi t?mlqb&? ]Sé'FﬁmIc? v‘fE’rtced'-tq"(‘;"r‘i1h rﬁ/ﬁ'ét?'FF' gdggv\;?ﬁ 1%0 of PVA
gel having denitrifying bacteria inmobilized thereon and using an agitator,
the PVA gel® qﬁé‘se’tfdi%%’o"q} &% Lads 'E%%lﬁa”rq {F NrRENGeREFR TR | Yn 4980 P9¢%hs il ed
with 10% of PVA_ gel having nitrifying bacteria immobilized thereon and

aerati on widdesHrRch sy AF dihe HF atgn @te thasopkdetvadt ERat er, act ual

wast ewat er containing Acid Orange |land Acid Blue 126 was enpl oyed. 17
250CT2006 mifelfchantlomsianmuiwgs Hil & lewdimsugigegtdngl3sbe BOD

concentration of 1545 ng/L and T-N concentration of 408 ny/L.
decolorization of the wastewater. The BOD and T-N

concentrations of the wastewater were 18 mg/L and 20 mg/L,

respectively.
P Comparative Example

In a similar manner to that employed for Example 1 except
that the obligatory anaeroblc tank was omitted, wastewater
treatment was conducted. The BOD concentration of the treated
wastewater at the sutlet of the nitrification tank was 19 mg/L,
almost é similar level to that of Example, but the T-N
concentration was 68 mg/L and chromaticity was 203, indicating
‘that the wastewater treated in Comparative Example was not
decolorized.
Example 2

A wastewater treatment apparatus was manufactured in such-
a manner that an obligatory anaerobic tank, a nltrification
tank, a denitrification tank and a re-aeration tank were
disposed in the order of mention. Each tank had a capaclty of
150 .. 'The obligatory anaeroblic tank was f£illed with, as a
microorganism immobilized suppert, 10% of acetalized PVA gel

having sulfate reducing bacteria immobilized therecn. The PVA
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The chromaticity of the wastewater at the outlet of the nitrification tank

was 18, clearly suggesting the decolorization of the wastewater. Tﬁf5ﬁ%*ﬁ%5
and T-N concentrations of the wastewater were 18 ng/L and 20 ng/L,
respectlvely . Conparative Exanple In a sinmilar manner to that enpl oyed for
Exanple 1 except that the obligatory. anaerobic tank was omtted,

wast ewat er treatnent was conducted. The HOD concentration of the treated
wastewater at the outlet of the nitrification tank was 19 ng/L, alnost a
simlar level to that of Exanple, but the T-N concentration was 68 ng/L and
chronaticity was 203, indicating that the wastewater treated in Conparative

e o B8y Pho SIERUEYIE Ly RO SaterbEs: U ShshathIR Ly eapeatus ves
n ;ggggza¢%°?aai@?5éw15% Thk b EohLER 8 %ﬁiﬁﬁﬁnit%%ﬁﬁﬁé‘;ﬂ%&é%% e
support . Y9 i%éﬁa%ﬁgéaﬂ’%iﬂﬁ'a'elaggﬁﬁ”mgwé‘%| fopdictedcfie sacln obi 11264
i rmobi i zed thereon The PVA - 5 CCT 2006 gel was caused to fl ow by
an agit at @+t qﬁgnglﬁpp?,(Hﬂhebgepgﬁpificatlon tank was filled with 10%
of PVA gel having denltrifying bacteria imobilized thereon and
using an agltator, the PVA gel was caused to £low simllar to
the case of the obllgatory anaeroblc tank. A necesgary amount
] of methanol was added to the denitrificatlon tank. The
re-aeration tank was £illed with 10% of PVA gel having BOD
decomposling bacteria immobilized thereon and aeration was
conducted via an air diffusing tube, and a remaining BOD portion
without.being consumed 1n the denitrifying reactlon was
decomposed. As the wastewater, actual wastewater containing
Acid Orange 7, Acid Blue 126 and a high amount of T-N

concentration malinly consist of urea was employed.

The actual wastewater had a chrbmaticity of 420, BOD

ol

concentration of 460 mg/L and T-N concentration of 590 mg/L.
The chromaticity of the wastewater at the outlet of the
nitrification tank was 18, clearly suggesting the
decolorization of the wastewater. The BOD and T-N
concentrations of the wastewater were 17 mg/L and 18 mg/L,
respectively.

Example 3

A wastewater treatment apparatus was manufactured in such
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was filled wth 10% of PVA gel having nitrifying bacteria immobilized

t hereon and aeration was conducted via an air diffusing tube. The -
denitrification tank was filled with 10% of PVA gel having denitriQMi@@ym%
bacteria i nmobilized thereon and using an agitator, the PVA gel was cause
to flowsimlar to the case of the obligatory anaerobic tank. A necessary
appunt of nethanol was added to the denitrification tank. The re-aeration
tank was filled with 101 of PVA gel having BOD deconposing bacteria

i mobi | i zed thereon and aeration was conducted via an air diffusing tube,
and a remaining BOD portion w thout being consuned in the denitrifying
reaction was deconposed. As the wastewater, actual wastewater. containing
Acid Oran | l,u . ' f_T- t [ mai nly
consi st o%?ﬂ%ggé%gghgﬁp?oé%g}egggf%%tggPa&ﬁ??%%@t%rn%%F ﬁﬂ%ﬁggﬁgkﬁggiy of
420, BOD concenjration pf 460 L_and T- oncenj r.atj on. of, 5 L. The
chronaticiv?r%fgiﬁgoﬁﬁ tgﬂafg? g?é?ﬂep LW?%ifﬁﬂ 3 fﬁﬁtdﬁfﬂ%ﬁﬁﬁ%&%%{ank was
18, clearly suggesting the decolorization of the wastewater. The SCD and
T-N concef§se¥arer of 1t paatged chrem  therrlarifigation wpkgras

respectively. Exanple 3 A wastewater treatnent apparatus was manufactured in
such 19 »stwinpedpsclrculated to the denitrification tank. The

denitrification tank and the nitrification tank had a capacity
of 300 L and 150 L, respectively. The denitrification tank was

filled with, as a microorganism immobilized support, 10% (by

A

weight, which will equally apply hereinafter) of acetalized
polyvinyl alcoheol hydrogel (which will hereinafter be called
"PVA gel” simply) having sulfate reducing bacteria and
denitrifying bacteria immobilized thereon. The PVA gel was
caused to flow by an agltator. The nitriflcation tank was
filled with 10% of PVA gel having nitrifying bacteria
immebllized thereon and aeration was conducted via an air
diffusing tube. As the wastewater, actual wastewater

containing Acid Orange 7 and Acld Blue 126 was employed.

P

I The actual wastewater had a chromaticity of 310, BOD
concentration of 1236 mg/L and T-N concentration of 375 mg/L,
The chromaticity of the wastewater at the outlet of the
nltrification tank was 21, clearly suggesting the
decolorization of the wastewater, The BOD and T-N
concentrations of the wastewater were 19 mg/L and 24 mg/L,

respaectively.



a manner that a denitrification tank and a nitrification tank were disposed
in the order of nention and 75% of nitrified wastewater discharged mq$ﬁ
nitrification tank was returned circulated to the denitrification ank
denitrification tank and the nitrification tank had a capacity of 300 L and
150 L, respectively. The denitrification tank was filled with, as a

m croorgani sm i nmobi |l i zed support, 104 (by weight, which will equally apply
herei nafter) .of acetalized polyvinyl alcohol hydrogel (which wll

herei nafter be called "PVA gel” sinply) having sulfate reducing bacteria
and denitrifying bacteria i rmobi |i zed thereon. The PVA gel was caused to
fl ow by an agitatp% Ristrification tank was filled with 10% of PVA gel
having nitrifying ACteria i mmobi li zed thereon and aeration was conduct ed

via an air diffusing tBQ?ﬁetﬁ‘é% Oi}et]\é\@a%ﬁiﬁa‘ga%ccé%ct uaI mi'/valsltileévaate rogo t ai ni ng

Acid Orange 7 and ACI was e ad a

chromaticity of 310, .BOD concentration of /L T- oncenfration
of 375 my/ L. &Oeiﬁﬂaﬁag.%iefwaacht RaiSe o ol iR tsuel S gp (he
nitrification tank was 21, clear sug%}sting t he decolorization of the
wast ewat er. The BOD and1T-3¢ OE%rr&%ﬁFYaﬁt 2ERIGT SERR SRESTERGERY Where 19 ng/L

and 24 ng/L, respectively. - 20 250CT2006
wastewater containing a nitrogen-containing dye into contact

with sulfate reducing bacteria under obiigatory anaerobic
conditions;
{2) a nitrification step for bringing the wastewater into
contact with nitrifying bacteria under aerobic conditions; and
(3) a denitrification step for bringing the wastewater into

contact with denitrifying bacteria under anaerobic conditions.

2. A method of treating wastewater containing a nitrogen-
dye of claim 1 with an apparatus, comprising

an obligatory anaercbic tank for bringing wastewater
containing a nitrogen-containing dye into contact with sulfate-
reducing bacteria under obligatory anaercbic conditions,

a nitrification tank for bringing the wastewater into

J contact with nitrifying bacteria under aercbic conditions and

a denitrification tank for bringing the wastewater into

contact with the denitrifying bacteria under anaerocbic

conditions.

3. A method of treating wastewater containing a nitrogen-—

dye of claim 1 with an apparatus, wherein the cbligatory anaerobic
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(e) Adainms 1. A nethod of treating wastewater containing a nitrogen-
contai ni ng dye, which conprise the following steps (1) to (3): (1)2éme2Wﬁ
obl i gatory anaerobic step for bringing the wastewater containing a

ni trogen-containing dye into contact wth sulfate reducing bacteria under
obligatory anaerobic conditions; (2) a nitrification step for bringing the
wastewater into contact wth nitrifying bacteria under aerobic conditions;
and (3) a‘denitrification step for bringing the wastewater into contact
with denitrifying bacteria under anaerobic conditions. 2. A nethod of
treati ng wastewater containing a nitrogen- dye of claiml1l with an apparatus,

conprising an .Qbligatory anaerobjc tank for bringing wastewater . containing
a ni trogen- cbitfai g ‘{%étprﬁﬁaﬁﬁﬂ deankniard et g%glﬁlé@ﬁ&‘i’rhgt%t%?q a under

obl i gatory anaerobic conditions, a nitrification tank for_ bringing the

wast evat er i #tPosedniacthsn aeRi Of i I§HHGNbaR efti BOXH@Er fertdBi gtr@é?ﬁﬁ tions
and a denitrification tank for bringing the wastewater into contact wth

t he denitrifyatey pasckanogdufeer thaaerbyifécevmg thohsis caused s reguesT
treati ng wastewater containing a nitrogen- dye of claiml1l with an apparatus,
wher ei n t he aiyl icgatwlage atradhe blenitRIf126CCH2086k .

4, A method of treating wastewater containing a nitrogen-dye
of claim 1 with an apparatus, wherein the cobligatory anaerobic
tank, the nitrification tank and the denitrification tank are
disposed in the order of mention and a re-aeration tank for
bringing BOD decomposing bacteria into contact with the
wastewater under aerobic conditions is disposed downstream of the

denitrification tank.

5. A method of treating wastewater containing a nitrogen-dye
of claim 1 with an apparatus, wherein a denitrification tank for
bringing wastewater containing a nitrogen-containing dye into
contact with sulfate reducing bacteria and denitrifying bacteria
under obligatory anaerobic conditions and a nitrification tank
for bringing the wastewater into contact with nitrifying bacteria
under aerobic conditions are disposed in the order of mention,
whereby a portion of the treated water discharged from the
nitrification tank is cauéed to return and circulate to the

denitrification tank.

6. A method of treating wastewater containing a nitrogen—dyé
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tank, the denitrification tank and the nitrification tank are di sposed in
the order of nention and a portion of the treated water discharged iﬁg@g%@ﬁ
nitrification tank is caused to return and circulate to the denitri i-on
tank. 4. A method of treating wastewater containing a nitrogen-dye of claim
1 with an apparatus, wherein the obligatory anaerobic tank, the
nitrification tank and the denitrification tank are disposed in the order

of mention and a re-aeration tank for bringi ng BOD deconposi ng bacteria
into contact with the wastewater under aerobic conditions is disposed
downstream of the denitrification tank. 5. A nmethod of treating wastewater
containing a nitrogen-dye of claiml with an apparatus, wherein a

denitrification tank f. bri ngi wast ewat er containing a
nitrogen-coﬁ%é?ﬁ?ﬁgkdvgkiW?@pp%ﬁﬁgﬁcﬂﬂ "FH*sul fate reduci ng bacteria and
denitrifying bacteria under_ obligatory anaerobjc conditions and a
nitrification tankb® fEFtBFiangRRey ERB H%§Pé%ﬁF@TbYﬁiBQEHHPEEPl%Wth nitrifying
bacteria - under aerobic conditions are disposed in _the order of nention,
wher eby a péFroid 1g2tihe SERROAT et Bt £22Fi S drgkdsTleshred Heomnths i fi cati on
tank is caused to return and circulate to the denitrification tank. 6. A
met hod of t Peatdatgrvicaneenstisr taoht &haimgralimatioydmndyeand theg 2 5 O C T 2006
of claiml1l with an apparatus, wherein

denitrification tank.

7. A method of treating wastewater containing a nitrogen-dye
bf claim 4 with an apparatus, wherein the bacteria have been
immobilized by a microorganism immobilization support in at least
one tank selected fram the obligatory anaerobic tank, the
nitrification tank, the denitrification tank and the re-aeration

tank.

8. A method of treating wastewater containing a nitrogen-dye
of claim 5 with an apparatus, wherein the bacteria have been
immobilized by a microorganism immdbilization support in at least
one tank selected from the nitrification tank and the

denitrification tank.

9. A method of treating wastewater containing a nitrogen-dye
of claim 6 with an apparatus, wherein the microorganism
immobilization support is at least one support selected from

gelled support, plastic support and fibrous support.

10. A method of treating wastewater containing a nitrogen-

-23-



t he bacteria have been i mmobilized by a m croorganism immobilization
support in at |east one tank selected fromthe obligatory anaerobiczgﬁﬁ¥7m6
the nitrification tank and the denitrification tank. 7. A nethod of
treati ng wastewater containing a nitrogen-dye of claim4 with an apparatus,
wherein the bacteria have been immobilized by a m croorgani sm

i mmobi |i zation support in at |least one tank selected fromthe obligatory
anaerobic tank, the nitrification tank, the denitrification tank and the
re-aeration tank. 8 A nethod of treating wastewater containing a
nitrogen-dye of claim5 with an apparatus, wherein the bacteria have been

i mobi lized by a m croorgani smimmbilization support in at |east one tank
sel ected fromd be gidin bigal an dpakatRd fhacidemd ghiiLptlppottank.a 9. A

met hod of treating wastewater containing a nitrogen-dye of claim6 with an
appar at us, M@@Bﬁ&ﬂyihﬁcgﬁgquﬁggﬂh§n1 i mobi | i zation support is at |east one
support selected from gelled support, plastic support and fibrous support.
10. A method of treating wastewater containing a nitrogen- 23 250CT2006 dye
of claim9 with an apparatus, wherein the gelled support is a polyvinyl

al cohol hydrogel. -24
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