; e3ey#vt | RN vlmwmmmummumpar atus and nethod for treating wastewater
containing nit ning dyes (a) Background of the Prior Art 1
Techni cal Field Thggmsesent invention Felates to a wastewater treatnent

apparatus which biologically decol orizes and denitrifies wastewater
containing a nitrogen-containing dye. Mre specifically, the invention

pertains to treat nent apparatus capable of easily decolorizing
and deconpoﬂmmﬂmmgmm@makw cost ( a persistent nitrogen-containing dye such
as an azo comrpoun stewat er containing a dye, being conpact, having
excel | ent durabiP®% and hi gh processing power and ensuring |ong-term

st abl e opmanald ®F the DRpagritidoron of the Prior Art Nitrogen-containing dyes,
particularly, azo dyes account for the |largest proportion of all synthetic

dyes . Thippareruls &fhd Meto® o | ttalft i Iwaas dvidiiss ,cdmdniagd cosmeti cs.
When dye-cont ai ni ng wast ewat er di scharged from dye manufacturing plants end

the |ike fixrcidpsceshtdimiddadypswi ronnent, it colors the surrounding
environnment and inpairs the environment and beautiful appearance. There is

accor di ngly) ahékyrARtd NeF denanskefF Ade decol orization or detoxification
of the above-described dye existing in the wastewater. wastewater - 1

1., Technical Field

The present invention relates to a wastewater treatment
apparatus which bilologically decolorizes and denitrifies

] wastewater containing a nitrogen-containing dye. More

specifically, the invention pertains to a wastewater treatment
apparatus capable of easily decolorizing 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, particularly, azo dyes account

1 for the largest proportion of all synthetic dyes. They are used

in various fields such as fiberxs, foods and cosmetics. When
dye-containing wastewater discharged from dye manufacturing
plants and the like is released into the environment, 1t colors
the surrounding environment and impaixs the environment and
beautiful appearance. There is accordingly an increasing

demand for the decolorization or detoxification of the

above-described dye exlsting in the wastewater. Wastewater



a containing dyes have conventionally been treated nmainly as a mxture with
anot her wartwater by the activated sludge process under aerobic conditions.
The ‘activated sl udge process however only removes BOD ( Biochem cal Oxygen
Defrand) and SS ( Suspended Substance) conponents from the wastewater. Many
dyes are persistent nitrogen-containing conmpounds such as azo dyes. Since
t hey cannot be renoved biologically by the activated sludge process, the
wast ewat er has been rel eased into the environment w thout renoving
therefromcoloring or nitrogen conponents derived fromthese dyes. As a
met hod of physically renovinng a dye-containing substance from wastewater,
it is knmntmin:tmtdm -heore adomiven tdamiaddiye belep tireasietli mainlly sdsidye
prooess) physically separating the dye fromthe wastewater by solidify the
dye- cont anixktyres withoanether lwaste v tetxoby dhegat bl vated edudget ptoweor by
adsorbing thO substance onto activated charcoal or the like; and then

recl ai m ngndéme agypoblcltondibkohed The lmmitdwart esicsbafpge ipadcsisstheowever
drawback that the persistent dye which has renai ned undeconposed exerts a
bad ~.i nfonkparenmovdshBOBNYBLochemicabh@xyden Pemahdjsa SSe( Suspendéd or der
to avoid such an influence, only a limted landfill site can be used. As a
met hod ofsubetaned ) ycomponpntisngremdyhe cwasbewatgr sutiMany cdyes awest ewat er,

proposed are, for exanple, a nethod - 2
persistent nitrogen-containing compounds such as azo dyes.
Since they cannot be removed biologically by the activated
] sludge process, the wastewater has been released into the
environment without removing therefrom coloring or nitrogen
components derived 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 wastewatex by solidify the
dye~containing substancelwith the aid of coagulating
sedimentation or by adsorbing the substance onto 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 influence on
the environment when it 1s released thereinto. In order to
avold such an influence, only a limited landfill site can be
used.

As a method of chemlcally decomposing a dye-containing

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



r of deconposing the dye by bringing it .into contact with ozone (Japanese
Pat ent Lai d- Qpen No. 239383/1997), a nethod of bringing it in contact with
oxygen under hum d conditions, thereby oxidizing it (Japanese Patent
Lal d- Open No) 253669/1997 ) , a nmethod of bringing it in contact with an
enzynme, thereby deconposing it (Japanese Patent La~.d-Cpen No.

2000- 245468), and a net hod of deconposing it under supercritical conditions
(Japanese Patent Laid-Qpen No. 2001-7.2i137). Any one of thes nethods
however ,involve drawbacks such as necessity of an extra cost for chem cals
and facilities and generation of by-products which disturb treatnent. As
descri bedofiireompes bpgdthe @dye by grgasilng HY dlntshcopdiaed Washeorzore
capabl e of decol ori zxng and deconposing, at a | ow cost, a persistent

ni t r ogen- tdapanasagPayentutnidsopen NompaddfAadsdilan7bxt enmetledhali ng an
adverse environnental effect is not known. An object of the present

i nvent i onbringhrgefltr ént coptactdwiihwasygent underchuinhg cppdibtiorsoapabl e
of easily decolorizing and deconmpos~.ng, at a | ow cost, a persistent

ni t r ogen- enetebyi ogidyeingchtagJapanesspbakdntnLaddt@pabheNocont ai ni ng a

ni trogen-contai ni ng dye, being conpaot, hav~.ng excellent durability and

hi gh processkeg/peesn, améthoduwt bgihghggter indabiacwpethtdroanzfiog, Sunmary
of the Invention - 3 , According to the present invention, the

above- desenkkebyo@iceomposinie 1at (Japedeby RateatebatigrOperaNoent apparatus
which is equipped with an obligatory anaerobic tank in which wastewater
cont ai ni NgoeoRRILSAGEN-,C ANdAIaN mBEhdvie oifs decompbeingt 4tCandeet with sul fate
reduci ng bacteria under obligatory anaerobic conditions, a nitrification
tank ~ n ghpekciritivadl esriatiohsh(Juphneset PatentaLbid-0peni Noi.fyi ng
bacteria under aerobic conditions, and a denitrification tank in which the
wast evat eboipg -02auaht) i NARYC dNed e Whielz ed meithoidky hogeRagt &hivalveader
anaerobi c eond~.tions , thereby decolorizing and denitrifying the

wast evat egrawbadika Bich Lk IfRGNFIAGN bl fh NGkt colR €05 RHnfickAld \ndt he
pr esent invention relates to a wast ewat er treatnent appar atus in which

deni trifi¢alchan viisLaNd fbrtifation? oF ty-prodiucty/ daaich’ diseakbvn step or
denitrification/nitrification step after decolorization in the obligatory
anaer obi ¢ +$@Rnientor der to prevent the waste ' water from being colored
agai n. The above-descri bed wastewater treatnent apparatus of the present

invention may Ravgedd¥ived Y dvve 2 atl g YT EReaftangP! i gatory

anaerobic tank, denitrification tank and nitr~.fication tank are di sposed

From the Sy COTRRrTHaY HHs e Mol f ooy ppatl scharaed
decomposing, at a low cost, a persistent nitrogen-containing
dye such as azo compound to an extent not having an adverse
environmental effect is not known. An object of the present
invention is therefore to provide a wastewater treating
apparatus capable of easily decolorlzing and decomposing, at
a low cost, a persistent nitrogen-containing dye such as azo
compound in wastewater containing a nitrogen-containing dye,
being compact, having excellent durability and high processing

power, and ensuring long-term stable operation.

(b) Summary of the Invention



denitrification tank. In a preferred enbodi nent, the bacteria vV are

I mobi | i zed by a m croorgani smimobilization support in at |east one tank
selected fromthe obligatory anaerobic tank, nitrification tank and
denitrification tank. Alternatively, the wastewater treatnent apparatus may
have a structure in which the obligatory anaerobic tank, nitrification tank
and denitrification tank are disposed in the order of nention and a
re-aeration tank is di sposed downstream of the denitrification tank in
order to bring HOD deconposing bacteria into contact with wastewater under
aerobic conditions. In a preferred enbodi nent, the bacteria are i mmobilized

by a mi croor gdserd i@ tid itk pRessnRPehvehish, | EREtakiife IdddcSAI&EST €d
fromthe obligatory anaerobic tank, nitrification tank, denitrifiaation

tank and Jijedt add®PNoé ddktained BPI£ waHf & Bk OPROM B &?‘fratuﬂ
ort selectd

m croorgani smimobilization support may b at |east one sh _
from gel lyatk siRROTddf 4 pY e Wit hS WAPebLS g@Rd Qﬁeuéoskaepea@liﬁ:g; %ﬁgugggrt

of a polyvinyl al cohol" "hydrogel as the™m croorgani sm I nmp

is still ﬁggﬁgﬁgggfré@ﬁhaﬂﬁ§h§w§tﬁy@%fﬁeﬂIé@ﬁﬂ%ﬂggggﬁggggﬂ§gﬁﬁﬁﬁﬁggng to

the present invention oan easily decol©orize a a 10w cost) a

Pers—, st iiin {4 I APENAY K4 1GF R +ieh r\éﬁ%‘ﬂ@t BEFﬁg*ﬂﬁ-ghﬁq}%{ fi?l?]yi%antd:ﬁ:x oh

ni trogen-vontai ning dye, 1s conpact, has €xce

Locess! a1 8 CL AR 6% | N %4 EF [ 280 S OBSIE i bk the () PF1 e
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 anaerocbic conditions, thereby decolorizing and
denitrifying the wastewater containing a nitrogen-containing
dye. More speclfilcally, the present invention relates to a
wastewater treatment apparatus in which denitrification is
carried out in a nitrification/denitrification step or
denlitrification/nitrification step after decolorization in
the obligatory anaerobic step in order to prevent the waste

’ water from being colored agailn,

The above-described wastewater treatment apparatus of the
present invention may have, for example, a structure in which
the obligatory anaerobic tank, denlitrification tank and
nitrification tank are disposed in the order of mention and a
portion of nitrified wastewater discharged from the

nitrification tank is returned and circulated to the

denitrification tank. In a preferred embodiment, the bacteria



FIG. 1is aflowchart illustrating a wastewater treatnent apparatus
according to a f~.rst enbodi mrent of the present invention; and FIG 2 f.s a
flowchart illustrating a wastewater treatnent apparatus according to a
second enbodi nent of the present invention. (d) Detail ed Description of the
Preferred Enbodi nent The term nitrogen-containing dye" as used herein
nmeans, anong acid dyes, acid nordant dyes) netal conplex salt dyes, basic
dyes, direct azo dyes, azoic dyes and reactive dys, water sol uble dyes
having s chem cal structural formula which includes there~.n nitrogen,
particularly, an azo bond. Exanples of the nitrogen-containing dye include
an~. | ~. nearma dindyeisl blzed dyp aAmidroonggnish, ismbbahikaeiani supgertlyias suoh
as Acid Orange 1 and Acid Orange 24 , naphthoi azo dyes such as Acid O ange
7 and Aciatt Qesmaje oe, tanktdelantiet fapm thye vkligatary\ahdeBbytcarnd Aci d

Bl ue 120 ) ant hragui none dyes such Acid H ue 82 and Aaid Blue 126 ,

pyrazol oned tehf ilgasisnctanc el deYelirafithtdod Aahl. YeAleawddtiwemy, azoic
dyes such as Azoi C Diazo Conponent 1 and Azoic D azo Conponent 27. The texm

"sul fate £eeughsiteRateer t2dathent ed??efaﬂu KiVé U2t PEMuARRRI OBl C
bacteria such as Desul fovibrio desulfurican hey are known bacteria which

reduce a whiéEt €he obDiBHﬁé?ﬂGBnéﬂfébﬂe bunel| £ 04 21 # 50 {64 | Odhk | dhan
obl i gatory anaerobi c tank, the nitrogen-contai.n~. ng dye is deconposed by

the aboveagrseribedatubhatink Aty ia1e poaedcih A nd HIadb bitIREREYoR g ODI C
conditions. The term "obligatory anaerob~.c conditions”" mans the conditions

in which @ redagraelent tahklﬂsaaisﬂabéa aéwﬁé‘tfeé}ﬁ’t@f‘tﬂ?é bei ng_used as an
index, is usually -200 nV or |ess when the pHin the liquidis 7. In the

present I@éﬁﬂ&ﬂﬂcatmaﬁ%t:ﬁwhméﬂewr 19 g@%&dﬂ%& cfgist in

the obligatory anaerobic tank upon synthesis a resplrat ry su strate or

cel | of sphtlgoheabE! POURARL A v Ol UGB ASLhAR RbnkiE10ns. Tn o

n!trogen contal ni ng dye. F~~r t ~rirt orit’ ~r~t o' C
BN L %&?Pﬁ.ﬁ'geg’f—.zfﬁﬁg bagrghef afe Mnineflgdaloply € T
SE}C'VQ;EE% ~6¥r§5ﬁ}§é?ghﬁbbiiiig¥%oﬁ{Qﬂbﬁgftnfﬁ ét leaéé ?ne tankcx fm e
Cef = ?%ec%' d £ OE~E~ 1igatory anaer$big ank ;. ni rifi Qﬁf ols .
these , e anor Can t hanol ~. ~ X~, tend to enp oye

tank, denitrification tank and re-aeration tank.

In a more preferred embodiment, the microorganism
immobilization support may be at least one support selected
from gelled supports, plastic supports and fibrous supports,

' of which use of a polyvinyl alcohol hydrogel ae the
microorganism immobilization support is still more preferred.,

The wastewater treatment apparatus according to the
present invention can easily decolorize and decompose, at a low
cost, a persistent nitrogenous compound in wastewater
containing a nitrogen-containing dye, 1s compact, has
excellent durability and high processing power and ensures

long-term stable operation.



In.the present invention, it is preferred that bacteria have been

i mobi lized by a m croorgani smimmbilization support in at |east one tank
sel ected fromthe above-descri bed obligatory anaerobic tank, nitrification
tank, denitrification tank and re-aeration tank. A process using the

m croorgani smi mobi |l i zation support (which process wll herei nafter be
cal l ed "support process” sinply) is better than the activated sl udge
process, because the dormer one does not require sludge return, which
facilitates operation and mai ntenance of each tank: particularly in the
obl i gatory anaerobic tank) a fine pore passes through fromthe surface of
the suppot®) tRE#eH Rescription Ofr h%fb§%ﬁ}%%%port ( and use of acetalized
pol yvi nyl al cohol g1 wh~.ch facilitates habitation of anaerobic

ni cr oor gani smeF +Gis 1. 4@ SpfleNcharphdldustprs+ae hYSSELNRSRT Y RANISP ! t he
sul fate reduci ng bacteria; conplete sealing as enployed in the activated
Sl udge prapmpesatmgicacepriag oty anEbrebi embodtmentnel | theRregandssary; and
the capacity of the reaction tank can be reduced to nake the tank conpact.
The ni cr coneentten Bnahdmobi | i zati on support suitably enployed in the
present invention is a solid having fine pores which will serve as a

habi tat for tHBIGI @& beregdhpwnchareddidpisdgadiingha wasitewatiers treatmentipport

i ncl ude vinyl al cohol based resins such as polyvinyl alcohol) ether based
resi ns suappasapasyacbgrénrggtycal seaond| embodinent sofhthe poésemt hacrylic
acid, acrylam de based resins such as polyacrylam de) ol efin based resins
such as pbhyentybene and pol ypropyl ene, styrene based resins such as

pol ystyrene) ester based resins such as pol yethyl ene terephthal ate and

pol ybutyl eag Detapheéliabaseriptiphonift theePbafedredsEmbodimants

pol yacryonitrile, urethane _ g _  based resins such as pol yurethane
sponge, pol ysarhbatexes rslimiogsn cdmtiainiagidyatl’ eds xuaxd hagedmnaneangar) and
cel l ul ose derivatives, photocuring resins such as pol yester acrylate, epoxy
acryl ate aményra&cbandéyés| yaeid)merdapordpss | metgdnicomplexosads dyeh, as
activated charcoal. O these, polyvinyl alcohol hydrogels are preferred
because thg¥ibafes, dikeetwfo Wee) dfoiwages amiireactivi dues), wasede of
the gels and oan ' absorb a | arge anobunt of water in the gels. Mre

pref err edggxapnkeayesChdde ngoanmehenddanoksyrueturalc @dbemubydwngeh and
acetalized pol yvinyl alcohol hydrogel. The m croorgani sminmobilization

supports pR¥1E8edSEtediNal tTogen)y, Pirt lcwDabiyaknaize boad.t ERampiepsoi nt s
of a westwater treatnment efficiency and support fluidity) i.ts filling

ratio ie)opasgd ADtiHgefiaBafithin®hgt bfet Bdlu@s cii ity a6 @yer eathr but
not greater than 50% wth a ratio of 3% or greater but not greater than

30% bei ng q@0k 81 @' Rdedo,FéGLEdnL 18 ddidvagbagyesisuchnastzoid erahgeat ment
apparatus according to a first enbodi mrent of the present invention, which

is structyrgfdat Rchaverangébid gaiaésmmm%rz@bamaakcndsmmid foraaigeor? t ank
and nitrification tank disposed 9.n the order of nention and to return and

ﬁ:[f?#?L:fﬁgﬁﬂE&hpﬁrQﬁgéﬂé?rnéﬂﬁﬁﬁﬁﬁm&ﬁbfdiﬁ“ﬂi&% Buthi &s CA¢idBIwNIG2af t er
and Acid Blue 120, anthraquinone dyes such Acid Blue 82 and Acid
Blue 126, pyrazolone azo dyes such as Acid Yellow 11 and Acid
Yellow 17, and azolc dyes such as Azoilc Diazo Component 1 and
Azoic Diazo Component 27.
The texm "sulfate reducing bacteria” as used hereln means

obligatory anaerobic bacteria such as Desulfovibrio

desulfurican. They are known bacteria which reduce a sulfate



treatnment to the denitrification tank. In FIG 1, bacteria in the absolute
anaerobic tank 1, denitrification tank 2 and - 9 nitrificat~.on tank 3
are inmobilizd by the mcroorgani smimmobil ~, zation. supports 11, 14 and 18,
respectively, Wastewater 4 containing a nitrogen-containing dye is fed to
the obligatory anaerobic tank 1, in which ~,t is brought into contact with
sul fate reduc~Lng bacteria under obligatory anaerobic conditions to
deconpose the nitrogen-containing dye, At the bottom of the obligatory
anaerobic tank 1) an agitator 9 is disposed, by which stirring is conducted
in order not to vause friction of the m croorgani sminmobilization supports
each ot hefo hiirageasy sodddies BYi FHDEATE ZRSRIT A MLy t In ampebBaatelired ~, n
a mxture 10, which contains mcroorgani sns such as sul fate reducing

bact er i a)anaexoliomianiat die aldirsgen-containipgeAyehasadecenposed by
started, a circulatory flow of the m xture 10 occurs ~.n the obligatory
anaer obi ctheabove - dEsicyribiedcsn bf st reldvwibgusact ¢ bavunterhab dgatomryani sm

i mmobi |i zati on support 11 in the obligatory anaerobic tank 1, during which
m cr oor gaamaesoboposedibbonty of the sul fate reducing bacteria existing in
the m xture 10 are caused to adhere to, conbine with and i mmobilize onto

t he m croor ganTsen tenmbl b hgaboryuappaeroiilc domdibbdmsatmeans uched reated 5
is denitrified by denitrifying bacteria in the denitrification tank 2 under
anaer obi ccondiitiongsin Avhible Aorédoxopotdwet tiebi inidi Thquind, thhiktis an
agitator 12 is disposed for carrying out stirring - i0 in order not to
cause fripdétentbhltbhelng cised goeniamindex)i Hisz abuallguppootmvese le@sder. The
m~. cr oor gaai am i mobi | i zati on support 14 has been poured in a m xture 13,
whi ch conglRen NBh&1 pRODHJERESIEqAL&hias7t he denitrifying bacteria, i.n the
denitrification tank 2. When the agitator iZ is started, a circulatory flow
of th mxture i3 eBéUpgebBntheéndentionfi &apiedeteitiined TahSurt resll atory

f~. ow causes flow of the mcroorgani smimobilization support 14 in the
den~. trifopgah08 hatkeds MUBLNExYBLCONNthEr PLUGALELT ARAPESISLE MBdmky O~
the denitriftying bacteria existing in the mxture 13 are caused to adhere
to, conbi Ggoii §¥ntREsLiENERI d i Zés iYL die FULHF AR RIS Bel ATHEI LU ZAELON
support 14. The organic matters i.n the mxture 13 are utilized as a sourc

for rspirpé@ayifighsddvdri@iordaacbinpbiibfohast Ahern2trbgéncebht&INingsi s.
Simlar to the case of th ob~.igatory anaerobic tank, an al cohol ( such ag

net hanol ggect NPGA! rhe NBren R dAd vikiBedar QUnwtdecal alREngy St BAT 6

necessary. The denitrified wastewater 6 is then fed to t he nitrification
tank 3 angul,§npr QEQJQI uagﬁ R RPDEALL V!h]r.gl_ e Rt ﬁ|Y-'¢'l'i)\9|=hﬁ9t Rlibni N hg
e

nitrificatlop tanl 3 under aerobic con itions, mhere y the enitrifi (
wat er 6 '%ﬁ?gﬁ.b;'gggra% tRetRRt bR BhthPe Rhherbbeal LaRK! 2P¥m3rnan air

di ffuser r i ng an oxygen-containing gas such as air 1s installed
In outgide i recommended. Examples of Llie organic matters to ba

& alcohols. Of these, methanol and ethanol
tend to be employed.

In the present invention, it is preferred that bacteria
have been immobilized by a microorganism immobilization
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

microorganisem immoblilization support (which process will



connection with a blower 16. A mcroorganismimobilization - 11 suppor t
18 hes been poured in a mxture 17, which contains m croorgani sns such as
nitrifying bacteria, in the nitrification tank 3. Wen air cones fromthe
adr diffuser 15, oxygen is fed to the mxture 17 in the nitrification tank
3 and at th same tinme , a circulatory f low of the m xture 17 occurs ow ng
to the resulting ascending air bubble f Tow. Wile this circulatory flow
pauses flow of the m croorgani smimmbilization support 18 in the
nitrification tank 3, mcroorgani sns conposed nainly of the nitrifying
bacter~,a existing zn the m xture 17 are caused to adhere to, conbin with
and i mohéreinaiter thee caildedo! sappert iphosigisisi"zaimphy $ uppbettad. tean t he

t hus-i nmobilized nitr~, fying bacteria and floating nitrifying bacteria,

bi ol ogi cathé raastivatedfs vdgenprooee sl 7banatbe the ridimeat one daek Bot s
parried out. A portion of the nitrified wastewater 7 is introduced into the
deni trifirequire t ehkdde wétabn| swhiehoBadilpsatesnopériatibomidndfi cation
tank 3) as water 8 to be returned and circulated and is denitr~.fied under
anaer obi qn&DMtehaneé. oA 6&6RI DANE; PPattOBubérifeini theé foeIiydsoepater 7 is
rel eased or recycled after renoval therefromof the solid content in the

nitrifiedan@stebt efank by EiReopol & PeadaesctRroMaH FLdGhesBatfase of
coagul ating sedinentation treatnment or menbrane treatnent. For the purpose

of attai ntR@ APPOEE & RIYd kthel 68AtreD pexY (Uf dRecapESeLt Ound ubelor

components, it is also possible to treat - t he remai ni ng portion of

the mtrIéwﬁlam.@éevg%wvﬂnfy@q%ﬂo\aebmIvﬁhfcrdewctimiftta%tsl Habiaaklan and a
r-aeration tank 19, "a tank for treating wastewater by HOD deconposi ng

bacteria 6‘f‘d@ﬁaéf&ﬁ@bCm@@ﬂgbibﬁﬂﬁsmsf %EQ% ngs! BRal éﬁﬁ%&?ﬁ‘t :Lxhﬁ‘r&@@s

nitrification tank 3; renoving the solid content fromthe resul ting
vast ewat it Ve 5 4 BLEQE: 9
sedi nent :%?%n ??%g{q%ntﬂoﬁn&mraﬁ?uﬁﬁafmnt é ﬁg‘:htahen re egé %gg?

recycling é&f;ﬁ&shgué g@&”i‘h' leyacrt% Bh' gi‘ﬁﬁ&% QPBSEQQ' Gnaagk and

denltrlflcatlon tank are il ustrate re conbined into one

denitri f'Sﬁing anhgré’ﬂighcgﬂﬁﬁl‘t%héais HBtaHQcQEBhE# f?t tha of

wast ewat er ar ringing It 1nto contact wt ate reduci ng

bacteria apd.depi tsffaaéwkégg%f%df%aALhﬁaba§§§$¥g§%§ oS meid! the! EahRA. MY

be brought Tnto ontact Wwth nitrifying ic conditions .
i's pre § é gto return and Circulate a portion of the nitrified
martmater C arged fromthe nitrification tank to th denitrification

o S i onEnd, hiBYoBhEEh:th niBHTILEI N SERELE BRRRABLYS, Sccordi no

to a second e résent i nvention an obligatory

anaer obi ¢ hg;ﬂﬁg t{}{% pealledt lﬁoggeggnai$%nh5ﬂ;i 1?%51%% %’LF pBrBe

di sposed I'n ment 1 on ownsiream o |aa

e e AR P e

contact wi he - wast ewa aerobi ¢ co

dlsposed.of the material for the support include vinyl alcohol based
resins such as polyvinyl alcohol, ether based resins such as
polyethylene 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

polyethylene terephthalate and polybutylene terephthalate,

acrylonitrile based resins such as polyacrylonitrile, urethane



In.FIG 2) bacteria in the obligatory anaerobic tank 1, nitrification tank
3, denitrification tank 2 and re-aeration tank 19 have been i mvbilized by
proper mcroorgani sminmobilization supports, respectively. Wastewater 20
containing a nitrogen-containing dye is fed to the obligatory anaerobic
tank 1, in which it is brought into contact with sulfate reducing bacteria
under obligatory anaerobic conditions, whereby the nitrogen~containing dye
i s deconposed. The treated wastewater 21 is fed to the nitrification tank 3
aad is brought into contact with nitrifying bacteria under arobic
conditions, whereby the treated wastewater 2Z ie nitrified. The nitrifid
wat er 22 Pasegaiesid sychnes podivurertthome sRonask polyisacghiadr delseswehrifi ed
wast ewater 22 is brought into contact with denitrifying bacteria under
anaer obi casondltiumsallgidatiet,r kkgathagaehanfi agdarnpsasdoce€r1@Posé n t he
denitrifioation tank 2, an organic matter is utilized as a source for the

synt hesi sdetigateebi apfbYosuRshgatk8s@hsS8lbh 85 feNybstéyi aerppsteria. It
may be added fromthe outside of the systemif necessary. Downstream of the

e o SRPEICARERRASS, oA Srdenabohchthcd? MpachaOSUROYISE 10

being _ lgompounds such as activated charcoal. Of these, polyvinyl
alcohol hydrogels are preferred because they have a 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 formalized polyvinyl alcohol hydrogel and
acetalized polyvinyl alcohol hydrogel. The microorganism
immobilization supports may be used either singly or in
combination. From the viewpoints of a wastewater treatment
effliciency and support fluidity, its £illing ratio is, based
on the capacity of the tank, preferably 1% or greater but not
greater than 50%, with a ratio of 3% or greater but not greater
than 30% being more preferred.

FIG. 1 1s a flow chart of a wastewater treatment apparatus
according 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 anaeroblc tank 1, denitrification tank 2 and



consund in the denitrifying reaction and is discharged fromthe
denitrification tank 2. Fromthe aerated wastewater 24, the solid content
~.s renmoved by th ordinarily enployed nethod such as coagul ating

sedi nentation treatnent or nmenbrane treatnent, followed by rel ease or
recycling use. Zn FIGS. 1 and 2, the nitrogen-containing dye, particularly
azo dye, is brought into contact with sulfate reducing bacteria in the
obl i gatory anaerobic tank 1, which causes reductive cl eavage of the azo
bond in an azo dye, whereby the azo dye is deconposed into col orl ess
aromatic an;.n%. The aromatic am ne thus obtained by the deconposition of
the azo d)&tFLLEraGdRP £APE BoAracimmobhlirkednbyr the-migrbaegeniamf . N t ha
nitrificaiion tank 3, whereby the structure such as aromatic ring or hetero
ring is deBBRBdsEaationyauppentsulii,dddgandgeBer abegettivayobl i gatory
anaerobic_tank 1 can be treated in the conventional manner. in FIG 1, the
anaer obi cN88REFaESA 4 Soptakping dyitiregent-containdhgoiys 1e 848 tid1tRet he
denitzification tank 2 downstream of the obligatory anaerobic tank; and in
FIG 2, thRlhgategmndendcie gaskils, intwhickiced i9beoh§Rt Nirto bnt§aLi ON
tank 3 downstream of the obligatory anaerobic tank, in which it can be
renoved bWibRi sulfaterzeducing Pactprexecthisg §Blib§9€r§faﬂQ§r§$££00rganiSm
i mmobi | ~, xation support , it is desired to attach a screen 25 to - 15

t he out| esondibhens ofot decompogat thy nﬂaﬁagghccggﬂgi&inge gelrification
tank 2 and nitrification tank 3 in FIG 1 and to the outlet of each of the
obl i gatory anaktothe beatkon, ofi thef b5l §2Pot|N . irifigation tank 2
and re-aeration tank 19. Each of the ob igafgréngﬁgero i%ééénﬁ'lég

deni tri f i agttatot ks Hisybeud J by ﬁmw@&%r%(&g 5{;&,‘}‘%%%53?‘0%}1'?%% tank 2

ob7.igatory anaerobic tank 1, nitrification ta

and re-aciat i tm emmke 1SrDELEbE of tne AiLtSOrykiled BHRNOLILIRYI Y Sul fate
ac

reduci ng bacteria, denitrifying bacteria, nitrTitying erra or

deconposisuppact ekiazh oUR6E| | TRE HhiWFSO¥Fgan I iﬂﬁgﬂﬁ.ﬁiggtigﬁe%ﬁ’éﬁ)&té may be

determ ned, depending on the need. The sulfate reduci ng bac

deni trif yilhchdachesn spountdd i L1vi HdnbeedF | Po 2Ngh RGP $ing bacteria
included in and i Mmobilized to a mcroorganismimobiliZatlon support ~.n

advance maycaxsomye Dstesl. sWdK e dadih Vel e fédﬁcﬁxé’oéfétbéxeié,o fgrigze -
spont aneous adhesi on of bacteria to the m-.croo gan~.sn1~,nﬁ%ﬂ§£.|zat|on
suppor t \Mﬁmgdmﬂﬂ%ﬁﬁe&@ﬂi@ tank 22CHH&KHd a@q.\f:ﬁ%%' S(Qas@éxeizsgd,
a circulatory f£low of the mixture 10 occurs in the obligatory
anaerobic tank 11, This circulatory fl;w causes flow of the
microorganism immoblilization support 11 in the obligatory
anaerobic tank 1, during which microorganisms composed mainly
of the sulfate reducing bacteria existing in the mixture 10 are
caused to adhere to, combine with and immobilize onto the
microorganism immobilization support 11.

The wastewater thus treated 5 is denitrified by
denitrifying bacteria in the denitrification tank 2 under

anaerobic conditions. At the bottom of the denitrification

tank 2, an agitator 12 is disposed for carrying out stirring

- 10 -



The present invention wlll hereinafter be dscribed nore specifically by
Exanpl es. It should however be borne in mnd that the present invention is
not limted to or by them The chromaticity, HOD (Bi ochem cal Oxygen
Demand) concentration - 16 and T-N (Total -Ni trogen) concentration of
each of the actual wastewater and treated wastewater wer neasured in
accordance with Testing Methods for Industrial Water (JI'S K 0101-1991).
Exanple 1 A wastewater treatnent apparatus was manufactured in such a
manner that an obl ~. gatosy anaerobic tank) a denitrification tank and a
nitrification tank were disposed in the order of nention and 75% of
nitrifi ednastdamtrert dic deargeE fiamahefithe micatodomgandsin was r et ur ned
circulated to the denitrification tank. Each tank had a capacity of 150 L.
The obl i datmerbd Jaresestricdn suppdeteaeddt lodthen .t h Thas mel. aricoraanhdam sm

| mobi | i zed support, 10% (by weight( which will equally apply hereinafter)
of acet aliimvexbidailaat ind sappolrtllhjidedgan pobred Ln & imilwteientd | whibh cal | ed
"PVA gel" s~.nply) having sul fate reducing baoteria i mobilized thereon.

The PVA gx=dntgih < mizedorganiewmsbyuen agithat denitbefgengtvadtertd odnt ank was
filled wth 10% of PVA gel having denitrifying bacteria innmobilized thereon

and usi ndH GgifftdtiFLcdtivonPYankeh  Wamhemnusedagetheey 52 Nid dtartebhe
nitrification tank was filled with 10% of PVA gel having nitrifying

bacteri a g rawkdd 1zesky ISP b ANth R 9f Bit e VOP JUHMCligd tHed an air

di ffusing tube. As the wastewater, actual wastewater containing Acid O ange

7 and Acighdl g6 96 660 ENIOYEd- Tnid Cireulifdid Yabw\Bah YR S oWRE 2
chromaticity of 360, BOD concentration of 1545 ng/L and T-N concentration

of 408 Mia WHWrSSYGARLI {nmobL 110 YOS BRIz @t1 4 iy Qid et Of the

nitrification tank was 18, clearly suggesting the decol orization of the

var t wat erge pi¥er I 261 sh e 2CAEE A RS A miEro YBFALVRISE cotfoelB NU/ L

and 20 ng/L, respectively.
mainly of the denitrifying bacteria existing in the mixture 13
are caused to adhere to, combine with and immobllize onto the
microorganism immobilization support 14. The organic matters
in the mixture 13 are utilized as a source for respiratory
substrate of denitrifying bacteria or for cell synthesis.
Similar to the case of the obligatory anaerobic tank, an alcohol
(such as methanol or ethanol) may be added £rom the outside of

) the system if necessary.

The denitrified wastewater 6 1ls then fed to the
nitrification tank 3 and is brought into contact with the
nitrifying bacteria in the nitrification tank 3 under aerobilc
conditions, whereby the @enitrified water 6 is nitrified. At
the bottom of the nitrification tank 3, an air diffuser 15 for

feeding an oxygen-containing gas such as air is installed in

connection with a blower 16. A microorganism immobllization

- 11 -



Conparative Exanple In a simlar manner to that enployed for Exanple 1
except that the obligatory anaerobic tank was omtted) wastewater 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 Rxanple, but the T-N concentration was 68 ng/L and chromaticity was
203, ind3.cating that the wastewater treated in Conparative Exanple was not
decol or5.zed. ' Exanple 2 A wastewater treatnent apparatus was manufactured
in such a manner that an obligatory anaerobic tank, a nitrification tank, a
denxtrification tank and a re-aeration tank were di sposed in the order of
menti on. SBRAPEGME haE Peaheeunediin 5o mixture ol i gétisaly comerists ¢ t ank
was filled with, as a m croorgani sminmobil sed support,, 10% of acetalized
PVA gel MahGERPRIATILARS raukhsfy whkrwifving rhatissdal tdreriyen. The PVA - 18
gel was caused to flow by an agitator. The nitrification tank was filled

wi th 10%rditmafiqadiomEand 3t Fhep ayr romes £ronmhobialiirz8diffheesds and
aeration was conducted vis an air d~.ffusing tube. The denitrification tank
was fil | exxygearhigofeditPhegnixhaventy danthe rfitingf beectieor aankn®EEdd zed

t hereon and using an agitator, the PVA gel was caused to flowsimlar to

t he case ajf thiee semmei §amer ya ambeewbs toryrfidowi ofethesmiytaneull adcur hanol
was added to the denitrif~.aation tank. The ra-aeration tank was filled

with 10%cogir/Aogéhe hesuhyingasieendhmsixiyx bubbdie &logmowhikedrier eon
and aeration was conducted via an air diffusing tube, and a remaining boD
portion waiixoonlta ety of oo seaesks NE1dwe dentid inddrsbrgatidnPn W8s deconposed.
As the wastewater) actual wastewater containing Acid Orange 7) Acid Bl ue

126 and adnbiadibimationfsdpPbro e nin afhe mied I Yoo Sar 3ises was
enpl oyed. The actual wastewater had a chromaticity of 420, HOD
microorganisms composed mainly of the nitrifying bacteria
exlsting in the mixture 17 are caused to adhere to, combine with
and immobilize onto the microorganism immobilization support
18. By the thus-immobllized nitrifying bacteria and £loating
nitrifying bacteria, blological treatment of the mixtuxre 17 in
the nitrification tank 3 1s earried out.
A portion of the nitrified wastewater 7 is introduced into
the denitrification tank 2, which is disposed upstream of the
l nitrification tank 3, as water 8 to be returned and circulated
and 1s denitrified under anaerobic conditions. A remaining
portion of the nitrified wastewater 7 is released or recycled
after removal therefrom of the solid content 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

decomposition of BOD components, it is also possible to treat

- 12 -



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

respectively. Exanple 3 A wastewater treatnent apparatus was manufactured
in such - 19 a manner that a den.itrification tank and a nitri.ficat~,on
tank were disposed in the order of nention and 75% of nitrified wastewater
di scharged fromthe nitrification tank was returnedcirculated to the
denitrifieation tank. Th denitrif~.cation tank and the nl.trification tank
had a cajhe repadnid RORtHeN F the sdiadifiled ywastewadesi {r ~tfi aati on tank
was filled with, as a m croorganl.smimmobilized support, Ip,g (b Y weight,
wh~. ch wisticcegsdvelyads a Hend triffiloation damkal zendpsl pei-aerazieshol
hydrogel (which will hreinafter be called "PVA gel" sinply) having sulfate
X' eduoi ngapdctld,i @ dahkidita rided i aasdrewatar- hybBODz deécomposdng. The PVA
gel waB caused to flow bY an agitstor, The nitrification tank was filled

wi t h 10%baictieviagandeayaengbhct corddd tiprimc thellowingrbbe | t zeakndrer dan and
aeration was conducted via an air diffusing tube. As th wastewater, actual
wast ewat eghec adttaiifiliog tAand t@nknge remowliing ittheBlsod ii26omesntnfxtany ddhe The
actual wastewater had a chromaticity of 310, HOD concentration of 1230 ng/L
and T-N ceEmatira wastelvatér n/dy thbcoxrdimariliy iemplofreidhee tiacd emmther at
the outlet of the nitrification tank was 21, clearly sugge8ting the

decol ori za# ceaguflathingsetementakidhet I martt bx\menbrané rideatmeerndf; t he

wast ewater were Ig ng/L and 24 ng/L, respectivly. - 20 (e) dainms 1. A
wast ewat eind rgedierd 1 S @it o COPElidotled wddiqpd ory anaerobic tank for
bringi ng wastewater containing a nitrogen-containing dye into contact w-.th
sul f at e- r educi gm0 d¥Ivd €1 véll ¥ Oetie Ob% 1 D 5y b b ic ik taras, a
nitrification tank for bringing the waetewatr into contact with nitrifying
bact eri a gquifhefr PeI &k Dok OP&hKk | PSciindrd Lenid #rdt&@tinriank fafe bringi ng
the wastewater into contact with the denitrifying bacteria under anaerobic

condi ti ONgomiindl WAPEGVBAET AéA L0 IBIéaPRPRI PaE, Oln 1R 1, wherein the
obl i gatory anaerobic tank, the denitrifioation tank and the n~. ~Crification

tank are $iSPrsetzd i dRAnd d6h1PELFEO4 L Lon ¥F0was BOTALEON 2Rk ddridesd d wat er
di scharged fromthe nitrification tank is caused to return and circulate to

the deni tyy HiGHdiMHYy L#Nkntd coh @i @MRhCsuis 266 TRiHucPAbaLYEXreh ddaim 1,

wherei n the obli'gatory anaerobic tank, the nitr~. fication tank and the

denitrif i%@ﬁi%ﬂfﬂk&%é‘cﬁéwﬁ%gﬂ,tmg it evi ¢ e RNt 2Bt aa kayrer at i on

tank for bringing eOD 8econposing bacteria into contact wth the wastewater

under aerbiye Ll 4 hRBScoRt4EE Qﬂ.st‘i'fjnﬂ?%?ir\%ﬁ@méﬁtém daBekr aé ko ON

tank. 4. A wastewater treatnent apparatus, erein a denitrification tank

for bri Ngbolay@pbRual &t GANpALFERGed tY HoQURH £RA'rtXtd/ R pokOLEN! act
wi th sul fate reducing
' of the nitrified wastewater discharged from the nitrification
tank to the denitrificatlon tank.

FIG. 2 is a flow chart of a wastewater treatment apparatus
according to a second embodiment of the present invention, in
which an obligatory anaerobic 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 -



- 21 bacteria and denitrifying bacteria under obl~.gatory anaerobic
conditions and a nitrification tank for bring~Lng the wastewater into
contact with nitrifying bacteria udder aerobic conditions are disposed in
t he order of nention, whereby a portion of the treated water discharged
fromthe nitrification tank is caused to return and circulate to the
denitrification tank. 5. A wastewater treatnent apparatus of Claiml,
wherein the bacteria have been ~. nmmobilizd by a m croorgani sm

i mobi | i zation support in at |east one tank selected fromthe obligatory
anaerobic_ tank, the nitrification tank and the denitrificatjon tank. 6. A
Wast evat R iiel waRkawAter dndgrapsrobligherrahtinesphe (@ksRo3rte been

i mmob~.1ized by a m croorgani sminmobilization support in at 7.east one
tank slctkp fl‘?lﬁ}r/n the RAfteRiarin theroptigatemy amaerabiq ftandt ibon tank, the
denitrification tank and the re-aeration tank. 7. A wastewater treatnent
appar at uP i ieaton e, dedltadifdices lion sapked andmppaaerabibmy a

m croorgani smi, mmob~. | ~. 2ati on support in at |east one tank sel ected from
the nitritamatldrhawmkbesn immobibhized fHY Prepex aker@rgandean ewat er
treatnment apparatus of Claimb5, Wierein the m croorgani sminmobilization
support iFweebllbibzaticre suppPorts serespecitively gel |l ed support, plastic
support and fibrous support. - as 9. A wastewater t=eatmant apparatus of
Cl ai m 8, wher diastérater |20dcenppdnings nipvbgenngbnibhtinhng dpaidegidd 10. A
met hod of treating wastewater containing a nitrogen-containing dye, which
conpri se tdieHeobbhlgagosyemsaddgbio t@hk 1( 1in whiehl iydiobycagherbibts step

for bringing the wastewater containing a nitrogen-containing dye into
contact contact with sulfate reducing bacteria under obligatory
anaerobic conditions, whereby the nitrogen-containing dye is
decomposed. |
The treated wastewater 21 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 fed to the
denitrification tank 2, in which the nitrified wastewater 22
i1s brought into contact with denitrifying bacteria under
anaerobic conditions to denitrify the nitrified wastewater 22.
In the denitrification tank 2, an organic matter i1s utilized
as a source for the synthesis of a respiratory substrate or
cells of denitrifying bacteria. It may be added from the
outside of the system 1f necessary.
Downstream of the denitrification tank 2, a re-aeration

tank 19 is disposed to treat the organic matter which has

remained in the denitrified wastewater 23 without being
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with sulfate reducing bacteria under obligatory 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 ~.nto contact with dena.trifying bacteria
under anaerobic vonditions. - 23 .ASN | . A & . A(s. Ay2. AGF. A(. Asa. A@
| . Asa. A"u. A9 . AL. Aa. Asa. A" u. A; . AsN. As(. A"N. A&. A. ANl . AN: Ss-1 e
zupj d_YT] calU] ca] caU] cal] ca] ca] ca] cal] cal] ca] cal] cal] cal] caU] cal] cal] ca] cal]
cal] cal] cal] cal] caU] caU] caU] cal] caU] ca]c<a]jcTas , . B \
Ga~ysnhb] WQU] cal] ca] cal] ca] cal] cal] ca] cal] ca] caU] ca] cal cal] cal] cal] cal] caU
] cal] cal|eQil g sl cthg Ganidadjfanin e agastiijona 8ndabe BIi s&hafge@ Exami c] XRUU
] ca] caU] caU] ca] ca] ca] caU] cal] cal] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca]
cal] ca] cdjhea|dend tailf beat ton tanl ZTYFIPP0nRY. aérdted wastewater 24,
s!"ztoi dMYTi c] XRUU] ] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU] cal] cal] ca] cal] cal] c
aU] cal] c dhmjscdlld soptabltc iy mamdvwerd byathe alfdiaidridly empioysd ndtesdi#4$$$_%
% &G&I &R&T&I & &&& ' ' ') **} xr mhcAYTUU] ] ca] ca] ca] ca] ca] caU] ca] caU] ca] c"aU] ca] ¢
aU] ca] calfuet} caﬂca@.gawthtgak&dﬂh&nautew] tedduneficadd onefisrddeal ca] car* +A
,B,i,j,f-0---y.z.}.~ .//N//]0 0001K111=2x22~xr ngb\ VUU] ] U] calU] ca] cal] ca] caU
] caU] caU]t:aeLﬂtméi]utanﬁh.lbweaJ] vptentast) on) cadge]l Lrg cegeal] cal ca] cal calcalc
a] ca] ca] ca] ca2223' 4\ 441 5} 56&77k8u8: B: : : 5<N<~<r ======0>>>" ?N?P?zuoj d_YTU] ] ca
Ul ca] cal] ca] calh ceiGal) tahnd] 2a] thé caltrdgen cedsbalining] &pé call cal] ca] cal c
a] cal] cal] cal] ca] cal] ca] ca] ca P?T?V?a???@d ABBBI CCC{ DcE>FA I NI I I |
JZJJJKKViant Dpeldtly ] bkoatige] cbgcoreagnt] Lat 6 atbredselbLal calred€a] cal cal c

a] ca] ca] cal] ca] ca] caU] cal] ca] caU] cal] ca] caU] ca] caU] ca

KKL>LwWL Lhi@QaF MG NDBEXEEFIE Xk pnEiee ST Iddtory anaerobic tank 1, which

causes reductive cleavage of the azo bond in an azo dye, whereby
the azo dye 1s decomposed into colorless aromatic amine. The
aromatic amine thus obtained by the decomposition of the azo
dye 1ls 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
of 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 nitrification tank 3 downstream of
the oblilgatory anaerobic tank, in which it can be removed by
oxidative reaction.

For preventing spillage of the microorganism

immobilization support, it is desired to attach a screen 25 to
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UKUUU| wr mhc*YSUU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca] cal] ca] caU
] ca] cal] ca] caU] cal] ca] cal] ca] ca] caU] caU] ca] ca] ca

UUVVX VWWWINKBXXXXXXE YYZt [u[ n] o] 1] 1 2SM 2| val £ ZT| wr mhe”YSUUU] cal] caU] cal] ca]
ca] cal] caU] cal] cal] cal] caU] cal] caU] ca] caU] ca] caU] cal] caU] cal] ca] cal] ca] cal]
caljcalU)calcalUcaljca+ 9 M~ @w " aaaFabbbbbcc%cdddeReee{upj e ZU w mhc?Y
SUUU] caU] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] calU] cal] cal] ca] cal] cal] ca
Ul caU] caU] cal] cal] caU] cal] caU] cal] ca] cae/ f df f =gxggggghxi {i {j ~j kI | nVgqqqqr vs
si i V\l/J;’/MI/ }/\gwa]upkf a\ WWUU] ] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]ca]c
a] cal] ca] caU] ca] ca] ca] ca] caU] ca] ca] caU] ca] caU] cal] ca

gmmmmexxiQﬂxQV%@?%y? yﬁ%ggt #vk@ﬁm@?&%ﬁﬂLﬁ?§&Eﬁ$@%%§%%]%éﬂba}ca]ca]ca]ca]c
ayl ca] caL%ca] ca%ﬁg]?caU] cal] cal] caU] caU] ca] cal] ca Ul cal] ca% cal cg] cal ca]

' N

cal c
cal] ca: Ss@epPity t3en0tgnk )2 anthagtrificatdon) tank 1HASSEIG)- 13
@ﬂO%BS&T(L-s-IefFD, & 109%& ()-L!'10% ()-F!109%& ()- @ 109% () -
4sL! 10%& £9- BEe0oRtipL ofneBoR of- Ehs7obiigabaeryoamaeyold el tank 1) -
I +9*L$109%& () - 3(MLOY&' ()- @10%&' ()-L$109%& ()-snK, &
10! H&- #1004 trigicationotank (3. Menibrif {gattorphamk 2- ARd10erseryptiono 10 B
_aBK, & 10,,!'10% & ()-!d& $10%\ X\ & ()- @
91 10% & (¥Faskol®& ()-310%U & ()-, & 10% & ()- [ dEK &
10@: ' 10% & ()-96MLO% & ()-F410% & ()-,2:110% & ()-90' 1 10% & ()-3.:110% & (
- Each of the obligatory anaerobic tank 1, denitrification
tank 2 and nitrification tank 3 in FIG. 1, and the obligatory
anaerobic tank 1, nitrification tank 3, denitrifilcation tank
2 and re-aeration tank 19 of FIG., 2 is filled with a support
having sulfate reducing bacterla, denitrifying bacteria,
nitrifying bacteria or BOD decomposing bacteria immobilized
thereon. The nature of the support may be determined, depending
on the need, The sulfate reducing bacteria, denitrifying
bacteria, nitrifying bacteria and BOD decomposing bacteria
included in and immobilized 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 poured 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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@ & 109'10% & ()-![ "10% ()-'!10% & ()-s 10% & ()- 10\ 10\
10\<f10% & ()-DaB. @ & 10, !'10% & () -
I x*$10%& ()-('110% & ()-& ! 10% & ()-$10% & ()-"F10% & ()-9?@BC{bC, &

109M 10%&' ()- 3 s10%&' ()-y 109& ()- 10: 10: 10:<z10% & ()- , ! 10% & () -
TrdE:/ 10
103<f 109& ()-y8M 109& ()-1. 1 109%& ()-sf, S109& ()-s *109%& ()-1M 109%& ()- TuV7

/ 108$s10%&' ()-3 10%& ()-, & 10%& ()-'s $10983& ()-9! 10%& ()- @910%& ()-°
10YaB7/

and T-N (Total-Nitrogen) concentration of each of the actual
wastewater and treated wastewater were measured in accordance

wlth Testing Methods for Industrial Water (JIS K 0101-1991).

Example 1

A wastewater treatment apparatus was manufactured in such
a manner that an obligatory anaeroblc tank, a denitrification
‘ tank and a nitrification tank were disposed in the order of
mention and 75% of niltriflied wastewater discharged £rom the
nitrificatlon 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 microorganism
immobilized support, 10% (by weight, which will equally apply
hereinafter) of acetalized polyvinyl alcochol hydrogel (which
will hereinafter dbe called "PVA gel” simply) having sulfate
reducing bacteria immobilized thereon. The PVA gel was caused
to flow by an agitatoxr. The denitrification tank was filled
with 10% of PVA gel having denitrifying bacteria immobilized
thereon and using an agitator, the PVA gel was caused to flow
similarly. The nltrification tank was filled with 10% of PVA
gel having nitrifying bacteria immobilized thereon and
aeratlon was conducted via an air diffusing tube. As the
wastewater, actual wastewater containing Acid Orange 7 and Acid

Blue 126 was employed.
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he ac ual wastewater had a chromaticity of 6§FhBOD

concentration of 1545 mg/L and T-N concentration of 408 mg/L.
The chromaticity of the wastewater at the outlet of the
nitrificatlon tank was 18, clearly suggesting the
decolorization of the wastewater. The BOD and T-N
concentrations of the wastewater were 18 mg/L and 20 mg/L,
respectively.
Comparative Example

In a similar manner to that employed for Example 1 except
that the obligatory anaerobic tank was omitted, wastewater
treatment was conducted. The BOD concentration of the treated
wastewater at the outlet of the nitrification tank was 19 mg/L,
almost a 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 nitrification
tank, a denitrification tank and a re-aeration tank were
disposed in the order of mention. Each tank had a capacity of
150 L. The obligatory anaeroblc tank was filled with, as a
microorganism immoblliged support, 10% of acetalized PVA gel

having sulfate reducing bacteria immobilized thereon. The PVA
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gel was caused to flow by an agitator. The nitrification tank
was filled with 10% of PVA gel having nitrifying bacteria
immobilized thereon and aeration was conducted via an air
diffusing tube. The denitrification tank was filled with 10%
of PVA gel having denitrifying bacteria immobilized thereon and
using an agitator, the PVA gel was caused to £low similar to
the case of the obligatory anaerobic tank. A necessary amount
] of methanol was added to the denitrification tank. The
re-aeration tank was filled with 10% of PVA gel having BOD
decomposing bacteria immobilized thereon and aeration was
conducted via an air diffusing tube, and a remaining BOD portioen
without being consumed in the denitrifying reaction was
decomposed. As the wastewatexr, actual wastewater containing
Acld Orange 7, Acid Blue 126 and a high amount of T=-N
concentration mainly consist of urea was employed.

The actual wastewater had a chromaticity of 420, BOD
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
éoncentrations 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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returned-circulated to the denitrification tank., fThe

denitrifying bacteria immobilizag thereon. The PVA gel was
Caused to flow by an agitator, fThe nitrification tank was
filled with 10% of PVA gel having nitrifying bacteria
immebilizeq thereon ang aeration was conducteqd via an air

diffusing tube. 2ag the wastewater, actual wastewater

nitrification tank was 21, Clearly suggesting the
decolorization of the wWastewater, The BOD and T-N

concentrations of the wastewater were 19 mg/L and 24 mg/L,

Trespectively,
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1098 ()-) & 10%& () PgiREhevatiengrepdmppt apparatus comprising an
obligatory anaerobic tank for bringing wastewater containing

a nitrogen-containing dye into contact with sulfate-reducing
bacteria under obligatory anaerobic conditions, a
nitrification tank for bringing the wastewater into contact
with nitrifying bacteria under aerobic conditions and a
denitrification tank for bringing the wastewater into contact
with the denitrifying bacteria under anaerobic conditions.

2. A wastewater treatment apparatus of Claim 1, wherein
the obligatory anaerobic tank, the denitrification tank and the
nltrification tank are disposed in the order of mention and a
portion of the treated water discharged from the nitrification
tank is caused to return and circulate to the denitrification
tank.

3. A wastewater treatment apparatus of Claim 1, 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 bringing BOD decomposing bacteria into
contact with the wastewater under aeroblc conditions is
disposed downstream of the denitrification tank.

4, A wastewater treatment apparatus, wherein a

denitrification tank for bringing wastewatexr containing a

nitrogen-containing dye into contact with sulfate reducing
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treated water discharged from the nitrification tank is caused
to return and circulate to the denitrification tank.

5. A wastewater treatment apparatus of Claim 1, wherein
the bacteria have been immobilized by a microorganism
immobllization support in at least one tank selected from the
obligatory anaerobic tank, the nitrification tank and the
denitrification tank.

6. A wastewater treatment apparatus of Claim 3, wherein
the bacteria have been immobilized by a microorganism
immobilization support in at least one tank selected from the
obligatory anaeroblec tank, the niltrification tank, the
denitrification tank and the re-seration tank.

7. A wastewater treatment apparatus of Claim 4, wherein
the bacteria have been immobilized by a microorganism
immobilization support in at least one tank selected from the
nitrification tank and the denitrification tank,

8. A wastewater treatment apparatus of Claim 5, wherein
the microorganism immobillization support is at least one
support selected from gelled suppdrt, plastic support and

fibrous support.
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9. A wastewater treatment apparatus of Claim 8, wherein
the gelled support is & polyvinyl alcohol hydrogel.

10. A method of treating wastewater containing a
nitrogen-containing dye, which comprise the following steps
(1) to (3):

(1) an obligatory anaerobic step for bringing the
wastewater containing a nitrogen-containing dye into contact
with sulfate reducing bacteria under obligatory anaerobic
conditions;

(2) anitrification 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.
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