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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 presence of Iarge daily fluctua#ions in that

l
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In addition, although numerous examples of water treatment tec*nology aimed
at treatment of water in such rivers and waterways 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
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
these pollutants, there is still no process by which theLe synthetic
organic pollutants can be effeetivelydrenoved at the practical level.
' 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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in water as nitrogen gas using denitriding bacteria, and inLorporates a
process wherein nitric acid, having a 1ow tevel of to-be—adsor%ed property,
is converted to ammonia nitrogen-having a high level of to%be-adsorbed
property, after which this emmenia_nttfogen is removed by ads'rption 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 a 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 1ntended tneatment level by condécting model

experiments, an experimental apparatus was 1nsta11ed in an Jctual river,

and test was carried out by collecting performance data anJ so forth to

confirm the performance of said apparatus on an actual scale.;
. :

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 deuonstrates extremely efrectxve LAS

removal performance. o :_;- . §
|
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When an additional analysis was conducted to determine which tank in the
: }

water treatment apparatus to be desco}bed 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
activated sludge processes, and the'meohanism 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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achieved between the chitosan eharcoal and water to be treated thereby

increasing the number of opportunities for adsorption. Contgivances such

as those matters act synerglstxcally, thereby resulting 1nlan efficient
removal of LAS. . i
| i
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 ore'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 treeted by these
selectively colonized mioroorkéoisms.' In addition, when these
microorganisms were identified by sfenoard:identifioation methods, the two
459 types of bacteria were both foond_to be known genus that are easy to

acquire, namely baoteria of the Pséuoomones 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 fiqdings,_thé present invention efficiently
removes synthetic organic compounds by effectively utilizing the

properties like those mentioned above possessed by a assimilable filter
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mediun exemplified by chitosan eharcoal formed by adherlng'ehitosan to

charcoal, namely a assimilable filter mediun composed by édhering the
material to be assimilated, having;Specifiﬁ.éssimilability wi#h respect to
the target microorganism, to the psre wallg_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 5 and PSéudomonas putida biover Atoa
assimilable filter medium such as chitosan charcoal, and rnabling the

specific bacteria selectively adhered to the assimilable fil

ier 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
agsimilable 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 assimiiﬁble'fil;er medium used ingthe present
', @%& invention, include covering the spinal 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 be satisfied if to an’
extent which at least enables the spxnal structure of the po;i wall surfaces

to be covered.

¥hile there are various possible techniques for adhering the mpterial to be

This Sheet Has Been Replaced

o il




§ [ RECEIVED @2/22 17:23 193& AT 5338654 PRGE 4B (PRlNTED PREE 56) 1
96% 2m228; 158302 | TTA i#48

| | | [ THIS SHEET g BEE;
- . REPLACER N
N\\\

assimilated 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 structure 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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contribute to colonization specificity, selective colon1zatlon of
microorganisms can be further improvep by suitably seleeting 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 mechahigm:is considered to be able to be
effectively demonstrated with resﬁecf to nof only LAS, but also synthetic
organi¢ compounds similar to LAS-suéﬁ as'fhe components of agricultural
chemicals, by selectively colonjzing-épeéitic microorganisms that are able

to efficiently decompose those compounds.

-

.’9 Although this type of water treatment.gpharatus effectively removes LAS and
other synthetic organic compounds using the mechanism deseribeh 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’ihs and so forth by adsgrption alone

using, for example, activated charcoal fallowing ordinary treatment, since
this apparatus is able to efrectively utilize hiodegradat1qn there are
few problems with saturation and maintenance is easy. In ad+ition, since
the process is carried out in combination with treatment of B&D components
‘gb and so forth, the system can se siﬁplifiép thus enabling reduction of

costs.

The present invention also provides -a water treatment apparatus equipped
] with a pre-treatment tank filled with a tilter for renoval;of suspended
solids and so forth, a denxtrldipg tank pQQV1ded with a assim?lation layer
filled with a material to be assiﬁii#tgd'p§ bacteria and an ad%orbent layer
filled with an adsorbent able to hdébrb-amnonia nitrogen eoﬁtinuous with
the assimilation layer, a chifdéan-ch@rcﬁal tank filled wkth chitosan

| . |
] . - i
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charcoal, a dephosphorization tapk filled with an adsorbent a@le to adsorb -
phosphorous, and a finishing tank filled with charcoal. As & result, the

present invention is able to function as a.water treatment a?paratus able

to efficiently remove synthetic orgénic compounds like thdse mentioned
. - :
above as well as perform advanced treatment of BOD compohents and so

forth. 2 !

!
I
{
!

The major treatment functions of each tank in this water treatment
g ' apparatus are as described below. In addition to these m%jor forms of
i treatment, the apparatus also has concomitant treatmeqt functions
GE% 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 |

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

|

|

In.the denitriding tank, nitric -acid is removed by converti&g to ammonia

nitrogen and nitrogen gas (N2) by thiee typés of processes unber highly an
aerobic conditions provided by a assimilation 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 under anaerchic cond*tions in the

assimilation layer by utilizing the material to be assimilater, and purely
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chemical reduction due to the highly oxygen—tree condxtxond na
high reduction level, in the assimilation layer. These reductﬁon steps are
indicated as NOs -~ = NO;~ - N;p - NH. . On the other %onversion to
nitrogen gas (N;) is similarly performed:by denitrifying chteria grown
under anaerobic conditions in the assimilation layer by using| the material
to be assimilated, and is indicated in the form of NO, -+ﬁ5n (hydrogen
donor) —~ 0.5 N: + 2H;0 + OH , -As deécriped above, simulténeous to the
ammonia nitrogen formed in the aSSi@ilgtioﬁ layer moving to éhe adsorbent
layer by riding the flow of water, which.ﬁég-a reduced amount) of dissolved
oxygen, by passing through fhe Assimilgtﬁon layer, it is adgorbed by the

(ZQ adsorbent of the adsorbent layer without redissolving. On thé other hand,

i
{

the nitrogen gas is released into‘the étlospﬁere. l

In the chitosan charcoal tank, degradation §f.non 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-
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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In addition, since the dephosphorization process in the above-ment ioned
water treatment apparatus has a relatively low level of coréelation with
the other treatment processes qhile,glso_h§ving a high degrée of freedom
with respect to the order of treatment, this process can h% pravided by
combining the adsorbent for dephosphoriiation with the fillér of another
tank. In the case of integrating the dephosphorization tank!with another
tank in this manner, it is structurally eﬁsily to comhiné it with the

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

improving overall treatment efficiency.
‘iﬂ 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 form 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 waxer levels between the two|sidas, these
- inereases in pressure are allowed to- oppose~the flow resistaqce caused by
the sludge (biomembrane and adhered substances) retained in thb surface and

1
]
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gaps of the filler. As a result, decreases in water flow eangbe prevented

to eliminate

and moreover, sludge can be suitably sebarated and removed 'y this high-
pressure water flow. Consequently, this makes it possible

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

i
i
1

(Brief Description of the Drawings) =~ !

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

to a first embodiment of the present fnvention. ;

|

Fig. 2 is a plan view of the water treatment apparatus shown id Fig. 1.
. . . I
!
Fig. 3 is a cross-sectional view taken along the line SA.-SAs]indlcated by
an arrow in Fig. 2. : l
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

i

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 leégth 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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equally into five first through fifth blocks Ba-Be with main dividing
walls W. The structure is such tﬁat,the iequired tank ig then set for

' each of blocks Ba-Be.

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 éutlet 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@ent,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;quhus. 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
pit Db. A !

k]
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Pre-treatment tank 6 is filled with a plastic porous filteq} medium (not
shown). Together with filtering SS by this filter medium, B@D components
are removed by degradation by microorganisms adhered to this Ailter madium.
The denitrification tank 7 is for removing nitrogen dissolved Ln the nitriec

|

acid form in the water to be treated. As shown in Fig. 4, said denitriding
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 hy the-fhbee types of processes used in
combination as described above under these anaerobic conditions. The
ammonia nitrogen is removed by adsorption with 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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adsorbent, and a layer 9n, a small-sized adsorbent.

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
treatment. A holed bottom plate 4c for foreing a sludge p#t Dc is also
provided in its bottom. Fragnments of chitosan charcoal (not &hown), which
have heen treated with chitosan, are layered on top of thls!holed bottom
plate 4c¢. Moreover, aerat:on is perforned in this chitosan ¢harcoal tank
by an aeration device 1lc¢ to an extent which produces an agxtaring state of
forced convection in the water to be. treated in the tank. incxdentally,
since chitosan charcoal floats easily in water, an adsorbent for
adsorption of ammonia nitrogen is plaeéd on fop as a weight. ‘.

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

t
{

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 acetic acid. i
i
!
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Inmersion time: 24 hours.

Drying conditions: 8 to 18 hours at 50-60 T

A comparative test was conducted with respcct to the adsorptivity of this
chitosan oharcoal relative to LAS between ordinary charcoal (Lak charcoal,
red pine charcoal) and activated carbon. As a result, t# respective
relationships of adsorptivity were activated carbon > chitosg; 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 charccal was typically several tineslgreater than
ordinary charcoal in particular. Thus, although chitosan chgrcoal itself
has excelient adsorptivity with respect to LAS, it is hel:evéd to realize
excellent LAS removal performance as a result of this prcpeﬁty combining
with the various other properties of chitosan charcoal descrzbed ahove as

well as conditions of acration which pcoduce 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 éonsists of a
second chitosan charcoal tank 12. wﬁile the downstream side ccnsists of a
special aeration tank 13. The second chitosan charcoaf tank 12 is
basically the same as the above-menticned 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 fcr'supp}ying oxygen to the water to be
treated. It is empty in the same wanncr as sedinentatién tank 1 to

facilitate the dispersion of air supplied with an air supply device 11d in
—_
. : A
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The fifth block Be is provided with a dephosphorization tank 14 and a
finishing tank 15 and employs the sgms-struéture as the second block Bb.

The dephosphorization tank 14 is prbviaed primarily for the purpose of
removing phosphorous by adsorption, and_is also for supplementarily
removing ammonia nitrogen by adsorption. The dephosphorizati%m tank 14 is
filled with an adsorbent (not shoun) for adsorption of phoséhorus and an
adsorbent (mot shown) for adsorption or ‘anmonia nitroge# layered in
laminated form. On the other hand, the finishing tank 15 if filled with
ordinary charcoal (not shown). Ioéether with this tan% performing
decolorization and deodorization using this charcoal, it 4130 performs

filtration of fine SS as well as final biological treatment.

Each of the dividing plates 5b,_5q and 5e.in the second block 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 upstream side of the tank to be higher than
the water level on the downstreanm 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
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; block is covered with a 1id so that covers the entire block is free 'r'
rain and irradiation of sunlight. %
% | l
Data pertaining to LAS in the ahove—mentioned compound waﬁer 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
\©/ removal performance in the chitosan charcoal tank caJ 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 watorways by efficiently 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 denitriticatidn and dephosphor%zation using
entirely biological treatment. .&ﬁﬁg{ it'{s-able to greatly $ontribute to
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the preservation of the water enﬁironment in a state that ts in harmony

with nature by using a purification trea;ﬁent on waterwayé. rivers and

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

untreated state. _ Lo |
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CLAINS

(1) A water treatment process which performs puriticationltreatment by

bringing 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 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
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possessed by a porous base material, -and 1is equipped with a treatmen

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

said assimilable filter medium while aeratihg. %

(8) The water treatment apparatus according to Claim 7 where?n a state of

foroed convection is produoced in the water to be treated in éhe treatment

zone. | |

(9) The water treatment apparatus aééo?ding to either oféClaim 7ors8

wherein Pseudomonas genus of bacteria are colonized to the assimilable

filter medium. . ‘ . ;

(10) The water treatment apparatds éccordinz to Claim séwherein the
‘ia Pseudomonas genus of bacteria are Fseudoﬁonas fluorescens bl%ver 5 and/or

Pseudomonas putida biover A. !

(11) A water treatment apparatus equipped with a pre-treatmeni tank filled

with a filter medium for removal of suspended solids and, so forth, a

denitriding tank provided wifh_é assimilation layer, filled with a

material to be assimilated by bacteriar aﬁd.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 fxlled with an adsovbent able to

adsorb phosphorous, and & finishing tank filled with charcoal.:

(12) The water treatment apparatus aegording to Claim 11 whelein 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
AR
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the common sludge pit.
(14) The water treatment apparatus according to Claim 13 wherein @
dividing plate which divides a pair of tanks is formed so thatiit protrudes
high enough with respect to the water level, and the waterllevel of the
tank on the upward flow side is higher than the water level ok the tank on
the downward flow side when the flow of water through the 4xller in the

tanks has decreased.

|
¢

{
l ———

mown v i \Ti\ﬁi\iﬁiif

i #83



