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g (37) Abstract: A process for realing waler o remove concentrations ol nutrients wxl polintants using ozone prior oz alter the water

is cxposed to natural flaton by periphyton or other aguatic plants. A system employs a deep waler ok containing water W be
treated s injected at the bottom with concentrated oxonated water to expose the water to be treated o ozone. The teated water exits
from the tope of the tank whereby it is Towed over aqualic plant syslem o remove the sndesired matter, such as pesticides. The
process can be repeated successively Lo further treat the waler if desived.
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plants, the primary nutrients carbon, nitrogen and phosphorus, aszv{\’elwsg@sa

suite of mcronutrients are essential for growh. Al gae have devel oped the
ability to exist where nutrients are in very short supply through nany
conpl ex andloumigum bi ol ogi cal pat hways. 20 The renoval »fT/cgEshdens nitrogen
and phosphorus and the micronutrients has becone key to |nprOV|ng t he

quality of poIIuted wat er %mm Is wdely
ALK ' 2 Qpe needs thus

“1n .u-is” ,.

o NS 14 lil hem from wat er.
Al gae and ot her aquatlc pl ants can take up pr| mary 25 and micronutrients
that nay be in overabundance, such as carbon, nitrogen, Page 1 2 4 AUG
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water flows over stationary algae or periphyton which, like all plants,

requi re carbon. Periphyton has a higher productivity than any terrestrial

plant. As nodeled in tpBACERGREUNDSEWKEEANVBNTION aws this creates

Si gni ficant consunption of carbon di oxide. Conservatively, 20 tinmes nore
CO2 (in the fRigpeichligasmimaiditesso spstomsanidhyetheds fonieproaing watebsor bed

by a mature forest |and on an equal area. Significantly higher cell

pr oduct i griallity pdindhembphpanicutarbattbysuah Spstemseddmerdtiods fembioreadiatiggnany

times

water with an attached algal colony, or other aquatic plants and, most

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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nore 02 per unit area. 15 Water renediation by regularly harvestel4 au; o
peri phyton has been shown to be 50 to 1000 tines higher than constructed
wet | and systens per unit area. Renediation can occur when water flows over
st at i onar ywalogae+1saki ng up nmacro nutrients (carbon, nitrogesniands
phosphorus) and mcro nutrients, while discharging oxygen as high as 3

times saturation. This. high oxygen and hydroxyl .20 enyjronment s. shown to
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as a "periphy rp npri'sing a culture of a
famly OxﬁltFiEEtsﬁ talkéegg,k;'bﬁg,asqﬂd or salt water plants known as "attached

al gae.” Unli1ke guch organisns as free-floating Page 2 s 4 AUG 200, WO
03/ 0PAA 28 RIcTd 14503 Q6rits XBomml thekuator ahéniuhdse barvasteddhed thk gestet o de
stationary community of epiphytes that wll grow on a wi de variety of

sur f acesimpibeadoccurring in the path of flowing water, the stationary

al gae and associ ated organi sns renove nutrients and other , conpounds from
t he passing wstmaesphahiciremgdiasioni oag osaubwher wegrdtovunaverstangiany algagxygen as
aresult of respiration, in tl:Tlrn a result of photﬁ%i)thesi S. an al gal
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effect. times more CO, (in the form 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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A further advantage to this technique is that the enriched al gae @énﬁ%@ggm
harvested and used as a fish or animal feed, which serves to return the
nutrients to the food chain. Periphyton filters (PF) have the potenti al

for use i nwawarimsty of 15 applications. For exanple, therpsgsioplyton can
be used to replace biological or bacterial filters in aquaria as pioneered

by Stork and deyel gped by Adey. .As . nentj.oned, natural ri.phyton can be
taed to Plankio; bRUTE G AAsaad e s TR o B B BRYES Shtter s <
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harvest ed al gae are many tines stronger and easier to process than wood
fibers Tdsuq;/geinrﬁstai regulk @€ kespitatiomiy upapees@bobplustusyiithesis i Oeseian algd]
strength. gal fibers can have exceptional wet strength, which can
enhance ¢ulpay opcotustnionis edtaslished] moateopholdfasisicovenths ciitture surdaceRage 3 2
4 AUG 2006 WD 03/074428 PCT/ U S03/06023 paper plant waste streamthus
enhanci nif théplash bpdies menharvested; égaying theyroets behipd Jhaautrivgs enggpwar pl ant s
produce high nutrient waste streang which can be eat|ly enhanced by

per i phytm?‘-&ﬁﬂftslﬁiﬁ@t%y%({ ghﬁlwmameb@%w?irﬁal%ﬁeéafﬁ@p SHAET. LTRSS 1Bl f i ber
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A further advantage to this technique is that the enriched algae can be

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

Page 3



Triatom c oxygen or 03 (ozone) is a naturally occurring gas creat®l AYC piig
force of corona discharge during lightning storns or by W light fromthe
Sun. 10 It is common know edge that 03 occurs in an upper atnospheric

| ayer and wee3or4itsi cal to the tenperature bal ance on Ear pti/u98/06m8t he | ower
at nosphere is viewed as a pollutant, however man-nade 03 systens are

fitted wth sinple dest ti t echnal h I I l. 1. m
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by passi ng these gases through an electric field of high potenti al

suf figi S[i%nﬁo OFAR alaBilitgomanarediiedhdnganbeconemicdlie ebeiatlyoded. This
corona di scharge 1s not quite the energy of an autonotive spark plug, but
j ust undetvithiahedtaMel sustdihalblei nlegitod iofhmaaaginghbuman imapadteonytdguatiatdi at i on
al so causes oxygen to undergo conversion to 03, which may be used for 25

i ndust r i sdosysietswat ers (Bel ew, 1969). 03 is a nore potent germcide than
Page 4 2 4 A U G 2003 WO 03/074428 PCT/ US03/06028 hypochl orite acid by
factors of 10Ttiaiongo okyEen ah&:dPermde s naguaty W%’@l%ﬁ%@fea@ﬁg}y @w orine

P N T AT R S X R
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critical to the temperature balance on Earth.
O, in the lower atmosphere is viewed as a pbllutant, 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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2.07V) is greater than that of hypochlorite acid (-1.49V) or chl g RYG 2003
(-1.36V), the Ilatter agents being widely used in water treatnent pract‘??(‘?e.
A residence tinme is required for the ozone gas in the water to be used up
as it contwotisnparsticles to oxidize them Typically thiseceusionenzwnith |arge
m xing 10 chanbers and m xing punps. Many tinmes the site of a periphyton

st doRaReBRtegrd 18 SRt Pl 00 P S PR IR RS BT T

static xer L Nt egrat,i an be included in the pipe and then the
resi deng&.\‘a?ic Ofie f’]ﬁg@ r3§89f| ows for treatment as the water travels to

t he peri phyt I L1 € i ; | l,acr eased
treatment.” MR B e R e O e e B e

P e e S e
t . ) : At t
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necessary co Ime 1S prov ween the ‘ozone and partlc’l es in the

wat er. ﬁ%tté?%g&?c’étb@iﬂ%w‘id'&yRfs%‘fﬂtwdt@ﬁ/&@&ﬂn%ht‘i)@ﬁ@id@. ng ozone and periphyton
filtration provides ny advant ages over use Of either technol ogi cal

opproach 2 RSB InF BRB AL 6P YRR AR B bR T,
phenoma B RERRS A8 S R RN PREGCHERIAR |
;ﬁgno hi Hnbere dinASn K RP pRinpRNYNVRARY A Ohe siBlT AARIRKD WA RIcr 1089§e2PPB SRP
distance from the water to be treated, With mixing occurring just downstream
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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352 PPB TP and after a 1 ng/ldose and 1 minute contact tine SRP?%ﬁUF%ﬁEd
to 147 PPB. The rise is largely due to the oxidation of plankton cell
walls and 5 spilling cytoplasminto the water which contains PPB. Toxic
cyanobact ewbasposms a particularly challenging set of filpcatsomsghal | enges
in that the toxins may exi st both inside and outside of the algal cell.

s Shﬁf%%%u?b”q@fev%ﬁéﬁceh&g?ﬁi%ﬁ% B3 RaRe ADoBRE: oy XAl SR s of

J i i 10 U. . v ; , 341,
vvgtn Zrenpggéﬂ’fléa X ‘ilé)gg()pa?E glaﬁgaﬁ%ﬁ(gr;fL?.E«??\&oi%gg(aggfglgonxggaggﬁﬁsnlgf 2‘121 e in pH
due to tgﬁoggmﬁ'anafaf@r%%gﬁ%ﬁ of HaANGiddtE SoffacEARRMR PhvidGidlgdae- A gae

renove c , nhitrogen an orus as a macronutrients and many ot her

el ement sy ANGPRONPRNERe 33 ﬁrﬂ%ﬁ@ubrth&ﬂbs@xid&m berﬂa&ﬂdltoﬁfceqawhng,arﬁ mld

\
acid, causes arise in the er of (O#) 15 hydroxyl ions and this is

typi Gl | $pinBasiepldsond therwasdd whith comaine PRB.pH. This environment is
aggressive to other compounds such as the algal toxins released by

cyanobact er i a.T@dc acynobagiesitti poso b pasidutarlpfchadongingr set afidiltration
post-treatnment, to destroy toxins and nmake avail able bound nutrients for
per i phytchelEngegimiiidt thpéoiiphymaznexiot poddinsislcaansbentside efhtheralgaleerll.vi a
production of hydroxyl ions work, 20 together to both detoxify and

denut ri fwtstam@@emnéﬁsi.sem detogifiysticlysu %@E@S\J‘ﬁlbﬂl}hr?aé%ﬁvﬁﬁ%@ﬂﬁ ¥i08ns can
enhance water treatnent , because,the oxonati on, proc I S enhanced in

wat er s V\f\,‘\ﬁﬁf ?Lﬁ@rk@ésae”getﬁﬁf%% ‘E‘?ﬂaé’lll@nbéﬂi?ﬁ%?ﬁacgﬁlﬁt e%ﬁ‘?‘bﬁesr?é €&dfer i enced
i ncrease, || H vi r. PRy, bt r he lant filtrati ystem
MRS ULS. Bt S A b S AL P b A ARt o
sai d_pH @g%ﬁ%gf%&%ﬂcgyana%%és% ! Bt Gue F3 e Remofal oPSigaliABant\O

03/ 07442

quantities of carbon by the 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 bound 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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Car bon which has been activated has nunerous sites to bind toxing4apdc 2006
ot her substances. Even further ultraviolet |ight can be used to reduce all
ozone in effluent to preclude oxidation of aquatic plants. After water has
been treatwdosbyimzone and periphyton filtration, activaetedusambhan can be
used to polish the 5 water. Ozone used prior to, between and after

[ 1Lracton voingoRet] BV A ety LRl LD L g o,

1oL 10 e A Y HABKS.L  yn WRSORRg AR 1o
i phyt. { 1

P PRV LG 1, ASGRERNORSHd bR AR Al i el e oL

effect. A&t fibAl RethRité® c@fbdnOKise be Af¥eqUBdSolfspuihd i n
cyanobac%??gn%ﬁu?g e ﬁ@‘gflglgg)lé re((::entlycf ound to be dang%? ous to humans

and @i nghger. These toxi c conpounds as well as the non-toxic conpounds are
then available for incorporation into filanentous al gae grown for

i ndustrial us@zomQused pirive tpApstwepn add after fikchismrysingiperiphytonded others bot h
mcro-invertebrates and there eggs which often settle, hatch and grow as
t hey corapaticqesitsaiasscvpral isphstgasiic efiesr educi ng the effects of
filtration. 5. Use of innovative statjc m x

i ng.technol ogy.can be 25
i npl ement ed sluch A¥OonEdireakedp m}amgwg}lgaeaﬁu?wkemer%m%w&&%ns.

nutrients available for growth of periphyton and removal from

10 water.

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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Page 7 2 4 AUG 2005 WD 03/074428 PCT/ US03/ 06028 6. Use of coveied Apenss
and supply pipes for increased ozone contact tinme. 7. Use of chased wells
for ozone injection provides enhanced ozone treatnent due to high pressure
at the welwohettieomn 5 8. Periphyton filtration and ozonepinugeguence or
with recirculation can provide enhanced treatnent by enhanced pH ozone
per f or mance. ration for post tre tnent pol i shing of

d b fil
ozone peri phft onAﬁS e‘EeP‘Wg? rp%rﬁ%la*f‘&éggp r@z?teﬁgﬁf 1%(:[1‘8?3% d&ESHi bed herein

can be used prior _to t?f]ﬁ'fer recharge and storage. Studies in algal turf
and peri phyton fi PYY4ry oH%re known in the art. Al gal turf techniques have

been di sclosed ingA m}? Bovidld enhiif el esent

i nventor's U%S Patgn fﬂ?)é&§ w%l?@[zo gﬂgg%’%% 5V15736669 15 5, 591, 341,
5,846, 423, and 5, 385ncl fréatrhéit cmeS@ltﬁgyr;ﬂéss@Ee\amwwan%dtﬂaﬁ@r porated herein
by reference. However, none of the latter patents disclose systens and

met hgds of tige prpse hytdﬂ/eﬁttrzmbn SidVAROraF hHEselghbfdeT| 6N REthThe pri mary
obj ect of the present invention is to provide a systemand nethod for
pre-treating and/ peciposation eahi pryvidet enhdncedotreatmenti lih eahgeidphyt on
culture surface. Another object of the present invention is to provide a
met hod whi ch rel piEezomupeifermentsound by bi ol ogi cal or chemical or a

conbi nati on of these
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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rebound i n periphyton or other aquatic plants or organisns. A further
obj ect of the present invention is to provide a nmethod which releases
nut ri ent s wwoumdr4keg bi ol ogi cal or chem cal or a conbi natier/ofisphese 5
nmeans so they may be rebound on a natural or mannmade substrate such as

| i merock. An even further. object of. the ti pI’OVI de
such a s%l%i"é‘%nso it RO P #g?‘g&ﬁéflnﬁe é&bﬁéﬁ élff In qﬁ%ﬂé Plfag

m croi nverégﬁ tes in a periphyton filtration bed 10 An addi ti onal obj ect
of the |nvent| on is to provide such a system and nethod for

det oxi fyi ng %%{—tﬂéﬁs gé&‘éyﬁfﬂﬁg%rggétﬂetgh%ﬁthfm id R%b'ﬂévﬁé%ﬂé@ﬁéd"%hmﬁt er as

wel | as a toxicl al gal mass. These objects and ot hers

are att %fh%@eé""nhﬂ1é1ﬁ§ b'imtiem HiclopRiah@d ¢Heniib8l opaesenbindioansf giese The
system conprises means for adding a strong oxidizer to 15 the influent and

in s§e Bases sb f’tﬁeﬁfmhjdetm retfowprl bhcaulpaturelioo dinammizde osgiisirates suciz @sat i ng
the water. The nethod of treating the water conprises the steps of exposing
wat er deseraeik.to be treated with ozone in sufficient quantity to reduce a
concentration of m'croorcggm sns therein and flowi ng the water over a

col ony of at tAueheen Birgr apeeteitherprasenhimasniien iy Waﬁllﬂe‘!i da fieha $¥SH such

as, but not intended to he limte utri, s. .The features Ihat

char act e¥idz methed if ﬁY/éﬁ&l‘%Hg $HEFPRY 1090"%\‘@‘%‘3& G SHCEHBVEHERRES

operation, ,toget ?.«? \Nlt% further objects and advant ages thereof, WI |1
erxphy%on fration bed

10 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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be better understood fromthe follow ng description used in confBuNGicofins
with the 25 acconpanying drawing. It is to be expressly understood that the
drawing is for the purpose of illustration and description and is not

i nt ended awoasdefitsni tion of Page 9 2 4 AUG 2005 WD 03/ 87dud28/06028

PC 17US03/ 00028 the limts of the invention. These and ot her objects

Ful Ty apbarmisaal Hhoigaten piiet KR RERISOMAE: ARt anct | on
Fol I ow g tcetar DL eRirF R ibrenpay &b Broe iy ke duly {AFrRll df fhed
chanber SHFERRRyEE A loRg I ARG SRIap RlueARERspR AR |

schemti&rawiﬁgy amof a water treatnent train conbining ozone and
peri phyton fiTtration in the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS For purposes of describing the preferred enbodi nent,
the term nology used in reference to the nunbered conponents in the
drawishgs i s as fol | oBRIEFDESCRPMONMORTEHhORAWEYGSe 10. soil 19.
sedinment 11. treatnent tank 20. water body 12. sedinent line 21. ozone
treat ment sydnghe faBwiigdietaitadsdascppiien zztersace phktbomadd toéhe attached nai n
flow pi pe 23.. second ozone treatnent

drawings in which:

FIG. 1 is a side cutaway view of an ozone contact chamber which may be
employed to treat large flows; and 7
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. tank bottom system 16. side stream pi pe di scharge 24. second?peAi®ibon
filter 17. water surface Referring to FIG 1, an econom cal and efficient
ozone contact chanmber 25 particularly suited to | arge-scale applications
is illustrabesnriestal | cone treatment tank 11 of depth Bcivssizmetal | ed in
sandy soil 10 by either full excavation or by mxing polymer in the sand

[ [ h ' id | Kk . '
'szoé'bt ?F%&%%ﬂgé@%“%?ﬁ%@% oaBo R Ey Bates, S hRBer ORI Rent et e
o7 3% 860: ,
oot  nostohyaratopduel pacrizo koGl oY Tiiicn Popr OBRRn O "V T2
b - . Y ] .. .o .. e . ) .
ozone- | 10K TBE &4 CRrIEF RERcr BB Mo g ST IO 18 DR e SR e

W th mai pL IR MRk e zonWah8En RFAG RSP &i@cﬁdrgetw\%hw thecakone-Bidena sl ow
rate all ng tor necessary contact tine for desired | evel of oxidation by

0zong t OwhRe riikiek 3Geh InhiiRaeRwatér.| Wales ploprgsds @Ftth"e henlezaicllyautf or
nutrient renoval downstream Any precipitates falling to bottomof tank 11

are evacusglosdratbyllsedigéot nédesearyontfet Ein® f& ddsinedtlewelest otidatien bpd of t he
present invention. A |lake or other water body 20 fromwhich water is drawn
i s from eandestopihiei waface Bhwheosns it iy dischanged Sy tthenwrzles 18 dpr eusintn FI G

1. Chemical flocculation or ultraviolet  treatnment syste 25 may he used
to pre- ticsevaidosmstigame %&bﬁ@%&iﬁﬁ%gﬂh% todppfiane of %@hhﬁ%@ﬁﬁﬁ@g

Ozonat egltzwat r is then fed to a plant uptake system 15 such as a peri phyton
filter 20 Sequmpsddus to further treat the water, the process can be

repqif ed 1N FRECINARAMNE AYShEMADARE FrelEROMYRAEAPY 1R &l biRE 24

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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and then water before returni ng to the | ake or water lggg AIthg
JESCri be

her ei naboye,: @l biinprovenents and - mddr ti'cations to this 20 inventi
W'thig Jhe scope-or equivalents of the clainms are included as part
1.

din

Page 11 4 AUG 2006 | claim 1. A nethod of treating wat

conprising the ste

Gosired (b bo Arpabed oidGUBROZFOFRASIA TEASR Tuane Ry e ert)

L

Wit hRPHPBITIAS ALY

020N [ WEHDBF uhfestitld k60l anBHAThbAN ey dbkasihHuericriuion vaidn
conp%edl Sto a I

orm ane l'e to bioasSsimlation,

ormanenable to bioassimlation; and (b) contactin

saqu %E?i@f&ﬂ%%iﬁx%g)in Wirhrh Alensiie nebexpaistdtion] the ozohefurtyn at swfipiean

adapte
t h@éhnitieg | thedxidizCitakio) burvihereilntanhic sqoudvadpl EnesiaBhpniaecy @

attached al gae, and further conprjsing the steps of (c) exppsin
exi t bingssimplatiangald (O EAHPCHRE 2RMRUCIRAHEP (%256%11 ﬁ?lﬁé)%oﬂé'ﬁ‘{@?%f‘fvat&?f&ﬁ?

to réenove the rel eased and oxi di zed nutrients therefro 10

at  siican s a¢apipd ta ol teenahch der (e TP RS T o

conprises the steps of injecting ozonated water into a bottomof a
(11), injecting the water to be treated into the vessel bottom (15

Lot hereby cs eat i fig. 1han6d FBEIRXRPES&INAL &¥hergigr et Aduagctplents axomeisxposed

water to rise to a top of the vessel, and transporting the ozone-ex
5y wat egothRPoT sinechedssede, hod furthdrvenguyisan g thepligpst . (c) Exposmpevaiet Hodng eci t ed

S 7in Caiml, further conprising the step

15

-

25

ﬁrior o ste

the algal colony to additional ozone treatment (23); and (d) ﬂowuri)g Qﬁg additionally

ozone-exposed water over a second colony of attached algae (24).

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.
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of pretreating the influent with a chenmical flocculant to precipi tza%em{ﬁl%ms

s;me ?f)thedexcess nutrients. 25 5. The . nethod recited in daim4, wherein

step (a) and the pretreating UBE:Ere fr carri  {cdsibhi sel

7, oL B TSI TEERURLE ST Sas, o
Moy, ng ALesiRl 4ah Cof fQBraiObiaD byl 2l 1eabt siteol egs®ing Fage ul2adot AUG 2006

6 The rretcﬁ{gg r cﬁt@%d i‘% d ai ?grai 1, f%rther corrpris?cﬁg%he step, prior to

t he watfforexRDslcAOns keprowf digelnepat i ng ozone by at |east one of exposing

-air toultraviolet radiation and creating a corona discharge. 5 7. The

5

10t her ei n, 8ther

w\\! -
. -')‘V}

15

25

et hod rte(r:]i ted in Gaim 1,b wherein the water-exposi ng step conprises

punpi ng e water into_a bottomen f 1 1 in i

adj ace{lt the ag_brﬁiﬁth%}ffc(ti‘%)“ @al‘F“ﬂ]e%fll?g‘ﬂel?l{gﬁggEl?é%eﬁPlf)?lbgéEe?L%m\?é?%rg and the
ozone to, mXx ile rising to ‘ g Th

met hBEOPE PedvaiR Biaf O%) étlj\rg{ ?Cifear IE%(I:) '33%} ﬁgﬁﬁéﬁ%ggé%ée%ﬁ%éf&gg}set E?(?F(ggt i ng

'; ggi %@% ?fl'Sr)Véﬂéttgﬁ: %&J%nﬁ?tg ﬁé%{nftﬁh%% Pdick BRI\ 8501 0WhBOwET€Pisir tohed met hod

_ er conprising the step of passing the water
t hroy am@pﬁ)ldfqhgﬁllf@r bon filter following the water-fl owi ng step. 15 10.
A systemfor treating water containing excess nutrients conprising: neans
(13) for exposing influent conprising water desired to be treated to ozone

in sufficient quantity to disrupt cel] | f. ired.m \ i
Ehy nreshdsicitgd ut Fiank SURGTACEHI e LR CrIB5FGaA Sas 1 1 a

form anmenabl e to bi siom lation, the,ozone further in sufficient quantit
to ome_d‘i"j%féf F"dSbi ‘&%OWJI%SEfO@rW"tgéﬁ%i‘N@Rer(E%%g]&%}gﬂt o a form anenabl e tg Y
bi oassim | ation; aquatic plants (22) adapted to renove the released
nutrients and the oxidi zed conpounds fromthe ozone-exposed water; and

9. The method recited in Claim 1, further comprising the step of passing the

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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L et Ay
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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