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10  against undesired toxins, microorganisms, and other water-borne pollutants in

concert with an attached algal colony.

Algae comprise a group of plants, existing in approximately 18,000
different species, whose primary nutfients include carbon, nitrogen, and
phosphorus, as well as a suite of micronutrients essential to plant growth.

15 The removal of contaminants from wastewater and ground water has
become an important problem in restoring ecological balance to polluted areas.
It is known that some algal species are capable of absorbing heavy metals into
their cell walls, thus reducing their toxic effects on the environment. Algae can
also take up nutrients and micronutrients that may be present in overabundance,
20  such as phosphorus, potassium, nitrogen, iron, aluminum, and calcium, and can
thus be utilized to remediate an ecosystem. Such remediation can occur when
water flows over stationary algae, also absorbing carbon dioxide and releasing
oxygen in the process as a result of respiration and photosynthesis. Further, the
water passing over the PF experiences an increase in pH owing to the remoyal'
25 of carbon The filtration can occur through adsorption, absorption, physical

trapping, and other more complex means.
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water, causing a natural filtration effect.

A further advantage to this technique is that the enriched algae can be
harvested and used as fish or animal feed, which serves to return the nutrients to
the food chain.

15 Periphyton filters (PF) have the potential for use in a variety of
applications. For example, the turf can be used to replace biological or
bacteriological filters in aquaria. 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

20 energy source such as 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 stronger and
easier to process than wood fiber. This capability has resulted in a sustainable

25 method of managing human impact on aquatic ecosystems.
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Toxic cyanobacteria pose a particularly formidable set of filtration
challenges in that the toxins are very persistent in the environment and can exist
both inside and outside the algal cell. It is known to treat toxin-containing water
with ozone because of its strong oxidizing effect when mixed in water; however,

15 the nutrients in ozonated water become available and are reconsumed by the toxic
algae.

Studies in algal turf production 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, 5,591,341,

20 5,846,423, and 5,985,147, the disclosures of which are incorporated herein by

reference.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a system and
method for pretreating and/or post-treating water in concert with a periphyton

25 filtration bed.
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10 of exposing water desired to be treated to ozone in sufficient quantity to reduce

a concentration of undesired microorganisms therein and flowing the water over

a colony of attached algae to remove undesired matter therefrom, such as, but not
intended to be limited to, nutrients.

The features that characterize the invention, both as to organization and

15 method of operation, together with further objects and advantages thereof, will

be better understood from the following description used in conjunction with the

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

the limits of the invention. These and other objects attained, and advantages

20 offered, by the present invention will become more fully apparent as the

description that now follows is read in conjunction with the accompanying

drawing.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a schematic illustration of a first embodiment of the invention.

25 FIG. 2 is a schematic illustration of a second embodiment of the invention.
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to §pe tdahgd:. THiE may be achieved, for example, with a mixing chamber or a mixing

pump.
If the location of the periphyton filter is at some distance from the water
to be treated, mixing may occur, for example, downstream and generally adjacent
a supply pump or pipe entrance, with a single or multiple static mixers agitating
15 the water/ozone combination. The residence time is then equal to the travel time
to the periphyton filter, which can be tested for sufficiency of contact time. In
addition, further static mixers and ozone injection points may be positioned along
the pathway to the periphyton filter to increase effectiveness and efficiency.
In an alternate embodiment a covered pond may be used, such a pond
20  cover having an ozone destruct port at the highest location to catch ozone prior
to escaping into the atmosphere. A subsurface ~ tank may be used to increase
contact time, such a tank having a high-pressure ozone injection at its bottom for
optimal dispersion of ozone into the water column.

The present invention provides the following benefits:
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available to be taken up by filamentous algae grown for industrial use, such
as in the paper products industry.
o Ozone destroys both microinvertebrates and their eggs, which often
settle, hatch, and grow as they consume desirable periphyton, thus

15 reducing the effectiveness of filtration.

Other devices to be used alone or in conjunction with ozone to enhance
performance are plasma sparkers and ultraviolet light treatment systems, such as
are known in the art. |

Two embodiments of the present invention are illustrated schematically in

20 FIG. 1 and 2. In the first embodiment (FIG. 1) of the system 10 water is shown
being taken in from deep water 11, shallow water 12, or a tributary 13 by way
of pipes 14 and pumps 15-17, respectively. An ozone generator 18 provides
ozone to an ozone injection apparatus 19 so that the water desired to be treated
can be contacted with ozone in chamber 20. Alternately, as mentioned above, a

25  submersible plasma sparker may be used. Ozonated water is carried via transfer
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di f f useexpased ﬂ@eataﬁ@@lrom @f:BﬁB%VlOlQi rﬁaaﬁ@rrb@nc{ B‘F%‘S%b: @@rigﬂt‘gf rﬁ@nﬂlpwplg ozone

contact chanbers 36. Three are shown re, this is not, i ntended, as a

.here, _hut
i iQl at passagerbrongl (A oz IbEction dijiiser 38x the Watgr proceeds via transter
piping 35 into multiple ozone contact chambers 36. Three are shown here, but

this is not intended as a limitation. When fully ozonated, the water exits via
discharge piping 37.
In either of the above-described embodiments, an additional step may be
15 taken of adding a pesticide to the algal colony for controlling insects. The
pesticide may be selected, for example, from a group consisting of an insecticide,
a pyrethroid, or a natural pyrethrum, although these are not intended as
limitations. |
In a particular embodiment, the pesticide - may éomprise bacillus
20 therengensus isralioans (BTI). A further element of either of the systems 10,30,
shown in FIG. 1, comprises a BTI culturing system 40, wherein BTT is
substantially continuously cultured, or cultured as needed, and a continuous drip
of BTI is provided via line 41 leading to drip hose 42 adjacent the inlet 23 of the
periphyton bed 24.
25 As an additional or alternative embodiment, further systems and methods

are envisioned for detoxifying one or more elements of the system 10,30. As an
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the periphyton bed. 24, 25 As an addifiopal or alte tive, enbodi nment,
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agonist may be added, such as an alkaline solution, to detoxify the pesticide prior
~ to restarting water flow over the algal colony 24. In this case, the pesticide may
comprise at least one of a synthetic pyrethroid or a natural pyrethrum.

It may be appreciated by one skilled in the art that additional embodiments

15 may be contemplated, including alternate methods of introducing ozone and the
use of alternate oxidizing agents to the treatment water.

In the foregoing description, certain terms have been used for brevity,
clarity, and understanding, but no unnecessary limitations are to be implied
therefrom beyond the requirements of the prior art, because such words are used

20 for description purposes herein and are intended to be broadly construed.
Moreover, the embodiments of the apparatus illustrated and described herein are

by way of example and the scope of the invention is not limited to the exact

details of construction.
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a body of water, pumping the Wwater to be treated into the mixing chamber, and

4 mixing the water to be treated with the injected ozone.

1 3.  The method recited in Claim 1, further comprising the step, prior to
2 the water exposing step, of generating ozone by at least one of exposing air to

3 ultraviolet radiation and creating a corona discharge.

1 4. The method recited in Claim 1, further comprising the step of
2 exposing the water to be treated to at least one of ultraviolet radiation and

3 acoustic energy.

1 5.  The method recited in Claim 1, wherein the water-exposing step
comprises pumping the water into a bottom end of a tube, injecting ozone

adjacent the bottom end of the tube, and permitting the water and the ozone to

L N N R\

mix while rising toward a top end of the tube.
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3 a group consisting of an insecticide, a pyrethroid, or a natural pyrethrum.

1 9.  The method recited in Claim 8, further comprising the step of adding
2 a pesticide to the algal colony for controlling insects, the pesticide comprising

3 bacillus therengensus isralloans.

1 10. The method recited in Claim 9, further comprising the step of
2 culturing bacillus therengensus isralloans, and wherein the pesticide-adding step
3 Icomprises delivering a substantially continuous supply of bacillus therengensus
4  isralloans to an inlet of the algal colony.

1 11. The method recited in Claim 1, further comprising the steps of:

2 extracting the water to be treated from a body of water prior to the
3  exposing step; and

4 returning the treated water the to body of water following the water-
5 flowing step.

10
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suppl y ofwbaeiosisas t herengensus 4 isralloans to an inl et Pofi/ushr1abyal
colony. 1 11. The method recited in Claim1, further conprising the steps
of: 2 extracting the water to be treated froma hody of water prior to the
3 exlposi ng sddp:; dM¢ metked recied ineClaiBhde WhgKEAR theOZQNLBXROTRS EER
followng the water- 5 flowi ng step. 10 WO Q2/ 085801 PCT, Uggé/ 12f808 1 12.
The Jret bompriseisteayeringn dody10f wateteand imecHng Qzose o ﬁéﬁ B OlWakHpr i ses
covering a body of water and injecting ozone into the body of water. 1 13.
The nmethod recited in Caiml1l, wherein the ozone-exposing step 2
conprises: 3 punping water out,K of a body of ter, into a supply .pipe; 4

i nj ekting oz&ge i Aihe meshed gerifediipeClaiiy 15 wheednithg @1@%{%«3’8158 $EPi nl et
end of the algal colony. 1 14. The nmethod recited in Caim13, wherein the
ozonk- i GPBYTISE§: step 2 conprises injecting ozone at a plurality of

i njection |ocations al.ong the supply ?l pipe. 1 15. The thod recited in
ClaiIn1, further punwlngiwgte@wtéﬂle@)bo b4 ‘?fgWﬁm W40 AnYIRRY dMP€] owi ng st ep,
of repeating the ozone-exposing step and the 3 ter-flow ng step by

reci4 cul ating t he INECHPE 7ONG IEO the SUPPLY Hlpé‘élanggl ony. 1 16. The met hod

recited in Claiml, further conprising the steps, .2 follow ng the
wat €Y - f | owi ng st eﬁ,lf(?@ﬂngatfﬁ@eWﬂteﬁletafblfﬂ%ﬁné & tgﬁﬁlg%ld%ﬁ’lﬁg}’a
1 14. The method recited in Claim 13, wherein the ozone-injecting step

2 comprises injecting ozone at a plurality of injection locations along the supply

3 pipe.

1 15. The method recited in Claim 1, further comprising the step,
2 following the water-flowing step, of repeating the ozone-exposing step and the

3 water-flowing step by recirculating the water emerging from the algal colony.

1 16. The method recited in Claim 1, further comprising the steps,
2 following the water-flowing step, of harvesting the algal colony, adding a
3 pesticide to the harvested algae, exposing the mixed algae and pesticide to
4 sunlight for achieving detoxification, and using the detoxified mixed algae and
5

pesticide to form a base for another algal colony.

1 17. The method recited in Claim 16, wherein the pesticide comprises one
2 or more pesticides selected from a group consisting of natural pyrethrum, natural

3  pepper, garlic, elder and lemon sage.

11



3 pesticide to the harvested al gae, exposing the m xed al gae and pesti ci de
to 4 sunlight for achieving detoxification, and using the detoxified m xed
al gae andwo92pewsbi ci de to forma base for another al gal celConsN2/1280%. The
method recited in Caim1l6, wherein the pesticide conprises one 2 or nore
pesticides selected froma group consisting of natural pyrethrum natural

3 pepper, garlic, elder and | enon sage. 11 WD 02/085801 PCT/ US02/ 12808 1
18. The nmethod recited in CaiimJ1, erein the colony js aftached .to a 2
basd, and ful8ner Togrpethnd keaited Bltg%m ielWhﬁmeth%ﬁoi%Yelfs-%tta&%eﬁgmsﬁ ep,
of 3 harvesting. the algal colony, addin pesticide to the, col ony base,
and Zdet base, yand Tuntherecompeising 1he S’Fﬂ@m&ilﬁﬁﬁmgeéh@ SYACH-1E W0 f@?ﬁ/’mﬂ rein

the pesticide is selected 2 frogma group, consisting of a synthetjc,

pyr 6t hr Bayestiagdhe algal£olpny caddinga pespigidet 6 COIY Pase, i qifgo Hg
conprising; 2 neans for exposing water desired to be treated to ozone in
suf f4 cithﬂba@-quantity to reduce a concentration of undesired

m croorgani snms therein and to 4 |iberate available nutrients therefrom 5
a colony of attached al gae for renoving undesired matter fromthe 6 ozone
exposed water; and 7 neans for, djrectin e Qzonge- exposed .wat.er fr t he
wat ek - 8 expdfi ngThﬁaWal W@t%i &3l léB%oi@,.W epg1L ﬁ‘}?epgwlagnlﬁ §§I in
Cl aim 2Q, wherein the water-exposi n? nmean 2,conprises m xi ng chanber,
meards f HOD § gmupwgon&lsuagiqftaosywbe 18 IHIg @léﬁa%n?waﬁawt Mpunpi ng

the water to be treated into the m xing

1 20. A system for treating water comprising:

means for exposing water desired to be treated to ozone in sufficient
quantity to reduce a concentration of undesired microorganisms therein and to
liberate available nutrients therefrom;

a colony of attached algae for removing undesired matter from the
ozone exposed water; and

means for directing the ozone-exposed water from the water-

oo 3 O B kA~ W N

exposing means to the algal colony.

1 21. The system recited in Claim 20, wherein the water-exposing means
2 comprises a mixing chamber, means for injecting ozone into the
3 mixing chamber, a pump for pumping the water to be treated into the mixing
4  chamber, and a mixer for mixing the water to be treated with the injected ozone.
1 22. The system recited in Claim 20, further comprising means for

2 generating ozone comprising at least one of means for exposing air to ultraviolet

3 radiation and means for creating a corona discharge.

12



4 chanber, and a m xer for mxing the water to be treated with the injected
ozone. 1 22. The systemrecited in Caim?20, further conprising neans for
2 gener atwpg2/0gsne conprising at | east one of neans for ePpOAISIY1IARI$ toO
ultraviolet 3 radiation and neans for creating a corona discharge. 12 WO
02/ 085801 PCT/ US02/12808 1 23. The systemrecited in Caim20, further
conprising neans for 2 exposing the water to be treated to at | east one of

ltraviol et radiati d 3 ti .1 24, The syst ' [
G ai 20, ubBher Thgnsrstemdectied 3, ARy fiungt P BSHIE AR &fF ena.
3 for, ' th t i t he ,t bot t d and 4

oud d Expovial T WaserdanBe teathi ot Agassene ciapuEanottheiibt ald or,
end of the tube, 6 for permitting the water and the ozone to mx while
bei My pAFPRHUIG Geh&Y-a top 7 end of the tube. 1 25. The systemrecited in

Claim 20, further conprising neans for 2 treating the water with ozone
downstream of the algal colony. 1 26. The systemrecited in O aim 20,

carbbn 111t o241 of R Bt ehiednRe Bne0; A ComplsHeT 70 SFer Tecit oo
g ool ony for BaHbF dAving o dRbEnend bl A ke Sefebtod from 3 a
13 % consisting gfpuamnp 07 BGhsing She At BiD" B Yube boftolR ENGAnd WS whka " UM
4  toward the top end;
5 | means for injecting ozone adjacent the tube bottom end of the tube,
6 for permitting the water and the ozone to mix while being pumped toward a top
7

end of the tube.

1 25. The system recited in Claim 20, further comprising means for

2 treating the water with ozone downstream of the algal colony.

1 26. The system recited in Claim 20, further comprising the step of
2 passing the water through an activated carbon filter following the water-flowing

3 step.
1 27. The system recited in Claim 20, further comprising means for adding

2 apesticide to the algal colony for controlling insects, the pesticide selected from

3 a group consisting of an insecticide, a pyrethroid, or a natural pyreth rum.
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WO 02/ 085801 PCT/ US02/12808 1 28. The systemrecited in C aim20, further
conprising neans for adding 2 a pesticide to the algal colony for

control | iwgQoq8set s, the pesticide conprising 3 bacill usPCrasenysnsus
isralioans. 1 29. The systemrecited in Claim 28, further conprising neans

f I i bagi | | h Ny | ol d. wh ' .

O Ao Ui Dl LSS T S o B S s P i

a ga? odt BrotiCReYe the, e8] SolphY dbr Fonteitias Insess, UR PR B Hamp eI o
nmeans, f extragcting the water to be treated froma body of water; 3 and
mean?' fgéaqléf‘ﬂ?ﬁ?rr? et F‘gg?lgﬂl%ter the to body of water downstream of

the 4 algal colony. 1 31. The systemrecited in Caim 20, wherein the
ozone- exposi ng neans 2 conprises a cover over a body of water and neans

b2l ekt o TR osled ST Tl 2% el DI 10,
o 3 U o iyl 10 ey i A
" Supppfapt oy D BB B8 Aot s SuBsaRTiaA cenbi*bg% SfLgrobg
end & - hacitles dhereiRansied iRy dnaRlipBLph e Bfga Wiggy T Trom an outle

1 30. The system recited in Claim 20, further comprising:

2 means for extracting the water to be treated from a body of water;
3 and means for returning the treated water the to body of water downstream of the
4  algal colony.

1 31. The system recited in Claim 20, wherein the ozone-exposing means
2 comprises a cover over a body of water and means for injecting

3 ozone into the body of water.

1 32. The system recited in Claim 20, wherein the ozone-exposing means
2 comprises:

3 a supply pipe having an inlet end and an outlet end;

4 a pump positioned to extract water out of a body of water into the
5 supply pipe to pump the extracted water to an inlet end of the algal colony; and
6 means for injecting ozone into the supply pipe.
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3 means for recirculating the water enmerging fromthe algal colony. 1 34.
The systemrecited in Caim20, further conprising nmeans for 2 harvesting
t he al galwoakossgof ol | owi ng exposure to water to be treateecansoresns 3 for
(C;dedl ng a pesticide to the harvested algae. 4 35. The systemrecited in

aim 34, whegrein_fhe pesticide canpri,ses e..5.0or nore pesticides
sel ekt ed frofva g;[i‘@psgﬁﬁ@ Jefkigd gn ?Waﬁ?’pﬁ‘gpm Lﬁﬁmﬁﬁlgmgalmeﬁnspggﬁer,
garlic, elder, and | enmpn sage. 1 36., The systemrecited,in C aim20
o ther rebiherting Ryatsr QR348 onlet od,of e Aleat PolR 1§ the bvBifiutpoing,
further conprjsing. means fgr harvesting the algal ;3.,colkony, neans for
addihg @%tfp&r&glrﬁ}ﬁgﬁg @Eﬂ Wﬁ?rb%grgi&gﬁ%ﬂ%e algal CRIQRY o fying the
base. 1 37. The systemrecited in Caim36, wherein the pesticide is
selected 2 froma group consisting of a synthetic pyrethroid and a natural

th 1 . . . . .
pyrephrum 34. The system recited in Claim 20, further comprising means for

2 harvesting the algal colony following exposure to water to be treated and means

3 for adding a pesticide to the harvested algae.

4 35. The system recited in Claim 34, wherein the pesticide comprises one
5  or more pesticides selected from a group consisting of natural pyrethrum, natural

6 pepper, garlic, elder, and lemon sage.

1 "~ 36. The system recited in Claim 20, further comprising a base to which
2 the algal colony is attached, and further comprising means for harvesting the algal
3 colony, means for adding a pesticide to the colony base, and means for
4

detoxifying the base.

1 37. The system recited in Claim 36, wherein the pesticide is selected

2 from a group consisting of a synthetic pyrethroid and a natural pyrethrum.
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