Eur opean Patent 0 328 474 The present invention concerns the treatnent of
wat er by biol ogi cal neans, and particularly a process for the biol ogical
purification of fresh or sea water containing dissolved solid organic
materials (particles of various sizes) and dissolved mneral substances
resulting fromthe deconposition of the said organic materials, by nmeans of
aer obi ¢ and anaer obi ¢ m croorgani sns functlonln continu 2
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i s begi nni spate.be applied industrially to making fresh water fit to drink
n\ﬁpurlfylng aquariumwater. It requires the presence of a
carbon-cont ai ni ng substrate. However, the process of the invention is not
l'igrted toA?ﬁ@réxnﬁaFPohhefPﬁ@@ﬁﬁﬁcoﬁlFh@géﬂvebﬁﬁgnmd§h§rW@§erhésréﬁ&éﬁﬁén

of “the nltbﬁtﬁéaﬁéeéﬁn&etBbiBemi@£66r§QnQ§m§rﬁﬁi@ﬂ bkéadeahﬁOtﬁepabbaan
ellnlnatl ng g nﬁg ag#3|n anlc conRoundstcon%al ng sulpt;)urkandd
phosphor us® atenl 8ﬂﬁBﬁnﬂg ponents o are broken down
in two maln stages, which are ammonisation (deamination and
ammonification) and nitrification (nitrosation and nitration),
and by means of heterotrophic anaerobic organisms which reduce
the nitrate ions released by the oxidation of the nitrogen

compounds by using, as a source of organic carbon, some of the

—
carbon compounds present in the reaction medium (denitrification
by heterotrophic means).
Biological ammonisation and nitrification are well known

N processes, used industrially to mineralise the organic nitrogen

compounds present in domestic waste water and in aquarium water.

Denitrification by heterotrophic means is also a well known
process which is beginning to be applied industrially to making
fresh water fit to drink and purifying aguarium water. It
requires the presence of a carbon-containing substrate.

However, the process of the invention is not limited to the
oxidation of organic nitrogen compounds or to the reduction of
the nitrates present in the water to be treated. It is also
capable of eliminating or neutralising organic compounds
containing sulphur and phosphorus, and many aromatic compounds,



particularly those which result fromthe deconposition of vegetable

pi gnents. However, the exact nature of the processes involved is stil
unknown to the applicant. The process of the invention can be applied with
the greatest advantages to water containing organic materials of natural
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basins used for aquaculture

It will be noted that the microorganisms responsible‘for
ammonisation (deamination and ammonification) and nitrification
require an oxygen-rich medium (an aerobic medium), whilst

~ denitrifying heterotrophic microorganisms require an oxygen-
deficient medium and an organic carbon substrate. It should
also be noted that all these microorganisms can grow and act

o effectively only on the surface of a material which serves as a

[ carrier for them. In consequence, the purification of the water

containing organic materials and derived products by biological
means reguires, in order to take place:

- that the microorganisms be fixed to a carrier,

- that the "pollutants" (organic materials and derived products)
contained in the treated water come into contact with the
microorganisms fixed to the surface of their carrier (these

i contacts having to have a frequency as high as possible),

- that every decomposed "pollutant" (that is to say one that has
been transformed into different products) quickly leaves the




area (site) where it has been transforned, and that it is rapidly replaced
by another "pollutant”™ comng into contact with the m croorganisns so as to

be deconposed in its turn, and so on, - that the m croorgani sns responsibl e
for the amoni sati on (deam nati on and ammonification) and nitrification are
situated in an oxygen-rich nedi um (an aerobic .nediunm, - that the

denitrifying heterotrophic m.croorganisns are situated in.an ., .
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sand of organi n, Breton aneliorant, crushed coral and shells, etc,
whi ch are used in several processes (for exanple European Patent No
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1 'm croorgani sns fixed on their carrier and to discharge the products
resulting fromtheir deconposition: the water circulates in contact w t@o

t he mat er iIThusg the various known methods differ through the means used
fulfil the conditions set out above. The state of the art can
be defined by the patents described below in their essential

characteristics.

A wide variety of inorganic materials with different structures,
textures, porosity, chemical composition, etc are used as a
carrier for microorganisms. These may for example be clay,
sand, gravel, expanded clay, macro or micro-porous carbon, etc.
, With a few exceptions (for example sintered glass, European

A% Patent No 0155.669), these carriers are not covered by patents.
This is particularly the case with carbonate materials of
natural origin, such as sand of organic origin, Breton
ameliorant, crushed coral and shells, etc, which are used in
several processes (for example European Patent No 0133.405 and
French Patent FR.A.2.490.623, because of their ability to
neutralise the acid products released by the bacterial reactions
and regulate the pH of the water (the buffer effect).

All the known processes use the same means for transporting the
pollutants as far as contact with the microorganisms fixed on

their carrier and to discharge the products resulting from their
decomposition: the water circulates in contact with the material




whi ch serves as a carrier for the mcroorgani sns. In sone cases, the water
to be treated passes through the carrier which then constitutes a filtering
mass (filtration by percolation): for exanple the N TREX process,

regi stéred trade mark, and patents EP 0096.170, EP 0133. 405,

DE. A 3.434.678, EP A 0201 924, FR A 2.079.100, FR A 2 490 623,
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| sludge. It is important to note that, in all these processes,
the water circulates in contact with the material serving as a

carrier for the microorganisms.

Various means are used to create and maintain the aerobic
conditions essential for the microorganisms responsible for

_ ammonisation and nitrification. In some cases (activated

% sludge), bubbles of oxygen or of an oxygen-rich gas blown in at

the base of the reactor serve both to oxygenate the treated
water and to create a current having the effect of maintaining
the sludge in suspension (for example EP 0070.592 and EP
0008.471). When it is a case of percolation reactors, the
previously oxygenated water can pass through the filtering body
sufficiently quickly for its oxygen concentration to remain
sufficiently high throughout its passage (this is a case with
the majority of agquarium filters); however, it is sometimes
necessary to blow in oxygen or an oxygen-rich gas, for example
at the base of the reactor, so that the bubbles rise while
passing through the filtering mass, in the opposite direction to
the water which is passing by gravity through this same



at the base of the reactor, so that the bubbles rise while passing through
the filtering mass, in the opposite direction to the water which is passing
by gravity through this sanme 4 filtering mass (for exanple patents
FR A. 2. 490.623 and FR A . 2.079.100). Finally, in certain percolating filters
functioning by trickling (for exanple the nitrification stage of the

M ni r eef . i stered trade mark), the filtering body is_not
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carrier for the microorganisms.

In the methods bringing a filtering mass into play, the
anaerobiosis conditions are created and maintained by isolating
the filtering mass from the ambient air, by reducing the flow of

N\ :
water and by extending the path of the water inside the
filtering mass (for example patents EP 0096.170, EP 0133.405 and
EP 0154.105).
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The aerobic processes (ammonisation and nitrification) require
an oxygen-riéh medium whilst, on the other hand, the process of
denitrification requires an oxygen-deficient medium. These
opposite requirements mean that it is dQifficult to associate and
cause to work continuously, in the same reaction space, the
different microorganisms which are responsible for these
processes. Thus the majority of the known methods carry out
simultaneously, in the same place, only one or other of the two
categories of process set out above, so that it is in general
necessary to associate several devices serving to implement
complementary methods for the purpose of successively obtaining
the mineralisation of the organic materials by aerobic means,

and then the transformation, by anaerobic. means, of the




processes. Thus the mgjority of the known methods carry out simultaneously,
in the sane place, only one or other of the two categories of process set
out above, so that it is in general necessary to associate several devices
serving to inplenent conplenentary nethods for the purpose of successively
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the end of the process, to separate the purified water and
activated sludge. It is important to note that the water to be
treated passes successively through the aerobic and anaerobic
areas, and that the substance which serves as a carrier for the

various microorganisms used is an activated sludge maintained in

suspension in the water to be treated.

Another known process consists of passing the water to be
treated slowly through a filtering mass, consisting of a porous
N or fibrous material completely impregnated with water and
isolated from the ambient atmosphere, containing aerobic
microorganisms and anaerobic microorganisms. In this case, the
breakdown of the organic nitrogenous materials by ammonisation
and nitrification is accomplished in the surface layer of the
filtering mass by the aerobic microorganisms which consume the
oxygen contained in the water. Thus, during its movement, the
water progressively loses the oxygen which it contains, up to
the time when the concentration of this gas is sufficiently low
to allow the biological denitrification process to take place.
This method has two major drawbacks. Firstly, the rate of flow
of the water must be controlled to avoid the denitrification
process being interfered with by an excess or lack of oxygen



m croorgani sns and anaerobic m croorganisns. In this case, the breakdown of
the organic nitrogenous materials by ammoni sation and nitrification is
acconplished in the surface layer of the filtering mass by the aerobic
m:croor gani sns whi ch consune the oxygen contained in the water. Thus,
during its novenent, the water progressively |oses the oxygen which it

contains, up . tQq the ti he.concent ration. o hi as. . i iclLently
Cow o ai PP sretFed MR Rl o | S eftiftnd Pod e SSlialfof)!
met hod hasrapisd nilaw aff dilbackateri thirdygh tthe r&i ktefing ovas$ . t hEf welhere nist

be controldgy fuer@\kfhdrieitonid rddh £at{ e PERGE Serde] Nehé Ndeh{ eF £l ¥ht HoRY
an excess or |ack of ‘ox .resultin spectively from an excessi vely

ygen 6, re
sl ow or e%@es’ﬁﬂ@l?%ﬁ)i%’qlwlb’ft?“ﬁea%t 1e3pefliyh TR Y or PRY ¥REST | ¢
there i s twinchicleantygenche) diea daete | fhe ademnitai £hcat hen deakes | plaeei no
I's inconpl |14 e oL, wat L£h es
the area V%%@&e@{‘ﬂceéﬂc}é%ﬁsfﬁr% :?]ir _nﬁl?%k(g%r%?gpe n%t?%%sé'r c%?]tfa\?%g' a{r:ir;ég?
or gani ¢ c&APNP UPRLFANGSS |3¥ G Jeinexpbired ol orhe (PsYIeRTE1ER elay e r Wichd

!ntthe O?M%lt ﬂéttﬁéli Llﬁé/ﬁrtd\’ffba_féf’s Fthﬁ:‘%@él@rbé'@@r_ éB Ocmﬁﬁgt?mwhg&mbeé@tewﬁam ng
into con . the denitrifying bacteria. Because of this the. ... .
donttr i1 e GERHEY I Per et o G bt e L EF I Sheaige
yield is |whicH ntaketerplaceris g eavtetiophie demitatkicanbom phosesgigldse
aQe/organi cldé:%&pn substance which is 1 ncorporated in the water to be

tr

ated an 0Se proportioning nust be rigorously controlled (for exanple
the Mnireef system registered trade nmark). O her known processes use, as
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be treated and whose proportioning must be rigorously controlled
(for example the Minireef system, registered trade mark). Other
known processes use, as a filtering mass, porous materials in
which an organic carbon substrate has been incorporated (for
example the NITREX method, registered trade mark, Patent EP

~ 0133.405, EP 0102.584 and DE.A.3.434.678), but it is then
essential to replace this porous material as soon as the carbon
substrate which it contains is exhausted.

AN In addition, the use of a filtering mass has an additional

disadvantage which particularly concerns marine aquariums. This
disadvantage lies in the fact that the mechanical filtration,
consequent upon the passage of the water through the filtering
mass, interferes with or prevents the growth of many filtering
organisms, partly or completely eliminating the plankton
animalcules and organic particles in suspension which constitute

their main source of food.

Finally, it should be noted that, according to the American
patent US 4.333.263, the purification by biological means of
water containing organic materials and derived products is

achieved without resorting to microorganisms. Nitrates and



essential to replace this porous material as soon as the carbon substrate
which it contains is exhausted. I1n addition, the use of a filtering nmass
has an additional di sadvantage which particularly concerns narine
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aer gbi ¢ or anaerobic mcroorganisnms. DE A 3.434.678 (H HOFFMAN); as the

figures clearly_show, this_i device of the_percol at n which the
velume of WRIRT 3¢ 83865t PebicloREUENY T ARo R EREUFRRL ELPAGLYREEOWTShdEr
shown i n taedéviceeofatbei pdrcalater Egper daswhichf thef ebjume b¥pwaterarto

shunt the ﬁ%' §a£§dtﬁssgég”Pﬁ%oéahT?ﬁéefiit291¥8'HHEs?f fRA7 LRedweatRlbum
and no trea
in the figures are 1ndlcat1ve. For reasons of safety, a bypass

can shunt the filter to the chamber 5. There is no volume of
confined water, and no treatment of the water by diffusion.

EP A-0-201.924: this patent describes a device in which the

~ water passes through a filtering mass by percolation. There is
therefore a circulation of the water. A clarification
installation for purifying residual or organic water comprises a
, tank with an inlet pipe, a dischérge pipe and an extraction pipe
(O for the excess sludge. In the tank, which is constructed with

an external surface which is as small as possible, per unit
volume, a submerged assembly is disposed, subdivided into areas
consisting of a certain number of individual units placed one

| above the other. In the area of the bottom of the tank, in the

: form of a funnel, an aeration system is disposed. The contents
of the reservoir is circulated in the opposite direction to the
ascending gas bubbles diffused by the aeration system, through a
duct by means of a built-~in pump. A movable measuring probe,
movable inside a sounding tube, makes it possible to monitor the
processes which take place in the different areas of the
submerged assembly. With suitable coordination of the gas flow,-
the rate of flow of the residual water and the resistance



EP A-0-201.924: this patent describes a device in which the water passes
through a filtering nass by percolation. There is therefore a circulation
of the water. A clarification installation for purifying -residual or
organi ¢ water conprises a tank with an inlet pipe, a discharge pipe and an
extraction pipe for the excess sludge. |In the tank, which is constructed

with an e syL f ich is p i bl r ' I , a
subnerged‘%@é%ﬁ%ﬁg#%séﬁgspgg@3?§sﬁ %i%ﬁ%%%rgﬁ?ogiggasfgoﬁgig??%%bgg gge
certai n nederupfdiffeveatbrtesi ¢angihiens onforbeyamphe aehebicin the area
gf the 30t-§r6mp$n%het5ﬂ<m}f<orih@né@§o$pé;ngﬁ @héuﬂﬂi&i}riaﬂaﬁeéﬁééenoﬁ)’ﬁ?ém i's
i sposed. e contents, e Lesgeryol S CLt ated., i e _opppsite

i r oot on TEPREEBed Cuntfn oIS FAEE LT R hRe alEbpge i atet Po B S bpE e
through a apicionyl nbadscates biattthispispa casevadteofiedsfifusajoprbs, of
novabl e i {@bfhépgﬂdlng_tube, makes it possible to nmonitor the processes
whi ch tak ace in the different areas of the subnerged assenbly. Wth

sui tabl e coordination of the gas flow, the rate of flow of the residual
wat er and fHREA T 25039 2008: Sthis OphLeRt 8OsEPELéL 0N PYobbes spbieelefliHatling t

i i bl diff ' d ditj f I i

" opti onal "Sueh Y mebkvERnEs “Ponfabiedart the Vavels CRArReCeRined By she..
The fact tfecttthatitherenténttd kenputribhedais ppssedathiodgbaacfilbear

thi s is aﬁ@é%%i@éi%féf’s%?f‘i??% foP%Cg&P&hQ%aE ﬁai-ﬂZ@iﬁﬁ?gith's

patent describes, a process f e at1ng organic pollutants co ned in
vat er , SReREEEE caFEERe Hurfce sof batveenclfatnd £00hEapares melres per

t he

pa¥Sed thrgpegh, ache | $€1d beth €onshed i 8enthiAihg| AhNgepbbicPpasyeriateri al
ha 09, % SBauTLEs ot ' (gaau {EcaeliBe o i b 400 sgbsL£cTELLRT REhe
f within the filter bed, there develop phenomena of decomposition
of the organic pollutants, with the introduction into the water
being purified, during its filtration, of a quantity of oxygen
sufficient to maintain the bacterial population in the aerobic
state, depending on the pollutant content and the quantity of

-~ water to be purified.

FR.A.2.490.623: this patent describes a process for treating
, water in closed-circuit agquaculture systems, characterised in
N

that it consists of passing the water through a filter bed of
solid material into which an oxygen-containing gas is injected,
so as to achieve, in a single stage, elimination of the
nitrogenous pollution, oxygenation compensating for the
consumption of oxygen, and, if necessary, elimination of the
solid waste by filtration, the respective flow rates of gas
containing oxygen and of water to be treated through the layer
of solid material being such that the pH of the water is

maintained at between 5 and 9.

DE.A.2.001.366: a filter based on algae and plants for filtering
substances in suspension in aqueous solutions. The top layer of
the filter bed consists of fibrous algae, which are maintained



popul ati on, under the action of which, under aerobic conditions within the
filter bed, there devel op phenonena of deconposition of the organic
pollutants, with the introduction into the water being purified, during its
fidtration, of a quantity of oxygen sufficient to maintain the bacteri al
popul ation in the aerobic state, depending on the pollutant content and the

ti't b fied. FR .490.623: th t t
rocess { otobRelY RECHREE: SVR Sr5¥EAPLRFEfrt IARABUREGPL 1oy Stanthe benthlc
charact eri tegern fihageherabadi Sromosupatenngst e watpenshicouyhighf hiaver bed

of solid ngégﬁlghtkgﬁg yhjzch an oxygen-containing gas is injected, so as to
achieve, in a single age, elimnation of the nitrogenous pollution,

oxygenati on conpensating for the consunption of oxygen, and, if necessary,

el imnati opeoA.sbe380k74d: masmethwdfaharabbgae Fhe é@iﬁ&ﬁht&ﬁgthwumahe&na
gas contain er_to_be tre ted throu f.salid

mat eri al é#%gb %ﬁggwg?pfﬂgug o%ntwsgﬁafer PsanBFﬁFggﬁeéoﬁte épﬁgéﬁ 18%nd
9. DE. A 2.8bbuBts: andf itsebreakddwonpabdaetandipl wassef gateir,t er ifid tering

subst ancesybg;j Hsﬁg{?ihg” 'ﬁ!aﬁ&éeeHﬁtﬁeltUEhQEéceﬂiE EgEa'yé e&u‘&}u 'tgn% fdaltlel!

bed consists 0 rous _al gae, which are mal ntai ned | oose et ween
two sieve pPaPRsPUTHEIBS:t off| QFERT FﬁebBeﬁPHPctPa%»llmlF@t&eﬁéﬁé’tfe&“f rom
substanceSpaﬁtsdﬁpeﬁslenemhnebahavprbeaﬂtlmhetﬁapwéderDEaA Inézt @dFrier

nQ Dod and_devj.c for el.Lmiyn al.bym n.and £s breakdo produ L
er. In sg% #t S %rusn?ng%agﬁﬁgfé#%LﬁFﬁgaﬁﬁ eF%agfeg p?o e€1%%1
ste matebasadfpntérsﬁgthéuignsuhstngca,lBrgéeyghﬁxca geﬂﬂadgr|91§§¢ayed
the vwahetriQ1b8rpEbhhi, €dp1 kALtBhECHt Btﬁgraghﬁliﬁrebk%ﬁ%tte ¥h3eh i N
partlcular the nltratg 8resent in the water, an i_nert carr
¢ontains products of bacteriophilic foods such as lactose and/or
dextrose and/or phthalic ester or equivalent products, and which
releases these products slowly over a long period of time, so
that the carrier matter constitutes a substrate favourable for
establishing colonies of bacteria. 1In the filtering material,

an aerobic reaction area and an anaerobic reaction area are

W, o
arranged, so that inside the filtering material it is possible
to achieve the development of a nitrification process and of a
denitrification process.

N All these patents describe devices for filtrating by percolation

(the water passes through a filtering mass) rather than by
DIFFUSION.

The aim of the present invention is to remédy all these

drawbacks by creating the first biological process, capable of

achieving simultaneously and continuously, in a single

reaction space, all the functions which make it possible

! completely'to purify water containing solid and dissolved
organic materials (particles of varioﬁs sizes) and dissolved
mineral substances resulting from the decomposition of the
said organic materials, and being able to be implemented by
means of a simple device capable of functioning without
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substance is used as the filtering material, such as a material based on a
synthetic substance, preferably a cellular plastic material or foam

"Bl ahton” or other simlar product, which contains products of
bactertophilic foods such as | actose and/or dextrose and/or phthalic ester
or equivalent products, and which rel eases these products sIomAy over a

| ong periogd. of t hat. the carr tter con ut es ubstrate
f avour abl €+ %Wa%éﬁg%?rsh#ﬂg£%%I5ﬁW%§n% b%%tg?? tex 't EefFP &P gy9anic
mat eri al , materiabs careadésbgnated bydtha teres obhorganict pantactaesirand
arranged, & (iAol dp! dopllendbd LD IRECELEh Lhe! §oRORBLELEILN BENLAYS
t he devel opnen F A nitrificairon proces t I catl
process. A§¢1QH@§%@%%?eﬁ?§eﬁe%k$l%@ed@%f%€§e¢oF°f?$tV@%?ﬁ@lﬁ?dpercoIatlon
(the wat erppeBsesntd® ough a filtering mass) rather than by DI FFUSION. The
ai m of the present invention is to remedy all these drawbacks by creating
the first blologlcal process capable of achleV|ng S|nultaneously and
cont i nuousth 3 L = , eof 5 : the
possi bl e cggpl&ge%aiigwgurlfy wat er contalnlng SO|Id and dlssolved organlc
materials (partrcles of various sizes) and di ssolved m neral substances
resulting fromthe deconposition of the said organic materials, and being
abl ﬁ t 0 berhembpesesss df by mamsmio@le&npberﬂeyd:ﬁemﬁpabl e:ﬁeéhf opcseani ng
out 1 | ) t r I C
mvor ol o tef SRR SOLE TR BEELnEs So0en B nataRy APk Sl UAG
l{eft ancesdxmhqzdagmimeml heuble’e@ngesl reenlbing héremi ther daapvpaaitipal of
referrggh ton A% orlh 90t ViedtOPL A1l ANAR4 - pdPei LEERRI §3bs CRELAFL BRI ahlcs of

the process of the inventjon
agquaculture basin water, using the action of aerobic and

anaerobic microorganisms having the property of decomposing the
organic materials and neutralising the dissolved pollutants, the
water is treated inside one or more means serving as reactors,
and characterised by the fact that it uses one or more reactors
(tanks) inside which the water is treated by DIFFUSION and the

~ action of aerobic microorganisms and anaerobic microorganisms.
Each reactor has, inside it, a main reaction space formed by a
porous or fibrous substance, serving as a carrier for the

. various microorganisms used, which forms a thick partition,

-/ interposed between the volume of water to be treated and one or

more volumes of confined water, the said main reaction space has
means for maintaining concentration gradients of the various
dissolved substances suitable for creating and maintaining the

said diffusion.

a) The main reaction space is formed so that it comprises two
interfaces in contact, respectively, with the oxygen-rich water
to be treated and with a volume of confined oxygen-deficient

water;

b) The main reaction space comprises, in its thickness, several

adjacent reaction zones, an oxygen-rich zone 11 adjacent to the

11




are as follows: The process for the biological purification of fresh or sea
wat er containing solid and di ssolved organic materials and the dissol ved

m neral substances resulting fromthe deconposition of the said organic
materials, and particularly of aquarium and aquacul ture basin water, using
the action of aerobic and anaerobic m croorgani sns having the property of
deconposi ng .t he, organi c. mat eri al s _.and neutraligsi t.he di ssol ved _

pol | ut ant s& tﬁ'}%f"i‘/%‘%elrn i%on%‘%catf e"ﬁltrlhsq.bee W ort e %%%%ecgér?/ril n%x%gen
reactors, deficitentaczene selfj dgenthetd ahe tintterfacs ein ceenachowitih ebleeor s
(tanks) i ngife; M Ghaddie, Ve®ran SidESalash He DEHRISI ON and the action of
aerobi ¢ m croorgani sns and anaerobi ¢ m croorgani sns. Each reactor has,
inside it, a nain reaction space formed by a porous or fibrous substance,
serving asg ) Td refgdFridie medditn oo adipatans tisethe wintérfacesin
thick partition. inierpgsed e..vo .Lreated and
one or norceoqltoarctﬁre‘%lo @?‘)enf‘"(%%?eé? E%%Aé%@cfg gn%l n rr%a%: |%§1ctépace has
means for migimcrgamisnd iduich havh thadropertyl ohcdecenRRS1RYY SAHYIRYC
subst ancesy sl A0l &, fHg CfF Qe ARLh T8 &1 S 18 Nl EFGoBganli hhs fWRLiGH- have The
mai n reaction space is forned so that jt conprjses two jnterfaces in
contact, r¥HEIRANY of (FPRPLe Iy Srine L iBing the RLETRILRCIMROWNEF 4
vol une of cerdndEsimadypen- e avbttavesps; b) The main reaction space
conprises, in its thickness, several adjacent reaction zones, an
oxXygen-rich zone 11 adjacent to the interface in contact with the water
to be trealedlharcxyyerrdefitientnreachiondenentadincent | fe ckhacintarface
contact Wil dhec£ontyied ¥ SSonfled vd tdL] NBsth 4 fnd OdiSaeFdbTBE

oxygen-rich reaction, zone adj.acent to the interface in confact w t he
wa%/gr to HELGFRRIRPLINE a"l’l?'éI D A3Ye cthe property o nuf28] f6ing' Hle

dissolved polluting materials (transformation into innocuous
materials), and in particular heterotrophic anaerobic
microoorganisms Which.have the property of completely reducing
the nitrates (reduction of the nitrates to nitrites, and

then of the nitrites to molecular nitrogen) and nitrites in the

water to be treated.
e) The intermediate zone contains a mixture of aerobic and
_ anaerobic microoorganisms.

f) The confined water volume is in darkness.

The porous or fibrous material serving as carrier for the
aerobic or anaerobic microorganisms preferably consists of a
carbonate material having a buffer effect and having the effect

of correcting the pH of the water.
The material consists of crushed coral.
The porous or fibrous material contains microalgae fixed in the

thin surface layer adjacent to the interface in contact with the
water to be treated; this interface is brightly illuminated.

12



m croorgani sms whi ch have the property of deconposing organic materials,
and in particular aerobic m croorgani sns which have the property of

conpl etely mneralising the nitrogen conpounds (transformation into
nitrates). d) The oxygen-deficient reaction zone, adjacent to the interface
in contact with the confined water, contains anaerobic m croorgani sms which
have the property of neutralising the dissolved polluting materials
(transformation into innocuous materials), and in particular heterotrophic
anaer obi ¢ smadroertyzirti isreeronts diuﬁmme.rtm@qgaapmw agfe dortptasdugsd riaei the
the ni{r abety UM Ynliud b HHANRS dbdUdidd es, and then of the
nitrites to I"ecu nitrogen nitrites In the water to be treated. e)
The intermedi ate zone contains a n1xture of aerobic and anaerobic

i Cr 000r g3iyyS tﬂ‘ﬂumTff&nfdﬁlfdﬁbe gt Q‘Ihé/qir!ﬁ"&éssi dfn ties kiveasntdre, pok ols or

fibrous m%terl er e;lcgjr dtche gqe{%fb U S .or]re%r?gh ]f;, vol% e

m croor ga kdf’:'f t B St aving a fer

ef f ect and:l'imwdrg:drtte:adﬂfcectoﬁ)ftm e iy maientEH nefd tate a,mmxln?amely one

mat eri al éé:sa hﬁcg Cd%l?%}ateg{‘, kgpré)%ams fd@r TRt fsh al contains
I'X 'h & e ayer

m cr oal gae |n surface adj acent to e interface in
contact with the water to be treated; this interface |s brightly

i | | uni nat éthe Win r&rﬁﬂﬁidetsrﬂatdelqrsau&éwrfmmamg@imm&-amamduced

to the bod of the onous . or fibr Q t ﬁé@ nctionin
“t he pré’c? gpch/esﬁi | ochurPT % esse Ee ?{ %a&P 4 %%nfl ned )
oxy en- def(lgnaehtemm o f \wiygen, trtﬂé:rcqg’mnm‘cmqu dfoxide, REneRLi A HOBF ned

regng{?éHfﬁfiﬁéé”“iﬂﬂféﬁéﬂ*ﬂaé¥31dﬂtéﬁﬁ(gtH%¥‘HlséBﬂﬁbdﬁﬁﬁESEﬁnces).

This process uses some of the organic materials present in the
water to be processed as a carbon-containing substrate essential

for the heterotrophic denitrifying microorganisms.

This process uses means for preventing the light from reaching

— the volume of confined water and illuminating the interface of
the porous or fibrous substance in contact with the said volume
of confined water and for preventing any release of oxygen by

o photosynthesis. '

N

The device for implementing the process consists of:

- one or more reactors (tanks) inside which the water is treated
by DIFFUSION and the action of aerobic microorganisms and

anaerobic microorganisms,

- each reactor has, inside it, a main reaction space formed by a
porous or fibrous material serving as a carrier for the various
microorganisms used, and which forms a thick partition
interposed between the volume of water to be treated and one or

more volumes of confined water.
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The, mai n, reaction space is used for creating concentration gradi ents which
structure the interior of each reactor (gradients of oxygen, nitrogen,
carbon di oxi de, amoniumions, nitrites, nitrates, cal cium and other

di ssol ved substances). This process uses sone of the organic materials
present in the water to be processed as a carbon- containing substrate
essential for _th t 1) yi r S br S
uses means forf 5&@&;%{ nhg 2“1 [ ;ﬁl kg C}In’t rée'%’cefrtljﬁl (r:tlgo’%te VO 20n coaﬁf"?%g%
wat er and siupensatatdatied i thicnfoare, cﬁcquraqwbrmusnmrdalgamsa@mmh@cr n

contact Wigfile 1o i WP Sy gt sl e cﬁﬂﬁlﬁf&am Vet any
rel ease of ,oxygen }/éohot osynt hesr s. The device for qr@l?enentrrctquthe

process cHGroar s Arh OXFgen TASfh DY (2008 )°F HPRLE er
S treatemﬂmrdaﬂaaﬂﬂdﬂszuuhtﬂntenmedxatﬁ AT in Nilticloragarmlsie and

anaer obi ¢ S aria SAALASAC Ofs AR rd IS LISk idre A, T EACTi 0D
rous nmteri

space for porous serving as a carrirer for the
vari ous ntcroorganrsns used and which forms a thick partition interposed

bet ween t h?erG.riﬁEa:lQ:fr Wt &adid e diRtath RIME D Bh o Ridr&/ Gt RiEs Of

Cones: o SRR SR AR it The T iends oo G MR rh e e tor

aer obi c ntcroorganrsns an oxygen-rich zone, occupred by aerobic

”\g 00T QAR AR HAE Y 4515 G HYr ZANME H ﬁ%&‘ aerﬁ%’? anaer obi ¢

roorgani sms; an I nternedi ate zone, C m croorgani sns and
QEerobrc m croorgani sns are found. The interior of each reactor includes

or i ik dedMdd iPRhicld haghekdly gdied it iS(d© ;S:—ﬂ?ti/@idﬁs pf the

reactor. The device has a thick horizontal partition.

The device has a thick inclined partition (or partitions).

The interior of each reactor has one or more thick partitions
which are not attached to the walls of the reactor and form one
or more cavities containing the confined water.

—
The porous or fibrous substance forming the partition and
serving as a carrier for the various microorganisms used is,
, preferably, a carbonate material having a buffer effect and
N having the effect of correcting the pH of the water.

The partition consists of sand or gravel forming a layer between
.two grids.

The volume or volumes of confined water may comprise a means of
regulating the dissolved oxygen concentration, which must be 1

ng/1.

The means of regulating the dissolved oxygen concentration,
which must be between 0.5 and 1 mg/l, can be a flow of water
which passes, in small quantities, through the said volume or
volumes of confined water, the said flow being able to come,
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The .device has a thick vertical partition (or partitions). The device has a
thick inclined partition (or partitions). The interior of each reactor has
one or nore thick partitions which are not attached to the walls of the
reactor and formone or nore cavities containing the confined water. The
porous or fibrous substance formng the partition and serving as a carrier
for the various mcroprganisns used is, preferably, a carbonate materi al
havi ng a BdfRIoR3 e‘é’fp%hd%miﬂbet‘ﬁ%f‘é‘??e%}[ %%ig%%r'?%c'?‘? ngr?% CQRABE ¢ he
wat er. Theregantn ttlrowgnsarsdthed shpel o thbyetafeorvolyna dfyeatdet eehet wo
grids. Thetf/%é%g_ or volumes of confined water may conprise a neans of

e di's

regul atingt sol ved oxygen concentration, which nust be 1 ng/l. The
means of regulating the dissol ved oxygen concentration, which nust be

bet ween 0-15:@5&5&%%956@%@@ Snbd DMt et ge ¥oyelaPBssets oPtaimed by

guantities, .thrt_?u t.he &'iu vol une rdvofu S Jgf>f confined ter, the said
flow bei nd GRS (gie, DNEkness, R ASRRITE, of T 1 1RYSh) ThePOToURLEF 1o
be treat e ibbustsubstinoe drettinaemethei retenfade swsicke iml imecohtaatewith

be treate C‘% ' tkg)ea‘g,pé Loen | 0N, i &, 0 | by
adj usti ngqﬂﬁég\t |éc%<2tg°ss an ens?f%%gtﬁei?%égfa% gvgllcl)?%%s{]%r i%&%ggg
subst ance Wdihdeie trelyng K F enfined vater. contact with the water to be
treated and the interface which is in contact with the vol unme of conf.i ned

RS E g P Ao t) MR SERS oL LPEUUENAARLOb! 18 1o

cqncent r atesgerdfiahithaks e the nwealure of exygen-deticiént comfpeed|itre

of ter; JdtdAClendRWcdnOrdiidh BLEhPE 'gas be maintained at around one
milligram per litre of water; in fact, above 1.5 milligrams per
litre the denitrification is incomplete and production of
nitrites occurs, which are particularly toxic substances; above
0.5 milligrams per litre of water there is generally a
production of hydrogen sulphide, which is a gas which is toxic

to the majority of aquatic organisms; this result is achieved by

~ adjusting the thickness and density of the layer of porous or
fibrous substance between the interface which is in contact with
the water to be treated and the interface which is in contact
with the volume of confined water, or by injecting a flow of

N water which passes in small quantities through the volume or

volumes of confined water, the said flow being able to come,
through a pipe, from the volume of water to be treated and
returned by another pipe to this same volume of water to be
treated.

The reactors (tanks) are connected in a cascade to form an
installation in which the water enters at the first tank and
leaves again at the last tank; when such an installation is used
in open circuit, it is necessary to adjust the flow rate of the
pumping equipment, and consequently the residence time of the
water, so as to obtain pure water at the outlet from the last
reactor; when the installation is connected, in close circuit,
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litre the denitrification is inconplete and production of nitrites occurs,
whi ch are particularly toxic substances; above 0.5 mlligrans per litre of
water there is generally a production of hydrogen sul phide, which is a gas
which is toxic to the majority of aquatic organisns; this result is

achi eved by adjusting the thickness and density of the |layer of porous or
fi brous substance between the.interface which_ is.in,con t h r
to be tregPeﬁ LRECFRRIFnPePFALRiRA; & ﬁ ?atﬁrbgﬁtggttﬁl %eﬁﬁe%%glgﬁgsbggk%
confi ned wft €he pumpyngnﬁastangaa1bhowmgfvwaUEWIWhuohSpsyséscamtsmﬂqrees
quantitie IBaRE MILWTG QErYRYARS thE FARLEISH iWR! &fF thie said flow
bei ng ablgl%ggggngak Efougﬁqg p?ﬁe ?E§ﬁ19he%3b | ue 3 water to be treated
and returhéata}laﬁépﬁer pipe to this same volume of water to be treated.
The reactors (tanks) are connected in a cascade to forman installation in
whi ch the_water _enter t ank | eave | e |ast tank;
when such™8n? |ﬁ§F§FFu§F%n ngus 5R&888H % c%ﬁ ,%e%%%d ngiééghry to

adj ust t hén¥eowipatetbe rnecpgwpulﬁg aeqaqpmum,an@sed@se@u@m Ithet he

resi dencep b8 +9bnt %nw_%%g o%os@ﬁdt BrOBk-akR 1NULA 1WA 8 ForiaRd AW £t dyaam
t he | ast reactor when the installation’i g connected in. close ¢gircuit, 15

to a reseP@GWPeBoﬁW8|HFH&SPhQnﬁapgrtpﬁ Sglpﬁea§é&u 4 fAtoR S Tof t he
purrpl ng i askghhati @romaheabytibomhiof thghahuaaitngegupporiist het layer of

tlcularl Qf%ﬁgag%gﬁ%hﬁeﬁ gg oﬁ%bhe |n°% %elnik%b%akbgp fégaéﬁgtlcular

e of inp | CSAESn 2PPNE reSc o St N
agua |un1whnghdefmw|gnsthetpgrreasonsGon§|§p@ceﬁ1§dn@nden@eﬁﬁy a whidgh i s

d injaybayge Bghwesr P%v@'l' dgereas 9b tp%v%rtd%hes Iltm@;ﬁdcaaitsa oasml I

di st ance fron1the ottom of t a uarlu u rts the la
the aquargum, q; partic ar cegkainp%% % from ééooplng and

clearing away some of the sand, which would have the harmful
consequence of interfering with the functioning of the process
and destroying the stratification of the layer of sand forming
the partition and interrupting the confinement of the water
occupying the space situated underneath the partition; it is

— the aquarium itself which serves as a reactor and the water
which it contains is completely purified, without its being
necessary to use any ancillary equipment other than that which

(4/ is necessary for implementing the method of the invention.

The bacterial reactions, and particularly the denitrification
reactions, release acid products which tend to acidify the
environment and decrease the yield of the process. 1In order to
avoid this drawback, the porous or fibrous material serving as a
carrier for the bacteria will preferably be a carbonate
substance, capable of neutralising the environment.
Advantageously a coarse calcareous sand such as Breton
ameliorant (a sand consisting of the debris of calcareous algae
and parts of skeletons of various marine invertebrates) or
crushed coral, which are materials which, in addition to their
neutralising power, offer many fixing sites for the various
microorganisms used and particularly those which are responsible
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sand; the other grid, which is |ocated above the first and which, for
aesthetic reasons, is conceal ed underneath a thin | ayer of sand or gravel,
serves to prevent the inhabitants of the aquarium in particular certain
fish, from scooping and cl earing away sone of the sand, which would have
the harnful consequence of interfering with the functioning of the process
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coral on a gri gal n e Spate pro etween two

‘Excel | ent weed| for purifying certain fresh water aquariums in which 1t 1s
desired to maintain an acid pH. On the other hand, the release
of calcium ions is very advantageous in the case of marine
aquariums, since this phenomenon makes it possible to maintain

the equilibrium of the CO, system, and consequently to maintain

- the buffer capability and the alkalinity of the pH of the sea
water. These properties of the sea water are preserved, even
when the aquarium contains many organisms capable of fixing

. large quantities of calcium carbonates, such as calcareous

- algae, scleractiniaria, molluscs, tube worms, etc. In addition,

under these conditions, the organisms in question can, without
any limitation, derive from the water surrounding them the

calcium necessary for constructing their skeletons. In extreme
cases, the process of dissolution is sufficiently rapid to make

periodic additions of carbonate substrate necessary.

The organic particles in suspension in the water to be treated
are broken down by the bacteria which develop on their own
surface, whilst those which come into contact with the porous or
fibrous substance which serves as a carrier for the various
microorganisms used are broken down and transformed into
dissolved substances by the aerobic microorganisms which are to
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have been obtained with a coarse sand of natural origin, consisting
essentially of tests of benthic foramnifera, and forned by grains with a
mean di anmeter varying between 2 and 3 mm Follow ng the neutralisation of
the acid products, the carbonate substrates such as the Breton aneliorant
and crushed coral dissolve slowy, releasing calciumions which tend to
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Caljcar eﬁutrmog@; e dmeirfictd athil 46988 dslwunddmieseisetudemdthdéson,
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substrate necessary. The organic particles in suspension in the water to be
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doun and tonser Sheld (ly qte il B SRR RS et 6 HEPID
m cr oor gamisweongasisamse whicly are to be found there. It appears that a

large proportion of the nitrites thus formed is reduced before
having to be transformed into nitrates. These heterotrophic
bacteria use, as a source of organic carbon, some of the carbon
compounds present in the reaction medium, and come from the

~ water to be treated. The molecular nitrogen, released by the
reduction of the nitrate ions, diffuses in the direction of the
oxygen-rich layer. It then passes into the water to be treated

; and finally reaches the atmosphere. Likewise, the calcium ions

- released in the main reaction space by the neutralisation of the

acidic compounds produced by the various microorganisms used and
particularly by the heterotrophic anaerobic microorganisms,
diffuse in the direction of the water to be treated. It is
flows of oxydgen, nitrates, nitrogen, etc which pass across the
different interfaces, according to the concentration gradients
which structure the space in which the reactions are taking
place. Because of this there is no risk of blockage. Another
advantage, resulting from the fact that the exchanges of
substances take place by diffusion, appears when the
purification of the water is carried out in a closed circuit,
comprising the reactor and a receptacle containing the water to
be treated. In this case, in fact, the residence time of the
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be found.in the oxygen-rich layer. One great originality of the process of
the invention lies in the fact that the water to be treated does not pass
through the nmain reaction space formed by the porous or fibrous materi al
used. The exchanges of dissol ved substances which take place between the
water .to be treated, the confined water and the various reaction zones

situated i 78l 1.0, ake ce | f fusi rtic rliy
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fi@l | y reaches the atnosphere. Likew se, the calciumions released in the
mai'n reaction space by the neutralisation of the acidic conpounds produced
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: nitrite ions. This is particularly important in the case of

: marine aquariums containing tropical organisms, in which the
~ basic pH and high temperature mean that the undissociated
proportion (NH;3) is very high. This variant, which has the
effect of increasing the yield of the process, without changing
its fundamental principles, does not depart from the scope of

N\ the invention.

In another variant of the process of the invention, the porous
or fibrous material serving as a carrier for the microalgae and
bacteria contains small burrowing detritivorous organisms such
as those which live naturally in aquatic sediments. These small
organisms participate in the elimination of the organic wastes
and feed on those which come into contact with the partition. In
additibn, they disseminate organic particles in the body of the
porous or fibrous material, through their dejections and their
mechanical bioturbation action, which has the result of
facilitating the breakdown of the organic particles which are
incorporated in the oxygen-rich layer, and facilitating the

19




conprising the reactor and a receptacle containing the water to be treated.
In this case, in fact, the residence tine of the 18 wat er inside the
reactor has practically no influence on the functioning of the process,
which*neans that it is unnecessary to regulate the flow rate of the punping
eqU|pPent IIn a va¥iaﬂt of the process of the invention, the nost
superficial part of _the ct.wi
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partiti onavbided by choosing organisms of very small size, an operatlon
which is within the capability of an expert and does not depart

from the scope of the present invention.

According to an essential characteristic of the process of the
invention, the different organisms, microorganisms and micro-
algae used by the process of the invention are introduced into
the reaction space, from strains selected for their

, effectiveness and cultivated for this purpose. It is however
N possible to use, as a reaction complex, an aquatic sediment
taken directly from the natural environment and containing all
its fauna, micro-fauna and micro-flora. It should be noted
however that the degree of purification of the water and the
reliability of the process of the invention depend both on the
respective properties of the living or non-living constituents
of the reaction complex and on compliance with the conditions
for implementation which have been defined and described above.

The process therefore has absolutely decisive advantages, to

. which can be added the simplicity of its implementation.

The invention will again be illustrated, without in any way
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addition, they dissem nate organic particles in the body of the porous or

fibrous material, through their dejections and their nechani cal

bi oturbation action, which has the result of facilitating the breakdown of
the organic particles which are incorporated in the oxygen-rich |layer, and
facilitating the 19 addi ti on of carbon-containing substrate in contact
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e ctiveness and cultivated for this purpose. It is however possible to
use, as a reaction conplex,. an aquatic sedinment taken directly fromihe
natural envif & %cﬁﬁaaq?ﬁ’ﬁba%é’r‘f FHES KHEIR c?’oly*gﬁag%n%lgure 1
m cro-f | oridludtrsdtoingl devamiagtk of the installation shown in Figure 1,

according to which several reactors (tanks) are connected in a

cascade;

- Figure 4 shows a cross section illustrating diagrammatically

~/ an installation for the implementation of the process of the
invention in a reactor (tank) through which the water to be
treated passes and which has several vertical partitions.

N Figure 1 shows diagrammatically an installation for implementing

the process of the invention consisting of a reactor (tank),
having a horizontal partition 1, formed by the porous or fibrous
substance which serves as a carrier for the various active

biological components used by the process of the invention.

The water to be treated, the level of which is represented
diagrammatically by a horizontal line 9, circulates inside the
reactor, in the space 2 situated above the partition 1. It is
aerated and stirred by the injection of air through a diffuser
3. It enters the reactor through the orifice 4 and leaves it
again through the orifice 5. The volume of confined, oxygen-
deficient water occupies, in the bottom part of the reactor, the
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however that the degree of purlflcatlon of the water and the reliability of
the process of the invention depend both on the respective properties of
the living or non-living constituents of the reaction conplex and on

conpl irance with the conditions for inplenentation which have been defined
and descri bed above. The process therefore has absolutely decisive
advantages, to which can be added the sinplicity of its |nplenentat|on The
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Figure 2 shows diagrammatically a variant according to which the
method is directly implemented inside an aquarium. The same
signs designate the same components as in Figure 1. In this
case, the partition 1 consists of sand or gravel, which is

N formed in a layer between two grids 14 and 15. The grid 15,
situated at a short distance from the bottom of the aguarium,
supports the layer of sediment. The grid 14, hidden for

: aesthetic reasons under a thin layer of sediment, prevents the

N inhabitants of the aquarium, and in particular certain fish,

from scooping and clearing away some of the sediment, which
would have the result of interfering with the functioning of the
process by destroying the stratification of the sedimentary
layer and interrupting the confinement of the water occupying
the space 6 situated below the partition. In this example of
installation, it is the agquarium itself which serves as the
reactor. The water which it contains is completely purified,
without its being necessary to use any ancillary equipment other
than that which is necessary for implementing the method of the

invention.

In the variant shown diagrammatically in Figure 3, the same
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bi ol ogi cal conponents used by the process of the invention. The water to be
treated, the level of which is represented diagrammatically by a hori zontal
line 9, circulates inside the reactor, in the space 2 situated above the
partition 1. It is aerated and stirred by the injection of air through a
diffuser 3. It enters the reactor through the orifice 4 and | eaves it again
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corrponents as Jdn F| %rté‘ﬁmlln this case, the partition 1 consists of sand
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-thin |ayer of prevents t
contalns any organic material (or very little), it is no longer

necessary to aerate and stir it. The last tank (or tanks) then
fulfils the role of a decanting tank in which the mineral

particles in suspension form a sediment.

Figure 4 shows diagraﬁmatically an installation for implementing
the process of the invention, consisting of a reactor (tank),
having several vertical partitions. The same references
designate the same components as in Figure 1. In addition to
N the active partitions consisting of the substance which serves
as a carrier for the biological components used by the process
of the invention, thin watertight partitions 16 have been shown,
whose role is limited to channelling the water which circulates
in the reactor. The main advantage of this mode of implementing
the process lies in the fact that a large exchange area is
available inside a small volume. The flow rate constraints vary
depending on whether the installation is used in open circuit or
closed circuit and are the same as those in the installation

described in Figure 3.

Tables I, II and III show the changes in the pH values and

++

concentrations of NH,,, NO,_, NO;_ and Ca ions in the water in
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i nhabitants of the aquarium and in particular certain fish, from scooping
and cl earing away sone of the sedinent, which would have the result of
interfering with the functioning of the process by destroying the
stratirfication of the sedinentary |ayer and interrupting the confinenent of
the water occupying the space 6 situated below the partition. In this
exanpl e of _install ation, s the gqquariumitself which serves as the
react or. W%F#ﬁ%‘ﬁrﬁu%rﬂ%% S ¢ G MG, R, GHange Qf (1RIRT ihas
bei ng necésear y:ah:mmsieomwmuld aron AU (Tadvliesottheind 1) tdral avhyedrs s
necessary fI%TbI I%rse s%%éﬂ eniei,thod'of the invention. In the variant
shown di a ramratl cal’ly i igure*3, the sane 22 si gns designate the sane
components as in Figure 1. The difference consists of the fact that several
tanks areqasgm iIn a cascade to forman installation in which the water
enters at the first tank and | eaves again at the |ast tank. The water to be
treated enters the installation through the orifice 4 and | eaves at 5. Wen
such an installation is used in open circuit, it is necessary to adjust the
flow rate of the punping equi pnent, and consequently the residence tine of
the water, so as to obtain pure water at the outlet 5 fromthe | ast
reactor. WWOSTH he installation i% confected? in clfsed&ircdid, 4 d¥pars)
reservoir containing the water to be purlfled the flow rate of the punpi ng
| nstallation can vary wthin very Targe degrees wthout particularly

ecting its functiqgning. In this system since the water which arrives in
he | ast Nl (g .anks) on®6 ofgd4 cantlal NP .APy organi c- mat®drdxl (or-very
&t’tle) it is no |longer necessary to aerate and stir it. The last tank (or
tanks) then fulfils Khe role of a decanti n% toasnk in which toheosm ner al

parti cl es N0z &Fedsi 1on 008 a SR nd08

NO,_ (mg.171) 55.4 92.3 164 196 - - 390 -

pH (units) 8.3 8.2 7.8 8.1 -~ - 7.3 ~
TABLE II

MONTH 1 2 3 4 6 8 10 4 (years)
NH,, (mg.1”%) o0.23 0.27 o0.23 o0.11 - - 0.11 -
NO,_ (mg.1”!) o0.05 0.05 0.05 0.05 ~ - 0.05 . -
NO,_ (mg.1”') 41.9 62.9 137.5 163.2 - -~ 281 -

pH  (units) 8.3 8.1 7.8 7.9 - - 6.5 -
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Figure 4 shows diagrammtically an installation for inplenenting the
process of the invention, consisting of a reactor (tank), having several
vertical partitions. The same references designate the same conmponents as
in Figure 1. In addition to the active partitions consisting of the
substance which serves as a carrier for the biological conponents used by
the process of the invention, thin watertight partitions 16 have been
shown, whoS®B¥B|ELTs |inited to channelling the water which circulates in
the reactor. The nmain advantage of this node of inplenenting the process
lies in the fact that a | arge exchange area is avail able inside a smal

[J U U
installation is used in open circuit or closed circuit and are the sane as

those in tlggytmpstal l ation gescriped ingFigurg 3. Tables g, Il agd I114show
t he changes 1 n the pH values and concentrations of [err]ions in the water
in 23 three closed-circuit aquariums, in which no change of wat é¥eRES)
been carried out for 10 nonths (Tables | and I1) and 4 years (Table I11)
respectively. TABLE | MONTH . 1 2 3 4 6 8

10 4 (years) [err] _D.06 0.04 0.04 0.04 - - 0. 03 -
[err] 0.08i,0.083-D. 0B 00008 0.001 0.001000801 0.001 0.0Q%rP}00%5 2.002 3
164 196 - - 390 - pH (units) 8.3 8.2 7.8 8.1
- - 7.3 -1.-~TABLE |1 MONTH 1 2 3 4
6~ 8 Noe-aYehrs) §eP9F 9-931 9:992 9:99¢ §.998 0.002 0.00% 19.001
-/[err] 0.05 0.05 0.05 0.05 - - 0. 05 _[err] 41.9 62.9

15775 163.%0,- (mg:171¥8.350 0.230 0:007 0.012 0.006 0.008 0.006 0.013
catt (mg.1™1l) 480 480 460 500 490 480 480 520

PH (units) 8.22 8.26 8.30 8.25 8.20 8.22 8.25 8.24

~ Comparative tables of the values of the pH and of the NHy 4,
NO,_, NO5_ and ca®™ concentrations in the water in two closed-
circuit marine aquariums, in which no change of water has been

\,J carried out for 10 months (Tables I and II) and 4 years (Table

III) respectively.

TABLE I:

An aquarium equipped with a filter underneath active conchitic
sand and containiné only fish (the values in the table were
calculated in accordance with the curves published in TERVERS,
1979, page 48).

TABLE II:

An aquarium equipped with vertical filtration on polyether foam

and reverse draining on polyether foam and containing only fish
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pH (units) 8.3 81 7.8 7.9 - - 6.5 24

TABLE |11 MONTH 1 2 3 4 6 8 10 4
(years) [err] 0.001 0.001 0.001 0.001 0.001 0,001 0.001 O0.001 [err] 0.002
0. 001 0.002 0.004 0.008 0.002 0.001 0.001 [err]0.350 0.230 0.007 0.012
0.006 0.008 0.006 0.013 Ca++ (ng.[err]) 480 480 460 500 490 480

190 TR ) 1o, Tt et BB, e B

concent r euryes pubillishesdt dfi MERVBRSG| A99¢-, piageusi2 )nari ne aquari uns, in
whi ch no change of water has been carried out for 10 nonths (Tables I and
1) and 4 years (Table I11) respectively. TABLE I: An aquarium equi pped
with a fTRB&E dddérneath active conchitic sand and containing only fish
(the values in the table were calculated in accordance with the curves
publisheq in TERVERS_. 1979, paqge.48). TABLE |1: .A uar i um egqui wth
verticaIgPinggfﬁgﬁ §HnﬁgﬂﬁgﬁﬁgflP0§ﬁFgﬁ apgseygg%d% CniPF§< %béﬁie er

f oam andiovengienngndnicpntiadning fisht ks welllessi manye liyiing worals

CalCUIat?Qcﬁ@rﬁ%ﬁQhﬁ%&ﬁﬁ)WdHﬂaﬁ@%=%@%V%§cﬂﬂh5i%B%dvh@igﬁgvgﬁﬁer19791 page
52). TABLE I1I1: Ant%guarlun1funct|on|ng I n accordance with th% process of

t he invertebra (the pH measurements were carried out a

. approximately 5 pm). In fact, the pH of the aguarium water,

\,/ which was used as an experiment, showed cyclic variations within
&~j a period of 24 hours, with on average a minimum value of 7.8 at

8 am and a maximum value of 8.25 at 5 pm).

In aquariums I and II, equipped with conventional biological
filters, the pH, which was normal one month after the
commissioning of the aquariums, fell gradually so as to attain,
after ten months, the values of 7.3 (aguarium I) and 6.5
(agquarium IT) respectively. The nitrate (NH,,) concentrations

- increased rapidly. After one month, they attained respectively
the values of 54.4 mg.1”1 (agquarium I) and 41.9 mg.l'l (aguarium
II). After ten months, these concentrations had become very

(Jj high: 390 mg.l_1 (aquarium I) and 281 mg.l"l (aquarium II).

In the agquariums equipped according to the invention:

- the calcium ion concentration was high and stable (460 to 520
-1
),

mg.1
- the pH remained normal and stable. The NH,, and NO,_ ion
concentrations were 10 to 100 times lower than in aquariums I

and II equipped with conventional filters,
- a cbmparison of the nitrate (NO;_) ion concentrations shows,

in a particularly obvious way, the high degree of purification
of the water, achieved through the process of the invention. 1In

26



invention and containing fish as well as many living corals
(scleractiniaria), diademsea urchins and various other invertebrates (the
pH neasurenments were carried out at approximately 5 pm. In fact, the pH of
the aquari umwater, which was used as an experinment, showed cyclic
variations within a period of 24 hours, with on average a m ni num val ue of
7.8 at 8 amand a maxi num value of 8.25 at 5 pm). In aquariuns | and |

equi pped iadt .c afikan itdiraltantd) qantdl of larazation gipe whieratis normal one
rr?tnth aftﬁoﬁ&&t t&@ﬁ]ﬂdti'ﬁlﬁnlﬁma Q\fa'&élQJ@? uaﬂam fredd vgar@caﬂ%ﬁdkmaﬂ $0
attain, after ten .nmon \ S .0 ar an rium
1) respecdr \?&%q" Elﬁwr }’(W—l}% tcd’rf%eti} qﬁqberfs Th @B ap# cﬁ‘q'?fl 1t
After one nonth, they attalned respectively the values of 54.4 ng.[err]
(aquariunF&%%%&%E%i%9 ng.e[rr] (aquariumll). After ten nonths, these
concentrafl ad pbeconme very high: 390 ng.[err] (aquariuml) and 281
ng.[err] (aquariumll). In the aquariuns equi pped according to the
inventionl_ 1ﬁaidu§(3ﬁunjuybugnpayﬁjﬁﬁdﬁwlwas hi gh and stable (460 to 520
ng.[err] th Hre ornal stab The [err] ion

concent r at4 on?d}§W§?E¥ qfﬁb han in aquariuns | and ||

equi pped \m.thl’oan\mtqwn fdllﬂmr- a corrpari_son of the nitrate [err]

ion concentratiANg YIOGWed N @ particularly obvious way, the high degree of
vazflcatlon of the water, achieved through the process of the invention.

Bact Ouliledr Q& kGt h nonth of operation, the nitrate

ncent r atgl.on nfliiied\alstiert raAqi®s i um | 11 was approxi matel y 50,000 tines
I r thag thz?r‘tn efrft Ig_ze qu__“pr in aquariunms | and |Il. REFERENCES 1. Porous or

fibrous partition
8. Lamp or sun

9. Water level

10. Zone supersaturated with oxygen
11. Oxygen-rich zone

12. Oxygen-deficient zone

13. Intermediate 2zone

~/ 14. Grid

15. Grid

16. Watertight partition
Y/
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2. Volune of water to be treated 3. Air or oxygen diffu 4. Inlet orifice
5. Qutlet orifice 6. Confined water volune 7. Interfac:ei?ﬁ57_§‘_t‘np“ﬁf——

sun 9. Water level 10. Zone supersaturated with oxygen 1 yﬂﬁm,“m"”i"r

12. Oxygen-deficient zone 13. Internediate zone 14. Gi d
Watertight partition 27 CLAIMS 1. Process for the biol oglc alt

purification of fresh or salt water contalﬂlng solid and di ssol ved organic
materials and dissol ved mineral subst affit8d ?esultlng fromthe deconposition
of the said organic materials, and in particular of water in aquariuns and

aquacul tuge bagl easSU§§ggtLer§8§baqug 33&99aea%agﬁae%ekeggs or salt

m croor gani sn roper onposing t ani.c materd al s and
of neutraWh§ﬁngCPh§adn3§9I9@&1§oﬁpdtﬁﬁasﬁﬂveﬂlQrganﬂﬁe glale angyt ed

i nsi de ongjgLovea ﬁEﬁE%aieéﬁbgﬁaﬁ&eéeééhﬁﬁﬁlngh@Eamtthseécbmﬁd@iﬂﬂuﬂ of
that it uses one _or reactor.s_(tanks) 3iS treated

by DI FFUSFBR §ﬁﬂdtﬁ€g§8ﬁFoﬂa rigl blénandnaﬁgggﬁﬁ ﬁl@?Og gnlsns each
react or haguarthsmdeanti, aquaaumtueacbasnnspa061nqn$hetang19h @fp@ﬁmmbkﬂ

f;2gouahrgh8rEﬁEeéébléeﬁ¥bggo§§aﬁ1§ﬁgrhﬁ%lk%rthgep¥%bb9%§ B£C RRIAPI SRy
the organic materials and of neutralising the dissolved
polluting materials, the water is treated inside one or more
K,/ means serving as reactors, characterised by the fact that it
uses one or more reactors (tanks) inside which the water is
treated by DIFFUSION and the action of aerobic and anaerobic
microorganisms; each reactor has, inside it, a main reaction
space consisting of a porous or fibrous material (1) serving as
a carrier for the various microorganisms used, which forms a
thick partition (1) -interposed between the volume of water to be
treated (2) and one or more confined water volumes (6), the said
main reaction space has means for maintaining concentration
gradients of the various dissolved materials suitable for

producing and maintaining the said diffusion.

2. Process according to Claim 1, characterised by the fact

(Y that:

a) the main reaction space is formed so that it comprises two
interfaces (7) in contact, respectively, with the oxygen-rich
water (2) to be treated and with a volume of confined oxygen-

deficient water (6),

b) the main reaction space comprises, in its thickness, several
adjacent reaction zones (schematically three zones 11, 12, 13):
an oxygen-rich zone 11 adjacent to the interface in contact with
the water to be treated, an oxygen-deficient reaction zone (12),
adjacent to the interface in contact with the confined water,

and an intermediate zone (13),
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thick partition (1) interposed between the volunme of water—to—betreated
(2) and one or nore confined water volunes (6), the said [ '

space has neans for maintaining concentration gradients of ﬂmgmlmqm””m
¢i ssolved materials suitable for producing and nai ntai ni ng €c nog
diffusion. 2. Process according to Claim1l, characterised by the fact that:
a) the main reaction space is forned so that it conprises tw interfaces

(7) in contact, respectively, with the oxygen-rich water (2) to be treated
and with ea)vehenexgbenerfichetteaxyjen zdak girant adgdaeentblo hthel Hatifiace
reaction a ri , hicknes r e I on zones
(SChenHtI§§| n%%ggehggﬁegh%lhg%fE %%)%%aﬁxg%%égh%rl%%hz%n%% fﬁﬂgiacent to

t he |nterﬂ&@ﬁopﬁgéﬁﬂﬁaétwhﬂFﬁ Pﬁ@ewébérPF@PG§twr@§té&°°@W°€%§§b ficient

reacti on geganfiéZhatasiiagent aha tlhe bﬂﬁbﬁ@%& 'a@r%%'lba‘iildﬁddi'gfahﬂ.sfﬁ@ﬁi ned
wat er, and. an |Btern% iate zo n

th t
zone (11) “BdFRcBAVe h?r°ﬁ?§ % cﬁm?&ﬁﬁﬁ ¥ OX e rl%hﬁ)“ﬁ?%é&éﬁed

cont ai ns aempbundSIdmmanginrmatlwhlahtbamatth&epooperty of deconposing the
organic materials, ‘and in particul ar aerobic m croorgani sns which have the
property of conpletely m neral i sing the nitrogen conpounds (transformation

into nitré@de$he g@xyoRB-gRFdEAeHEs repekione #8Nfor 120ne adiacendditacdhe to t he
interf acelh&e%QabéChanbhthE‘t eath Red Wahghine@oRiatiels %@ﬂfa(ibisfl anaerobic

croorganlsns whi ch have, t operty of neutralisin .di.ssol

R et e e g R e
ar |cuIadlbsbévedrppﬂﬂutangemahemlausrQamgasmsumahammngnwheumnqmudqs(ﬁ
bﬂ{)' et el x.?s;sg&ahgq t BRaNH $het 16U He®R A rbphil Hiletrie nitrites,

and then
microorganisms having the property of completely reducing the

nitrates (reduction of the nitrates to nitrites, and then of the
nitrites to molecular nitrogen) and nitrites present in the
water to be treated,

e) the intermediate zone (13) contains a mixture of aerobic and

N\ . .
anaerobic microorganisms,
f) the confined water volume (6) is in darkness.
N 3. Process according to either one of Claims 1 or 2,

characterised by the fact that the porous or fibrous material
(1) serving as carrier for the aerobic and anaerobic
microorganisms preferably consists of a carbonate material
having a buffer effect and having the effect of correcting the
pH of the water.

4. Process according to either one of Claims 1 or 2,
characterised by the fact that the material (1) consists of
crushed coral. '

5. Process according to either one of Claims 1 or 2,

characterised by the fact that the porous or fibrous material
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nitrites to nolecular nitrogen) and nitrites present in t
treated, e) the internediate zone (13) contains a m xture m@ﬂ !m i !II
anaerobi ¢ m croorgani sns, f) the confined water volune (6)

3. Process according to either one of Clains 1 or 2, characterlsed by the
fact that the porous or fibrous material (1) serving as carrier for the
aerobic a anaerobi ¢ microorgani referabl y. consists of _a car

mat eri al Eg@ Rg"™ abﬁ?fE}CE??ig?eaﬁaxﬁgvﬁﬂg£ﬁﬁe¥g%Pe§Pr PCSOFP¥8F|REB§he pH
of the waadjacdntProctbe anteérfiang tin epnhactowdtbf thkaivatet o Re

charact er{sgdcby, t BRaf 8Aht! PALs! mﬁtggks&éahs( ﬂ,}lgﬁe&w%ilmﬂlﬁsﬂaﬁed coral .

5. Process according to either one C ai ns aracterised by the
fact that the porous or fibrous nmaterial 29 C L M S* (1) contains

micr oalt ga? fifiﬁdtcﬁﬁstEtecbhﬂmngut?aéﬂthéfebné18f ethament ?9 khe interface
in contac W e I e ed, n r
bri gnt 13 PhFERERAFERta By Hie BabkoBhaR: RRLA' dfbraPiinkOlE’ BREFRking,,

charactercsgdnbgmsheréaintrhducsdaihtdethetbodyoqg bherpmrngsopgaﬁubwpusre
|ntroducegatg£9a%hglpody of the porous or fibrous material (1). 7. Process
according to eit one of Clainms 1 or 2, characterised by the fact that it
Is essential, for optinmmfunctioning of the process according to the
i nvention7. thpfoéésshaccOﬂaingdtexygeneﬂebhﬁieﬂtcmaiﬁé yobyne,(6) the

mgrfentraéﬁgpaQ; oHIL8a%89 PhePhOLLASY 8t 2ROULSGRE: MY ' EBEBRE (7O O

by aregu
functlonlng of the process according to the invention, that in

the confined oxygen-deficient water volume (6) the concentration
of this gas be maintained at about one milligram per litre of
water by a regulating means.

8. Process according to Claim 7, characterised by the fact that
the means for regqulating the concentration of dissolved oxygen,
; which must be between 0.5 and 1 mg/1l, may be a stream of water

~ flowing through the said confined water volume(s) (6) in small
amounts, the said stream being able to arrive through a pipe
from the water volume (2) to be treated and to return through

: another pipe to this same water volume (2) to be treated.

U

9. Process according to Claim 7, characterised by the fact that
the regulation is effected by adjusting the thickness and
density of the layer of porous or fibrous material which is
located between the interface in contact with the water to be
treated and the interface in contact with the confined water

volume.

10. Process according to either one of Claims 1 or 2,
characterised by the fact that the main reaction space is used
for creating concentration gradients structuring the interior of
each reactor (gradients of oxygen, nitrogen, carbon dioxide,
ammonium ions, nitrites, nitrates, calcium and other dissolved
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8. Process according to Claim?7, characterised by the fact that the neans
for regulating the concentration of dissolved oxygen, which nust be between
0.5 and 1 ng/1, nmay be a stream of water flow ng through Hmmmmnnmunm
wat er ‘vol une(s) (6) in small amounts, the said stream bei

t hrough a pi pe fromthe wat er volume (2) to be treated and to rét s

t hrough a QEQ e to this sanme water volune (2) to be treated. 9.
Process accor |ng to Claim 7, characterised by the fact that the regul ation
is effected by adjusting the thickness and density of the |ayer of porous

or fibrougjmat erbaleswh 'a‘é'@:o'r%llh%c%be@ﬂ%ﬁb‘ﬁe%ﬂet ke chkamkage dn Lont act with
the water to be treated. and.thé interface in contact with_ the conflned

wat er vol GRBTasEeTPssledy IbeoLachy e teiltndresngoPe Efaithe prganic

char act er ma¢drhinlshénf &be lwlaa:tert e be treated as spaarbon-weoadaioring eati ng
concent r ag|,pa,ghadl enkse Eq %g,t &“Q;hfeh%elt%:%ftﬁc%g»h‘lfc %L@%Ht&%%?{ (gradients
of oxygen, .nitroged, car i oxI de, amoni um i ni‘t r at es,

cal ci um aRdCEORELAILEWS|-ved 30 1111 1111121 11111 11111 111111 * C

L M S * materi al s) 11. Process according to either one of clains
1 or 2, rac erlsedb fac the:1L it uses ?éof t eor ani c
naterlals t REOR&EEE! e§1X8eY ORPu8R- EoRtEPnitng s dust rat e,

essenti al charat:ltertietedr @tyr (tpm @ast&mtﬂmartf yieagsnageo wsgdn itompreventPridghds
agcor di ”ngBme H:EQ%iu?iQ;e £k go?l'f'l‘fﬁeh Fater &3 %t rsg ?S’xdb 1104 i dlhe

means are used prevent |i rom reaching wat er vol une (6)
an/ il unﬂﬁ&?Fﬁ@thé’fl fher P&’é’@“&f othd& ipEPESs m@lteﬁlﬁllolfé)rr&ﬁ’eﬁ%t% With

contact wthB said confined water volume (6), and to prevent any release
of oxygen through photosynthesis.

13. Device for carrying out the process according to either one
of Claims 1 or 2, characterised by the fact that:

\ - it consists of one or more reactors (tanks) inside which the

(% . . .
water is treated by DIFFUSION and the action of aerobic and
anaerobic microorganisms,
_ - each reactor has, inside it, a main reaction space consisting
kv/ of a porous or fibrous material (1) serving as a carrier for the

various microorganisms used, and which forms a thick partition
(1) interposed between the water volume (2) to be treated and
one or more confined water volumes (6).

14. Device according to Claim 13, characterised by the fact
that the partition wall (1) has, in its thickness, several
reaction zones: a zone (10) supersaturated with oxygen and
occupied by micro-algae and aerobic microorganisms; an
oxygen-rich zone (11) occupied by aerobic microorganisms;

an oxygen-deficient zone (12) occupied by anaerobic
microorganisms; an intermediate zone (13) containing

aerobic and anaerobic microorganisms.
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t he. said confined water volune (6), and to prevent any release of oxygen

t hrough phot osynthesis. 13. Device for carrying out the process accordin
to either one of lainms 1 or 2, characterised by the fact t”w! wllH!HHﬂmﬁml
of on€ or nore reactors (tanks) inside which the water is ti® 1! AR *

DI FFUSI ON and the action of aerobic and anaerobic m croorgani sns,

- eac‘h

reactor has, inside it, a main reaction space consisting of a porous or
fibrous material (1) serving as a carrier for the various m croorgani sns
used, and l&hi cPefboss aadridiingdia igiitdrer bnd mifeQicsiods 36X weeri4 he wat er

Vol UM ( 21eQ-RR driGAIE bARGORAR TN GRNHINEEIY L e WBRAHE -had-

Devi ce according to ) 3, characterised by the fact that the

C.aim 1
wal | (1) RRE oty more e, ®artiddnns, (Yeacti on zones: a zone (10)

partition

supersaturated with oxygen and occupied by m cro-al gae and aerobic

M 07 001 9GS5 ) UG 2 (bl QURELIM AT 14
ygen- def |

m cr oor gani sne; an ox i ent "zone

occupled by anaerobic

m cr oor gawhawec tex lisede hye ditet & acdndhatl)thsorins iflen plasasti ceantand@m=obi c
M Cr oor gagneor dbre thikklbhkthikibhs' @) atitachdd by heil® oY &P the

according tqo_either one of ainms 13 or 14, characterised by the fact that

the insi d¥adilSe @ A& HERUEs one or nore thick partitions (1).

16. Devi ce

according to either one of Clainms 13 or 14, characterised by the fact that

(18,1 99501 FRON e Sl 0 OB Sk I 7 e 21 e by

\ reactor. Vi ce ‘according to
otvglainscbaﬁ@ctﬁﬁlsed by the thick partition wall(s) (1) being

horizontal.

18. Device according to either one of Claims 13 or 14,

ei t her one

characterised by the thick partition wall(s) (1) being vertical.

19. Device according to either one of Claims 13 or 14,

[ characterised by the thick partition wall(s) (1) being inclined.

-/
20. Device according to either one of Claims 13 or 14,
characterised by the fact that the inside of each reactor
comprises one or more thick partitions (1) which are not
— attached to the reactor walls and form one or more cavities

containing the confined water (6).

21. Device according to either one of Claims 13 or 14,

characterised by the fact that the porous or fibrous material

forming the partition (1) and serving as a carrier for the

various microorganisms used is preferably a carbonate material

having a buffer effect and having the effect of correcting the

pH of the water.

22. Device according to either one of Claims 13 or 14,

characterised by the fact that the partition (1) consists of
sand or gravel forming a layer between two grids (14, 15).
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characterised by the thick partition wall(s) (1) being horizontal. 18.°

Devi ce according to either one of Cains 13 or 14, characterised by the

t hi ck partition wal I (s) (1) being vertical. 19. Device ac

ohe of Clains 13 or 14, characterised by the thick parti tcimﬂmlﬂ"’mmmylml
being inclined. 20. Devi ce according to either one of Clains £3 &
characterised by the fact that the inside of each reactor conprlses one or
nmore thick partitions (1) which are not attached to the reactor walls and
form one @3 -noMewiHs tdeeerGNGth el ther condg io dClwits 1%)to 214, Devi ce
accor di ng drixrRidtiFisie B et kit lthe CBHAA&ES Iﬁtﬂexbyvsmné es} w?t

the porous or fibrous material formng the partltlon (1) and, serving as
carrier fJRY% FORRHISRA RFBOriRh @%‘ lrteng She ncantyration hat e

mat eri al kE\dsu) veedwxiweyeref fv&iiclral‘ﬁhdwld nge thetwddrecd . HimE O r@ed i Dogndg e, pH
of the water. 22. Device according to either one of Cains 13 or 14,
characterised by the fact that the partition (1) consists of sand or gravel
formng a | ayer between two grids (14, 15). 32 * C L M S * 23.
Devi ce according to either one of Clainms 13 to 14, characterised by the
fact that the confined water volune(s) (6) may conprise a means for

regul ati ng the concentration of dissolved oxygen, which should be between
0.5 nmg/l and 1 ng/ 1. 33

'\/.
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