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Water Treatment Process.and Water Treatment Apparatus 

(Technical Field} 

The present invention relates to a water treatment technology, and more 

particularly, to a water treatment· t"ecl)no_l_ogy suitable tor performing 

advanced purification treatment· on waste water having a relatively low 

pollution load. 

\f) (Background ol the Invention) 
I 

It is widely known that LAS (Li~ear Alkylbenzene Sulfona~es; surface 
. I 

activators used as the major ingredient ot synthetic clea+ers) can be 
! 

effectively removed rrom water by activated sludge proces~es enabling 
l 

efficient water treatment of waste water having a rela~ively high 

pollution load in the manner ot.sewe~ water and industrial! waste water 

(tor example, "Water Pollution Research•, Vol. 5, No. 1, pp. l9-25 as well 
I 

as •Research on Btodegradatton or Sodium Linear Alkylbenze Sulfonates . . .. 

(LAS) by Activated Sludge - Parts (I) and.JU) of pp. 63-72 o Vol. 5, No. 

~ 2 of this same publication, 1982). 

However, in the case ot trea~me'1t of river basin watrrways, and 

particularly rivers into whic_h· tlow domestic waste watqr and water 
• •. I 

·- ' 

contaminated with agrlcultural:~he~tc~ls, considered to apcount tor a 
." . I 

significant proportion of the route by.whi.ch synthetic orgartic compounds 

such as LAS and arr.icultural ~~e~rcal.s-. ~nter the enviro~ment~ it is 
. . . I 

dilti'oult to apply activated sludge ·processes due to the pdllution load 
. . . l 

being excessively "1ow and the pre~~nce' or· .I..arge daily tluctuaf ions in that 

. - i ·- ... -.· 
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I 
In addition, a~though numerous example~ of ~ater treatment tecrnology aimed 

at treatment ot water in such rive~s_arid waterways are alreadylknown, these . . . . : 

known technologies are unable to de~onstrate significant ~ttects with 
' i 

respect to removal ot LAS. In_ add~tion, due to decreasedjpertormance 
I 

caused by clogging of the filter ma.te~ial used, saturation '1d so forth, 
. . . 

allot these technolories have problems.that remain to b+ solved for 
' I 

stable continuation of advanced purification treatment. I 

Moreover, although there are also numerous reports regardinF removal by 

adsorption ot LAS using charcoal: and.activated carbont charJoal does not 

have adsorptivity to etleotive1y·e.~~ ~t,removal ot LAS, wb!l• activated 

carbon, although having a high Iev~l,9~·ad$~rptivity, surter• problems in . -~ . 

terms of saturation and running costs •. 

... . . .. . . I 
. . I 

To describe in detail, wlth resp~t to. r.i.v.e.rs. and waterways whkch are major 
.. . . . I 

discharge routes into the en~i~-0n~ent ~~or harmful synth,tic organic 
. - I 

pollutants such as LAS, and tor which.there is a strong des•re to remove 

these pollutants, there is still:~~ proc~ss by which theke synthetic 
. . ! 

• • • j 

organic pollutants can be etfecti_vely .;removed at the practical !level. 

I 
However, the inventors or the ~~esent invention previoust~ developed a 

• • 1 

' 

. ' 
charcoal microhabitat able to real~~~·imp~oved etticiency ~t biological 

. I 

water treatment by using this charcoal microhabitat as a ti~ter material 
I 

due to its excellent microorganism cofQnization (Japa~ese Patent 
j 

' 
Application No. 4-59177). In addition, ~~~present inventor~ developed a 

method differing trOll conventional ·proce•~es which only remov~ nitric acid 

·-·---•·-.,-_,.. _______ ,,,_..,..._ ._m_u ----"'"'""*·,....,,...., ,_,,,...._ •-•-"=-. ...,,.,.....,.-. __ +-j -
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in water as nitrogen gas using denitriding bacteria, and 1nborporates a 
! 

process wherein nitric acid, having a low level ot to-be-adsor~ed property, 
. . . . i 

is converted to ammonia ni.trogen having a high level ot tot-be-adsorbed 
. I 

property, after which this •mm~nia_~ltr~en is removed by adstrption using 

an adsorbent. Moreover, in this method, a l>.lurality ot types ~r biological 
• I • 

i 
treatments oan be utilized in Q~mbination, and those treat~ents can be 

. . .. .. I 

carried out simultaneously, Theret~~e, :.t~is method enables , high degree 

of denitriding treatment white u.sing ~ relatively simPl!e equipment .. .. , . 

structure (Japanese Patent Application No~·4-298553). Howev~r, since all 
! 

these technologies are relative1~·n~w, .the development ot a wa~er treatment 

~ system that makes effective u~e or th~se t~hnologies to co~prehensively 
perform advanced water treatment.r~ma.ins td be a subject tor. future study. 

. . .· 

·Therefore, the inventors of th~· p~~sen~ .. invention procee~ed with the 

development ot a new water treatment system :that uses the ab~ve-menttoned 

technologies, thereby obtaining t.he wa~er treat•ent app~ratus to be 

described later. 
l 

' &tter first confirming that this water treatment apparatur is able to 
! 

adequately achieve the intended treatment level by condqcting model 

e experl11ents, an experimental appi\rat_~s was. installed in an ~ctual river, 

and test was carried out by col.lecti~g pertor11ance data an~ so forth to 

.confir• the performance of said appara~us on an actual scale. 

. . 
.. ·. i 

When analyses were performed on LAS.in_ view of the above-mentipned problems 

during this test, a high ooncen~rau.on o~ LAS ot about o.' mgfli ter in the 

inflow was lowered to about 0.04 mg/titer.in the final disch$rge water. 

It was thus tound that the new syst~m demon~trates extremely ~ttective LAS 
...•. • . . . ! 

removal peJ"tormance. 
_L ________ _ 

. .• 

....... 3·- .. 
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! 

Namely, as is als~ round in the above-mentioned references, r~moval of LAS 
. ! 

is carried out by adsorption and biodegradation by microfrganisms in 

activated sludge processes, and ~he. mechanism ol this adforption and 

biodegradatlon also tunctions i~ the o~i~osan charcoal tank. lwtth respect 

to this adsorption and biodegradation, in addition to the char~cteristic of . . .· . I 
chitosan charcoal demonstrating e~cellent bacterial ooloni~ation, since 

bacteria are also able to utilize :the ch~tosan adhered in i~s pores as a 
' • I 

supple11entary source of nutrition· .. n~mely a~ .. a material to belassimilated, 

it is possible to make effective use o~·co~~tabolism (a pheno~on wherein 
. . . i 

biodegradation ot synthetic orga~ic:compounds like LAS and ~grlcultural 
• • , I 

chemicals becomes first possible. or. .. , is' ·promoted in the pr~sence ol an 
. . ... 

. ... . i 

energy source and a nutrient so:u·rce_ ·,diich sel"ves as a ~aterial tor 

synthesis of the microorganism), ,-it also has the chara~teristic of 

bacterial activity being stable -~v~n". du~-ing quantitative tl~ctuations in 
• ' I .. ~ . . I 

the organic pollution load which serves as the nutrient source. Moreover, . . . ~ 

due to its highly hydrophobio·~aiure,. chitosan can be ~xpected to 
• • i 

. ·. . . ; 
demonstrate a high degree of adso.~p.tlon. resulting from !hydrophobic 

adsorption. In addition, together .. wfth providing an adequate amount ot 

oxygen by aerating the inside ot. t~ chft~~a~ charcoal tank, ~Y creating a 
I 

forced state or convection in the.wa~er·to·be treated, etticiert contact is 

-·4 -
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achieved between the chitosan char.coal and water to be tr~ted, 

increasing the number or opportunities tor adsorption. Cont~ivances such 
i 

as those matters act synergistically, thereby resulting in ran etticient 
I 

removal of LAS. I 

j 

In addition, as a result -of carrying out an analysis ot the m~croorganisms 
I 

that actually function to remove LAS,_. .the fol lowing tacts be?ame clear. 
. . . l 

To begin with, al though coloni~eti~n a·r bacteria is obser~d at a high . . 

density in chitosan charcoal, ~h~re ~re. basically only lwo types ot 
. i 

bacteria involved. It is theretm•.e. clear that chitosan c~arcoal has a 
- . . - 1' 

selective colonization function that. ls. extremely specific tor the type of 
. . . I 

microorganism. In other words. speoU'lo ·m1croorganiS11s ard selectively 
. . . - ! 

. . . ·. .. i 
colonized according to the combination ot two conditions consisting of the 

· ... - I 

material to be assimilated in th~ torm. o~'Chitosan, and th~ size ot the 
- . - - i 

pores of the charcoal base material which serve as pores tor habitation by . . . I 
microorganisms. It was therefore actually proven that specific pollution 

. - . I 

components (LAS in this case) are •b.l.e. .to. b~ efficiently tre+ted by these 

selectively colonized 11icroor·ga~isms.· In addition, j when these 
• • I 

microorganisms were identified by standard· identification methods, the two . . . . I 
types or bacteria were both found_to be known genus thatiare easy to 

• j 
acquire, namely bacteria of the Pseuaomonas genus. One was identified as 

. . . I 
Pseudo11onas lluorescens biover s; and'.t-he other as Pseudo~onas putida 

l 
biover A. 

(Disclosure of the Invention) I 
I Based on the above-mentioned fi~dihgs,_ the present invention efficiently 

. I 
removes synthetic organic compbunds by etlectively u~ilizing the 

. . I 
- . i 

properties like those mentioned above possessed by a assim~lable titter . i 
I __ __, _____ _ 

- _5 -
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. i 

medium exemplified by chitosan charcoal formed by adherinrlchitosan to 
• I 

charcoal, namely a assimilable ~liter medium composed by fdhering the 

111.terial to be assimilated, havin~: Specifi~. assimilabil ity wi ~ respect to 

the target microorganism, to the ~re walls ot pores possesse~ by a porous 

base material with respect to at·. iea~i· the. j~nge ot depth req~i red for the 
t 

. I 
microorganisms to inhabit said po~es. · Mor.e specifically,!the present 

invention is carried out by selectl~~iy adb'ering the Pseudom~nas genus of 
' Pseudomonas fluorescens biover 5 and. Pseudomonas putida bf over A to a 

assimilable tilter medium such as chitosan charcoal, and rnabllng the 

specific bacteria selectively adhered to the assimilable filter medium to 
. I 

remove specific pollution components by biodegradation as in tbe example or 
I 

removal or LAS by two types of ba~teri~. - In-order to accompl.sh this, the 

assimilable tilter medium is aerated "to enable contact with !the water to 
. . i 

be treated while maintaining aer~bic conditions, and a torc~d convection 
I 

state is produced in the water to be treated during contact with the 
. I 

assimilable tilter medium. I 
! 

Although the functions of the materia~ to be assimilated, suohlas chitosan, 

which is tormed into the assimilable·tilter medium used in! the present 
. . ! 

l 

invention, include covering the spinal structure or the su~face or the . 
pore walls ot the base material to·.an extent which does not ha~e an adverse 

. . I 

effect on the microorganisms, eUmfpat,1-ng·the polarity or the pore walls, 
• • ••. : . ! 

and torm.ing a supplementary nutrient ··souree for the microorga~is11s adhered 
. • - • 1 

•· I 

in the pores, the required amou~~ .1.~ con·s1dered to be satist' ied if to an· 

extent which at least enables the spinal structure ot the por wall surfaces 

to be covered. .. 
~ . . . 

.. ·. 

I 

While there are various possible t~bniques·tor adhering the m~terial to be 
. ~ . . i ·------

···· 

-,-6 - iiiU1i1iUi 
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assimilated to the pore walls of t_he · ~ase.·material, an examqle or one or 
. ' 

the most reliable methods involves, _in ·the case ot chitosan, tmmersing the 
. ! 

base material in a chitosan solution tor a fixed period ot tim~. An example 

of a simpler method involves spray.Ing ana/or atomizing the chitosan 
I 

solution onto the base material. In t~is oase, although unil~r• adherence 
I 

ot chitosan to the deeper portions of the pores m~y n~t always be 

possible, this is still sutticient_tor co'onization ot the mi~roorganisms. . . . 
; 

In other words, it the ch~tosan is.col~n~ie~ in the manner defcribed above 
I 

with respect to the range over wl)iC.h·the mi9roorganlsms are ab,e to inhabit 

the pores, the necessary conditions ~n .. b~ ~atisfied. I 
I 
t 

. . :· . . ! 
With respect to the previously mentl~n.ed_mechanism that funqtions jn the 

. . i 
present invention, it is an aotu~ll~.ascer~ained tact that i assimilable 

. • . I 

tilter medium consisting or chitosan .processed charcoal demonstrates 
· ..... :· l 

favorable properties, and it is·:on1y· natu~al troll the prin~iple deduced 
. ·. I 

from this fact that a 11aterial:.h~.~i'~~ ~.porous structurj similar to 

charcoal, such as porous minerals .or._sponge-like materials, w9uld function 

in the same manner when used as a.ba~e ~~tsrial following pr.k,essing with 

ohitosan. In addition, with res~ot.to t~e ~terial to be ass~milated that 
. - I 

. I 
is adhered to the base material, although a.polysaccharide exemplified by 

~ . . . . ; 
. I 

chitosan is particularly preferable, other materials can also be used 
. . . .·.· ! 

provided they satisfy the above-me~Uoned.requirements, n•11ely having . . . 
I 

specificity to certain 1icroorrants11.s~ . havi.ng the properties ~hat allow it 
. I 

to function as a supplementary nutrient source for the purpose of the 
. l 

. i 
action or co-metabolism and so forth a~ described abov~, and being 

hydrophobic and so forth. Mor~~ver, in addi u on to clo1on i zation 
. • I 

. .· I 

specificity according to the type. of mat~rial to be assimtlat~d, since the 
I 

shape and size of the pores in the. porous \)ase 11aterial can al~o be made to 
·. ;....' ----

-:- 7 -
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contribute to colonization specificity, selective colonization ot 

microorganisms can be further improved by suitably selecting the 

combination of the type ot material ·to be assimilated and the type or base 

material. Thust with respect to iha·poilutant or the water to be treated 

as well, a similar removal mechanism is considered to be able to be 

effectively demonstrated with respect to not only LAS, but also synthetic 

organic compounds similar to LAS· such a~·~he components of agricultural 
' . 

chemicals, by selectively colonizinc-specitic microorganisms that are able 

to etticiently decompose those co1')ounds. 
! . 

Although this type of water treatment apparatus effectively removes LAS and . . . I 
other synthetic organic compounds.using the mechanism describe? above based 

. . I 
·on the properties ot a assimilable fHter medium like chitosani charcoal, it 

also has the charaoteristlos ~ike those indicated below.I Namely, in 

comparison with systems that remov~ :LAS and so torth by adsJrptton alone 
! 

using, tor example, activated charcoa~ toll~wing ordinary tre~tment, since 
! 

this apparatus is able to erre~ti vety .ut.i l he biodegrada ti~n, there are 

few problems with saturation and maint~~ance is easy. In ad*ition, since 

the process is carried out in COllbina~~on wlth treatment or ~ components 
. . i 

. . i 
and so forth, the system can be ~U1~J.itie~ thus enabl tng reduction of 

costs. [ 

The present 

i 
! 

invention also provides·a water treatment apparJtus equipped 
.. . ! 

with a pre-treatment tank tilled·. With a filter tor removal !Of' suspended 

solids and so forth, a denitridi~g tank provided with a asstmklatton layer 
• ~ ~· . I 

tilled with a material to be assi~ii~t~·~i ~cteria and an ad~orbent layer 
.. I 

tilled with an adsorbent able~~ atfs~~b-am110nia nitrogen co1tinuous with 

the assimilation layer, a chitosan ·ch~.rc~al tank tilled wlith chitosan 

.. · .. 

. . ~ .. -
. . ~· · .. 

0 •" .~ ..... M• • .......... _......... _________ _ 
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charcoal, a dephosphorization tank tilled with an adsorbent able to adsorb 
• ! 

phosphorous, and a finishing tank ti.lied with charcoal. As • result, the . . . . . I 
present invention is able to tunctlo~ as a water treatment a'paratus able 

• • l 

to efficiently remove synthetic organic compounds like th°tse mentioned 

above as well as perform advanced treatment of BOD compo~ents and so 

f'orth. I 
l 

i 
The major treatment functions of each tank in this wat~r treatment 

i 
apparatus are as desorlbed below. In addition to these m~jor forms ol . I 

! 

treatment, the apparatus also has c~ncomitant treatme~t functions 

corresponding to the type ot tilter m~dium concomitantly tilfed into each 

tank. Each of these treataents is ~·biolo~ical treatment, anh these majoP 

treatments and oonoo1i tant t~ti.ents ·are .. combined to rea~lze advanced 

treatment. .· ·. 

I 
' 

Removal ot suspended solids (SS) and. degrad~tion ot BOD compon~nts (organic . ' 
I substances) are pertor•ed in the pre-treatlilent tank. I 
i 
i 

·. I 

In.the denitriding tank, nitric·aci.d: .. ~s .~:m~ved by converuJr to ammonia 

~ nitrogen and nitrogen gas (N2) b~ .th~~~ tyP~s ot processes unper highly an 

aerobic conditions provided by a assimil~·t.fon layer. More spe~itically. as 
. . • i 

a result of immersing the 11aterial to be'assimilated in water rnd consuming 

oxygen by temporary growth or aer~bi~ ·.bacteria through utiliz~tion ot this . I 

material to be assimilated, highly ~n~e~obi~ conditions are tormed in the 

assimilation layer. Conversi~n ·to .S:inmo~ia nitrogen thenj proceeds by 
' . i reduction based on the biological activity ot bacteria havln' the ability 

to reduce nitric acid whic:h were .. rrown un~er anaerobic eond~tions in the 

assimilation layer l>Y utill•lnc :the llilt01iat to be asslmilatt, and purely 

-9- iliii1i!Wf 



l 
.! 

·.i 
i 

.. ·~ .... - ,....., ........ -·-~··' . 

[RECEIVED 92/22 17:29 1996 AT 5331Hi9~ PAGE SI (PRINTED PAGE 59) ] es• 2122s; ta•as~ ; 

chemical 

TTA 

high reduction level, in the assitQila.tion layer. These reducUon steps are .• . I 

indicated as NO, - - No, - - NaO - Nff4 i . On the other konversion to . . . . : l 

nitrogen gas (N1) is si11i Iarly pertormei .by denftrilying bJcteria grown 

under anaerobic conditions in the assimilation layer by usinr the material 
i 

to be assimilated, and is indicated in the torm-ot N01 - +jSH (hydrogen 

donor) - O. S N1 + 2Ha0 + oe- •. ·As described above, simult+neous to the 
I 

ammonia nitrogen formed in the as·similation layer moving to the adsorbent . . .. I 
layer by riding the flow of water, which.has a reduced amountiof dissolved 

oxygen, by passing through the ~ssimilati~n iayer, it is adJorbed by the . . . i 
adsorbent ot the adsorbent layer wit~out redissolving. On th~ other hand, 

. . 
the nitrogen gas is released into. th~ at•o~phere. 

In the chitosan charcoal tank, degra~~tion. .. ci:t BOD co11ponents a~d removal o:t 

synthetic organic compounds such:as. the abov~~ntioned LAS ar~ performed. 
i 

In the dephosphorization tank, dephosphorization is pertormed by adsorption 

using an adsorbent, and in the finishing tank, removal of the[rinal SS and . . . ·. ! 
I degradation of BOD components are p~rtormed together with d'colorization 

and deodorization. I e ! 
' 

Although various combinations are possible tor the arrangemeni sequence of 
I 

each ot the tanks in the abov~-ment~on~d water treatment ~pparatus, a 
I 

preferable example or this arrangement sequence consistslot the pre-

treatment tank, denitritiaati~n tank, chitosan charcoal !tank, special . . I 
aeration tank, dephosphorlzation tank and finishing tank in view of the . I 
relation between the respective pr-0c~~ses 1 moving in or~er from the 

upstream side to the downstream side. 

·- 1 0 -·. . . 

;#St 
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In addition, since the dephosph_o~i.zaUon. process in the ab~ve-mentioned 
. . i 

water treatment apparatus has a relatively low level of cor~elation with 
I 

the other treatment processes ~hile.~lso ~vine a high degr;e ot freedom 

with respect to the order of treatmen~,~ t~is process can b1 provided by 

combining the adsorbent for dephosphorization with the tiller or another 
. I 

tank. In the case of integrating the dephosphorization tanklwith another 
! 
i 

tank in this manner, it is structurally easily to combin~ it with the 
I 

chitosan charcoal tank in particular, and is desirable!tn terms or 
improving overall treatment eltioienoy, I 

~ In addition, it, wi~h respect to the above-mentioned wat~r treatment 

apparatus. any or the tanks is provided as a pair, and a commbn sludge pit . I 
. . l 

is provided tor both or these tanks so that water to be tre.ted entering 

from the top or one of the tanks tlows in troa the bottom via the sludge 
! 
I 

pit, forced downward flow and upward.flow can be produced in t>oth tanks. 

This is preterable since the contaot.efticiency ot the water ~o be treated 
. . ' 

with the ti Iler can be i111>roved. · .. ·. j 
' 

. . I 
In addition, in the case or producing· a downward tlow and u~ward flow in 

. i 

this nanner. it is aore preferable to for~ a dividing wall t.at separates 
I 

the pair of tanks SO· that it pr:~tru.des ~igh enough with r~pect to the 

normal water level, and the water level .of :the tank on the upw~rd flow side . . ·... I 

is higher than the water level of the tank_ ·on the downward flow side when 

the tlow of water through tbe ttJler ln _the tanks has decrea+ea. Namely, 
i 

since the dowward tlow pressure· and :jjpwarf,tlow pressure canj be increased 
. ~ . . 

according to the difference in water .. levels. between the two !sides, these 
~ ! 

~ I 

increases in pressure are allo.":ed to.-.opt:!Ose- the flow resista~ee caused by 
• I 

the sludge (biomembrane and adherecf substances) retained in th~ surface and 
. . • ! 

-----'-----~-
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gaps of the filler. As a result,·decreases in water flow canibe prevented . . ' 

and moreover, sludge can be suftably separated and removed 'Y this high­

pressure water flow. Consequently, this makes it possible Ito eliminate 

the need for periodic sludge removal work by\ack washing and ~o forth. 
I 

(Brief Description ot the Drawings) 
' Fig. 1 is a cross-sectional view of a water treatment apparatus according . 
! 
' 

to a first embodiment of the pr~se·~t in~.enti~n. 

Fig. 2 is a plan view of the water treatment apparatus shown i~ Fig. t. 
. ! 

Fig. 3 is a cross-sectional view ~aken along the line SA1-SA1) indicated by 

an arrow in Fig. 2. 
. . i 

I 
... ·. -

I 
· ..... -

'•. 

Fig. 4 is a cross-sectional vtew·of the denitritication tank. 

Fig. S is a graph showing data. on L'AS -i·n ~he w~ter treatmdnt apparatus 
l according to the embodiment of the.present invention. I 

e (Best Mode for carryinr OUt the Invent.ion) 

The following provides an explanation ot an embodiment oti the present 

Invention. 

I 
[ 

The example of the water treatme"t api>aratus in the present ~bodiment was · 
. .. . i 

designed to have an average treatment capacity of about 5~ m•/day. As 
' shown in Figs. 1 through a, the inside ot a casing tormed ot boncrete into • l 

the shape or a rectangular parallelopiped having a total lerlgth of about . I 
11 m, width of about 3.5 m and heigh~ ot about 2.2 m is di~ided nearly 

I 

.- 1 2 - . 
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equally into five first through fifth blocks Ba-Be with main dividing 

walls w. The structure is such that .the required tank is then set ror 

each ot blocks Ba-Be. 

The entire first block Ba is in the torm ot sedimentation tank 1. This 

sedimentation tank 1 is tor removing relatively large suspendfd objects by 
. I 

sedimentation from the water to.be treated, and has an inflqw regulating 
i 

cylinder 2 on its upstream end, an outtlow.regulating cyli~der 3 on its 
. I 

downstream end, and the remainder is·empty.. In other words~ water to be 
i . I treated that flows ln from an inflow path P to this sedimentation tank 1 

tJows.downward from the inflow ~egul~ting cylinder 2 and flo~s in towards 

the bottom ot sedimentation tank 1. Arter_gently moving throu~h the inside 

of the tank, the water to be treated .flows out from the ~utle·t 3t of 

outflow regulating cylinder 3 to a second bl~ck Bb. The rete~tion time or 
. ' 

' 
the water to be ti-eated in the sedimentaUon tank 1 during lthis time is 

. i 

about 4 hours, and durfn1 this retention, relatively large suspended 
i 
I 

I 
objects are removed by sedi•entation~ 

I 
I 

In the second block Bb, together with pro~iding a holed bo~tom plate 4b 

suspended from the bottom ot the casing·s~ that sludge pit Dbl is rormed to 
. I 

have a prescribed depth, a pre-trea~ment.tank 8 and a denit~fdfng tank 7 

are fo..-d by dividing with a d;vldlng ~late Sb provided u,rlgbt In the 

center of this holed bottom pla~e- 4b.- :,Thus, both tanks! 6 and 7 are 

connected through the sludge pit Db, ·and tbe water to be treat~d flows into . . . .. 

the denitritication tank 7 in the"torm of an upward flow a~ter flowing . • . I 

downward through the pre-treatmen~ tank:&· and passing throuJh the· sludge 

pit Db. l 
' 

:~ . . 

·-:- 1 3 -
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Pre-treatment tank 8 is filled. with.~-plastic porous tilte~ medium (not 
I 

shown). Together with filtering SS by this tilter medium, B~D components 
i 

are removed by degradation by microorganisms adhered to this ~liter medium. 
I 

The denitritication tank 7 is for removing nitrogen dissolved jin the nitric 

acid rorm in the water to be treated. ·As shown in Pig. 4, sai~ denitriding 
I 

tank 7 is provided with a assi•ilatio~ iayer 8 and an adsorbe~t layer 9 in 
. ' 

laminated torm. 

I 
The assimilation layer 8 is formed by tilling with dead plant ~tter which, 

- I 
together which serving as a nutrient source tor the bacteria, ~lso provides 

. a suitable habitat tor the bacteria •.. This dead plant matter i~ ti I.led to a 

density which yields suitable. flow _of water. More specitlically, said 

assimilation layer is tormed.by~tfll~ng the cores or ol~ straw matt 

withered branches, or waste stems of mushrooms and so torth ib the form or 
. . I 

core layer Be between surface _I~yers 8$ _consisting of, for example, 

forming straw into a matting str.uature. The dead plant m~tter a£ core 
. I 

layer Be is crushed to a suitable si:~·· This assimilation layer 8 is made 

to be highly anaerobic by jmmerslng fn the water to b~ treated as . . ' 

previously described.. con.eraton: a/ tha .. ~.ltrlc acid Into -ti• nltl'Ggell 

and nitrogen gas is pertor11ed by the ·thr~e types ot proce~ses used in 
.. . 

I 

combination as described above ~n~er th~se anaerobic cond~tions. The 
: ·. . . I 

ammonia nitrogen is removed by ~ds~rption wi_th the adsorbent i layer 9, and 
i 
! the nitrogen gas is released into the lt11osphere. 
I 

. I 
The adsorbent layer 9 is formed by-.fil~i~ -~ith an adsorbent ~aving a high . . I 
adsorption capacity tor ammonia·nlt~og4n, tor example, miner.I substances . I 
such as zeolite or vermugulite. tormed into pebbles. The adsorbent layer 

. 1 

9 has a double-layer structure consisting.of a layer 9m, l larre-sized 

I 

- .1 ' -
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adsorbent, and a ·1ayer 9n, a small-sized adsorbent • 

. 
The third block Be is in the form ot a first chitosan charcoal tank 10 for 

removing BOD components by degradat•on entirely using aerob~c biological 

treatment. A holed bottom plate 4c ·_ior forming a sludge p~t De is also 
. . i 

provided in its bottom. Fragments ot chitosan charcoal (not ~hown), which 

have been treated with chitosan, are:I~yered on top ot thlslholed bottom 
. . i 

plate 4c. Moreover, aeration i"s. perfo~med ·ln this chi tosan ~harcoal tank 

by an aeration device lle ~o an:e,ite~~ which produces an agita~ing state of 

forced convection in the w~ter to be.treated in the tank. 'ncidentally, 

~ since chitosan charcoal floats easlly in water, an a~sorbent tor 

adsorption of ammonia nitrogen is plac~ on ~op as a weight. I . 

The chitosan charcoal used .in this water treatment apparatus i~ obtained by 

the process described below. i 
I 
I 
' I 

Nixed charcoal having a deciduous .t.ree ·to coniferous tree Jratio of 8:2 
l 

and crushed into pieces having a size ot S to 10 mm was used for the raw 
. . . . l 

' 
material charcoal. 

I 
. . I 

Chitosan in the for• ot a pale yell~w~sh~~h~te powder havinJ a degree or 

deacetylation of at least 701 (Koyo Chi.tosan SK-400 (trad~ name), Koyo 
.. . . ! 

Chemical Co., Ltd.) was used as the chitosan. 

Adherence was performed using the.Immersion method under tJe conditions . . ! 
described below. ! ... 

Chitosan solution: Prepa~e4 by dissolving 11 or c~ttosan in 51 

aqueous acetic acid. I 

This Sheet lla,~ Been Replaced 
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Immersion conditions: Normal temperature, 

Innersion time: 24. hours 

Drying conditions: 8 to 18 hours at 50-80 "C 

A comparative test was conducted with respect to the adsorptjvity ot this 

chitosan charcoal r_elative to LAS bet.ween ordinary charcoal (~ak charcoal, 
. l 

red pine charcoal) and activated carbon. As a result, thr respective 

relationships of adsorptivity were aetivated carbon > chitosfii charcoal > 

red pine charcoal > oak charcoal for LASlO and LASlt. and act~vated carbon 

> ahit-.. ohar<!Gal > oak charcoal > red pine charcoal for LAS,~ to LAS14. 

A i 
\:../ In addition, although the respective ditterences in adsorptivity were 

{'~ 
Q 

I 

larger tor LAStO to LAS12 which is present in relatively large[ amounts, the 
. . I 

adsorptivity of chitosan charcoal was typically several times!rreater than 
I 

' 
ordinary charcoal in particular. Thus, although chitosan ch+rcoal itself 

! 

has excellent adsorptivity wit~ respect. to LAS, it is believ•d to realize 
. . . . l 

excellent LAS removal performance as a .result of this prope~ty combining 

with the various other propertie~ Dt chit~s•n charcoal descr1bed above as 
. . . i 

well as conditions of aerati~n w~~~ p~o~uce a state of forced ronvection. 
. I 

i 
I 

The fourth bloek Bd is divided nearly equally by dividing platb 5d provided 
I 

upright trom the bottom of the.casing. The upstream side d,onsists of a 

second ohitosan charcoal tank 12,. wli.He the. downstream side ~onsists of a 
. . ! 

special aeration tank 13. The second·chitosan charcoal tank 12 is 
. . . 1 

basically the same as the above~mentioned· first chitosan cha~coal tank 10 
• .., .. I 

I 
with the exception of being roughly half.its size. On the ot~er hand, the 

. .· I 

special aeration tank 1S is t~r supplY.ing oxygen to the!water to be 
. I 

• I 

treated. It is empty in the same ·manner as sedimentation tank t to 

facilitate the dispersion or air supp~ied w°i~h an air supply ~evice ltd in 
__ j ______ _ 

- 1 6 -
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The tilth block Be is provided with a dephosphorization tank 14 and a 

finishing tank 15 and employs the same· structure as the second block Bb. 

The dephosphorization tank 14 is provided primarily tor the purpose ot 

removing phosphorous by adsorptiont and ls also tor supplementarily .· .· l 
. . I 

removing ammonia nJtrogen by adsorption. ·The dephosphorizatipn tank 14 is 
. -: i 

tilled wjth an adsorbent (not shown) tor· a~sorption at phos~horus and an 
. ! 

adsorbent (not shown) tor adso.rptio_n ot .- ammonia nitroge* layered in 
~ i 

laminated form. on the other hand~ the finishing tank 15 is tilled with 
. . l 

ordinary charcoal (not shown). Together with this tani performing 
. I 

decolorization and deodorization using th_is charcoal, it ~lso performs 

filtration or fine SS as well as final biological treatment. ' . . . I 

Each of the dividing plates Sb,. Sd and ·sa·.in the second blo~ Bb, fourth 

block Bd and fifth block Be, is formed to protrude high eno~gh above the 
I 

normal water level (as shown ii) Fig.· 1). _This is done tor t~e purpose ot 
. i 

allowing the water level on the up.stream side ot the tank to t>F higher than 
: 

the water level on the downstream sid~ o~ the tank corr+sponding to 

~ increases in flow resistance that· occur due to accumulatlo~!ot sludge on 

the fl I ter medium and ohitosan Oiu.r.ooal. in each tank. As a tesul t, this 

serves to prevent decreases in water ~low a~ well as maintain !-onstant back 

washing effects. · ! 

CUI .,P 

! 
I 

Incidentally, as shown in Pig. 2; a .sludge recovery pipe 11 is provided 

along the casing, thereby enablin~ recove:ry of sludge to be lperf'ormed as 

necessary from this sludge recovery pipe 18 by means or br~nching pipes 
I 

• • I 

racing each block. In addition, although omitted in the d~awings, each 
. I 

l 

___ ___J ______ _ 
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block is covered with a 

rain and irradiation of sunlight •. 

' 
I 
J 

TTA 

Data pertaining to LAS in the· above-mentioned compound wa~er treatment 

apparatus is shown in Fig. 5. As. can b~ seen from this ~raph, large 
I 

fluctuations in the amount of LAS can be seen in the fitst chitosan 
' 

charcoal tank 10, thereby indicating ~he outstanding !LAS removal 
J 

performance of said first oh_it.osan cha·rcoal tank 10. j Although a 

considerable amount of biological treatment occurs in the ~re-treatment 

tank 6 and the finishing tank 15 in parti9ular. the superiorify or the LAS 

removal performance in the chitosan charcoal tank ca~ be clearly 

understood by coq>aring with the.changes in ~he amount ot LAS rn these tanks. 

I 
i 

(Industrial Applicability) 

As has been described above, sinoe the present invention! selectively 
. I 

utilizes specific microorganisms by effectively utilizing t~e properties 
~ . : 

of a assimilable filter medium, .it is able to greatly contJibute to the 
. . . I 

preservation of water quality in waterways by efticien11Y removing 
. I 

synthetic organic compounds such as LAS from rivers such as t~se having a 

relatively low pollution load. 

In addition, as a result of integrally combining a pre-tr~atment tank, 

dephosphorization tank and finishing_ tank and so forth with+ denitriding 
. . I 

tank and chitosan charcoal tank~ having high levels ~f treat•ent 
I 

' 
efficiency which function as the core or the.apparatus. the w~ter treatment 

apparatus ot the present invent~on ls able to etticiently pertorm advanced . ·. . i 
water treatment that combines denitrltication and dephosphorization usinr 

entirely biological treatment. .Thu~ .. : t t. i·~. able to greatly +ontribute to 

I 
---·-

- 1 8 -·· 
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with nature by using a purification treatment on waterways, rivers and . ! 

I 

streams in which. tor example. domestic waste water is discharged in the 
l 

untreated state. i 

L-J~ 
~ 
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* c CLAIMS 

(1) A water treatment process which.performs puritication\treatment by 

bringing water to be treated in contact with a filter medium to which 

microorganisms have been colonized: .where.in a assimilable t~lter medium. 

composed by adhering a materl~l to be assi•ilated that ~as specific 
. . 

assimilability tor the target mior~organisms_, at least with rjspect to the 

range of depth necessary tor hab.i tatiC!n by said 111icroorran~s1ts, to the 
. . 

walls ot pores possessed by a po~ous base.material, is.used 4s the tilter 
- . 

medium, and the water to be treated is brought in contact with this .. I 
assl11ilable filter medillll under aerobic conditions. l 
(2) The ~ater treatment process according ~o Claim 1 whereii charcoal is 

i 
used as the porous base material. I 

! 

(S) The water treatment pro~ess according to either of p1aim 1 or 2 
. . l 

wherein the material to be assimilated is chitosan. i 
. . I 

(4) The water treatment process according to any of Claims 1 through 3 

wherein a state or·rorced convecti~n ~s produced in thelwater to be 

treated during contact with the a~~imilable tilter medium. 
! 

(5) The water treatment process according to any ot Claiml 1 through 4 

wherein the microorganisms colonized to the assimilable filt r medium are 
i 

Pseudomonas genus bacteria. j 

I (6) The water treatment process according to Claim 5!whereln the 
I 

Pseudomonas genus bacteria are ·.~seudomon8:s :tluorescens bi of er 5 and/or 

Pseud011011as putida biover A. ·· 
. . .- . . I 

(7) A water treatment apparatu~ used in ~he water treatme~t process as 
• . , • I 

set forth in Claim t which uses a ~s~~mtlable filter medium4 composed by 
. . - I 

adhering a material to be assi11ilated. t~at has specific asst111pability tor 

the target microorganisms, at least with _respect to the ra~ge ot depth 

necessary tor habitation by said .mtcraorranisms, to t~~ll~f pores 

i1iiii~f 
I 
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possessed by a porous base material, -and -ts equipped with a treatmen '-0 

i 
j 

which passes the water to be treated through a treatment tank tilled with 

said assimilable filter medium wh.ile aerating. 

(8) The water treatment apparatus aecordini to Claim 7 whereln a state ot 
! 

roroed oonveotlon ls produced In.the water to be treated in ~he treatment 

zone. 

(9) The water treatment apparatus according to either or ,Claim 7 or 8 
' 

wherein Pseudomonas genus ot bacteria a~e colonized to the assimilable 

tilter medium. 
' 

(10) The water treatment apparatus accordinr to Claim 9;wherein the 

Pseudomonas genus or bacteria are Pse~domonas tluorescens biyver 5 and/or 

Pseudomonas putida biover A. I 
. . i 

(11) A water treatment apparatu~ ·eq~i~ed w~th a pre-treatmenf tank tilled 

with. filter medium for removal .of suspended solids andjso forth, a 
. i 

deni tr iding tank pl'ovided wi t·h a ass-imitation layer, f ~lied with a 

material to be assimilat~ by bact~~ia,. arid.an adsorbent layerl tilled with 
. ~ 

an adsorbent able to adsorb ammonia.nitrogen oonttnuo~s with the 

assimilation layer, a chitosan charcoal. ta~k filled with chaicoal treated 
. I 

with chitosan, a dephosphorization tank titted with an adso~bent able to 
• . I 

·. t 

adsorb phosphorous, and a finishing ~nk tilled with charcoal. ! 
I 

(12) The water treatment apparatus ~c~o~d~nr to Claim 11 wherein the pre-

treatment tank, denitridinr tank, .chitosan charcoal tank, dephbsphorizatlon 
. I 
. ! 

tank and finishing tank are arrange~ -~~ the above order mo'iing from the 
. I 

! 

upstream side towards the doHnstream side. 
• •. I 

(13) The water treatment apparatus according to either of ciatm 11 or 12 

wherein any ot the tanks is provided as a l>air. and a common ~ludge pit is 
I 

provided tor both ol these tank' so th~t water to be treated ratering trom 

the top of one of the tanks flows into the._ other tank from t'e botto11 via 

I 
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the COlllOOn sludre pit. 

(14) The water treatment apparat~s ao~ording to Claim 

dividing plate which divides a pair or tanks is formed so that, it protrudes 
. I 

' 

high enough with respect to the water Ieve~, and the water jlevel ot the 

tank on the upward tlow side is higher than the water level of the tank on 

the downward tlow side when the flow of water through the ~iller in the 

tanks bas decreased. 
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