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bi orenediating water with an attached al gal colony, or other aquatic

pl ants and, nost 10 particularly, to treating water against toxic conpounds

, M croorgani snms, and BAEGRAUNDIOFTHE INVBNTON concert with an
attached al gal colony or other aquatic plants using ozone (03). Algae

conprise a griigp@scacinatntontaatks tokytemsand I8et000s fpaoimevaniwatdrere are
many times nore aquatic plants grow ng rooted to the bottomand 15
at t achedyuatitpt imed, mbanpartichlavht,itoguahdystemsandrisetibds fehbiotemedtating
terrestrial plants, theﬂﬁri mary nutrients carbon, njtrogen and phosphorus,
as wel | watea with ein gfttaphied oripel icolery.ace ethesnsquaticr plangs odidh, MPYae have

devel oped the ability to . ) . .
10 particularly, to treating water against toxic compounds , microorganisms, and

other water born pollutants in concert with an attached algal colony or other
aquatic plants using ozone (0s).

Algae comprise a group of aquatic plants with over 18,000 species and
there are many times more aquatic plants growing rooted to the bottom and

15 attached to other plants, floating and a mixture of both. As with terrestrial
plants, the primary nutrients carbon, nitrogen and phosphorus, as well as a suite
of micronutrients are essential for growth. Algae have developed the ability to
exist where nutrients are in very short supply through many complex and unique
biological pathways. '

20 The removal of carbon, nitrogen and phosphorus and the micronutrients
has become key to improving the quality of polluted water and restoring
ecological balance. It is widely known that many aquatic plants absorb metals
beyond immediate needs thus bio-concentrating them within plant cells as they
remove them from water, Algae and other aquatic plants can take up primary

25 and micronutrients that may be in overabundance, such as carbon, nitrogen,
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attache%‘ﬁ]:igﬁgg?@% @MHnaadati c plant may be used for nutrient uptake so

long as it racts itsS nutrients fromthe water and can be harvested

f rom3 hes Meicey itk quipGents fpsavibd . watnaadvanite havestedtfren tharwatec vo behen
wat er flows over stationary algae or periphyton which, like all plants,

require iggprbead. Peri phyton has a higher productivity than any terrestrial
plant. As nodeled in the partial pressure of gas 10 |aws this creates
si gni fi cant comsesperisncmkdipsion®angcen wben @@g@eﬂ%a PvegIsjatiozary algaes nore

CQ2 (in the formof bjcarhonate) is absqrbed by peri.phyton as is . absorbed
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stationary.al g3% EZ@(J 1 HB f3P%" OF bicarbonate) is absorbed by periphyton as is
absorbed by a mature forest land on an equal area. Significantly higher cell
productivity of periphyton greatly affects O, production producing many times
more O, per unit area.
15 Water remediation by regularly harvested periphyton has been shown to be
50 to 1000 times higher than constructed wetland systems per unit area.
Remediation can occur when water flows over stationary algae taking up macro
nutrients (carbon, nitrogen and phosphorus) and micro nufrients, while
discharging oxygen as high as 3 times saturation. This high oxygen and hydroxyl
20 environment has shown to reduce organic sediments by .25 meters per year. In
“long runs periphyton have been shown to increase pH due to carbon uptake to as
high as 11. Filtration can occur through adsorption, absorption, physical
trapping, and other more complex means.
A system used to effect this uptake is known as a “periphyton filter,” the
25 periphyton comprising a culture of a family of fresh, brackish, and or salt water

plants known as “attached algae.” Unlike such organisms as free-floating
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harvested and used as a fish or animal feed, which serves to return the nutrients
to the food chain.
Periphyton filters (PF) have the potential for use i a variety of
15  applications. For example, the periphyton can be used to replace biological or
bacterial filters in aquaria as pioneered by Stork and developed by Adey. As
mentioned, natural periphyton can be used to remove nutrients and other
contaminants from polluted waters. In addition, by harvesting the algal mass,
various processes can be used to produce a biomass energy source such as
20 methane or ethanol, fertilizer, a human or animal food additive or supplement,
cosmetics, or pharmaceuticals.
The high productivity of the algae in a fibrous form has also yielded uses
in the paper and paper products industry, as the harvested algae are many times
stronger and easier to process than wood fiber. The limiting factor in many paper
25 production lines is wet strength. Algal fibers can have exceptional wet strength,

which can enhance paper production rates while removing nutrients from the
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0, in the lower atmosphere is viewed as a pollutant, however man-made

O, systems are fitted with simple destruction technology that completely

eliminates concerns about O, use by man. Such systems are widely used for

15 drinking and wastewater treatment as well as air filtration with doses bearing
healthy safety factors.

0, is 1.5 times as dense as oxygen and 12.5 times more soluble in water

and with high doses leaves no residuals or byproducts except oxygen and a

minimal amount of carbon dioxide, trace elements and water. It can be

20  manufactured from dry air or from oxygen by passing these gases through an

electric field of high potential sufficient to generate a "corona” discharge between

the electrodes. This corona discharge is not quite the energy of an automotive

spark plug, but just under that level. Ultraviolet light and shorter wavelength

radiation also causes oxygen to undergo conversion to O, which may be used for

25 industrial wastewaters (Belew, 1969). O, is a more potent germicide than
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pipe allows for trea s the Wwater travels to the periphyton filter.
Thi s ext@Rtade gaRthabt waitertdl be easat@l.oWilk mirdigeasad ringeasdow nstikdrhi pl e,

static m xers and ozone injection
of the supply pump or pie entrance at single or multiple static mixers, integration
can be included in the pipe and then the residence time in the pipe allows for
treatment as the water travels to the periphyton filter. This extended contact time
15 can provide increased treatment. Multiple static mixers and ozone injection
points may be employed for optimum efficiency. Economical covered ponds can
also b used for increased contact time.
Pumping water down a feed tube within a larger fully cased well with a
closed bottom and then injecting ozone at the bottom of the well, where the
200 pressure is at maximum, may also enable better dispersion in the water column.
As the water rises up the well necessary contact time is provided between the
ozone and particles in the water.
As set forth in the present invention combining ozone and periphyton
filtration provides many advantages over use of either technological approach

25  separately. Ozone breaks down bound nutrients in the water preparing them for

fast uptake by periphyton. Treatability studies on the phenomenon have been
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Apopka, tor exanple, has a very high standing crop of phytopl ankton. Lake
ApOpkR VWHiRIngSHABEladMPRLSBR: dager WhRHRRMdiRs @RB.after a 1 ny/ldose and 1

m nut e contact time SRP was raised to 147 PPB. The rise is largely due to
the oxi dati on Tdxipl eydtobacteeial pusd las pariituldily mhallengingy sefp bfishitiation t he

wat er whi ch contains PPB. Toxic cyanobacteria pose a particularly

chal | engthmjlenges of tidtithe &xion mahakisthgésinsider dng Olﬂﬂﬁﬁfet ofihesalgalycalki st both
i nside and outside of the al cel l Wil e ozope can be used fo detoxify
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rise in theietaffodidihk algae. Algae remove carbon, nitrogen and phosphorus
aé a macronutrients and many other elements and compounds as micronutrients.
The removal of carbon, a mild acid, causes a rise in the number of (OH+}
15 hydroxyl ions and this is typically measured logarithmically as a rise inpH. This
environment is aggressive to other compounds such as the algal toxins released
by cyanobacteria. So a synergistic combination of ozone pre- and post-ireatment,
to destroy toxins and make available bouﬁd nutrients for periphyton along with
periphyton to produce a hostile environment via production of hydroxyl ions work
20 together to both detoxify and denutrify source waters.

Re-circulation loops within combined systems can enhance water treatment
because the oxonation process is enhanced in waters with increased pH. In this
embodiment a water which has experienced increase in pH via a periphyton filter
or other plant filtration system can then be exposed to oxonation with enhanced

25 effectiveness due to said pH increase mediated by aquatic plants.
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has Munekaies. Sites to bind toxins and other substances. Even further
ultraviolet light can be used to reduce all ozone in effluent to preclude
oxi dati on of QGupmtisedpirarts, bekfveen andafier fikmtlvearsing peighytobpndother and
periphyton filtration, activated carbon can be used to polish the 5 water.
Ozone usafllaticipantsdias ey orsd syaengisifo effedts) trati on using peri phyton and

ot her aquatic plants has several synergistjc effects. 1. Ozane breaks up
pl ankt oni ¢ allgae Qronglaeaks Bp PIaRikPNg alage ihiakewaes makingbe for growth
of periphyton and renoval f, 10 water,, 2. After the nutrients are

avai | abl e and renﬁ‘%‘géPIHW‘(ﬁi?%T%@ri%ﬁWtﬁﬁfP‘Ffépf?%ff’gran 5?\‘“853“@93} ned to the
wat ery body in such_a state that toxic al gae cannot re-grow, thus effecting
an hanced remed{d%ti ve ef fect.

2. After the nutrients are available and removed by the
periphyton the water can be returned to the water body in
such a state that toxic algae cannot re-grow, thus effecting an
enhanced remeditative effect.

15 3. Ozone destroys certain forms of toxic compounds found in
cyanobacteria (blue green i;ﬂgae), recently found to be
dangerous to humans and animals. These toxic compounds as
well as the non-toxic compounds are then available for
incorporation into filamentous algae grown for industrial use

20 in the paper products industry.

4. Ozone destroys both micro-invertebrates and there eggs which
often settle, hatch and grow as they consume desirable

periphyton, thus reducing the effects of filtration.

5. Use of innovative static mixing technology can be
25 implemented such as that used by Westfall and KOMAX
corporations.
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4 AUG 2005 WO O3t HLANREn&ed WERSEACOZhD inj o préaMed eanairds and supply

pi pes for increas ozone contact tine. chased wells for ozone

I nj ection provi deg,sAhaRaafentQBERD HibRPro®te di'thd Rellit@itopiessure at the
wel |l bottom 5 8. Periphyton filtration and ozone in sequence or with

reci seul ati o, canppripuytim efiheniad dndcadrmet iy wqhemmzedor pwithzone
performance. 9. Activated carbon filtration for post treatnent polishing of
ozone periphyton tecahdatiomtoan. prb®ideheskanoedatresimens thypenblasredi bed herein
can be used prior to aquifer recharge and storage. Studies in algal turf
and periphyton fipt¥arownperfermaesn in the art. Algal turf techniques have

been disclosed in Adey's U. S. Patent . 4,333,263, and, ..
9.  Activated carbon-filtration for post treatment polishing of

ozone periphyton treated water.

10 These treatment steps described herein can be used prior to aquifer
recharge and storage.

Studies in algal turf and periphyton filtration are known in the art. Algal

turf techniques have been disclosed in Adey’s U.S. Patent No. 4,333,263, and

the present inventor’s U.S. Patent Nos. 5,131,820, 5,527,456, 5,573,669,

15 5,591,341, 5,846,423, and 5,985,147, the disclosures of which are incorporated

herein by reference. However, none of the latter patents disclose systems and

methods of the present invention.

SUMMARY OF THE INVENTION
20 The primary object of the present invention is to provide a system and
method for pre-treating and/or post-treating water in concert with a periphyton
culture surface. '
Another object of the present invention is to provide a method which

releases nutrients bound by biological or chemical or a combination of these
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plants or organi sns. obj ect of e present inventionis to

provi de @iIRENQR IS hound! lgya%ﬁélo@wai g Nétentieaindr by chmblegionadf dieseheni cal
or a conbi nation of these means so they may be rebound on a natural or

manmgde mehsd sattBesunhy dee rébomiook. a Antrubor fmanimade ohjbstrateofuttheaspr esent
invention is to provide such a system and nmethod for reducing a popul ation
of undedimatdodk. m croi nvertabrates in a periphyton filtration bed. 10 An
addi tional object of the present invention is to provide such a system and
met hod for deimwryfmglcanfd)mmg the prRsSERGIIYENEORN B toatoNide YIhsSYSi¥m i nf | ow

water as well as toxicity level of harvested,al gal mass. .These, objects
and ot hewst mreehed far AEdIGInE 2 PREVISORCN URFSbI o SToBHE ARl &

I nvention., The systemc rises means for adding a strong oxidizer to 15
the inf Igféiﬁ-%yzﬂ@ﬁ“ag%\gg@ases the effluent. A particular enbodi ment

comyyy ses An additional object of the present invention is to provide such a system
and method for detoxifying and thus reducing or eliminating toxins from inflow
water as well as a toxicity level of harvested algal mass.

These objects and others are attained with the system and method of the
present invention. The system comprises means for adding a strong oxidizer to

15 the influent and in some cases the effluent. A particular embodiment comprises
ozonating the water.

The method of treating the water comprises the steps of exposing water
desired to be treated with ozone in sufficient quantity to reduce a concentration
of microorganisms therein and flowing the water over a colony of attached algae

20  toremove undesired matter there from, such as, but not intended to be limited to,
putrients.

The features that characterize the invention, both as to organization and
method of operation, together with further objects and advantages thereof, will
be better understood from the following description used in conjunction with the

25 accompanying drawing. It is to be expressly understood that the drawing is for

the purpose of illustration and description and is not intended as a definition of
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ozonating the water. The nmethod of treating the water conprisesgfe xtafs
of exposing water desired to be treated with ozone in sufficient quantity
to reduce a concentration of microorganisnms therein and flow ng the water
over a colwoywsefiisttached al gae 20 to renove undesired ) pat/tep/iothiere from
such as, but not intended to be |limted to, nutrients. The features that
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PC 17USO§1‘aQ§H§3 the limts of the invention. These and ot her objects

attai ned an dvantages offered, by the present invention will becone nore
fully apparent as the description that now follows is read in conjunction
wi th the acconpanying drawing. 5 BRI EF DESCRI PTION OF THE DRAWNGS I n the
foll dm ng detail ed dBREEFIDESORIPAION e THE DRAWENGSt 0 the attached
drawings in which: FIG 1 is a side cutaway view of an ozone contact
chanber whi cHnrthy falbowmgpletsitad description, tefengace wWalldbe made todheattachedi s a
schematic diagramof a water treatnment train conbining ozone and

peri phyt diawings il n t he present invention. DESCRI PTION OF THE
PREFERRED E NTS For purposes of. describin e eferred enbodi ment,
the torm nol B Eat sigr ERuRERES 6 attkeon apBreh sRhen it raY the

draw ngserlnf)lo%fsedftgl tlré)zwslarge flows; and

10 FIG. 2 is a schematic diagram of a water treatment train combining ezone

and periphyton filtration in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
For purposes of describing the preferred embodiment, the terminology used

in reference to the numbered components in the drawings is as follows:

15 9,  depth 18, discharge nozzle
10.  soil 19, sediment
11. treatment tank 20.  water body
12. sediment line 21. ozone treatment system
13.  side stream pipe 22.  periphyton filter

20 4. main flow pipe 23. second ozone treatment
15.  tank bottom systetn
16.  side stream pipe discharge 24.  second periphyton filter

17.  water surface

Referring to FIG. 1, an economical and efficient ozone contact chamber
25 particularly suited to large-scale applications is illustrated. A tall cone treatment
tank 11 of depth 9 is installed in sandy soil 10 by either full excavation or by

mixing polymer in the sand in situ and than puraping out said sand while the tank
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15 9. depth 18. discharge nozzle 10. soil 19. sedinent 11. treafaestt bk
20. water body 12. sedinent |line 21. ozone treatnent system 13. side
stream pi pe 22. periphyton filter 20 14. main flow pipe 23.. second ozone
treat ment wobsotiarkk bottom system 16. side stream pi pe desrhsnge224. second
peri phyton filter 17. water surface Referring to FIG 1, an econom' cal and

o TR LT wf’er@aﬁga@é'@:msf“'a%%ﬂks%%gﬁca S
] e Bl SRRt A Do PR o Mign A lapl v
14 A U I filled

A 35 0 BELOT4420. T (LN AT o 157 AR |11 .

concr et me% BYS| e@yoﬂnerlhdal RoMer tc%fﬂ@od@éhd??e 15 white thd 8Y6r-RRchs

carries ter to e treated to the vessel bottom 15. A side stream pipe 13

carrises waehenixedertinaisfisttcanpivigedi $Wdier peogtbssebapahthanlozernieadllgden 5
wat er m xes with nmainstream water. Water progresses up the tank vertically

at a sloytomatateallloonig dorf necesemwsxantscteomt fat desived lbvel ofesiidedon byel of
oxi dation by ozone to the surface 17 whereat it is discharged out the
nozzl e 1@ dngrtonihersuaface Yendergatdoindischanged Ayt the awizgle 38 dor nutnidnig t o
bottom of tank 11 are evacuated, by s d| ment. line 12. 10 FIG 2 illustrates
the net h@dn@falﬂﬁé/fﬁﬁﬁéa@ntmlh?@%?l&fes liing o ot REfank kbl ase eyagyasd fr om
whi ch ter {.s dr fls fromand supplied to an ozone treatnment system 21
as depi c?¥8edMaDtENC1 2 cheri cal floccul ation or ultraviol et

10 FIG. 2 illustrates the method of the present invention. A lake or other
water body 20 from which water is drawn is from and supplied to an ozone
treatment system 21 as depicted in FIG. 1. Chemical flocculation or ultraviolet
treatment systems 25 may be used to pre-treat water to be ozone exposed to
enhance ozone treatment. Ozonated water is then fed to a plant uptake system

15 such as a periphyton filter 22. If necessary to further treat the water, the process
can be repeated in a second ozone system 23 and a second periphyton filter 24
and then water before refurning to the lake or water body 20.

Although only a few embodiments of the present invention have been
described in detail hereinabove, all improvements and modifications to this

20  invention within the scope or equivalents of the claims are included as part of this

invention.
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the aquatic plants conprise a colony of attached al gae, and furthe
conprising the steps of (c) exposing water exiting the algal colony to

.1oadd‘ tionah 0zopg. LhaabMBRLIdRH Cland 1( Shdtiavinagaduaeicaslditsi amaprise a

ozone- exposed water over a second colony of attached al gae (24). .15 3. The

%y met hadoreet d@sthied aGha, and furdimerceimprisiepthea)emsorfi) S¥pOIING Vet epEIBRS
7 “injecting ozonated water into a bottom of a vessel (11%, in{'@(é:_l.ti n
wat ethetdgiecdlosateddditionsl orena seaaensd2sbmndisy, Torapa e alewona

- 0zone- exposed water, permtti the _.ozone- 0s water torise to
of torongesoped &‘r@(‘i@fﬁv&ﬁ&%?‘?mﬂgdpﬂg ogfﬁﬁgheéﬁ%gg%gﬂi)mter fromthe v
top to the aquatic plants.

15

T

25

3. The method recited in Claim 1, wherein step (a) comprises the steps of
injecting ozonated water into a bottom of a vessel (11), injecting the water to be treated
into the vessel bottom (15), thereby creating the ozone-exposed water, permitting the
ozone-exposed water to rise to a top of the vessel, and transporting the ozone-exposed

water from the vessel top to the aquatic plants.

4. The method recited in Claim 1, further comprising the step, prior to step (a),

of pretreating the influent with a chemical flocculant to precipitate out some of the excess

nutrients.

5. The method recited in Claim 4, wherein step (a) and the pretreating step are
carried out in a unitary vessel (11), and further comprising the step, following the

pretreating step, of removing precipitate from a bottom (15) of the vessel.

aim1l, wherein

r

t he
t he
atop
essel




LJ 4. The nmethod recited in Caim1, further conprising the step, 2p’fi%+8 1083
step (a), of pretreatlng the |anA t‘ﬁ\.Mth a chemcal flocculant to
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treating step are carrled out in a
uni t arye.\ &éﬁgﬂng(slé}) 10@@&1@?&[&1&@6?0@@@& FaBgonidef sxepingd airltowitngyivhe
pretrea renmovi ng precipitate froma bottom (15) of the vessel.
PageriaitorfarfiiGcaffb a drdihedisehdige. recited in Caiiri 1, further conprising

-the step, prior to the water-exposing step, of generating ozone by at |east

5

gne ﬁf expozl gg _al._lhl’ to ultraviolet radiation and creating a corona
i sc arge e met hod recj inCaml erein th ter- osin
step conp?ises? Bmf’bh recHed iy mlh%}eéelggl}iqgﬁ%ﬁépgpngsﬁg\@ﬁtﬁﬁ%p )
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post ing _ r wth”ozone following the water-flow ng step.
9. Tgmﬂlj@ﬁ@ Y&Eeht @ehd.n A aim 1, furt her conprising the step of passing

t he ter through an activated carbon filter fol l owi ng the water-flow ng
step. 15 10. A systemfor treati ng water cont ai ni ng excess nutrients

conprisin nmeans (13) for ex 03|n | uent co risin t d
10be treat eg t o Theomshe r@ﬂﬁ@iﬂé LfHﬂL?”t%PWHI%P efg%ﬁl\lao g SI red to

undesired m ¢roorgan erei here r asi ng nutrlents fromvvithin
t he WeCV&EF Jar hggﬁf t?r r?ﬁ%%’ﬁ%f %‘%k% %a]gm m | ation, the ozone
further in suffici ent guantity to oxidize toxic, humc, and tannic
conmpounds to a form amenable to bioassim|ation; aquatic plants (22)

.adapted tg renpye mdiisd FiRaseEIAmS 1i Ritifr @bthpiinetcdicedt movpeuthds from

15

25

t he ozone-exposed water; and
water through an activated carbon filter following the water-flowing step.

10. A system for treating water containing excess nutrients comprising:
means ( 13) for exposing influent comprising water desired to be treated to
ozone in sufficient quantity to disrupt cell walls of undesired microorganisms therein,

thereby releasing nutrients from within the microorganisms in a form amenable to

v+ bioassimilation, the ozone further in sufficient quantity to oxidize toxic, humic, and tannic

compounds to a form amenable to bioassimilation; aquatic plants (22) adapted to remove
the released nutrients and the oxidized compounds from the ozone-exposed water; and

means (18) for directing the ozone-exposed water from the water-exposing means to the

aquatic plants.

11.  The system recited in Claim 10, wherein the exposing means comprises:
a vessel (11); an influent line (14} for transporting the influent adjacent a
bottom (15) of the vessel; an ozone line (13) for injecting ozonated water adjacent the

vessel bottom (15), for permitting the influent and the ozonated water to mix while
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means’ (18) for directing the ozone-exposed water fromthe wat er-/eﬁgoiheg
neans to the aquatic plants. 25 11, The .sysiemrecited in Caim 10, 108
wher ei it he - éxpost g MbaANS “cohpri-sés ™ 'a 'vessel (11); an influent line (14)

...........

for transporti ”(?ffn;thee- I nf 'éf@%ebgg%ﬁgﬁg%oéoneb&&ﬁog% (hRdr, Qhd WhiRrvi@s Bk, an

0z onBOWilpEUPY8Y i water ‘adj acent ‘the vessel bottom

(15), for .perm tiing the ir wald ddasprerenatan fatmnsportimgovaterl e  Page
13 Apeﬁnﬁf&ﬁr%% g?l%nﬁg@xhg%gd in the vessel, thereby form ng

0ZONGHGE I ﬁ@&lt"é@tﬁér(ﬁ)i@ﬂth\éh%mélmotﬁdm]umEiar]ﬁarfta@Zi)i.recti ng the ozone-exposed
wat er con@rl ses ans for transporting water from adjacent a top (17) of
the vessel to the aquatic plants (22). 5 12. The systemrecited in Caim

10, further conprising means for pretreafing the influe it heni cal
stloccul ant2t o Phesypemareitehin Shiw bt fpﬂéere%wgrgsmgp}qagﬁ?ér ﬁﬁeﬁ%raﬁnéo

exposing the influent to ozone. 13. The. I eei Edhfdighi®pkdr Wherein
t he Ebcpbﬁllﬁ@Wﬁaﬁgh%}?ﬁfﬂ‘%@é‘?@ttcl]@)re\'?g)égag&?tf?ﬁe Oandf'I ?ﬁgk p% etr eatpilng means
is positioned,in the ves and further conprising nmeans for renoving

pr ecf‘b?’ﬂ%ﬁséng(tf@)mh%%tg (%gt’%'om (15) of the vessel. 14. The systemrecited
in Caim10, further conprising an activated carbon filter and nmeans
passing the water through the filter downstream of the aquatic plants 15
(22). Pagg3l4 ANENDEBSHERId in Claim 12, wherein the exposing means COmprISes a

10 vessel (11), and the pretreating means is positioned in the vessel, and further comprising

means for removing precipitate (19) from a bottom (15) of the vessel.

14.  The system recited in Claim 10, further comprising an activated carbon

filter and means passing the water through the filter downstream of the aquatic plants

iS (22).
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