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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 treatﬁent'téchnélogy suitable for performing
advanced purification treatment-onnngs§e water having a re}atively low

pollution load.

(Background of the Invention)
It is widely known that LAS (Linear Alkylbenzene Sulfonates, surface
activators used as the major ingredient of synthetic cleapers) can be
effectively removed from water by activated sludge proces#es enabling
efficient water treatment of waste water having a rela%lvely high
pollution load in the manner of sewer water and industrial‘waste water
(for example, "Water Pollution Research”, Yol. 5, No. 1, pp. *9-25 as well
as_"Research on Biodegradation of Sodium Lingar AlkylbenzeJe Sulfonates
(LAS) by Activated Sludge - Parts (I) and (II) of pp. 63-72 of Yol. 5, No.
2 of this same publication, 1982). | .

However, in the case of treﬁtment of ‘river basin wat%rways, and
particularly rivers into which flow donestic waste watér and water
contaninated with agricultural- chem{cals, considered to apeount for a
significant proportion of the route by. whioh synthetie organxe compounds
such as LAS and agricultural ehenfeals enter the enviro ment, it is
diffioult to apply activated sludge processes due to the pdllution load

being excessively low and the preséice o_f _I,arge daily fluctuaf:ions in that
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advanced purification treatn¥ft2?8t W8 tater having a relativel y Tow ‘#4°
pol lution | oad. (Background of the Inventlon) It is widely known that

+ AS (éinear Al kyl benzene Sul fonates; surface activators u#ed as the mgjor

i ngredi ent of synthetic cleaners) can be effectlvely [ T €
activated I%age processes enabling efficient water t eﬂﬁ§§g;ff géﬁi“
wat er havi relatively high pollution [oad in the

and industrial waste water (for exanple, "Water Pollution 'Research", Vol .
5 No. 1, pp. 19-25 as wel | |

In addition, although numerous examples of water treatment tec*nology aimed

at treatment of water in such riverszand wateeways are already!known, these
known technologies are unable to deoonstrate significant ?ffects with
respect to removal of LAS. In.addstion, oue to decreasediperformance
caused by clogging of the filter material used, saturation énd so forth,
all of these technologies have problems that remain to hé solved for
stable continuation of advanced purification treatment. |
i
G@% Moreover, although there are also numerous reports regardlnp removal by
adsorption of LAS using charcoal. and activated carbon, eharJoal does not
have adsorptivity to erfectively'cerry'out:semoval of LAS, while activated
carbon, although having a high leﬁe};gf'éﬂsorptivity. suffers problems in
terms of saturation and running costs.- ‘ i
|
To describe in detail, with respect to rivers and waterways wh%ch are major
! discharge routes into the environment tor harmful synth?tic organic
pollutants such as LAS, and for which there is a strong desﬂre to remove
.4 these pollutants, there is still no process by which theLe synthetic
organic pollutants can be effeetivelydrenoved at the practical level.
o l
However, the inventors of the‘ﬁfesent invention previouslyideveloped a
charcoal microhabitat able to realise'impsoved efficiency éf biological
water treatment by using this ehsscosl uiérohabitat as a fiéter material
due to its excellent microofganism colonization (Japapese Patent
Application No. 4-59177). In addition, ihe_present inventor% developed a

mathod differing from conventionai'pfoeeSses which only remove nitric acid
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2 of this sane publication, {wéver, in the cdse Ofpﬁﬁ%%*
river basin waterways, and particularly rivers into whic ¥
waste water and water contam nated with agricultural cheni|cals, considered

to account for nj fi cant propor e ro b ich synthetic
organi ¢ cor#ﬁo‘iﬂms assﬂéh%n@@pﬂ éﬁ'ﬁéﬁf‘{iﬂgghac&ﬁ’giﬁ Qi/ds\eh Kﬂ‘é
envi ggPFﬁ?fpspﬁqtsggﬁeré’fnfﬁi‘t% o acld, BRAnE *fon Téve dufs%g-%%-aa%o&eﬁsér%ser ye to

is converted to ammonia nitrogen having a high level of torbe-adsorhed

property, after which this amnonla_nitrogen is removed by adsorption using

an adsorbent. Moreover, in this method; e plurality of types If biological
treatments ocan he utilized in eomb:nation. and those treatments ean be
carried out simultaneously, Theretore, this mwethod enables q high degree
of denitriding treatment uhile using e relatlvely simple equipment
structure (Japanese Patent Application No. 4 -296553). Howevér, since all
these technologies are relatively new, the development of a waker treatment

system that makes effective use of these technologies to eon{prehensively
perform advanced water treatment remaxns to be a subject for a future study.
‘Therefore, the inventors of the-present invention proceehed with the
development of a new water treatment systea that uses the abéve-nentioned
technologies, thereby obtaining the water treatment appiratus to be
described later. g

|

After first confirming that this water treatment apparatu% is able to

~ adequately achieve the intenden tneatment level by cond@cting model

experiments, an experimental appafatns was installed in an Jctual river,
| and test was carried out by collecting performance data anJ so forth to

)
i

confirm the performance of said apparétus on an actual scale.;
B I

When analyses were performed on LAs_in“nieé of the above-menti%ned problens
during this test, a high conoentration of LAS of about 0.4 mg'liter in the
inflow was lowered to about 0. 04 mg/liter in the final discharge water.

It was thus found that the new system denonstrates extremely efrectxve LAS

removal performance. - :_;- . §
|
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| oad. - 2- . In"addition, although nunerous
exanpl es of water treatnment technol ogy ainmed" at treayneiica yNeREEy 1IN
such rivers and waterways are al ready krnown, these REPLACED ‘

i
When an additional analysis was conducted to determine which tank in the
- ’ !
water treatment apparatus to be descrihed later is functioning for removal

of LAS, it was found that the chitosan chapooal tank was functioning the

greatest. Moreover, when the neohanism by which the chitopan charcoal

tank functions to effectively'remoye LAS ‘was analyzed, t%e.following

mechanism was surmised. }

é
Namely, as is alse found in the above-mentioned references, removal of LAS
is carried out by adsorption and blodegradation by uioro?rganisms in

‘%3 activated sludge processes, and the mechanism of this ad%orptiou and
biodegradation also functions in the ohitosan charcoal tank. iWith respect
to this adsorption and biodegradation. in addition to the charLcteristic of
chitosan charcoal demonstrating excellent bacterial coloniaatlon, since
bacteria arc also able to utilxze the ohitosan adhered in 145 pores as a
supplementary source of nutrition. namely as a material to belaSS1milated,
it is possible to make effective use of co-metabolism (a pheno#enon wherein
biodegradation of synthetic organic compounds like LAS and Pgrlculturai
chemicals hecomes first possible or is promoted in the presence of an

% energy source and a nutrient source whioh serves as & 4ateria1 for
synthesis of the nicroorganlsm). it also has the charaqteristic of
bacterial activity being stable even. during quantitative flJctuations in
the organic pollution load which serves as the nutrient source Moreover,
due to its highly hydrophobie: nature, chitosan can be‘expected to
demonstrate a high degree of adsorption resulting from’hydrophobic
adsorption. In addition, together with providlng an adequane amount of
oxygen by aerating the ingide of. the chitosan charcoal tank, *y creating a

forced state of convection in the:water'to-be treated, efficie+t contact is
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known technol ogi es are unabl &% B2&RintMe dte significant eff L
respect to renoval of LAS. In addition, due.to decreased per 8?%% Has
taused by clogging of the filter mat eri al used, saturatlon. oPtem&ﬁ,gBELV
all of these technol ogi es have problers that remain to be sol ved for
stabl e contachignedobetygen tharehidosan chancaal andiwaigr ko be tl‘eﬁte%m%i\ﬁb?
al t hough there are al so nunerous reports regardh&garennval' adsorptlon

of LAS Usi CEeARi B 3o AVEDET: OF \PRPRRIUBLYIRE £OF HASPERHON ) o Cantidyances 2gh
d t t ff t | LA
carbon, al HobpSraRkiAEs ek éﬁ'@rré\fircﬂfwadféww weﬁ*l%fwé?@%%%ﬁteeﬁs "

removal of LAS. !
| |
In addition, as a result of carrying out an analysis of the mLcroorganisms
that actually function to remove LAS%fthe following facts be%ame clear.
To begin with, although colonizaiipﬁ'of bacteria is observkd at a high
density in chitosan charcoal, there ere'basically only %no types of
bacteria involved. It is therefore cleer that chitosan céarcoal has a

selective colonization funetlon that ls extrelely specific fo} the type of

microorganism. In other words, specific mioroorganisns ard selectively
colonized according to the combination of twp conditions consisting of the
material to be assimilated in the forn of - chitosan, and thé size of the
pores of the charcoal base material which serve as pores for kabltatlon by
microorganisms. It was therefore actually proven that specifnc pollution
components (LAS in this case) are able.to be efficiently tre&ted by these
selectively colonized mioroorgesisms.' In addition, when these
microorganisms were identified by sfendard:identification methods, the two
459 types of bacteria were both foend_to be known genus that are easy to

acquire, namely baoteria of the Pséuqomonss genus. One was identified as

Pseudomonas fluorescens biover 5, aud‘jﬁe other as Pseudojmonas putida
i

biover A. S ' i

(Disclosure of the Invention)
Based on the above-mentioned findings, the present invention efficiently
removes synthetic organic eompounds by effectively utilizing the

properties like those mentioned above possessed by a assimilable filter
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terms of saturation and runnlgﬁ‘ 23381 %% ¢ 14 descri be } T\7\/'i"
respect to rivers and waterways which.are major di scha aj
the environnment for harnful synthetic organic, - pollutan

for which there is a strong desire to renove . t hese polfutants

still no h, th th t ' |l t
A e
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material to be assimilated, having: specxflc assimilahility with respect to
the target microorganism, to the pore wall;_qf pores possesse& by a porous
base material with respect to at:ieaéf:the fﬁnge of depth req$ired for the
microorganisms to inhabit said poggs.flﬂore specifically,ithe present
invention is carried out by selectively adhering the Pseudom%nas genus of

Pseudomonas fluorescens biover § and Pseudomonas putida brover Atoa

assimilable filter medium such as chitosan charcoal, and rnabling the

specific bacteria selectively adhered to the assimilable filier medium to
remove specific pollution components by biodegradation as in t$e example of
removal of LAS by two types of 5aqterig. . In.order to accomplish this, the
assinilable filter medium is aerétgd'to enable contact with'the water to
be treated while maintaining aerqbic éonditions, and a forcdd convection

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

assimilable filter medium.
|
;
Although the functions of the material to be assimilated, suoh}as chi tosan,
which is formed into the assimilable'fil;er medium used ingthe present
invention, include covering the épinal structure of the su}face of the
pore walls of the base material to .an extent which does not haVe an adverse
effect on the microorganisms, elininating the polarity of the pore walls,
and forming a supplementary nutrxent source for the mieroorgahisns adhered

in the pores, the required amount is considered to bhe satisi:ed if to an’

extent which at least enables the spxnal structure of the pore wall surfaces

to be covered.

¥hile there are various possible techniques for adhering the material to be
o remes = i
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wat er treatment by using thi ¥*HAFL MW Erohabitat as a fijlter mal¥rial’
due to its excellent m croorgani sm col oni zat.i on (Japanes:i

Application No. 4-59177). In addition, the present invento RoRed T
met hod differing fromconventional processes which only r mM“_ﬁEMLkﬁDa i
3 in water as nitrogen gas using denitriding bacteria; inlthe dev

met hod, ni asgimilated to the pore walls of the base materlal an examdle of one of

the most reliable methods involves, .in the case of chitosan, immers:ng the
base material in a chitosan solution for a fixed period of tlme. An example
of a simpler method involves spraying and/or atomizing @he chitosan
solution onto the base material. In this case, although uniférl adherence
of chitosan to the deeper portions of the pores may n%t always be
possible, this is still sufficient. for colonization of the nieroorganisms.
In other words, if the chitosan is.colonized in the manner de%cribed above
with respect to the range over whieh;the,nigroorganlsms are ab&e to inhabit

the pores, the necessary conditions ean“be satisfied.

With respect to the‘previously ﬁehtiened eechanisn that fundtions in the
present invention, it is an actually ascertained fact that 1 assimilable
filter medium consisting of chitosan processed charcoal demonstrates
favorable properties, and it is- only natura] from the prindiple deduced
i from this fact that a material, havxng & porous structuré similar to
charcoal, such as porous minerals or sponge-lxke materials, wbuld function
in the same manner when used as a base material following pr$cessxng with
chitosan. In addition, with respect to the qaterial to be ass?milated that
'!3 is adhered to the base material,;although'e.polysaccharide e%emplified by
chitosan is particularly preferasle, other materials can %lso be used
provided they satisfy the above4mentionee .requirements, nemely having
specificity to certain nicroorganisns. having the properties ihat allow it
to function as a supplementary nutrient source for the purpose of the
action of co-metabolism and so forth as described above, and being

hydrophobic and so forth. Moreover, in addition to colonization

specificity according to the type of material to be assimilated, since the

I
shape and size of the pores in the porous base material can alFo be made to
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aci d, which cannot be readi| §5®aers@# &322 ¢ converted to §
whi ch can be renoved by adsorption usi‘ng an adsorbent.
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bi ol ogi cal treatnents can be utilised in conbination, an
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croorgani sms have col oni sed, at conditions favouring their optinmum

ow h. (Sugesrivl of Thifs WithePéspRBE to the peilacdnti 60 the valter tochenteated

i pvention, water treatnent apparatus conprises: a pre-treatnment tank

fi

|1 ed witmsawéll,t ar simetliarnrémoval heectanisal isofcossideredeto el atibe to be a

danitrification tank including a layer of a material colonised by bacteria
arld, in coreffeatively demonstrated aith respeet taivot 19ky LaSpaut Alse sywtestieng

armmoni a ni trogen,; a treatnment thank filled with a porous filter

g
fd
ad

mddi um col GBS BOURAURLS S1BEINTsHE LARHuICh| 36 Shengorpanents jof agricutrals ¢
agsimlability for Lhe m cr.oo ga%sms I s adhered to the pores, of t filter

di um and®h@icals,n by felectivelygoloniing [pegifig ICROrgR t@rRIAMfd for
[ t h the filt di : tank filled with
Corbent cRpebstefPly. gdmpse Brpseombbe ana”

-

ﬂ Although this type of water treatment gpbaratus effectively removes LAS and
other synthetic organic compounds using the mechanism deseribeil above based
‘on the properties of a assimilable filter medium 1ike chitosan|charcoal, it
also has the characteristios like those indicated below.| Namely, in

comparison with systems that remove ’I;AS and so forth by adsgrption alone

using, for example, activated charcoal fallowing ordinary tre?tment, since
this apparatus is able to effectively '.ut.i-lize biodegradatitin, there are
few problems with saturation and n;aintgnancs is easy. In ad:?ition, since
the process is carried out in combination with treatment of Bbl) components
% and so forth, the system can I;e siilpl_ifiégl thus enabling reduction of

costs.

The present invention also provides -a water treatment appargtus equipped

with a pre-treatment tank ﬁlled'_ivi.th a tilter for removal iof suspended

solids and so forth, a denitridiﬁg tank p::ovided with a assim;ilation layer

filled with a material to be assit‘nil_'légt;ed by bacteria and an adlforbent layer
o |

filled with an adsorbent able to adsorb-ammonia nitrogen eon?tinuous with

the assimilation layer, a chif&san -cha,rcﬁal tank filled w!ith chitosan
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a Fitrshing thank filled witll CRAFCOANEab: sutdsi ngmppar at ps of - t RE" = “*%
i nvention, water that may contain LAS can be purified. — The present

Fnvention is based on experinments conducted in a river
concentration of LAS (about 0.4 ng/1l) in the inflow waslredugg
0.04 nmg/1 in the final discharge water. Thus, the new syst €l

extrenely
-4- When
t he

J SN

“UTEd1Y ) BRohosERt Bacion tank £i1led wish an,adsorbent; pble,fo Adseth i n

phosphorous, and a finishing tank filled with charcoal. As é result, the
present invention is ablie to functidp-aé.a.watér treatment a?paratus able
to efficiently remove synthetic orgénic compounds like th%se mentioned
above as well as perform advahéed tréatment of BOD coupohents and so
forth. 2 !

!
I
{
!

The major treatment functions of each tank in this water treatment
apparatus are as described below. In addition to these m%jor forms of
treatment, the apparatus also has concomitant treatmeqt functions
corresponding to the type of filter mgdiﬁm concomi tantly filted into each
tank. Each of these treatments is beioloéieal treatment, anh these major
treatments and ooncoaitant treatments are combined to realize advanced

l
treatment. o i

Removal of suspended solids (SS) and degradation of BOD componbnts (organic
substances) are perforaed in the pre—treatMent tank. :

%
In. the denitriding tank, nitric-déiarjs femﬁved by converti&g to ammonia
nitrogen and nitrogen gas (N2) by,thtgg-typés of processes unber highly an
aerobic conditions provided by a assimilht{on layer. More speprically. as
a result of immersing the material to be ‘assimilated in water and consuming
oxygen by temporary growth of aerobxc.bacteria through util:zEtion of this
material to be assimilated, highly ;;aeyoﬁig conditions are #ormed in the
assimilation layer. Conversiénrtuidﬁmoﬁia nitrogen theniproceeds by
reduction based on the biologica! ao}ivity bf bacteria haviné the ability
to reduce nitric acid which were grown uu&er anaerobic cond*tions in the

assimilation layer by utilizing the material to be assimilater, and purely
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wat er treatnent apparatus toéFe28R28tnp%8€d 5| ater 1s functionjng for Tmenovaks!

of LAS, it was found that the chitosan charcoal tank was fu ctlonlng t he
greatest. Moreover, when the nechani sm by which the chitodafg:e t ank
functions to effectlvely renove LAS was anal yzed, the foIv T Preral

f d t he above- me

Lot ef3szneieqwﬂ@m)argﬁrc’imésdu'sit@afgh@ﬁ“ﬁwk&enams@ndaﬁi 4 R

i césses, an anismof th
odsor pt - on Tah Pt on Aheli LT th S5¢H8 kiR daver, e T S o
tank. Wth 39086k as NO. - ~ NO,- — LA NH. . On the other Lonverswn to

| nitrogen gas (N;) is similarly performed by denitrifying chterla grown

under anaerobic conditions in the assimilation layer by using| the material
to be assimilated, and is indicated in the form.of NO, ‘4ﬁ5H (hydrogen
donor) = 0.5 N: + 2H;0 + OH . -As described above, simulténeous to the

|
ammonia nitrogen formed in the aSSi@ilatioﬁ layer moving to the adsorbent

i layer by riding the flow of water, which has a reduced amount! of dissolved
oxygen, by passing through fhe assimilation layer, it is adiorbed by the
I

(i@ adsorbent of the adsorbent layer thhout redlssoIVIng. On thé other hand,

i
{

the nitrogen gas is released into the atlosphere. l

§ In the chitosan charcoal tank, degradation of BOD components aLd removal of
synthetic organie compounds such as the above;mentioned LAS are performed.

In the dephosphorization tank, dephosphorization is performed hy adsorption
using an adsorbent, and in the finishing tank, removal of the| final SS and
degradation of BOD components are performed together with décolorization

and deodorization.

Although various combinations are possible for the arrangement sequence of
each of the tanks in the above-mentioned water treatment hpparatus, a
preferable example of this arrangement sequence consists!of the pre-
g treatment tank, denitrifioatiéh tank, chitosan charcoal (tank, special
. aeration tank, dephosphorization tank and finishing tank in view of the
relation bétween the respective.pnocegses, moving in order from the

upstrean side to the downstream gide.
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to this adsorption and bi ode@ﬁa’d&%ﬁ oﬁ"sqﬂn addition to the

chi tosan charcoal denonstrating excel | ent bacterial col dai
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Jbacteria are al so abl e to utilize the chitosan adhered in its pores—s

supplenent

anely,as a ﬂBtEII
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combining the adsorbent for dephosphorization with the fillér of another
tank. In the case of integrating the dephosphorization tankiwith another
tank in this manner, it is structurally easily to combine it with the

chitosan charcoal tank in particular, and is desirable|in terms of

improving overall treatment efficiency.
In addition, lf, with respect to the above-mentioned wat%r treatment
apparatus, any of the tanks is provided as a pair, and a comm%n sludge pit
is provided for both of these taﬂks s0 that water to be treéted entering
from the top of one of the tanks flows in frou the bottom via the sludge
pit, forced downward flow and upward flow can be produced in ﬁoth tanks.
This is preferable since the contact.efficiéney of the water to be treated
with the filler can be improved. .- . - . {

| !

In addition, in the case of produeing-a ddwnward flow and uéward flow in

_this manner, it is more preferable to forn a dividing wall t$at separates

the pair of tanks so- that it protrudes high enough with re%pect to the
normal water level, and the water level of the tank on the uprrd flow side

is higher than the water level of the tank on the downward f*ow side when

- the flow of water through the filler in the tanks has decrea$ed. Namely,

since the downward flow pressure and upward f!ou pressure can be increased

according to the difference in wamer levels between the two|sides, these

- inereases in pressure are allowed to- oppose~the flow resistaqce caused by

the sludge (biomembrane and adhered substances) retained in thb surface and

}
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due to its highly hydrophoblc nature, chitosan can be expe¢
denonstrate a high degree of adsorption resulting from hydr
adsorption. In addition, together with providing an adequat®t-

b t nsi de of the chitosan charcoal tank, by crea
19)(;?/%23 s%/a?gn%f Iggmg&n@nl iAS @H’@s'}\ﬁt ed%!‘@aﬂ?& in Mdﬂovfﬂﬁntbﬁamewmdict i s

and moreover, sludge can be suitably separated and removed ﬂy this high-

pressure water flow. Consequently, this makes it possible |to eliminate

the need for periodic sludge removal work byfback washing and so forth.

1

(Brief Description of the Drawings)

Fig. 1 is a cross-sectional view of a watér treatment apparatus according
I

1

to a first embodiment of the present fnvention.

|

Fig. 2 is a plan view of the water treatment apparatus shown id Fig. 1.
. . . I

1
Fig. 3 is a cross-sectional view taken along the line SA.-SAs]indlcated by
an arrow in Fig. 2. e '

|
|

Fig. 4 is a cross-sectional view of the denitrification tank.
Fig. § is a graph showing data on LAS-in the wdter treatment apparatus
according to the embodiment of the present invention. |
- - ;
'
{Best Mode for Carrying Out the Invention) 5
The following provides an explanation of an embodiment ofithe present
l

invention.

The example of the water treatuent apparatus in the present embodiment was
designed to have an average treatment capaoity of abhout Sq m*/day. As
shown in Figs. 1 through 3, the inside of a casing formed of poncrete into
the shape of a rectangular parallelopiped having a total le%gth of about

11 m, width of about 3.5 m and height of about 2.2 m is di&ided nearly
i
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t he nunber of opportunltles for adsorptlon

intg iBst heolgh, £LKAn b

act s ner istically, thereby resulting i Rnt
Ty iﬁoel@aamengimmam Evaiiag s
functi on to.remove LAS, the fol | ow ng

[
:Tgaalg a; T“Qgé“ﬁgéi‘ijfaem}g rsuch thad the EeAwised fanknisthem sedr for | s

observed at_a h| | in chitosan charcoal, there are basically only
two types ofach o tgnlocﬂsrbsa l&ey

The entire first block Ba is in the form of sedimentation tank 1. This
sedimentation tank 1 is tor removing relatively large suspended objects by
sedimentation from the water to .be treatgq,_and has an inflgw regulating
cylinder 2 on its upstream end, an outflow'regulating ecylinder 3 on its
downstream end, and the remainder ls-eméty; In‘other words, water to be

treated that flows in from an infloﬁ_path P to this sedimentation tank 1

flows downward from the inflow Eegulating cylinder 2 and flows in towards
the bottom of sedimentation tank 1. After gently moving through the inside
of the tank, the water to be treated'flows out from the ;utlet 3t of
outflow regulating cylinder 3 to a ;éeond block Bb. The reteﬁtion time of
the water to be treated in the sedimentation tank 1 during:this time is
about 4 hours, and during thfﬁ retention, relatively large suspended

objects are removed by sedimentation; -

In the second block Bb, together with providing a holed bottom plate 4b
suspended from the bottom of the casing so that sludge pit Db|is formed to
have a prescribed depth, a pre-treat_ipent,ténk 6 and a denitriding tank 7
are formed by dividing with a déviding'plate &b provided quight in the
center of this holed hottom pla%e 4b;quﬁus. both tanks 6 and 7 are

connected through the sludge pit_DS.;Qnd tpé_water to be treated flows into
the denitrification tank 7 in the form of an upward flow a?ter flowing
downward through the pre-treatment tank:8 and passing throuéh the sludge

k]
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bacteria involved. It is th8®t3fY ™3 ‘that chitosan cha g PP
sel ective colonization function that is extremely specific if¢ P&
m croorganism In other words, specific m croorganisns are IecRngkyD
col oni zed according to the conmbi nation of two conditions cgnsistin

mat er i al t?l‘@eharcogﬁﬂ 20 ¢ Ps tﬂ?l§ mipfa gfﬁs‘ti’éygroﬁ"‘hl % dano(ndthe

pores of the c base materi a erve por es abltatlon by

m-cr oor gani It C i on
conponent s E?i‘g [ nTt ?gé{lggﬁ{ ?gftee@gniﬁ’ bg E{el it%il:lgarﬁ?fmet‘?ﬁeuaggﬂgﬁhéﬂﬁshese
sel ecti vel yargopeibved By %Efﬁﬁfﬂﬁlmﬁmrob&aﬂ%btd&épw\f@mhiﬁﬁﬁﬁer medium.
nlcroorganlsns were identified by standard identification nethods, the two

The denitrification tank 7 is for removing nitrogen dissolved bn the nitriec

|

d denitriding

acid form in the water to be treated. As shown in Fig. 4, sai
tank 7 is provided with a assimilation iayer 8 and an adsnrbebt layer 9 in

laminated form.

l

The assimilation layer 8 is formed by filling with dead plant batter which,
together which serving as a nutrient source for the bacteria, %lso provides
@§9 - a suitable habitat for the bacteria. . This dead plant matter i% filled to a
density which yields suitahle_flqﬁ_of water. More specif%cally, said
assimilation layer is formed'b§ifilling the cores of ol@ straw mat,
withered branches, or waste stems of mushropms and so forth i% the form of
core layer 8¢ between surfaeé lbyérs éé consisting of, #or example,
forming straw into a matting structure. The dead plant mitter of core
layer 8¢ is crushed to a suitable s{zg._ Thfs assimilation la!er 8 is made
to be highly anaerobic by immeréfqg in the water to bi’treated as

previously deseribed. COnversioniof'the'nitric acid into ammpnia nitrogen

:,:;D

and nitrogen gas is performed by the-fhbge types of processes used in
combination as described above under these anaerobic conditions. The
ammonia nitrogen is removed by qﬁsorbtion ﬁith the adsorbentllayer 9, and

the nitrogen gas is released into the atmosphere.

The adsorbent layer 9 is formed by-fi}lingiwith an adsorbent having a high

adsorption capacity for amuonia-nitrogén, fbr example, mineral substances

such as zeolite or vermugulite, formed into pebbles. The adsorbent layer
' !

8 has a double-layer structure consistink,of a layer 9m, a large-sized

|

|
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acquire, nanely bacteria of the seudoﬁnnas genus. One was~identified as
Pseudomonas fluorescens biover 5, and the other as Pseudonohdls SMEETda\s prpy
bi over A (Disclosure of the Invention) Based on the gbhove- RéniAcgped
findi ngs, tadsoplienserandi anllgyeri 9m e fshaldi-sived \adsordemtves synthetic orga
conpounds by effectively utilizing the properties |like those nentioned
above possessed by a assimlable filter

The third block Bo is in the form of a first chitosan charcosl tank 10 for
removing BOD components by degfadatidn’entirely using aerobjc biological
K treatment. A holed bottom plate 4c for foreing a sludge p#t Dc is also
| provided in its bottom. Fragments of chitosan charcoal (not &hown), which
have heen treated with chitosan, are layered on top of thls!holed bottom
plate 4¢. Moreover, aerat:on is perforned in this chitosan ¢harcoal tank
by an aeration device 1lc¢ to an extent which produces an ag;taFing state of
forced convection in the water to be. treated in the tank. incxdentally,
45} since chitosan charcoal floats easily in water, an aisorbent for
adsorption of ammonia nitrogen is plaeéd on fop as a weight. ‘.
The chitosan charcoal used in this water treatment apparatus i% obtained by
i the process described below. ' E
!
Mixed charcoal having a deciduous tree to coniferous tree #atio of 8:2

1
and crushed into pieces having a_sjzg of 5 to 10 mnm was useé for the raw

material charcoal. . ' i

Chitosan in the form of a pale yellowish-white powder having a degree of

deacetylation of at least 70X 1Koyo Chitosan SK-400 (trade name), Koyo

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

Adherence was performed using the'inpersidn method under tﬁe conditions
described below. ‘

Chitosan solution: Prepared by dissolving 1X of c%itosan in 5%
' ) I

aqueous acetio acid. i
i
1
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charcoal, nanely a assimlable filter nedlun1conposed by
naterial to be assimlated, having specific assimlabilit

1 tosaﬁTbo 1857

base material with respect to at |least the range of depth r qU|red'for t
m ‘croorganl sns t o limdrston corditionsy Normal/themperpturef inoeddlypressurepr esent -

Immersion time: 24 hours. }
Drying conditions: 8 to 16 hours at 50-80 < :
|
A comparative test was conducted with respéct to the adsorptivity of this
chitosan oharcoal relative to LAS between ordinary charcoal (Lak charcoal,
red pine charcoal) and aotivated carbon. As a result, t# respective
relationships of adsorptivity were aétivated carbon > ehitosg; chareoal >
red pine charcoal > oak charcoal for LAS10 and LAS11, and act%vated carbon
> chitosan charcoal > oak charcoal > red pine charcoal for LASﬁz to LASI4.
L7 In addition, although the respective differences in adsoritivity were
larger for LAS10 to LAS12 which is present in relatively large{anounts, the
adsorptivity of chitosan oharcoal was typically several tineslgreater than
ordinary charcoal in particular. Thus, although chitosan ch?rcoal itself
has excelient adsorptivity wity respect'yo LAS, it is believéd to realize
excellent LAS removal performancé as'a,rgsult of this propeéty combining

with the various other properties of chitosan charcoal described above as

well as conditions of acration whieh pgoduce a state of forced convection.

The fourth block Bd is divided nearly eqdaily by dividing plate 5d provided
upright from the bottom of the casing. The upstream side éonsists of a
second chitosan charcoal tank 12. wﬁile the downstream side éonsists of a
special aeration tank 13. The second chitosan eharcoaf tank 12 is
basically the same as the above-mentioned rirst chitosan cha#coal tank 10
with the exception of being roughly half. its size. On the other hand, the
special aeration tank 18 is fqr'supp}ying oxygen to the water to be
treated. It is empty in the same wannér as sedinentatién tank 1 to

facilitate the dispersion of air supplied with an air supply device 11d in
—_
. A
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i NV ENRECEINED] 82/220X7r B AdBEORT: 533969% gJ esd g@&xgﬁﬁdﬁ BrionepsR heé) Bseudononas gepus

pseudononas fl uorescens biover 5 and

¥ eudononas putida biover Ato a

assimlable filter nmedium such as chitosan charcoal, and enabling the

specific bacghgryaters defft treted,adhered to the assimlable fi
renove specific pollution conponents by bi odegradation as {n

renoval of LAS by two types of bacteria:'In order to acco
assimlable filter nmediumis aerated to enable contact with the

nmedi um

i sh Reh &op

Of ; uss

to

be .treated vipel £ifEhi BIGIKBE 01 2 BF VI ded GOl aidugaosﬂmiaatfi@hcmmavm o]y

state is produced in the water to be treated

uring contact with the

assi ni | abl e ffinishéng rteak 18 and employs the same structure as the second block Bb.

The dephosphorization tank 14 is prbviaed primarily for the purpose of
removing phosphorous by adsorptioq, and is also for supplementarily
removing ammonia nitrogen by adsorption. - The dephosphorizatiém tank 14 is
filled with an adsorbent {(not sﬁoun):for-a¢sorption of phoséhorus and an
adsorbent (mot shown) for adsorptioh offaumonia’nitroge% layered in
laminated form. On the other hand, the finishing tank 15 i% filled with
ordinary charcoal (not shown). Ioéether with this tank performing
decolorization and deodorization using this charcoal, it Jlso performs

filtration of fine SS as well as final biological treatment.

Each of the dividing plates 5b,_5q and 5e.in the second bloTk Bb, fourth
block Bd and f£ifth block Be, is formed to protrude high enough above the
normal water level {as shown in Fig. 1). ‘This is done for t%e purpose of
allowing the water level on the upstreah side of the tank to b% higher than
the water level on the downstream side of the tank corrésponding to
increases in flow resistance that occur due to accumulation jof sludge on
the filter medium and chitosan éharpoal in each tank. As a|result, this
serves to prevent decreases in water floﬁ as well as maintain constant back

washing effects.

Incidentally, as shown in Fig. 2{ a sludge recovery pipe 18 is provided
along the casing, thereby enabling recovery of sludge to be|performed as
necessary from this sludge recovery pipe 18 by means of br%nching pipes

facing each block. In addition, although omitted in the drawings, ecach

i . 7 This Sheet Has Been Replaced
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Although the functions of the®H#ERFT %8 ‘be assinilated, sych as ciftt osdf®®

which is formed into the assimlable filter mediumused in f < ent
iznvention, include covering the spinal structure of the sup
pore malls of the base material to an extent which does notThs

effect on tbPodiE‘ €4 QOVERIA FEh aclidNEdT2hin@ovd1é TR entire Blockhis Poee fro
and formng a suppl enentary nutrient source for the nlcroorganlsns adhered
in the poreggint & 1AAdid186n dBEAlighs. consi dered to be satisfied if to an
extent which at |east enables the spinal structure of the pére wal |
sutfaces to be covered.

Data pertaining to LAS in the'ahovehmentipned compound waqer treatment

apparatus is shown in Fig. &. As ¢an be seen from this graph, large
fluctuations in the amount of LAS can be seen in the tirst chitosan

charooal tank 10, thereby indicating the outstandingiLAS removal

.% performance of said first chitosan charcoal tank 1o.i Althdugh a
i considerable amount of biological treatment occurs in the ére-treatment
tank 6 and the finishing tank 15 in particular, the superiori&y of the LAS

7/  removal performance in the chitosan charcoal tank canm be clearly

understood by comparing with the changes in the amount of LAS in these tanks.

(Industrial Applicability) . _ !
As has been desceribed above, since the present invention|selectively

utilizes specific microorganisqs by effeoﬁively utilizing tge properties

of a assimilable filter medium, it is able to greatly contrtibute to the
preservation of water quality in waterways by efficien?ly removing

synthetie organic compounds such as LAS from rivers such as tbose having a

relatively low pollution load. |
In addition, as a result of infegrally coﬁbining a pre-tréatment tank,
dephosphorization tank and finishing tank and so forth with # denitriding
tank and chitosan charcoal tank, having high levels qf treatment
efficiency which fumction as the core of the ‘apparatus, the wa&er treatment
apparatus of the present invention is able to efficiently per%orm advanced
water treatment that combines denltritlcatxon and dephosphorizatxon using

entirely biological treatment. Thus. it 1s able to greatly $ontrnbute to
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White there are various-possi¥BF &*EeaMMYEes for adheming. themateriHP to Bl
assimlated to the pore walls of the basé material, an exa ?’é’sﬂ'b‘ﬁn@f AQT oo
tthe nost reliable methods involves, in the case of chitosam—LoEPsihogyt

base materi ghe '[ﬂi‘e@eﬁa'ﬂﬂf%? il U&ﬂe‘ﬂ”etfv%o eﬁtﬁfgapﬂaitgﬁlﬁft I%qﬁoigéﬁo e

of a sinpler nethod invol ves sprayling an m zing
with nature by using a purification treatment on waterways. rivers and

streams in which, for example, domestic waste water is discrlxarged in the

untreated state. _ Lo |

—
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of chitosan to the deeper por?%%ﬁ%ﬂ;?q? gpores may not al hvayg ol e

possible, this is stil- 'suffTETEﬁt for col onization of the

I n ot her words i's colonized in the manner deser+bet;®

w th respect t iga mhich the m croorgani sns are pble to inhabi
t he pores, the essarw condltlons cqﬂdm@%satisfied. Wth respect to

t he previously nentioned nechani smt ha ctions in the present

invention, it is an actually ascertained fact that a assimlable filte

medi um considdi nd 8!t%'hFYQ9§HPPﬁoP5%‘@§§éﬂ“E‘h&36MF“Sdﬁﬁ%ﬁ‘sﬁaﬁﬁ%g"e“me“t by
bringing water to be treated ip contact with a filter medium to which

microorganisms have been colonized, .wherein a assimilable filter medium,
composed by adhering a material to be assimilated that bas specific
assimilability for the target mioﬁoorganisms, at least with r%speot to the
range of depth necessary for habjitation bj said microorganﬁsns, to the
walls of pores possessed by a porous base.haterial, is used 45 the filter
mediun, and the water to be treated is brought in contaét with this

assimilable filter medium under aerobic conditions.

(2) The water treatment process according tb Claim 1 wherein charcoal is

used as the porous base material.

(3) The water treatment process aecor@ing to either of plain l1or2
wherein the material to be assimilated is chitosan. E
(4) The water treatment process accordiﬁg to any of Claims 1 through 3
wherein a state of forced convectibn is produced in the |[water to be
treated during contact with the ﬁssimilab!e filter medium.
(S) The water treatment process according to any of Clalmé 1 through 4
wherein the microorganisms colonized to the assimilable filter medium are
@E? Pseudomonas genus bacteria.
{6) The water treatment pf;qess according to Claim 5_wherein the
Psecudomonas genus bacteria are -Pseudomonas fluorescens biover 5 and/or
Pseudomonas putida biover A. . ' 5
(7) A water treatment apparatu# ﬁéed'in the water treatment process as
set forth in Claim 1 which uses a qééimilahle filter medium, composed by

adhering a material to be assinilaiéd_thht has specific assimilability for

the target microorganisms, at least with respect to the range of depth

necessary for habitation by sa!d microorganisms, to the walls of pores

R
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fromthis fact that a materi &Ff* ﬁﬁﬁ?hd Y ﬁorous structure sijmply

charcoal, such as porous ninerals or sponge-like materials, wouﬁ’rﬁbmmgl
in the same manner when used as a base material follo Fhacabt i
chitosan. |possessed by a penos hase setenial,: ped #ﬁt%ﬁ“mﬂe"tﬁtgeﬂ Qggqt,q!pq\

| e dEdlLllQEd 882
}@' .

I s adhered to the base material, althouah a polgsaccharlde géﬁﬁgﬂtgiﬁg by

chitosan i swlpi&htllmbarﬂhy YALEr clioabe dreafe

dhrayghed | treatnent tank

provided they satisfy the above-pmenti ned requi renents, nanely havin
tspefm ficitysaid %%M‘heghl?ﬁf&@&‘!jﬂm’sw tﬁa €t he properties %/hat al ?ow i t
0 Tunction @ s Rites"Frehflet Wbdrabl¥ adeafig {°b1dikor WERATRS State6r

foroed convection is produoced in the water to be treated in ihe treatment
zone. | |

(9) The water treatment apparatus aééoiding to either of;Claim 7 or 8
wherein Pseudomonas genus of bacteria are colonized to the assimilable
filter medium. . ‘ . ;

(10) The water treatment apparatds éccordinz to Clainm séwherein the
Pseudomonas genus of bacteria are Pseudomonas fluorescens bl%ver 5 and/or
Pseudomonas putida biover A. !

(11) A water treatment apparatus equipped with a pre-treatmenl tank filled
with a filter medium for removal of suspended solids and, so forth, a
denitriding tank provided wifh d assimilation layer, filled with a

material to be assimilated by bacteria, and an adsorbent layer, filled with

an adsorbent able to adsorb amlonia nitrogen oontinuohs with the
assimilation layer, a chitosan charcoal tank filled with chalcoal treated
with chitosan, a dephosphorization tank filled with an adsovbent able to
adsorb phosphorous, and & finishing tank filled with charcoal.

(12) The water treatment apparatus aegording to Claim 11 whe ein the pre-
treatment tank, denitriding tank, chitosah'charcoal tank, depﬁnsphorization
tank and finishing tank are arranged in the above order moqing from the
upstream side towards the downstreau side. L :

(13) The water treatment apparatus according to either of Ciaiu 11 or 12
wherein any of the tanks is provided as a pair, and a common sludge pit is
provided for both of these tankg 80 thgt water to be treated %ntering from
the top of one of the tanks flows into the other tank from t#e bottom via
R
R O 0 i - P—
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action of co-netabolismand $& PBA%Eh 185Hdscribed above, and being
hydrophoblc and so forth. Mreover, in addition to col qaj zatlon

gpecificity according to the type of material- to be asgimmd Bret i nce the
shape and size of the ores in the porous base mat eri a 4 pREee to
the common sludge pit. 8 :

(14) The water treatment apparatus according to Claim ?8 wherein &
dividing plate which divides a pair of tanks is formed so that; it protrudes
; high enough with respect to the water level, and the water |1evel of the
tank on the upward flow side is higher than the water level oi’ the tank on
the downward flow side when the flow of water through the f{xller in the

tanks has decreased.

l
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m croor gani sms can be further S?W%eéja'ﬁ?ﬁ $uitably selecting the TTA fwee

conbi nation of the type of material to be assin | ated and tHe type of base
material. Thus, with respect to the pollutant of the water treated
as well, a simlar renoval mechanismis considered to be a I@’S@n@eTH >
effectlvely denonstrated with respect ABSTRAET only LAS, but 0 _B3piPE
ordgani ¢ conpounds sinmilar to LAS such as the conponents of agricu
chemi cal s, UEhespttesent \ievention dsi diregtedpta rpi-owddma:matnrgaraﬁmt kechnatagyabl e
to eff|C|entIy deconpose those conpounds. :
: able to perform advanced purification treatment by efficiently removing

synthetic organic compounds such as surface activators for use in cleaners
and agricultural chemicals present in polluted water having;a relatively
low load of pollutants such as BOD. In order to accomplish tﬂxs objective,
water to be treated is brought in contact with a assimilable filter medium
unaer aerobic conditions, said assimilable filter medium being composed by
adhering a material to be assimilated that has specific assin?lability for

the target microorganisms to a porous base material such as éharcoal. AS
i

)

i/ a result of using this type of assimilable filter medi@m, specific
microorganisms which are highly efficient for removing the synthetie
organic pollutants to be removed can be utilized selectively, thereby

enabling efficient removal of synthetic organic compounds.
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Py it hetedvo tablize 1%: %P QaslarVvREMREy L I €Al NRE | ﬁp@ﬂhﬁb%sse%ﬁ@t i vely renmoves LAS and
ot her syntheti.c organi c conf§%r?82?8isliewy®the nechani sm descri bed abid%e baséd
medi um | i ke chitosan charcoal, it

Nanmely, in

-on the properties of a assimlable filter
al so has the characteristics |like those indicated bel ow.
conparison wth systens that renove LAS and so forth-by ad
using, for exanple, activated charcoal follow ng ordinary
t hi s appar at u\bei| Cg to effectively utilize biodegradati‘er thax[gc_, d
few probl ens teur ation and mai ntenance i s easy. In addition—sL
the process is carried out in conbination with treatnment of BOD conponen

apd so forth, the system can be sinplifiedthus enabling reduction of
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“Thie PSRRI VER B3/F hF o Pe AL TP B e ofz2ontimebank I n Lhe novel water tredrA mes?
‘apparatus are as described below. In additi.on.to these major forms of
.treatnment, the apparatus al so has concomtant treatnent fuhctions
corresponding to the type of filter medi umconconitantly filled into each
tank. Each of these treatnments is a biological treat rrent,[ e maj or

treatnments and conconitant treatments are conbined to reaf 78S atgEng
t]r eat nment .

I FIG.3
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Rermval of suspended solids 9?’5%‘3223h69%?3§radat|0n of BCD corrponents ?organl C
substances) are performed in the pre-treatment tank. In the denitriding
stank, nitric acid is renoved by converting to anmonia nitrogen and
nitrogen gas (N err]) by three types of processes under highly an aerobic

ﬁondi tions provided by a assimlation |layer. Mre specifi a
esult of imersing the material to be assimlated in water ‘CepR
dxygen by tenporary growth of aerobic bacteria through uti ﬁpbmcbo,f Bthzn

material to be assimlated, highly anaerobic conditions are forne t he
assimlation | aFrl G C@verm on to ammoni a nitrogen then proceeds by "-
. L}

[
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credlct! on " H5s 84 0Nt e BT aek amdad Aatiore 1y O "BEct®r ?a having the 1ahi | i tiyss
“to reduce nitric acid which were grown under anaerobic confitions in the
vtassimlation layer by utilizing the material to be assim | ated, and purely
-10- chem cal reduction due to the highly oxygen-free conditions, nanely
the high reduction level, in the assimlation |ayer. Thesb reducti on steps
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i ndi‘cated as NOerr] [err] NJerr] [errLﬂN[Q(LLgLIQ&r] NH[ er

of her conversion to nitrogen gas (N[er&ﬁb; S SRy e |

denitrifying bacteria gro under anaer 6bi c’condition ' on
| ayer b@ﬁgm%ﬁ to be assinilated, and is {i ndi 997
formof NJerr] + 5H (hydﬂbgen donor) [err] 0.5 Nerr

OH err] . As described above, sinultankous to the a d

in the assimilation |ayer noving toSPEQEF@BIoNbent | aye
of water, which has a reduced anmobunt of dissolved oxygén g
through the assimlation layer, it is adsorbed by the adsorbent of the
adsorbent |ayer w thout redissolving. On the other hand, the nitrogen gas
is released into theatarrmeatwene.Process and Water Treatment Apparatus

y riding the fliow

(Technical Field)

The present invention relates to a water treatment technologg, and more
particularly, to a water treatment technology suitable for performing
advanced purification treatment on waste water having a relatively low

pollution load.

(Background of the Invention)

It is widely known -that LAS (Linear Alkylbenzene Sulfonates; surface
activators used as the major ingredient of synthetic cleaners) can be
effectively removed from water by activated sludge processes enabling
efficient water treatment of wiste water having a relatively high
pollution load in the manner of seﬁer.water and industrial waste water
(for example, "Water Pollution Research", Vol. 5, No. 1, pp. 19-25 as well
as "Research on Biodegradation of-Sodium Linear Alkyibenzene Sulfonates
(LAS) by Activated Sludge - Parts (I) and (II) of pp. 63-72 of Vol. 5, No.

2 of this same publication, 1982).

However, in the case of treatment of river basin waterways, and
Particularly rivers into which flow domestic waste water and water
contaminated with agricultural chemicals, considered to account for a
Significant proportion of the route by which synthetic organic compounds
Such as LAS and agricultural chemicals enter the environment, it is
difficult to apply activated sludge processes due to the pollution load

bei"g excessively low and the presence of large daily fluctuations in that
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In’the chitosan charcoal tank, degradation of BOD conpg 'fé of

synt het i

c organi c conpounds such as the above-nention dREHSKﬁNE

In the dephosphori zation tank, dephosphorization is peyf y adsonp

usi ng an adsorbent, and in the finishing tank, renoval
degradati on of BOD conponents are performed together
and deodoygadat i on. Al t hough vari otis2 coenbi nati ons ar

arrangenent sequence of each of the tanks in the abovg-nentioned

treat ment apparatus, a
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In addition, although numerous examples of water treatment technology aimed
at treatment of water in such rivers and waterways are already known, these
known technologies are unable to demonstrate significant effects with
respect to removal of LAS. In addition, due to decreased performance
caused by clogging of the filter material used, saturation and so forth,
all of these technologies have problems that remain to be solved for

stable continuation of advanced purification treatment.

Moreover, although there are also numerous reports regarding removél by
adsorption of LAS using charcoal and activated carbon, charcoal does not
have adsorptivity to effectively carry out removal of LAS, while activated
carbon, although having a high level of adsorptivity, suffers problems in

terms of saturation and running costs.

To describe in detail, with respect to rivers and waterways which are major
discharge routes into the environment for harmful synthetic organic
pollutants such as LAS, and for which there is a strong desire to remove
these pollutants, there is still no process by which these synthetic

organic pollutants can be effectively removed at the practical level.

However, the inventors of the present invention previously developed a
charcoal microhabitat able to realize improved efficiency of biclogical
water treatment by using this charcoal microhabitat as a filter material

_ﬂue 1o its excellent microorganism colonization (Japanese Patent

p }épplication No. 4-59177). In addition, the present inventors developed a

P

"fethOd differing from conventional processes which only remove nitric acid




preferabl e exanpl e of this arrangement_sequence consists|o

rel ati on between the respective processes, TTOVI i n orddr
upstream side to the downstream si de.

€ pre-
treatnment tank, denitrification jt &HI, SHHETtHOSaEEH rcoal tiank, gq@qi&%ﬂ
aeration tank, dephosphorization_tankREPIhdEDni shi hg tank |i V|ew of t he
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in water as nitrogen gas using denf%rldlng bacteria, and YﬁEEFEBrates a
process wherein nitric acid, having a low level of to-be-adsorbed property,
is converted to ammonia nitrogen having a high level of to-be-adsorbed
property, after which this ammonia nitrogen is removed by adsorption using
an adsorbent. Moreover, in this method, a plurality of types of biological
treatments can be utilized in combination, and those treatments can be
carried out simultaneously, Therefore, this method enables a high degree
of denitriding treatment while using a relatively simple equipment
structure (Japanese Patent Applicatipn No. 4-296553). However, since all
these technologies are relatively new, the development of a water treatment

system that makes effective use of these technologies to comprehensively

perform advanced water treatment remains to be a subject for a future study.

Therefore, the inventors of the present invention proceeded with the
development of a new water treatment system that uses the above-mentioned

technologies, thereby obtaining the water treatment apparatus to be

described later.

After first confirming that this water treatment apparatus is able to
.adequately achieve the intended treatment level by conducting model
experiments, an experimental apparatus was installed in an actual river,
and test was carried out by collecting performance data and so forth to

confirm the performance of said apparatus on an actual scale.

- When analyses were performed on LAS in view of the above-mentioned problems
iduring this test, a high concentration of LAS of about 0.4 mg/liter in the
inflow was lowered to about 0.04 mg/liter in the final discharge water.

It was thus found that the new system demonstrates extremely effective LAS
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in‘addi tion, since the dephosphorization process in the a q%ﬁ&ﬁﬁﬁ@ﬂﬂh&ﬁﬁﬁ
water treatnent apparatus has a relatively |low | evel of cor

the other treatnent processes while al so having a high degrége pb&%ggggqm
wWith respect to the order of treatnment, this process can lejprovi

by
conbi ning the adsorbent for dephosphorlzatlon with the filjl ¢r_.of —anether—
tank. In the case of |ntegrat|ng t he- dephosphori zation tank with another
tank in this manner, is structurally eaS|Iy to conbi ne t—with-the

fPrH giﬁzgﬁggé%gghdktﬁgagLeq{@?gﬂgcgpgawg Sedd 19554 C2Ri Fe 'VRiER (BRKOIn the
water treatment apparatus to be described later is functioning for removal
of LAS, it was found that the chitosan charcoal tank was functioning the
greatest. Moreover, when the mechanism by which the chitosan charcoal
tank functions to effectively remove LAS was analyzed, the.following

mechanism was surmised.

Namely, as is also found in the above-mentioned references, removal of LAS
is carried out by adsorption and biodegradation by microorganisms in
activated sludge processes, and the mechanism of this adsorption and
biodegradation also functions in the chitosan charcoal tank. With respect
to this adsorption and biodegradation, in addition to the characteristic of
chitosan charcoal demonstrating excellent bacterial colonization, since
bacteria are also able to utilize the chitosan adhered in its pores as a
supplementary source of nutrition, namely as a material to be assimilated,
it is possible to make effective use of co-metabolism (a phenomenon wherein
biodegradation of synthetic organic compounds like LAS and agricultural
chemicals becomes first possible or is promoted in the presence of an
energy source and a nutrient source which serves as a material for
synthesis of the microorganism), it also has the characteristic of
bacterial activity being stable even during quantitative fluctuations in
the organic pollution load which serves as the nutrient source. Moreover,
due to its highly hydrophobic nature, chitosan can be expected to
demonstrate a high degree of adsorption resulting from hydrophobic
adsorption. [n addition, together with providing an adequate amount of
OXygen by aerating the inside of the chitosan charcoal tank, by creating a

forced state of convection in the water to be treated, efficient contact is



In*addition, if, with respect to the above-nentioned
apparatus, any of the tanks is provided as a pair, a dg@PQﬁﬁﬂﬁNTs$
Is provided for both of these tanks so that water to {b
fromthe top of one of the tanks flows in fromthe bott HH%%Q hhﬁ ddge
pit, forced dowward flow and upward fl ow can be produckd i ébt t ankg.
This is ‘preferable since the contact_egficiency of th
with the f# ile@8d Qrtwben itier cividsan cHarcealllidridonatém tohbe ctreated, prhegebyng a
downward #¥ow and upward flowin this manner, it is ewpréferabfe to
forma di Yﬁé}hggmgatl\e tnumbers @P aoppoesunities for adsorptlon Contrivances such

as those matters act synergistically, thereby resulting in an efficient

removal of LAS.

In addition, as a result of carrying out an analysis of the microorganisms
th;t actually function to remove LAS, the following facts became clear.

To begin with, although colonization of bacteria is observed at a high
density in chitosan charcoal, there are basically only two types of
pacteria involved. It is therefore clear that chitosan charcoal has a
selective colonization function that is extremely specific for the type of
microorganism. In other words, specific microorganisms are selectively
colonized accdrding to the combination of two conditions consisting of the
material to be assimilated in the form of chitosan, and the size of the
pores of the charcoal base material which serve as pores for habitation by
microorganisms. It was therefore actually proven that specific pollution
components'(LAS in this case) are able to be efficiently treated by these
selectively colonized microorganisms. In addition, when these
microorganisms were identified by standard identification methods, the two
types of bacteria were both found to be known genus that are easy to
acquire, namély bacteria of the Pseudomonas genus. One was identified as
Pseudomonas fluorescens biover 5, and the other as Pseudomonas putida

biover A.

(Disclosure of the Invention)
Based on the above-mentioned findings, the present invention efficiently
removes synthetic organic compounds by effectfvely utilizing the

properties like those mentioned above possessed by a assimilable filter



the pair of tanks so that it protrudes high enough wit ﬁggHgEMEﬁgsﬁﬁgy
water |evel, and the water |evel of the tank on |tHe upward fl ow}sj|de
is higher than the water level of the tank on the downwar{d figoMARI18%/
the flow of water through the filler in the tanks has decyeased. Nanel
since the downward fl ow pressure and upward fl ow pressuy e~-car

according to the differepnce in water.|lgvels between thejtw sides, theses
i ncr easesneﬁh“'bree@g‘ﬂﬁ é‘e'aﬁ'(g %1 FhtkaTanochanssed formed by, adlteTaPERET (WOABL P by

nor nal

I ncr eased

t he sl udge (bi openbrane and adhered substances) retained in the surface and
fr f

charcoal, namely a assimilable filter medium composed by adhering the
material to be assimilated, having specific assimilability with respect to
the target microorganism, to the pore walls of pores possessed by a porous
pase material with respect to at least the range of depth required for the
microorganisms to inhabit said pores. More specifically, the present
invention is carried out by selectively adhering the Pseudomonas genus of
pseudomonas fluorescens biover 5 and Pseudomonas putida biover A to a
assimilable filter medium such as chitosan charcoal, and enabling the
specific bacteria selectively adhered to the assimilable filter medium to
remove specific pollution components by biodegradation as in the example of
removal of LAS by two types of bacteria. In order to accomplish this, the
assimilable filter medium is aerated to enable contact with the water to
be treated while maintaining aerobic conditions, and a forced convection

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

assimilable filter medium.

Although the functions of the material to be assimilated, such as chitosan,
which is formed into the assimilable filter medium used in the present
invention, include covering the spinal structure of the surface of the
pore walls of the base material to an extent which does not have an adverse
effect on the microorganisms, eliminating the polarity of the pore walls,
and forming a supplementary nutrient source for the microorganisms adhered

in the pores, the required amount is considered to be satisfied if to an

extent which at least enables the spinal structure of the pore wall surfaces

to be covered.

While there are various possible techniques for adhering the material to be
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gaps of the filler. As a result, decreases in watertl-ow-car—be—
prevented and noreover, sludge can be suitably separateﬁEHﬂ@EMﬁNﬁ%ﬁ&“By

this high- pressure water flow. Consequently, this na t pusslbl
elimnate the need for periodic sludge renoval work by i g@éﬁ
r S€

forth.

(Brief Description of the Drawings) Fig. 1 i|s

view of & e FlackhCR) TR pARPRE AL 3 R b TE 0% aterial, an eXampTe OF GAe oF

the most reliable methods involves, in the case of chitosan, immersingnzﬁé
base material in a chitosan solution for a fixed period of time. An example
of a simpler method involQes spraying and/or atomizing the chitosan
solution onto the base material. In this case, although uniform adherence
of chitosan to the deeper portions of the pores may not(always be
possible, this is still sufficient for colonization of the micréorganisms.
In other words, if the chitosan is colonized in the manner described above
with respect to the range over which the microorganisms are able to inhabit

the pores, the necessary conditions can be satisfied.

With respect to the previously mentioned mechanism that functions in .the
present invention, it is an actually ascertained fact that a assimilable
filter medium consisting of chitosan processed charcoal demonstrates
favorable properties, and it is only natural from the principle deduced
from this fact that a material having a porous structure similar to
charcoal, such as porous minerals or sponge-like materials, would function
in the same manner when used as a base.material following processing with
chitosan. In addition, with respect to the material to be assimilated that
is adhered to the base material, although a polysaccharide exemplified by
chitosan is particularly preferable, other materials can also be used
provided they satisfy the above-mentioned requirements, namely having
specificity to certain microorganis&s, having the properties that allow it
to function as a supplementary nutrient source for the purpose of the
action of co-metabolism and so forth as described above, and being
hydrophobic and so forth. Moreover, in addition to colonization
Specificity according to the type of material to be assimilated, since the

shape and size of the pores in the porous base material can also be made to
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contribute to colonization specificity, selectilve colonization o¥

microorganisms can be further improved by suitably selecting the
combination of the type of material to be assimilated and the type of base
material. Thus, with respect to the pollutant of 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 as the components of agricultural
chemicals, by selectively colonizing specific microorganisms that are able

to efficiently decompose those compounds.

Although this type of water treatment apparatus effectively removes LAS and
other synthetic organic compounds using the mechanism described above based
on the properties of a assimilable filter medium like chitosan charcoal, it
also has the characteristics like those indicated below. ~ Namely, in
comparison with systems that remove LAS and so forth by adsorption alone
using, for example, activated charcoal following ordinary treatment, since
this apparatus is able to effectively utilize biodegradation, there are
few problems with saturation ana maintenance is easy. In addition, since
the process is carried out in combination with treatment of BOD components
and so forth, the system can be simplified thus enabling reduction of

costs.

The present invention also provides a water treatment apparatus equipped
with a pre-treatment tank filled with a filter for removal of suspendec
solids and so forth, a denitriding tank provided with a assimilation layert
filled with a material to be assimilated by bacteria and an adsorbent laye:
filled with an adsorbent able to ‘adsorb ammonia nitrogen continuous wit!

the assimilation layer, a chitosan charcoal tank filled with chitosa

an
i on



accordi ngnta,thg. enhadipept of the present invention. 1 Bas 'iq{)rp@,e\rfbr
Carrying on) The follow ng provides a &

enbodi nment ﬂlllumllﬂﬂﬂ H| i nv . npl e df {t he vvater e t
appar at us | enbod A HARBERNdd to Hade 28 MAR r
treatnent capacity of about 50 WAYED As~ ghown iln fFigs. 1 th,Q 3,
the inside of a casing forned of conerﬁte into the shap ”éﬂrébtangul

paral | el gpirBesll ,havadphodptioriaat loangdrik of1iRAOVEth an adsorbent able to-adserb—

phosphorous, and a finishing tank filled with charcoal. As a result, the
present invention is able to function as a water treatment apparatus able
to efficiently remove synthetic organic compounds like those mentioned
above as well as perform advanced.treatment of BOD components and so

forth.

The major treatment functions of each tank in this water treatment
apparatus are as described below. .In addition to these major forms of
treatment, the apparatus also has concomitant treatment functions
corresponding to the type of filter medium concomitantly filled into each
tank. Each of these treatments is a biological treatment, and these major
treatments and concomitant treatments are combined to realize advanced

treatment.

Removal of suspended solids (SS) and degradation of BOD components (organic
substances) are performed in the pre-treatment tank.

In the denitriding tank, nitric acid is removed by converting to ammonia -
nitrogen and nitrogen gas (N2) by three types of processes under highly an
aerobic conditions provided by a assimilation layer. More specifically, as
a result of immersing the material to be assimilated in water and consuming
oxygen by temporary growth of aerobic bacteria through utilization of this
material to be assimilated, highly anaerobic conditions are formed in the
assimilation layer. Conversion to ammonia nitrogen then proceeds by
reduction based on the biological activity of bacteria having the ability
0 reduce nitric acid which were'gﬁawh under anaerobic conditions in the

8ssimilation layer by utilizing the material to be assimilated, and purely



11 m width of about 3.5 m and height of about 2.2 m|
equally into five first through fifth bl ocks Ba-Be vmtrREﬁerf
walls W The structure is such that the required tank

of bl ocks Ba- Be.
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chemical reduction due to the highly oxygen-free conditions, namely the
"high reduction level, in the assimilation layer. These reduction steps are
jndicated as NOs = = NO;~ — N,0 — NH.~ . On the other conversion to
nitrogen gas (N:) is similarly performed by denitrifying bacteria grown
under anaerobic conditions in the aésimilation layer by using the material
to be assimilated, and is indicated in the form of NO:; -~ + 5§ (hydrogen
donor) — 0.5 N: + 2H.0 + OH™ . As described above, simultaneous to the
ammonia nitrogen formed in the assimilation layer moving to the adsorbent
layer by riding the flow of water, which has a reduced amount of dissolved
oxygen, by passing through the assimilation layer, it is adsorbed by the
adsorbent of the adsorbent layer without redissolving. On the other hand,

the nitrogen gas is released into the atmosphere.

In the chitosan charcoal tank, degradation of BOD components and removal of
synthetic organic éompounds such as the above-mentioned LAS are performed.

In the dephosphorization tank, dephosphorization is performed by adsorption
using an adsorbent, and in the finishing tank, removal of the final SS and
degradation of BOD components are performed together with decolorization

and deodorization.

Although various combinations are possible for the arrangement sequence of
each of the tanks in the above-mentioned watér treatment apparatus, a
preferable example of this arrangement sequence consists of the pre-
treatment tank, denitrification tank, chitosan charcoal tank, special
aeration tank, dephosphorization tank and finfshing tank in view of the
relation between the respective processes, moving in order from the

upstream side to the downstream side.



The entire first block Bais in the formof sedi nenta

—ThI
sedinmentation tank 1 is for renoving relatively lar easpﬁﬂﬁNﬁﬁﬁs8ﬁ_£c s by
sedinmentation fromthe water to be treated, and has {an— regul @t 4 ng
cylinder 2 on its upstreamend, an outflow regul ati cylgpﬂﬁh«@qpn_i S
downstream end, and the remainder is enpty. In other ra ,wat er tao be
treated that flows infrmnaninﬂow;athFDtothis edi ati-en-tank 1
flows dognuaditibnonsirce Ehe |d@phoagmrazah@ncyr¢¢em in |t abovRvlenhionetar ds

the bottom of sedinmentation tank 1. After gently novin throgﬁh t he, i nsi de
of the tatkr tieatmentmpparatusthemaeve fativeloloufteyelt ok cATFEEAtISN with

the other treatment processes while also having a high degree of freedom
with respect to the order of treatment, this process can be provided by
combining the adsorbent for dephosphorization with the filler of another
tank. In the case of integrating the dephosphorization tank with another
tank in this manner, it is structurally easily to combine it with the
chitosan charcoal tank in particular, and is desirable in terms of

*

improving overall treatment efficiency.

In addition, if, with réspect to the above-mentioned water treatment
apparatus, any of the tanks is provided as a pair, and a common sludge pit
is provided for both of these tanks so that water to be treated entering
from the top of one of the tanks flows in from the bottom via the sludge
bit, forced downward flow and upward flow can be produced in both tanks.

This is preferable since the contact efficiency of the water to be treated

‘with the filler can be improved.

In addition, in.the case of producing a downward flow and upward flow in
this manner, it is more preferable to form a dividing wall that separates
the pair of tanks so that it protrudes high enough with respect to the
normal water level,land the water level of the tank on the upward flow side
is higher than the water level of the tank on the downward flow side when
the flow of water through the filler in the tanks has decreased. Namely,
since the downward flow pressure and upward flow pressure can be increased
according to the difference in water levels between the two sides, these
increases in pressure are allowed to oppose the flow resistance caused by

the sludge (biomembrane and adhered substances) retained in the surface and



outflow regulating cylinder 3 to a second block Bb. T
the water to be treated in the sedinentation tank 1
about 4 hours, and during this retention, relativel
obj ects are renoved by sedi nentation. "In the secpn thﬁ% rBlog7t aget her
with providing a holed bottomplate 4b suspended ftomt ottom of 't he
casing so that sludge pit Db is formed2te have a prescribed depth, a
pre-treatnent tank 6 and a denitriding tank 7 are 'orned by dividing with
a dividing plate 5b provided upright in the center 'of this holed bottom
pl ate 4b. ga'Bbusﬁ thotth 11@mksass aaraduTt ,adecreases in water flow can be prevented

and moreover, sludge can be suitably separated and removed by this high;
pressure water flow. Consequently, this makes it possible to eliminate

the need for periodic sludge removal work by back washing and so forth.

(Brief Description of the Drawings)

Fig. 1 is a cross-sectional view of a water treatment apparatus according

to a first embodiment of the present invention.
Fig. 2 is a plan view of the water treatment apparatus shown in Fig. 1.

Fig. 3 is a cross-sectional view taken along the line SA:-SA; indicated by

an arrow in Fig. 2.
Fig. 4 is a cross-sectional view of the denitrification tank.

Fig. 5 is a graph showing data on LAS in the water treatment apparatus

- according to the embodiment of the present invention.

(Best Mode for Carrying Out the Invention)

The following provides an explanation of an embodiment of the present

invention.

“The example of the water treatment apparatus in the present embodiment was
designed to have an average treatment capacity of about 50 m®/day. As
“Shown in Figs. 1 through 3, the inside of a casing formed of concrete into
fﬁe Shape of a rectangular parallelopiped having a total length of about

ilm- width of about 3.5 m and height of about 2.2 m is divided nearly



connected through the sludge pit Db, and the water to e tTe; TTd w8 |
the denitrification tank 7 in the formof an upward floﬁﬁgﬁﬁgb@ Féﬂﬁﬁ@

downward t hrough the pre-treatnent tank 6 and passing {tHrough t he sl ugig
pit Db. pre-treatment tank 6 is filled with & phasMAR 1B%F olis
filter medium (not

\1%4
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,qually into five first through fifth blocks Ba-Be wIth main dividing

walls W. The structure is such that the required tank is then set for

each of blocks Ba-Be.

tThe entire first block Ba is in the form of sedimentation tank 1. This
sedimentation tank 1 is for removing relatively large suspended{objects by
sedimentation from the water to be treated, and has an inflow regulating
cylinder 2 on its upstream end, an outflow regulating cylinder 3 on its
downstream end, and the remainder fgzehpty. In other words, water to be
treated that flows in from an inflow path P to this sedimentation tank 1
flows downward from the inflow regulating cylinder 2 and flows in towards
the bottom of sedimentation tank 1. After gently moving through the inside
of the tank, the water to be treated flows out from the outlet 3t of
outflow regulating cylinder 3 to a second block Bb. The retention time of
the water to be treated in the sedimentation tank 1 during this time is.
about 4 hours, and during this retention, relatively large suspended

objects are removed by sedimentation. .

In the second block Bb, together with providing a holed bottom plate 4b
suspended from the bottom of the casing so that sludge pit Db is formed to .
have a prescribed depth, a pre-treatment tank 6 and a denitriding tank 7
are formed by dividing with a.dividing plate Sb provided upright in the
center of this holed hottom plate 4b. Thus, both tanks 6 and 7 are
connected through the sludge pit Db, and the water to be treated flows into
the denitrification tank 7 in the form of an upward flow after flowing
downward through the pre-treatment.tank 6 and passing through the sludge

pit Db.



shown). Together with filtering SS by this filter nedfuq&a yﬁgmpgﬁﬁmt_

.are renoved by degradation by m croorgani sns adhered t

The denitrification tank 7 is for renmoving nitrogen diksplved in t Q? [
acid formin the water to be treated. As shown in Fig.|4 & MABW?{rildilng

tank 7 is provided with a assim |l ation Iayer 8 and an hdgorbent |ayer 191}in
| am nated form The assim |l ation | 8 is forned gy ITTTng w th dgad
pl ant ragte=tremtndnt tankydt hsrfiddied i au ‘plastd caporausi £hltefoRes I 4pot

bacteria, also provides a suitable habitat for the bacteria. This dead
pl ant nagnayn);s Togpthar woth filtering SS by this filter medium, BOD components

are removed by degradation by microorganisms adhered to this filter medium.
The denitrification tank 7 is for removing nitrogen dissoived in the nitric
acid form in the water to be treated. . As shown in Fig. 4, said denitriding
tank 7 is provided with a assimilation layer 8 and an adsorbent. layer 9 in

laminated form.

The assimilation layer 8 is formed py_filling with dead plant matter which,
together which serving as a nutrient source for the bacteria, also provides
a suitable habitat for the bacteria. This dead plant matter is filled to a
density which yields suitable flow of water. More specifically, said
assimilation layer is formed by filling the cores of old straw mat,
withered branches, or waste stems of mushrooms and so forth in the form of
core layer 8c between surface layers 8s consisting of, for example,
forming straw into a matting structure. The dead plant matter of core
layer 8c is crushed fo a suitable size. This assimilation layer 8 is made

to be highly anaerobic by immersing in the water to be treated as
previously described. Conversion of the nitric acid into ammonia nitrogen
and nitrogen gas is performed by the three types of processes used in
combination as described above under these anaerobic conditions. The
ammonia nitrogen is removed by adsorption with thg adsorbent layer 9, and

the nitrogen gas is released into the atmosphere.

The adsorbent layer 9 is formed by filling with an adsorbent having a high
adsorption capacity for ammonia nitrogen, for example, mineral substances
such as zeolite or vermugulite, formed into pebbles. The adsorbent layer

9 has a double-layer structure consisting of a layer 9m, a large-sized



density which yields suitable flow of water. Mre specificaldy—sa
assimlation layer is forned by filling the cores of ol SEMA(AEMEW SHEET
wi t hered branches, or waste stenms of nushroons and so fr T T he for
core layer 8c between surface |ayers 8s consisting of, fo T qpi

formng straw into a matting structure. The dead pl ant core

| ayer 80 is crushed to a suitable S|;e ThIS assinmlatign e
to be highly anaerobic by imrersing in the water to be tireated as o
previously described. Conversion of the nitric acid intd—amonia nrtrogen
and ni trogefofiseat] anper flayeresh,by smael-shzeleadsopbentof processes used in
conblnatlon as descri bed above under these anaerobic conditions. The

the third block Bc is in the form of a first chitosan charcoal tank 10 for
removing BOD. components by degradation entirely using aerobic biological
treatment. A holed bottom plate 4c for forming a sludge pit Dc is also
provided in its bottom. Fragments of chitosan charcoal (not shewn), which’
phave been treated with chitosan, are layered on top of this holed bottom
plate 4¢c. Moreover, aeration is performed in this chitosan charcoal tank
by an aeration device 1llc to an extent which produces an agitating state of
forced convection in the water to be treated in the tank. Incidentally,
since chitosan charcoal floats easily in water, an adsorbent for

adsorption of ammonia nitrogen is placed on top as a weight.

The chitosan charcoal used in this water treatment apparatus is obtained by

the process described below.

Hixed charcoal having a deciduous tree to coniferous tree ratio of 8:2
and crushed into pieces having & size of 5§ to 10 mm was used for the raw

material charcoal.

Chitosan in the form of a pale yellowish-white powder having a degree of
deacetylation of at least 70% (Koyo Chitosan SK-400 (trade name), Koyo

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

Adherence was performed using the immersion method under the conditions
described below.
Chitosan solution: Prepared by dissolving 1% of chitosan in 5%

aqueous acetic acid.
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[mmersion conditions: Normal temperature, normal pressure
Immersion time: 24 hours

Drying conditions: 8 to 16 hours at 50-60 °C

s comparative test was conducted with respect to the adsorptivity of this
chitosan charcoal relative to LAS between ordinary charcoal (oag charcoal,
red pine charcoal) and activated carbon. As a result, the respective
relationships of adsorptivity were activated carbon > chitosan charcoal >
red pine charcoai > oak charcoal for LAS10 and LAS11, and activated carbon
> chitosan charcoal > oak charcoal > red pine charcoal for LAS12 to LAS14.

In addition, although the respective differences in adsorptivity were
larger for LAS10 to LAS12 which is present in relatively large amounts, the
adsorptivity of chitosan charcoal was typically several times greater than
ordinary chércoal in particular. Thus, although chitosan charcoal itself
has excellent adsorptivity with respect to LAS, it is believed to realize
excellent LAS removal performance as a result of this property combining
with the various other properties of chitosan charcoal described above as

well as conditions of aeration which produce a state of forced convection.

The fourth block Bd is divided nearly equally by dividing plate 5d provided
upright from the bottom of the casing. The upstream side consists of a
second chitosan charcoal tank 12, while the downstream side consists of a
Special aeratibn tank 13. The second chitosan charcoal tank 12 is
basically the same as the above-mentioned first chitosan charcoal tank 10
With the exception of being roughly half its size. On the other hand, the
special aeration tank 13 is for supplying oxygen to the water to be
treated. It is empty in the same manner as sedimentation tank 1 to

- facilitate the dispersion of air supplied with an air supply device 11d in



treated with chitosan, are | ayered onfjop- of this hol ed bottom

et
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the water being treated. e

the fifth 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 for the purpose of
removing phosphorous by adsorption, and is also for ;uppIEmentarily
removing ammonia nitrogen by adsorption. The dephosphorization tank 14 is
filled with an adsorbent (not shown) for adsorption of phosphorus and an
adsorbent (not §hown) for adsorp}%on of ammonia nitrogen layered in
laminated form. On the other hand;'the finishing ténk 15 is filled with
ordinary charcoal (not shown). Together with this tank performing

decolorization and deodorization using this charcoal, it also performs

filtration of fine SS as well as final biological treatment.

Eaéh of the dividing plates 5b, 5d and 5e in the second block Bb, fourth
block Bd and fifth block Be, is formed to protrude high enough above the
normal water level (as shown in Fig. 1). This is done for the purpose of
allowing the water ievel on the upstream side of the tank to be higher than
the water level on the downstream side of the tank corresponding to
increases in flow resistance that occur due to accumulation of sludge on
the filter medium and chitosan charcoal in each tank. As a result, this
serves to prevent decreases in water flow as well as maintain constant back

washing effects.

Incidentally, as shown in Fig. 2, a sludge recovery pipe 16 is provided
along the casing, thereby enabling recovery of sludge to be performed as
necessary from this sludge recoveﬁi pipe 16 by means of branching pipes

facing each block. In addition, although omitted in the drawings, each

- 15 - adsorbent, and a layer 9n, a small-sized a sggmgﬁtMEhlxﬂﬁETthlrd
block Be is in the formof a first chitosan charcoalj t o for r Vi ng
BOD conponents by degradation entirely using aerobi |ohggﬁ£phgqﬁr at nment
A hol ed bottomplate 4c for formng a sludge pit Dc i g0 provi deéd|in
Its bottom Fragnments of chitosan charcoal (not sh &w,mhke een
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Data pertaining to LAS in the above-mentioned compound water treatment
apparatus is shown in Fig. 5. As can be seen from this graph, large
fluctuations in the amount of LAS can be seen in the firs't chitosan
charcoal tank 10, thereby indicating the outstanding LAS removal
performance of said first chitosan charcoal tank 10. Although a
considerable amount of biological treatment occurs in the pre-treatment
tank 6 and the finishing tank 15 in particular, the superiority of the LAS
removal performance in the chitosan charcoal tank can be clearly

understood by comparing with the changes in the amount of LAS in these tanks.

(Industrial Applicability)

As has been described above, since the present invention selectively
utilizes specific ﬁicroorganisms by effectively utilizing the properties
of a assimilable filter medium, it is able to greatly contribute to the
preservation of water quality in waterways by efficiently removing
synthetic organic compounds such as LAS from‘rivers such as those having a

relatively low pollution load.

In addition, as a result of integrally combining a pre-treatment tank,
dephosphorization tank and finishing tank and so forth with a denitriding
tank and chitosan charcoal tank, having high levels of treatment
efficiency which function as the core of the apparatus, the water treatment
apparatus of the pEesent invention is able to efficiently perform advanced
Water treatment that combines denitrification and dephosphorization using

€ntirely biological treatment. Thus, it is able to greatly contribute to



and crushed into pieces having a size of 5 to 10 mmwas used for the raw

mat eri al charcoal. Chitosan in the formof a pale ) 'iuv}ﬁ@iﬁpl - okder
havi ng a degree of deacetylation of at | east 70@6(Kb>035ﬂ3%6 é’;, 100
(trade nane), Koyo Chemical Co., Ltd.) was used as tHe [chitosan. {
Adherence was perfornmed using the i mrersion nmethod under tmgknﬂmdﬂgﬁotf
descri bed bel ow. Chi tosan soligi-on: Prepared {by di ssol ving 1% bf
chitosan in 5%

the preservation of the water environment in a state‘.uaf s harmon§m
with nature by using a purification treatment on waterways, rivers and
streams in which, for example, domestic waste water is discharged in the

untreated state.



aqueous acetic acid. ——— I _
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(1) A water treatment process which performs purification treatment by

’ T
P

CLAIMS

pringing water to be treated in contact with a filter medium to which
microorganisms have been colonized, wherein a assimilable filter medium,
composed by adhering a material to be assimilated that has specific
assimilability for the target microorganisms, at least with respeat to the
range of depth necessary for habitation by said microorganisms, to the
walls of pores possessed by a porous base material, is used as the filter
medium, and the water to be treated is brought in contact with this
assimilable filter ﬁedium under aerobic conditions.

(2) The water treatment process according to Claim 1 wherein charcoal is
used as the porous base material.

(3) The water treatment process according to either of Claim 1 or 2
wherein the material to be assimilated is chifosan.

(4) The water treatment process according to any of Claims 1 through 3
wherein a state of forced convection is produced in the water to be
treated during contact with the assimilable filter medium.

(§) The water treatment process according to any of Claims 1 through 4
wherein the microorganisms colonized to the assimilable filter medium are
Pseudomonas genus bacteria.

(6) The water 'treatment process according to Claim 5 wherein the
Pseudomonas genus bacteria are Pseudomonas ;luorescens biover 5§ and/or
Pseudomonas putida biover A.

(7) A water treatment apparatus used in the water treatment process as
set forth in Claim 1 which uses a assimilable filter medium, composed by
adhering a material to be assimilated that has specific assimilability for
the target microorganisms, at least with respect to the range of depth

necessary for habitation by said microorganisms, to the walls of pores

[
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(8) The water treatment apparatus according to Claim 7 wherein a state of
forced convection is produced in the water to be treated in the treatment
zone. .

(9) The water treatment apparatus according to either of Claim 7 or 8
wherein Pseudomonas genus of bacteria are colonized to the assimilable
filter medium.

(10) The water treatment apparatus according to Claim 9 wherein the
Pseudomonas genus of bacteria are Pseudomonas fluorescens biover 5 and/or
Pseudomonas putida biover A.

(11) A water treatment apparatus equipped with a pre-treatment tank filled
with a filter medium for removal of suspended solids and so forth, a
denitriding tank provided with a assimilation layer, filled with a
material to be assimilated by bacteria, and an adsorbent layer, filled with
an adsorbent able to adsorb ammonia nitrogen continuous with the
assimilation layer,- a chitosan charcoal tank filled with charcoal treated
with chitosan, a dephosphorization tank filled with an adsorbent able to
‘adsorb phosphorous, and a finishing tank filled with charcoal.

(12) The water treatment apparatus according to Claim 11 wherein the pre-
treatment tank, denitriding tank, chitosan charcoal tank, dephosphorization
tank and finishing tank are arranged in the above order moving froa the
upstream side towards the downstream side.

(13) The water treatment apparatus according to either of Claim 11 or 12
‘wherein any of the tanks is provided as a pair, and a common sludge pit is
provided for both of these tanks so that water to be treated entering from

the top of one of the tanks flows into the other tank from the bottom via

LT




has excell ent adsorptivity with respect to LAS it is believed to realize

.excel l ent LAS renoval performnfGC €St this property conblnlng
with the various other propertles lgiﬁ 6§§h£% jar c @ SCrrbeq. @k We as
wel | as conditions of aeration whi-eh e a dtat gﬁﬂ#bFCed convect i on.
The fourth block Bd is divided nearly equaIIy by diyiding plate 5d [priovi ded

upright fromthe bottom of the casi Rg22The upstreamjsiidel 8 MAR $399
second chitosan charcoal tank 12, while the downstrear side consistp pf a
speci al aeration tank 13. The second chi t osan charcéal-tamk—12"1T35
basi cal | thet peM9BrEIudEe P& above- mentioned first chitosan charcoal tank 10

(14) The water treatment apparatus according to Claim 13 wherein a

dividing plate which divides a pair of tanks is formed so that it protrudes
high enough with respect to the water level, and the water level of the
tank on the upward flow side is higher than the water level of the tank on
the downward flow side Qhen the flow of water through the fildef in the

tanks has decreased.
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WATER TREATMENT PROCESS AND WATER TREATMENT APPARATUS

ABSTRACT

 he present invention is directed to provide a water treatment'technology

able to perform advanced purification treatment by efficiently removing
synthetic organic compounds such as surface activators for use in cleaners
and agricultural chemicals present in poliuted water having a relatively
iloﬂ load of pollutants such as BOD. In order to accomplish this‘objective,
water to be treated is brought in contact with a assimilable filter medium
ynder aerobic conditions, said assimilable filter medium being composed by
adnering a material to be assimilated that has specific assimilability for
the target microorganisms to a porous base material such as charcoal. As
a result of using this type of assimilable filter medium, specific
microorganisms-which are highly efficient for removing the synthetic
organic pollutants.to be removed can be utilized selectively, thereby

enabling efficient removal of synthetic organic compounds.

FIGURE 1

he

in
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The fifth block Be is provided with a dephosphorization tank 14 and a
finishing tank 15 and enpl oys the sanme structure as the second bl ock Bb.
" The dephosphorization tank 14 is provided primarily for the purpose of
renowi ng phosphorous by adsorption, and is also for_suppl.ementarily.—
r enowi ng amoni a nitrogen by adsorption,” The dephospwPiLﬁ@ng bRER 14 is
filled Wwth an adsorbent (not shows) 1f er adsor pti on| ol-—phespherts—4qnd an
adsor bent (not shown) for adsorption of amronia nit}open I?/erﬁg in
| ami nat e foGn the other hand, the finishing tahk| 15§ ¥AR FPeq
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wiit h

14

12 5d

rr)




decol ori zati on and deodori zation using this charcoal, it also perforns

filtration of fine SS as well as final biological treatnent. Each of the

“dividing plates 5b, 5d and Se in the second block Bb, fourth block Bd and

fifth block Be, is formed to protrude high enough above the nornmat water

| evel’ (as shown in Fig. 1). This is done for the p V 1 1]g t he
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serves to prevent decreases in water flow as well as maintain constant back
.washing effects. Incidentally, as shown in Fig. 2, a sludge recovery
pipe 16 is provided along the casing, thereby enabling recovery of sl udge
to be performed as necessary fromthis sludge recovery pipe 16 by neans of
branchi ng pi pes facing each block. In addition, although omtted in the
drawi ngs, each -3 -
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block is covered with alid so that covers the entire block is free from

rain and irradiation of sunlight.
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consi derabl e anobunt of biological treatnent occurs in the pre-treatnent
tank 6 and the finishing tank 15 in particular, the superiority—-gf~The LAS
renoval performance in the chitosan charcoal tank c nqm;\gﬁtﬁfa“ﬁl W‘E"—
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synt heti c or gani ¢ conpounds (guc q@@x‘.ﬁf_;@@gﬁ%r bnﬁ‘ﬁfﬁ‘-()@ﬂ@ﬂguéwiqs t hose having a
rel atively |ow pol lution |oad. @Y (¥ addi t{oph, as a result] q¢f ~ift,ea
conbining a pre-treatnent tank, dephosphoti gatj@8§Epat#®9arid f?hﬂfﬁi“%htrﬁmgﬂ
and so forth with a denitriding tank and ¢h{tosan charcodl {tank, having
high levels of treatnent efficiency whichjfomctTon—asthe dqore of the
apparatus, the water treatment apparat4ls ¢f the present_indention is able
to efficiently performadvanced water treatnent that conbines '
denitrificati on and dephosphorization i n eptire I ol ogi cal treatnent.
Thus, it ign ggqeéasltgtrag &@siggﬁpx%pﬁ)ﬂge#q%&ri%;i tﬂe Idéve&c%)eg Irm:tho%,I nitnlc '

acid, which cannot be readily adsorbed, is converted to ammonia nitrogen which can be

L.

removed by adsorption using an adsorbent. A plurality of biological treatments can be
utilised in combination, and those treatments can be carried out simultaneously.
Therefore, this method enables a high degree of denitriding treatment while using a
relatively simple apparatus (Japanese Patent Application No. 4-296553).

US-A-4859594 discloses a method for the purification of contaminated water by
contacting the water with a bed'of a porous substrate, on which chitosan'is dispersed,. :
and which microorganisms have’_" colonised, at conditions favouring their optimum
growth. | N .. | ’

(Sﬁmmary of the Invention)

According to the present invention, water treatment apparafus comprises:

a pre-treatment tank filled with a filter medium for the removal of suspended
solids; _

a denitrification tank including a layer of a material colonised by bacteria and, in
contact therewith, a layer of an adsorbent capable of adsorbing ammonia nitrogen;

a treatment thank filled with a porous filter medium colonised by
microorganisms, wherein a material that has specific assimilability for the
microorganisms is adhered to the pores of the filter medium, and wherein there is
means for aerating the treatment tank and for forcing water through the filter medium;

a tank filled with an adsorbent capable of adsorbing f)hosphorous; and

a finishing thank filled with charcoal.

Using apparatus of the invention, water that may contain LAS can be purified.

The present invention is based on experiments conducted in a river showing that
a high concentration of LAS (about 0.4 mg/1) in the inflow was reduced to about 0.04
mg/1 in the final discharge water. Thus, the new system demonstrates extremely

effective LAS removal.
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contribute to colonization specificity, selective polonizatibn of
microorganisms can be further improved by suitabli selecting the
combination of the type of material to be assimilated and the type of base
material. Thus, with respect to the pollutant of the water to be treated
as well, a similar removal mechanism is consihered to be abie to be
effectively demonstrated with respect to not only LAS, but also synthetic
organic compounds similar to LAS such as the components of agricultural
chemicals, by selectively colonizing specific microorganisms that are able

to efficiently decompose those compgunds.

Although this type of water treatment apparatus effectively removes LAS and
other synthetic organic éompounds using the mechanism described above based
on tﬁe properties of a assimilable filter medium like chitosan charcoal, it
also has the characteristics like those indicated bélow.' Namely, in
comparison with systems that remove LAS and so forth by adsorption alone
using, for example,'activated charcoal following ordinary treatment, since
this.apparatus is able to effectively utilize biodegradation, there are
few problems w;th sﬁturatidn and maintenance is easy. In addition, since
ﬁhe process is carried out in combination with treatment of BOD components
and so forth, the system can be simplified,thus enabling reduction of

costs.



20 CLAIMS 1. Wat er treatnent apparatus conprising: a
pgre-treatnment tank (6) filled with a filter nmedium for the renoval of
suspended sol i ds; a denitrification tank (7) including, a ¥ cbrR
materi al col oni sed by bacteria and, in contact therewth, éﬂﬁévgtﬂ¥g§og an
adsor bent capabl e of adsorbi ng anana{rgtfogen;
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The major treatment functions of each tank in the novel water treat-
ment abparatus are as described below. In addition to these major forms of
treatment, the apparatus also has concomitant treatment functions
corresponding to the type of filter medium concomitantly filled into each
tank. Eéch of these treatments is a biological treatment, and these major
treatments and concomitant treatments are combined to realize advanced

treatment.

:Removal of suspended solids (SS) and degradation of BOD components (organic

substanées) are performed in the pre-treatment tank.

In the denitridfng tank, nitric.acid is removed by converting to ammonia -
hitrogen and nitrogen gas (N2) by three types of processes under highly an
aerob{c conditions provided by a assimilation layer. More specifically, as
a result of immersing the material to be assimilated in water and consuming
0Xygen by temporary growth of aerobic bacteria through utilization of this
material to be assimilated, highly anaerobic conditions are formed in the
dssimilation layer. Conversion to ammonia nitrogen then proceeds by
Teduction based on the biological activity of bacteria having the ability

to reduce nitric acid which were grown under anaercbic conditions in the

8ssimilation layer by utilizing the material to be assimilated, and purely



a_tfeatrren_t tank (10) filled with a porous filter nedium colonised by
[fi croorgani sms, wherein a material that has specific assimlability for the
m croorganisns TS adhered to the pores of the filter nediym and wherein

there is erating the tr¢ flor E@F
t hr ough tmm“mmum ) a tank‘r((’% Samh ‘ga&orbe

capabl e of *adSor'bi i ng phosphorus and ,q a fini s% tank (15) fil I ed

wi th charcoal. 2. Appar at us accordi'ng |t c1@iShPL, #fm h conprises the
respective tanks in the given order. 3. Appar at us accbriding to claim1
or claim Sﬂqéﬂiﬂéh additionally caonprises ja udge pit (Db)Yranged such that
wat er fl owr omthe bottom of one tank_passes.thredgh—the sludge pit and
then into the next tank in the sequence. 4. Appar atus accordi ng to any

preceding claim which conprises a plate (5a) separating two of the tanks,
and def i nlhg a Watghtzeatinanteaapparatus comprisigg t ank than in the next tank in t he

FeuEnCe. 5 RERRABCHE aRE Y i, A RUBGR AR R otther of n the

filter rredlumc rises c aratus according to any
pr ecedi ng mbpenmdsdhdsel n the material having speC| fic assimlability is

oot s aeinticaon stne (1) nclilic h 1878 ofh GG SoiBhRbd Dy BBRES' " 1N

and, in contact therewith, a layer (9) of an adsorbent capable of adsorbing:ammonia

nitrogsn;
a treatment tank (10) filled with a porous filter medium colonised by
‘microosganisms, wherein a material that has sbecific gssimilabilizty for the.
micro'organisms is adhered to the pores of the filter medium, and wherein there is
means (11c) for aerating the treatment tank and for forcing water through the filter
medium;

a tank (14) filled with an adsorbent capable of adsorbing phosphorus; and

a finishing tank (15) filled with charcoal.

2. Apparatus according to claim 1; which comprises the respective tanks in the
given order.
3. Apparatus according to claim 1 or claim 2, which additionally cbmpriscs a

sludge pit (Db)rranged such that water flowing from the bottom of one tank passes
through the sludge pit and then into the next tank in the sequence.

4, Apparatus according to any preceding claim, which comprises a plate (52)
separating two of the tanks, and defining a higher water level in one tank than in the

next tank in the sequence.

5.  Apparatus according to any preceding claim, wherein the filter medium
comprises charcoal.
6. Apparatus according to any preceding claim, wherein the material having

specific assimilability is chitosan.

7. Apparatus according to any preceding claim, wherein the microorganisms are
bacteria of the genus Pseudomonas.

8. Apparatus according to claim 7, wherein the bacteria are Pseudomonas

fluorescens biover 5 and/or Pseudomonas putida biover A.
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Qact'e_ri a of the genus Pseudononas. 8. Appar atus according to claim?7,
viherein the bacteria are Pseudononas fl uorescens biover 5 and/or

Pseudononas putida bi over A N 0 ffor the
e e i
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purification of ~water, whi Qupri ses pasgi
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9. A process for the purification of water, which comprises passing the water

through apparatus according to any preceding claim.

10. A process according to claim 9, wherein the water contains linear alkylbenzene

sulphonates.



10f A process according to claim9, wherein.the water contains |inear
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WATER TREATMENT PROCESS AND WATER TREATMENT APPARATUS

ABSTRACT
~ «me present invention is directed to provide a water treatment technology
spie to perform advanced purification treatment by efficiently removing
synthetic organic compounds such as surface activators for use in cleaners
and agricultural chemicals present in poliuted water having a relatively
jloﬂ_lcad of pollutants such as BOD. In order to accomplish this‘objective,
yater to be tgeated is brought in contact with a assimilable filter medium
ﬁnder aerobic conditions, said assimilable filter medium being composed by
adhéring a material to be assimilated that has specific ﬁssimilability for
the target microorganisms to a porous base material such as charcoal. As
a result of using this type of assimilable filter medium, specific
microorganisms‘whigh are highly efficient for removing the synthetic
organic pcllutants:to be removed can be utilized selectively, thereby

enabling efficient removal of synthetic organic compounds.

FIGURE 1



