LOCALIZED DISINFECTION SYSTEM FOR LARGE WATER BODIES FIELD OF THE INVENTION
The present disclosure relates to a method for controlling the microbiological properties of a portion of
water within large water bodies, by focusing on treating such portion of 5 water, where said portion of
the large water body complies with specific microbiological sanitary conditions. The present disclosure
allows people to use large water bodies for recreational purposes in a safe manner, avoiding the
treatment of the total water body. The method also comprises dispensing chemicals governed by a
parameter determination method based on the ORP, the temperature, the salinity, and optionally the
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10 chemicals, and the dilution power of the water as well. This results in using in orders of

magnitude less chemicals to treat water and low energy consumption. Thus, the present
disclo_sure can allow people to use cerfain zones within large artificial or natural water
bodies, such as large lakes, lagoons, reservoirs, dams, spas, ponds, or the sea; for
recreational purposes in a safe manner, overcoming the limitation or impossibility of

15 freating the whole water body.
BACKGROUND

Several studies throughout the world show that the water guality found in several large
water bodies, such as lakes, reservoirs, dams, and the sea, have bacteriological and
physical characteristics that do not comply with safety standards and or water quality
20 required for recreational purposes. Therefore, the use of such large water bodies for
recreational purposes can pose health threats to the people, and adversely effect the

surrounding communities and geographies.

Water pollution can relate to the change in the chemical, physical and biological
characteristics of a water body due to human activity. As the world’s population has
25  grown exponentially over the years, it demands more living and recreational space,
therefore using natural or artificial water bodies for different purposes. The increasing

population is occupying the periphery of large cities, increasing land demand and related



utilities. Furthermore, the number of industries has multiplied, which has caused several environmental
consequences that also affect the quality of such large water bodies. One contributor to poor water
guality is water pollution. Water can be contaminated by sewage disposal, industrial contamination,
overdevelopment on the edge of water bodies, 5 runoff from agriculture and urbanization, air pollution,
etc. Also, higher temperatures can adversely affect the microbiological and physical properties of
water and allow for a rapid proliferation of microorganisms that may negatively affect the human
health. These examples can cause the water quality to drop below the standards required for
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on large water bodies used for recreational purposes. Large water bodies are used for a wide variety
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of recreatio
within the water bodies, and eventually the health of humans that can use such water for

direct or indirect purposes.

Also, the amount of nutrients entering large water bodies has intensified greatly over the
years, mainly due to increased urbanization and agriculture, leading to an increased
15  microbiological growth or eutrophication of the water body. Under eutrophic conditions,
the amount of nutrients causes the metabolic rate of aguatic plants to increase, thus
increasing the biochemical oxygen demand and reducing the water’s dissolved oxygen
levels. Moreover, the temperature also affects the water’s dissolved oxygen level, as
warm water has a reduced capability of holding dissclved oxygen. Therefore, combining
20  both oxygen reduction effects, such as larger amount of nutrients and higher
temperatures, results in a weakening of the organisms as they become more susceptible
to diseases, parasites, and other poliutants. All of such problems produce a negative
influence on the water quality, causing the proliferation of algae and other
microorganisms, which later die and create an unsafe recreational environment for the
25  people. Also, global warming will tend to increase this kind of problem throughout the

world.

Many studies and analysis have been performed on large water bodies used for

recreational purposes. Large water bodies are used for a wide variety of recreational



purposes that include bathing, waterskiing, windsurfing, boating, and many other activities. However,
several water bodies used for such recreational purposes do not comply with specific microbiological
sanitary conditions applied to the water body. For example, an EPA study was performed on more
than 1,000 lakes across the U.S. to analyze 5 the potential risks of using such lakes for direct-contact
recreational purposes, and it was found that more than 30% of all the lakes potentially have wide
ranging impacts on human health, and over 41% of lakes pose a high or moderate exposure potential
to algal toxins. Also, it has been found that microbial counts and toxin concentrations are greater in
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criteria for batiriadgrivith fukibodyreortacttivrieereational wetersopomitsabutdvanasod fenifreshwater, E.
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E. Coll, among otherss). heret re, strict nofms apply when such Yarge water bodies are used for
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specific migre%taigtl%%icaablplies to natural or artificial large water bodies, such as lakes, the sea,
20 lagoons, reservoirs, or dams, among other large water bodies, and it is referred to as the
criteria for bathing with full body contact for recreational waters. This regulation is based
on the diluting power of water., When the water has acceptakle microorganisms’ levels,
and new bathers enter into a body of water, the contaminants are diluted in such way
that the contaminants do not attain a concentration in the body of water that causes
25  significant effects. Therefore, in large water bodies, a disinfectant buffer is not needed

due to the high diluting power of the large water volume, and because of its natural

capacity to maintain sanitary conditions.

Direct-contact recreational water regulations, like the one applied to lakes, the sea,

tagoons or dams; require the water guality to comply with several standards that allow



conditions in large water bodies which are currently unsuitable for recreational purposes, as the
application of large quantities of chemical agents and disinfectants throughout the 15 complete large
water body to comply with specific microbiological sanitary conditions is unfeasible technically,
economically and environmentally. Thus, the treatment of the complete water body to comply with
specific microbiological sanitary conditions applied to the water body is impossible most of the times.
Also, although some water bodies can comply with microbiological regulations for direct 20 contact
recreational waters, or more stringent regulations applied to the water body, there are pathogenic
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microorganisms that can create an unsafe environment for recreational purposes. Also, the
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unfeasihle fechnically, econcemically and environmentally. Thus, the treatment of the

complete water body to comply with specific microbiological sanitary conditions applied

to the water body is impossibie most of the times.

Also, although some water bodies can comply with microbiological regulations for direct
20 contact recreational waters, or more stringent regulations applied to the water body,
there are pathogenic organisms such as protozoa, and specifically amoebas, among
others, that can be present in such water bodies especially in low salinity waters or high
temperature waters. Therefore, there are no guarantees that maintaining bacteriological
regulations for direct contact recreational waters, can allow safe bathing conditions

25  permanently.

Currently, water treatment technologies applied to swimming pools require the addition
of chemical agents to maintain a permanent chlorine buffer of at least 1.5 ppm or to

maintain a permanent ORP of at least 750 mV. Currently, there are no known practical



20weight, therefore for higher salinities such microorganisms will not grow nor proliferate. Swimming
pool water treatment technologies require the addition of large quantities of chemical agents, in order
to maintain suitable disinfection parameters. For large water bodies, the application of current
swimming pool disinfecting technologies is unviable technically and economically, because of the large
amount of chemicals that would be 25needed, and that would cause important environmental damage.
Currently, there are no known practical methods to disinfect large water bodies, and treating such
large water bodies, such as lakes, the sea, lagoons, reservoirs, or dams. If traditional disinfection
technologieneihedstivzeeatdsespertaebedienteniandsirde dyon iooutd iiente chinicadizkesghemically, and
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recreational purposes within the water 10 bodles and also to avoid any health threats to the
communityaetigeiglesice paint oivtik eorrasistirdoesnotatcamiey esany oftkitddfgeelwatnbodies

throughoutgihe, world. tate of e AL RALSIEN 8231268 fisclases.ametlnd, ang. apparatus for

treatment of large water bodies by directed circulation, where ‘the deV|ce and method from US6231268
is directed 15-febinalrteadvater zimifhdienitwithin large water bodies to avoid lack of oxygen, stagnant
areas, freezing, and other non-uniform conditions. US6231268 does not mention nor disclose a
methaid forztheanbngaa'qmomoncmbwmwimimaﬁarge, wiadeeboeheynod el efideicainaplypatithdspecific
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disinfectants that allow treating the water and the killing of dangerous microorganisms

that can create an unsafe environment for recreational purposes. Also, the temperature

of the water carries an important role on its bacteriological characteristics and

15 microorganism proliferation, where microorganism proliferation tends to increase at
higher temperatures. Furthermore, the salinity of the water also carries an important role

n its bacteriological properties, as some microorganisms require specific salinity levels in

order to be abie to proliferate, and do not withstand mediums with different salinities. For
example, some pathogenic protozoa cnly grow in water with salinities lower than 2% in

20 weight, therefore for higher salinities such microorganisms will not grow nor proliferate.

Swimming pool water treatment technologies require the addition of large quantities of
chemical agents, in order to maintain suitable disinfection parameters. For large water
bodies, the application of current swimming pool disinfecting technologies is unviable
technically and economically, because of the large amount of chemicals that would be

25  needed, and that would cause important environmental damage.

Currently, there are no known practical methods to disinfect large water bodies, and
treating such large water bodies, such as lakes, the sea, lagoons, reservoirs, or dams. If

traditional disinfection technologies are utilized, a proper treatment and disinfection



20 does not apply chemicals through diffusor means in order to create a sanitary-compliant zone, but
maintains a circulation within the water body, which would disperse the chemicals throughout the
water body, not allowing the creation of a sanitary-compliant zone. Patent US N 6317901 discloses a
fresh or saltwater pool, where the pool is created over a 25 natural or artificial water body that allows
using the water from such body to avoid the contamination due to soil or other sediments contained in
the large water body by means of physical barriers that allow the passing through of water and not
contaminants, which requires the installation of physical containing means within the large water body.
Patent CN 202Ri9zs4 viseiyseeracnatelcirod| atgrpaysta You s, Takesomunicrsinghks, and
other water,pogigsaiehia watsrciny aln xsteralians feging A londam Jig etiom water to
the surface water, avoiding the eutrophication of the water body. Patent CN102092824 does not
mention notgiscfosecideiethod e cnawifiniganeBmigoblsiogicalfisroperikisledieapeatitamof water
within the Igege WaIerLRRCIES, IRArdes fo:isal-PROlIRRceRBRAN zpnes that allow recreational
purposes. SUMMARY Surprisingly, the present disclosure controls the microbiological properties in
large waterbodles, by, freatind, g partion, of the arde water body. where ihe porion.of the large water 10
body complies With specificmicro |o?og|cal sanl?ary conditibns WithoUt aving to tiedtthe whole water
body, provistitificthiusrgesanitarpabeapliaht zoneesyhighoiss|abateekinodraen {0 wav erodrevanea being used
for recreational oses, allowing the water. quality to comply with cific microbiglogical sanitary
conditions. TREThOo ST RSB £ SR Satt ST (BEaN RSt aTere THEPEIS e method
15 requiresdonty-epstel hamousdiod tthremicals-astwet @sdguiaansuhyption pietiergyrteaesio the use of
dispenser me en%éhat iaIIO\g (];réeatilp s%%fe s?nita%corgpliant zones without ne%dirgfg to treat the entire
water body" Thus e ‘Présént addstre ah BAGW peopie 18 8" AR Coked Withit T5Fhe water
bodiesdor resteationakpoltposesdarg $atetmdunes, overcomingitiig bimitation @ impogsilhity of treating
the whole vgg‘t]eerngo%g,e?w tonclé/ugo treatin ttﬁe zone tQat E\)Nil .betHsed hfortstlécrl\)o%poses, and also
allows using countiess laked seashores. ag%gﬁ ‘?\é’ﬁaermgn'yﬁva erhsties thatafe unusable today due
to safety or sanitary problems, generating unprecedented recreational and touristic opportunities that
can change the lifestyle of people around tf'é&%ﬂﬁﬂﬁe method can be performed on natural or
artificial large water bodies, such as lakes, the 25sea, estuaries, reservoirs, dams, and lagoons. Also,

the water cBhtBifet N seidi Jafgdiscloses a method and apparatus for treatment of large water

bodies hy directed circulation, where the device and method from US6231268 is directed
15 to maintain water circulation within large water bodies to avoid lack of oxygen, stagnant
areas, freezing, and other non-uniform conditions. US6231268 does not mention nor
disclose a method for treating a portion of water within a large water body in order to
comply with specific micro-bacteriological sanitary conditions, but only discloses a method
for maintaining circulation within the large water body. The method from US6231268
20 does net apply chemicals through diffusor means in order to create a sanitary-compliant
zone, hut maintains a circuiation within the water hody, which would disperse the
chemicals throughout the water body, not allowing the creation of a sanitary-compliant

zane.

Patent US N* 6317901 discloses a fresh or saltwater pool, where the pool is created over a
25  natural or artificial water body that allows using the water from such body to avoid the
contamination due to soil or other sediments contained in the large water body by means
of physical barriers that allow the passing through of water and not contaminants, which

requires the instaliation of physical containing means within the large water body.



water bodies can be fresh water, brackish water, salty water, or sea water. Accordingly, in some
embodiments, the present disclosure relates to a method for controlling the microbiological properties
of water by identifying a portion of the water. The method further includes maintaining at least a
minimum ORP in the water for at least a minimum period of time depending on the salinity and the
temperature of the water, 5 and dispensing chemical agents in order to maintain at least the minimum
ORP at least during the minimum period of time. The dispensation of chemical agents may preferably
be performed through dispenser means that allow creating safe sanitary-compliant zones. The
dispensatioretsfrsHenicaPagatslivvins e ditioniall i base dstethdaiffesibn ekehemicialsan the water

and the dilyigp pawesin e Weitisd0lnine #RadmeRt Ihs method g1e preaslt disglosure

includes: a. identifying a portion of water intended for recreational purposes within the large water
body and définingdisperseratasaiosthe sbifacaimtaiaingvaidieasha minimbice @RRPRAdkelvatsuch portion of

water for at least ini ' [ )| ' level and the minimum
15period o;bt(?ﬁ}z gﬂ%#@%}%@%ﬁ%g} %r%esgﬁf?s{%glgﬁaﬂ%’é%?(@%ﬁﬁrﬁﬁg%ﬂ%omgétgﬁ%favorable
zone Withintirsobirdaitaobvvanestias. efetenortinmgitivetsalifdibynahthieramtestat todinspist endfaivorable zone;

iii. determirg%gggamg%mﬁﬁgz %I’% Pﬁ%‘ﬂﬂvﬁ??e@?aﬁ@# ,ityup& (}pe%_water where: 20-for salinities in

the water between 0% and up to 1.5% the minimum ORP level'is 550 my; for salinities in the water
higher than 1.5%, and up to 2.5%, the minimug OQPR!gveI is calculated by the following equation:
[Minimum ORP, mV] = 625 - 50*[Salinity of th 90 (Weight

Surprisingly, the present disclosure controls the microbiological properties in large water
bodies by treating a portion of the large water body, where the portion of the large water
10 body complies with specific microbiological sanitary conditions without having to treat the
whole water body, providing thus a sanitary-compliant zone, which is located in order to
cover the area being used for recreational purposes, allowing the water quality to comply

with specific microbiological sanitary conditions.

The method allows treating a smail part of the total water volume. Therefore, the method
15  requires only a small amount of chemicals as well as low consumption of energy due to
the use of dispenser means that aliow creating safe sanitary-compliant zones without
needing to treat the entire water body. Thus, the present disclosure can allow people to
use certain zones within large water bodies for recreational purposes in a safe manner,
overcoming the limitation or impossibility of treating the whole water body, but only
20 treating the zone that will be used for such purposes, and also allows using countless
lakes, seashores, lagoons, and many water bodies that are unusable today due to safety or
sanitary problems, generating unprecedented recreational and touristic opportunities that

can change the lifestyie of people around the world.

The method can be performed on natural or artificial large water bodies, such as lakes, the
25  sea, estuaries, reservoirs, dams, and lagoons. Also, the water contained in such large

water hodies can be fresh water, brackish water, salty water, or sea water.



25Percent)]; and for salinities in the water higher than 2.5%, the minimum ORP level is 500 my; and
iv. determining the temperature of the water in the most unfavorable zone; and v. determining the
minimum period of time based on the water temperature, where: -for water temperatures from 5C to
35C, the minimum period of time is calculated by the following equation: 5[Minimum period of time,
min] = 80- 2*[Temperature of the water, C]; and for water temperatures between 35C and up to 45C,
the minimum period of time is calculated by the following equation: [Minimum period of time, min] = 5*
[Temperature of the water, C] -165; 10 c. dispensing an effective amount of chemical agent in order to
maintain atAeextihgyminirrrme @RPoEvElrduriyg atrksest tHieanivimueigveriod of trmded tioe most

unfavorable #RSAlthe [ERFAIBG IR S AILIEE 19,8%%) 1B HERE D e Tiost Wayiable zone 1o

decrease by more than 20% of the minimum ORP value. 15BRI E FIGURES
The accompanyingeddwingsinwlkitds arenitdorgorated heminnand OGRSttt waperfafahisdisclosure,

illustrate Vaz!'%ﬁlﬁmﬁ%‘émﬁ@ﬁtﬂ%@e%ﬁﬁ%@té'ﬂ"t%%tk%'ﬂnm g?% ‘?ﬁ%"%’é’?&%éramre of the water,
5 and dispensing chemical agents in order to maintain at least the minimum ORP at least

during the minimum period of time. The dispensation of chemical agents may preferably

be performed through dispenser means that allow creating safe sanitary-compliant zones.

The dispensation of chemical agents may additionally be based on the diffusion of

chemicals in the water and the dilution power in the water.
10  Inone embodiment, the method of the present disclosure includes:

a. identifying a portion of water intended for recreational purposes within the large
water body and defining dispenser means;
b. maintaining at least a minimum ORP ievel in such portion of water for at least a
minimum period of time, wherein the minimum ORP level and the minimum
15 period of time cannaot be tower than the values calculated by:
i. determining the most unfavorable zone within the portion of water;
ii. determining the salinity of the water at the most unfavarable zone;

iii. determining the minimum ORP value based on the salinity of the water

where:
20 -for salinities in the water between 0% and up to 1.5% the minimum ORP
level is 550 mV;

-for salinities in the water higher than 1.5%, and up to 2.5%, the minimum
ORP level is calculated by the following equation:
[Minimum ORP, mV] = 625 — 50*[Salinity of the Water, % (Weight
25 Percent}]; and
-for salinities in the water higher than 2.5%, the minimum ORP level is 500
mV; and

iv. determining the temperature of the water in the most unfavorable zone; and



Figure 1 shows a top view of a small section of the large water body (2), and the sanitary-compliant
zone (1). 20Figure 2 shows a top view of an even smaller section of the large water body, and in
particular, the sanitary compliant zone (1), the dispenser means (3) and the delimiting zone (4).

Figure 3 shows a chart representing the variation of the minimum ORP value of the water according to
the water's salinity, as a result from an embodiment of the method of the 25present invention. Figure 4
shows a chart representing the variation of the minimum period of time that the minimum ORP value is
maintained according to the water's temperature, as a result from an embodiment of the method of the
present invention. in 4etSFAaRERGitRIEBANONT PPARicEMth 83 aAGlIs! R ¥ iBe ke feReeare not drawn
to 5scale but are drawg,t@,gmphasize specific features. Reference characters denote like features
throughout the Figures. DETAILED DESCRIPTION The following detailed description refers to the
accompanying drawingsCWHIE SERBcEHISE frRents My relddteipaln wbamiteishsmiiptions, and
other implementations are1Q passiBle:nE o5 I@XARMIE ustihistitutions, additions, or modifications may be
made to the elements illustrated in the drawings, and the methods described herein may be modified
by subétituting, reordering /¥ ddem§astep et ite Histoded AetRBWS Ketoriinglyatss fSllowing
detailed description does ngglimit the scope of the disclosure. While systems and methods are
described in terms of "comprising” various apparatus or steps, the 15systems and methods can also
‘consist essentially or orPESRitIBMRAE YaPTORRMMPRRPALGS B SReifstTiRIEES SYaiBY BtheTRise.

Definitions of time is calculated by the following equation:
- [Minimum period of time, min] = 5*[Temperature of the water, °C] — 165;
10 c. dispensing an effective amount of chemical agent in order to maintain at least the
minimum ORP level during at least the minimum period of time at the most
unfavorable zone, and
d.Repeating step c in order to aveid the ORP in the most unfavorable zone to

decrease by more than 20% of the minimum ORP value.

15 BRIEF BESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated herein and constitute a part of this

disclosure, illustrate various embodiments of the present invention. In the drawings:

Figure 1 shows a top view of a small section of the large water body (2}, and the sanitary-

compliant zone (1).

20 Figure 2 shows a top view of an even smaller section of the large water body, and in
particular, the sanitary compliant zone (1), the dispenser means (3) and the delimiting

zone {4},

Figure 3 shows a chart representing the variation of the minimum ORP value of the water
according to the water’s salinity, as a result from an embodiment of the method of the

25  presentinvention.



In the light of the present disclosure, the following terms or phrases should be understood with the
meanings described below: 20As used herein, the general types of water and their respective Total
Dissolved Solids (TDS) concentration (in mg/L) are: Fresh, with TDSfl,500; Brackish, with
1,500<TDS10,000; Salty, with 10,000<TDS30,000; and Seawater, with TDS > 30,000. The TDS can
be measured for example using a conductivity meter or by applying gravimetric methods evaporating
the solvent and weighing the mass of residues left. 25 As used herein, "sanitary-compliant zone" refers
to the portion of water, within the large water body, which is established for recreational purposes, and

required tofdBHfplSiAtHS 3sEeTficeRiRIOBibIoYR 4P daiani HsnaitdRsMWitsadietderthetfeational
purposes of.whenitdrneaded Hineshheneteaibat the saniiaryscompliant zo0ednaysngh be
permanently the same physical zone, but it may change according to the requirements of the people
for recreatidhaMPGHOSES oA ¢ §edee e Hhe prsEiRt MR TBMiological sanitary conditions” refers to the
microbiological properties/conditions that need to be achieved within the sanitary-compliant zone in
order to allbwarecréatienalthurposes Bacticeptidition® caddser thete frinee yespecifictotad, state,
federalregylgiiops for."sdiging.ceriain spegiic praanisme. arifetent predelcrmined specifi
conditions. As used herein, "minimum ORP Tevel" refers to the mmimum ORP that can be allowed in
the most uitatgrableagheyirtaréigrtes properly control microbiological properties in such zone. As
used herein, "minimum period of time" refers to the minimum amount of time that the minimum ORP
level of the water at the most unfavorabgEzanepmsidaeemaintained, in order to allow the required
sanitary conditions. 20As used herein, the "delimiting zone" corresponds to a virtual zone that delimits
the sanitaryCORPlaH2aBe:BRCkIQRS ANt Terkire A pRYsicakbaMel: Asuses heligi. dhge most
unfavorable zone" corresponds to the zone that shows the lowest O%?P values within the identified
portion of V@mé@;ﬂg‘gﬁ@éimwgﬁgegﬁwm@gdificatIOﬂs, adagtions, and other implementations are

10 possible. For example, substitutions, additions, or modifications may be made to the

elements illustrated in the drawings, and the methods described herein may be modified
by substituting, reordering, or adding steps to the disclosed metheds. Accordingly, the
following detailed description does not limit the scope of the disclosure. While systems
and methods are described in terms of “comprising” various apparatus or steps, the
15  systems and methods can alse “consist essentially of” or “consist of” the various

apparatus or steps, unless stated otherwise.
Definitions

tn the light of the present disclosure, the following terms or phrases should be understood

with the meanings described beiow:

20 As used herein, the general types of water and their respective Total Dissolved Solids
(TDS) concentration {in mg/Ll) are: Fresh, with TDS$51,500; Brackish, with
1,500<TDS<10,000; Salty, with 10,000<TDS<30,000; and Seawater, with TDS > 30,000. The
TDS can be measured for example using a conductivity meter or by applying gravimetric
methods evaporating the solvent and weighing the mass of residues left.

25
As used herein, “sanitary-compliant zone” refers to the portion of water, within the large

water hody, which is established for recreational purposes, and required to comply with

10



25 determined amount of chemical agents. The most unfavorable zone is often, but not necessarily
always, found on the delimiting zone of the identified portion of water and the farthest from the
chemical dispenser. As used herein, the "dispenser means" refer to any means for applying one or
more chemical agents to the water, and may be selected from the group consisting of an injector,
diffusor, sprinkler, weight dispenser, piping, manual application, and combinations thereof; pipes;
valves; and connecting elements that allow the proper application of chemicals into the established
portion of water to be treated. 5As used herein, the "chemical agents" that are applied to the water
body refer f9&5iE cheiphiaPaige M aloviktisopiaing theddesied-aipdevebprehenveien. The

"effective amount. ol ENeMIRRIRIKNIS FEaRPaRAS ARG JAAOUM amownt of GhpRIcalshat can be

applied to the water in order to maintain at least the minimum ORP level during at least the minimum
period of tiffe atfePiisieLiracokablé YenshimirtrsdsdtendPreserm misteduhe Phepfresent

disclosure %lq;gg,&q%gilg;wp%@icrobiological properties in large water bodies by treating a portion of
the large water body, so that said portion of the large 15 water body complies with specific
microbfological sanitary conditions when required, thus overcoming the limitation or impossibility of

treating the,wholg Nealey, bodvsRanitasyaemBlialtizapesAiasrealed whigh AR Strisgically located in

order to widely cover the area being used for recreational purposes. 20The disclosed method requires
a smaller apriiiitieT/chedtieals @At readidedcerrsiysvesnsiinption betiasesrtbastmsteduire treating

the complefe waten ey it dbis speeicmetbpd e walehhrdy.may ResSHRIGSLAR Riller treatments

different to the disclosed method). Thus, the present disclosure allows people to use certain zones
within largesiaigier périits fogvasartidaal prifpoes i iSafentrilith el samé Bvereontédara 25 economic,

technigal and enviranmenialimitation gt impossibility of treating the whole water body, and also allows
using countless lakes, seashores, lagoons, and many water bodies that are unusable today due to

safety or sanitary problems, generating unprecedented recreational and touristic opportunities that can
change theqifestyle Qf Reopit: AFMISkERWOErers to the minimum ORP that can be allowed in

the most unfavorable zone, in order to properiy control microbiological properties in such
zone.

15
As used herein, “minimum period of time” refers to the minimum amount of time that the
minimum ORP level of the water at the most unfavorabie zone must be maintained, in

order to allow the required sanitary conditions.

20 As used herein, the “defimiting zone” corresponds to a virtual zone that delimits the

sanitary-compliant zone, and does not require a physical barrier.

As used herein, the “most unfavorable zone” corresponds to the zone that shows the
lowest ORP values within the identified portion of water, especially after applying a
25  determined amount of chemical agents. The most unfavorable zone is often, but not
necessarily always, found on the delimiting zone of the identified portion of water and the

farthest from the chemical dispenser.

As used herein, the “dispenser means” refer to any means for applying one or more

chemical agents to the water, and may be selected from the group consisting of an

11



The disclosed methods can be performed on natural or artificial large water bodies, such as lakes, the
sea, estuaries, reservoirs, dams, and lagoons. The disclosed methods can be used with different water
types including fresh, brackish, salty, and sea water. In one embodiment, the method for controlling
the microbiological properties of a portion of 5water within large water bodies includes: a. identifying a
portion of water intended for recreational purposes within the large water body and defining dispenser
means; b. maintaining at least a minimum ORP level in such portion of water for at least a minimum
period of time, wherein the minimum ORP level and the minimum 10period of time cannot be lower
than the valtiegealcaititeerbyskridrminiiey thalianesteinfaslablezama withipligaBPortion of water; ii.
determining Jhe;salinity alihswalstating.mostupiaveahle Zone,HARtepiping themipimum ORP
value based on the salinity of the water where: 15-for salinities in the water between 0% and up to
1.5% the il faP O PhrRVERIS BE5Dtheyestisatihriedsion tevaiatde Migherteran 1.5%, and up to 2.5%,
the minimum ORP level is calculated by the following equation: [Minimum ORP, mV] =
625 - 50*[Salinity of the Water, % (Weight 20Percent)]; and for salinities in the water higher than
2.5%, the MHFRIMORP 189eldeestchngentnd that are appliegeterthniveiehdeemiséeatorérdf the water in

the most unfayQrable Z8NRaf3%bws achieving the desired ORP level in the water. The “effective

amount of chemical agents” corresponds to the minimum amount of chemicals that can
be applied to the water in order to maintain at least the minimum ORP level during at
ieast the minimum period of time at the most unfaveorable zone.

i0

Methods of the Present Disclosure

The present disclosure aliows controiling the microbiological properties in large water
bodies by treating a portion of the large water body, so that said portion of the large
15 water bhody complies with specific microbiological sanitary conditions when required, thus
overcoming the limitation or impossibility of treating the whole water body. Sanitary-
compliant zones are created, which are strategically iocated in order to widely cover the

area heing used for recreational purposes.

20 The disclosed method requires a smaller amount of chemicals and reduced energy
consumption hecause it does not require treating the complete water body with this
specific method {the water body may be subject to other treatments different to the
disclosed method). Thus, the present disclosure allows people to use certain zones within
large water bodies for recreational purposes in a safe manner, and overcomes the

25  economic, technical and environmental fimitation or impossibility of treating the whole
water body, and also aliows using countless lakes, seashores, lagoons, and many water
bodies that are unusable today due to safety or sanitary problems, generating
unprecedented recreational and touristic opportunities that can change the lifestyle of

people around the world .

12



v. determining the minimum period of time based on the water temperature, 25where -for water
temperatures from 5C to 35C, the minimum period of time is calculated by the following equation:
[Minimum period of time, min] = 80- 2*[Temperature of the water, C]; and -for water temperatures
between 35C and up to 45C, the minimum period of time is calculated by the following equation: -
[Minimum period of time, min] = 5*[Temperature of the water, C] -165; c. dispensing an effective
amount of chemical agent in order to maintain at least the 5minimum ORP level during at least the
minimum period of time at the most unfavorable zone, and d. Repeating step c in order to avoid the
ORP in theimodisdinfadorabledzore tee dectoass! oy moreaaraf%ofitse mmnenbedi@RRcalue. The

location of S 0 . the .wa alini temperat f the, 10 water may vary
independe r%!t%ﬁlaf}%% rhE é%qg%é/’ot %Br%é %r}%se &%ﬁ’e@t@?ﬁ gﬁggar%;:ﬁg%s hﬁ%‘fc%ﬁeéé rﬁ éet%?g é‘z’octatrh%edisclosu re
may optionafisdcwitiprite @fitirtrrdestepes. insihding Steps thrackiamdsditarerchriedvetdroficeragain or

repe.ated'y-ﬁmISdﬂﬁéﬁEfg'ﬁee &Q%%“%ic%‘h%ﬁkg‘% pl%é’é’é;‘i!ﬂo% eaie FB!ta%r RIolS écfééfqg‘q'té{ y conditions
applied to the water body, a strategic analysis could be done ih order to provide an accessible
zone ttat cantalisivisatergearettidvndlgsumposes. The dispensation of the chemical agent, preferably
through dispenser means, is controlled by a parameter determination method that combines the
effects of the ORRieftihenwates,iisrsafinitycanctdis temperaieaiddptinnalye: shatdiffusionpé chemicals,
and the dilution power of the W%tgrgna be further considered in the parameter determination method.

water body and definirg dispenser means;

b. maintaining at least a minimum ORP level in such portion of water for at least a
minimum period of time, wherein the minimum ORP level and the minimum
10 period of time cannot be lower than the values calculated by:

i. determining the most unfavorable zone within the portion of water;

ii. determining the salinity of the water at the most unfavorable zone;

iil. determining the minimum ORP value based on the salinity of the water

where:

i5 -for salinities in the water between 0% and up to 1.5% the minimum ORP
levelis 550 mV,
-for salinities in the water higher than 1.5%, and up to 2.5%, the minimum
ORP level is calculated by the following equation:
{Minimum ORP, mV} = 625 — 50*[Salinity of the Water, % {(Weight
20 Percent)]; and
-for salinities in the water higher than 2.5%, the minimum ORP level is 500
mv; and
iv. determining the temperature of the water in the most unfavorable zone; and
v. determining the minimum period of time based on the water temperature,
25 where
-for water temperatures from 5°C to 35°C, the minimum period of time is
calculated by the following equation:
[Minimum period of time, min] = 80 — 2¥[Temperature of the water, °CJ;

and
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20 Due to the combined effect of the disinfection properties of the water (ORP), the resistance of
certain microorganisms depending on the salinity of the water, the temperature, and optionally the
dilution power of the water, the present disclosure allows to use much less chemical agents than
required by swimming pools in order to comply with specific microbiological sanitary conditions applied
to the water body, which was a 25 result of extensive research. In the state of the art, there are
currently two ways for maintaining a water quality compliant with specific microbiological sanitary
conditions applied to the water body, which relate to the addition of large quantities of disinfection
agents, or instead relyin§otfise ‘@MARSAtPEWER Bt WAt ndrHet pASEntdistiose reswbines both
effects in order to make th@f’Fiméti%aﬁ'@@liétﬁmﬁrm@?o%‘ﬂi %Qggg'}ge an effective and sustainable
method for zones that comply with specific microbiological sanitary conditions. Identifying the portion
of water to be treated STHE BeatiGA StRE FoRIBINDT Walertodet wreatedewtieh afler 1A process of the
invention will bec.d@.?&gﬂﬁﬁr%daﬁ‘%ﬁ#@@ci%@@'ﬁ%bfﬁ@%mm@ﬁ%gi EnfNPEARIERIINGH Y slatggically
identifying the portion of the water most likely to be used for recreational purposes. This location can
be detérmined by éXaifiwinPihéreliderdaret [Raty theemiaithawdedthé deptatohthedter, the
purpose of the watgh& GpashinRgswimming, 10 skiing, boating, fishing, etc.), the temperature of the
water, and the like. For example, if a body of water is located next to a hotel, the sanitary-complaint
zone will likely SeReRepOIECTIEST thie \Deder HeavdHEhORT vihébe usets wrEvAGSIdikeRrtdenter the
water. This is showp in.Eigulesdang 2, yhich showthesapikaryscrmpliant zone 1 located on an edge
of the large water body 2. In other cases, the sanitary-complaint zone can be in the center 15 of a
body of water.3nd surrounded by the arge water body. 1n some gases, e sanitary compliant zone
may corresponc? 0 a recreational area that'is wsuélfy rope& oif OF Otherwise P ysmal?y separated from
the resd of thetwatery (eag.,i fdncedi effi\paritioreet offievits a wall) Referaneing dfegiores Thand 2, the
zone 1 complics uil Breetermined sapitany sonditions. 20 As piscussed. fne sapufany conditions may
be determinedrBy ocal, state, or e&eréalyreﬁu?atlo sorditferen pre&e?grrﬁineg speé:fﬁc ¢tonditions.
Exemplary seddlations fad regreationslinaterstetaithat E. Coll must not exceed 126 CFU per 100 ml of
water, and that Enterococci must not exceed 33 CFU per 100 ml of water. For seawater, the EPA
regulationsTsiate dhakk ferasRCe i aNHsk Ned AXFEREh3H &Y ARF MM B Of watary kb feltiléns 25 the Norm
NCh1333 for direct-contact recreational waters state that the water must not contain over 1000 CFU of

fecal colifoR&BEr 200 MY BFN AR (IACHIGTSS & 2E0VF R AR5IG RAHARS. RIHRR R Afidesahitary
conditiens aedmictbiahproperies maydre dererminechbysseferencing the concentration of certain
microorganisms. In any case, the sanitary- compliant zone 1 meets the sanitary conditions, while the

rest of the wilerelimie.? gna ok sRlywith sheclfs saplianscaritions anplisd g i

sanitary-compliant zone. Additionally, the sanitary-complaint zone may include one or more

dispensers® fopdirperesipgi enansidar atrihes Wit e tHinessthefafiecivafehp &RP 2ithgmiseinclude the

its salinity and its temperature. Optionally, the diffusion of chemicals, and the dilution
power of the water may be further considered in the parameter determination method,
20 Due tc the combined effect of the disinfection properties of the water {ORP), the
resistance of certain microorganisms depending on the salinity of the water, the
temperature, and optionally the dilution power of the water, the present disclosure allows
to use much less chemical agents than required by swimming pools in order to comply
with specific microbiological sanitary conditions applied to the water body, which was a
25  result of extensive research. In the state of the art, there are currently two ways for
maintaining a water quality compliant with specific microhiological sanitary conditions
applied to the water body, which relate to the addition of large guantities of disinfection

agents, or instead relying on the dilution power of the water. The present disclosure

14



5dispensers 3. The sanitary-compliant zone is virtually bounded by the delimiting zone 4. The
delimiting zone 4 is a virtual barrier that may comprise but does not require a physical barrier. The
present disclosure does not require circulating water throughout the various zones - sanitary-compliant
zone, delimiting zone, and most unfavorable zone. In fact, in some 10 embodiments, the water is
specifically not circulated. For the large water bodies described herein, it may be economically,
technically and environmentally unviable to circulate the water within the large water body. The
present disclosure treats the water in the identified portion of water with chemical agents to allow such
zone to corBPRPNRR kPEcfietsicrobisibtcaksanhary e mdithmissinestieh aneah wWhikvidispersion of the
15 chemical@gents fram fhesaniiansemrliantaenedq oliar conrg mAvRAAl AFeHEvthin the
water body, it is not required by the present disclosure. Therefore, In some embodiments, maintaining
water circulaigd theriiets the complete water body would be counterproductive with the disclosed
methods. After the portion within the large water body to be used for recreational purposes has 20
been identifibchidfiviegtetelisheidn thferdispensernmeads, which are controlled by a parameter
determination method based on the ORP of the water, its salinity, its temperature, and optionally the

diffusion of gherpicaisnasiwal as e dittipndowesofthawatphitnaye definethesd e dispenser
means 3 may be selected from one or more than one diffusors, injectors, 25sprinklers, dispensers by

weight, pipifyEHARuLITappIidaTA e ASniBiARBIR XrferaBlia Thacarspetsdrntsitie ditdabiapted to

discharge ag-gfégrtive amertotiehspralintrethe vates Doy, apdhalsQ Ay camRtisesthe required
equipment to allow its proper operation, such as pipes, valves, and connecting elements. In order to

create the 2ORRS Biat OETISRARRRSR AR ARSI Bb G s Mgy Eardficie Hipride ttie water
body, chemigahgaacantatipns snust heyapplied Aceerding dlavater (e.g., bathing, swimming,

10 skiing, boating, fishing, etc.}, the temperature of the water, and the like. For example, if a

body of water is located next fo a hotel, the sanitary-complaint zone will likely be the
portion of the water next to the hotel where users are most likely to enter the water. This
is shown in Figures 1 and 2, which show the sanitary-compliant zone 1 located on an edge
of the large water body 2. In other cases, the sanitary-complaint zone can be in the center
15  of a body of water and surrounded by the large water body. In some cases, the sanitary-
compliant zone may correspond to a recreational area that is visually roped off or
otherwise physically separated from the rest of the water (e.g., fenced off, partitioned off

with a wall).

Referencing Figures 1 and 2, the zone 1 complies with predetermined sanitary conditions.
20 As discussed, the sanitary conditions may be determined by local, state, or federal
regulations or different predetermined specific conditions. Exemplary regulations for
recreational water state that £. Coli must not exceed 126 CFU per 100 mt of water, and
that Enterococci must not exceed 33 CFU per 100 ml of water. For seawater, the EPA
regulations state that Enterccocci must not exceed 35 CFU per 100 ml of water. In Chile,
25  the Norm NCh1333 for direct-contact recreational waters state that the water must not
contain over 1000 CFU of fecal coliforms per 100 ml of water (including £. Cofi, among
others). Alternatively, the sanitary conditions or microhial properties may be determined

by referencing the concentration of certain microcorganisms. In any case, the sanitary-

15



5 parameter determination method based on the ORP, the salinity, the temperature, and optionally the
diffusion of chemicals and the dilution power of the water as well. The chemicals may preferably be
applied by dispenser means 3 that are defined in order to cover the water volume used for recreational
purposes. It must be noted that the present disclosure does not require a physical barrier in order to
10 contain the portion of water to be treated, but instead chemical concentrations are applied to the
portion of water in order to comply with specific microbiological sanitary conditions applied to such

area the water body. The dispenser means are controlled by a parameter determination method based
on the ORPPRHaNHZRBE, 3ta'eeliirifty saitenpritditings, adiifethasespabHEINates trimRtoh By 15

chemicals apdha diufienpaweisafihes Walgkiohbe senrsel-neans aRRlign haricals into the water
in order to allow proper diffusion conditions within the water body and comply with specific

microbiologjcal.sanitary conditions applied.to the water body. The dispenser. means be
R SRR it R s A g
recreationadiperposesiveroit rage provide ¢hi¢eguaired 2@chemichbdprcentyationsdtdeethe

sanitar -compli%@terzs e. Number and Location of Dispensers In one embodiment, the dispensers are
located or Used in order to cover the water volume in the sanitary-compliant zone. The number and
location of the dispensers for dispensing the chemical agents may be determined by the specific

conditions ¢f'& AR IBEETTHEF FRREASHIRTHRAY BaURdSEeY Hifedrliditiindent &f Hiedigdivzan be

calculated assendingviertheraheimniaat fawdhapisénbedapphied:te the ywenkodysrand such chemical
flow may be divided into a series of dispensers in order to allow its homogeneous application

throughoutfhe RREIAN HINKIIRE R e BEAlEd-SaF &XAMPIG.1ar FRAIRG IhESIMR ROLHRE Of the water
body, there is an effective amount
sanitary-compliant zone, delimiting zone, and most unfavorable zone. In fact, in some

10 embodiments, the water is specifically not circulated. For the large water bodies described
herein, it may be economically, technically and environmentally unviable to circulate the
water within the large water body. The present disclosure treats the water in the
identified portion of water with chemical agents to allow such zone to comply with
specific microbiological sanitary conditions for such area. While dispersion of the

i5  chemical agents from the sanitary-compliant zonhe to other zones may naturally occur
within the water body, it is not required by the present disclosure. Therefore, in some
embodiments, maintaining water circulation throughout the complete water body would

be counterproductive with the disclosed methods.

After the portion within the large water body to be used for recreational purposes has
20 been identified or established, the dispenser means, which are controlled by a parameter
determination method based on the ORP of the water, its salinity, its temperature, and

optionally the diffusion of chemicals as well as the dilution power of the water, may be

defined.

The dispenser means 3 may be selected from one or more than one diffusors, injectors,
25 sprinklers, dispensers by weight, piping, manual application, or combinations thereof. The

dispenser means are adapted to discharge an effective amount of chemicals into the

16



of chemicals to be added. The effective amount may preferably be added through several 5 small-flow
dispensers, or just a few large-flow dispensers, depending on several variables such as for example
wind, water currents, and many other variables that may influence the homogeneity of the chemical
application within the water body. The dispensers can generally be located on the perimeter of the
portion of water that will be treated, in order to fully cover such portion, but they can also have other
10 configurations regarding the specific requirements of the portion of water in order to maintain the
homogeneity of the chemical application and allow the chemical diffusion throughout the portion of
water. Typ&§ B DRsheAsRAST W6 tiiSp RIS dieat tarep b tasdavinttHe enstRsEdtiofethod can be

variable 135 agcarging t0:ibs requismentsforchemical application, and may comprise diluters,
injectors, dispensers by weight, manual application, manifolds, piping, sprinklers, nozzles, or

combinatiopns (}p?%{ﬂet%f. ;I'Q eqps&)enseré?used in thetgisclaipqed.meg\ré cg %gfsspreferabéx ang%sles, and more

preferably injectors. IS¢ arglnzgogf?lS fgcct?\f/nep la(r\ﬁ"r(i)unstD 6f Chemical Agen téwecmlcatl agents are

used to creagtplithk anitarycomiplidnt denechbly cedhscimgtidre munebée ofppiererganismsdnathe

sanitary-compliant zone to below a predetermipned amount. The concentration of the chemical agents
o the B R R A a el TGS ArSpanBe from a
single dispentenaly well i thiertaiakchemitzy efdispendeaisn Fomexarhphe, waraysbevdiésitable to

dispense Ie%s chemical agent Zq from a sin !F? ispenser bgt tq i&crease the number, of dispensers in
. Bly 13 [y hat d der_t

the samtarf—c%nrr’]cg?%ma J%S_e,&?] gxaerr%’ﬁ%%ﬁ e L'JSS%% er!hulff)lprl]é dlsﬁler%%rsellsng 6!\1/vﬁr|neizlaure 2 where

a plurality abdispbeaserts3ralerecatddaareordtheapperiplery. of the sanitary-compliant zone. The

number and location of the dispensers for dispensing the chemical agents are determined in order to

cover the walgli@umeda the sanjak-eamnpbaiiezanre Ht eng:rebesimentalhe dispenser 3 may be a
diffusor, injector, sprinkler, dispenser b¥ Weigtht, iping, manual . _
1 contain the portion of water fo be treated, but instead chemical concentrations are
applied to the portion of water in order to comply with specific microbiological sanitary

conditions appiied to such area the water body.

The dispenser means are controlled by a parameter determination method based on the
ORP of the water, its salinity, its temperature, as well as optionally the diffusion of
15 chemicals and the dilution power of the water. The dispenser means applies chemicals
into the water in order io allow proper diffusion conditions within the water body and
comply with specific microbiological sanitary conditions applied to the water body. The
dispenser means may be strategically configured, and positioned relative to and/or with
the portion of water intended for recreational purposes in order to provide the required

20 chemical concentrations at the sanitary-compliant zone.

Number and Location of Dispensers

In one embodiment, the dispensers are located or used in order to cover the water
volume in the sanitary-compliant zone. The number and location of the dispensers for
dispensing the chemical agenis may be determined by the specific conditions of each
25  portion of water that will be freated. The total amount of dispensers can be calculated

according to the chemical flow that is to be applied to the water body, and such chemical
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5 application, or combinations thereof. The dispenser discharges an effective amount chemical agent
into the water body. The dispenser also includes any required equipment to allow the dispenser to
operate, such as pipes, valves, and connecting elements. Exemplary chemical agents include
antimicrobial agents such as ozone, chlorine, and chlorine compounds, biguanide products,
halogen-based compounds, bromine-based compounds, and combinations thereof. The total amount
of chemicals added to achieve a certain ORP level in the water depends on several variables, such as
for example the pH, meteorological conditions, rain, levels of use, organic load, salinity, temperature,
alkalinity, di¥infeeeaneechdentration 2 arfdiksr ebdéentipirobrietals aflavedistdeimastsamong many
other factora% be:QREs, 0]c§W@qr&%mggwgg%a{p&pxidizing or reducing certain species
found within t%e water body, and therefore does not represent the amount of chemical agents
contained ipct{hee wat%r.}cc(l)rI?rlgacg?rt‘eat ur'_;(‘ear;}}entgr ) (r)esefrt\% the ?dvgrgaqﬁ of mea?ﬁrin% not only the
concentration of the sanitizer, Bft Arso s %ct|V|PyO|n the Vater ANa e eHeCivEnaEs 3N %l Eg germs and

bacteria. 20T hereiass modeaiinde Juakfins: tradroanntetate the deip eeatd e dfthaghataredis salinity, and
the dilytion power for maintaining.a minimym ORPE in.a certain portion of the water for a minimum
period of time accor mBeto fhe difttision of Gemicals it the water, dué'to” gée‘éeorr%bjﬁéia ye8f the
variables andtlitsnfutuakmflizentes vendriherefoseextensivetesearchibivasae Hanymetlshaentricate
model mus%hb%ct))%icljt iennol.[cd%qc ]égee%érrr;l{c‘naq gheIi (%?i ama ri'ﬁsﬂ%f \(!:Vggerpijca(qs to be applied in the water body.
Since the portion OrWwater is contained within a I%lrge water body, W &n the chemicals are applied, they
will diffuse throughout the portion of water creating a chemical ?radient that will be higher near the
dispensers SAd RIS IRENGTBLY ARTARIRINE %1%‘?“[?%%? b hiBestethat WAtehttRé Wplication of
chemicals beginsstatifirst theke Wil baipocsighificant ghange intheHdRRaf the waler sinee the
chemicals will be oxidizing several other compounds in the water. However, at some point the

applicklion RN EHGHGETERAHGR REsTAGE e SRERKMES of LheRREHRN tREMRIF MBI 1485 %he ORP up

to the SdesirgehigvelscanshibisprgVvitlerberdasiad sisntestiancanagitye Therafareyftungst be noted
that the chemical consumption is divided into two groups: The amount of chemicals applied that help

oxidizing diVEPYEAMIBERRILARSE YWBtRGE affect ORP significantly. Such chemical consumption must be
determined on site, as it completely depends on the water quality of the raw water. Also, such
10concentréitiss Ydtif@aieadetermined by an intricate model based on the water quality

physicochemical parameters. The amount of chemicals applied that generate a residual concentration
in the The types of dispensers that can be used in the disclosed method can be variable

15 according to the reguirements for chemical application, and may comprise diluters,
injectors, dispensers by weight, manual application, manifolds, piping, sprinklers, nozzles,
or combinations thereof. The dispensers used in the disclaimed method are preferably

nozzies, and more preferably injectors.

Discharging an Effective Amount of Chemical Agents

20 Chemical agents are used to create the sanitary-compliant zone by reducing the number
of microorganisms in the sanitary-compliant zone to below a predetermined amount. The
concentration of the chemical agents in the sanitary-compliant zone can be controlied by
the amount of chemical agent dispensed from a single dispenser as well as the total
number of dispensers. For example, it may be desirable to dispense less chemical agent

25 from & single dispenser, but to increase the number of dispensers in the sanitary~
compliant zone. An example of the use of multiple dispensers is shown in Figure 2 where

a plurality of dispensers 3 are located around the periphery of the sanitary-compliant
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water and thus increase the ORP in the water. Such chemical concentration can be estimated on site
or according to diverse methods depending on water quality and 15physicochemical conditions or
parameters. Notwithstanding the foregoing and without limiting the invention, the oxidant application
ranges for different oxidants vary according to the properties of the water. Usually utilized ranges of
some oxidizing agents are the following: OxidantRange of Application (Residual Concentration)
Chlorine0.01 - 5 ppm Sodium Hipochlorite0.01 - 2 ppm Bromines0.01 - 2.3 ppm Ozone0.01 - 0.75 ppm
The applicant will provide some embodiments to estimate the amount of residual chemicals in the
water: a. OFeoUlt dstitnate tedasirAwntaerbsnetroXidahisahsngribstdberaippiead s tiie water in

order to obtain a-gerdain QRE IB the&niie padion ARwaerHe beireaiEdnonasSHming theJportion of

water behaves as a closed body. For example, the minimum amount of chemicals could be estimated
in order to &etiediean¢ertain ORP in the total volume of the portion of water. For example, if the portion
of water has a volume of 1,000 m3, and the portion of water is considered a closed water body, it can
be estimatd&di¢hiipforsachiedingeandBR R 01r56QAm Yoiintte widesns20ba resighugbicogcentratgion of 0.07

ppm ofSSodiu .pa){Bgchlorite usfg.be r_‘qﬁintai{le]q{ In,order to %%%%in the resuwal concentration of 0.07

ppm, a firstaag?éage of cf.zcﬁrﬁrﬁnc? 'S6dium rﬁyo/pochﬁo%%’ Wwas added inorder 0 meet tlechlorine

demand of themirateg emd rdid the tvgeaebatty aine résidusdraincéntrakenniftenviesgdcosa of 0.07 ppm

was added %OaRQta%HetQE rg%uir é}l reesria Léasl)u%g‘:lcsent%%ti\(l)r}vanda 0 E%ip tQQ mlg gnelginr%d ORP level of 550
mV. Thereftore, the amotint of sodium ypoc T6rits added 1o the water tan be calculated according to

its concentration in the water body as follows: =~~~ .
Exemplary chemical agents include antimicrobial agents such as ozone, chiorine, and

chlorine compounds, biguanide products, halogen-based compounds, bromine-hased

10 compounds, and combinations thereof.

The total amount of chemicals added to achieve a certain ORP level in the water depends
on several variables, such as for example the pH, meteorofogicat conditions, rain, levels of
use, organic toad, salinity, temperature, alkalinity, disinfectant concentration, and/or
concentration of metals and contaminants, among many other factors. The ORP is a
15 measure of the tendency for oxidizing or reducing certain species found within the water
body, and therefore does not represent the amount of chemical agents contained in the
water. ORP measurements present the advantage of measuring not only the
concentration of the sanitizer, but also its activity in the water and its effectiveness on

killing germs and bacteria.

20 There are no known equations that can relate the temperature of the water, its salinity,
and the dilution power for maintaining a minimum ORP in a certain portion of the water
for a minimum period of time according to the diffusion of chemicals in the water, due to
the complexity of the variables and its mutual influences, and therefore extensive
research was performed. An intricate model must be built in order to estimate the

25 amounts of chemicals to be applied in the water body. Since the portion of water is
contained within a large water body, when the chemicals are applied, they will diffuse
throughout the portion of water creating a chemical gradient that will be higher near the

dispensers and lower near the most unfavorable zone.
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First dose: ppm sodium hypochioritem' X 1,000 liters 12 x 1,000 1.2 ppm =liter of waterl 77/3 20Total
Sodium Hypochlorite = 1,200 kg Residual concentration: ppm sodiumor iterrel X 1,000 Liters 0.07 x
1,000 0.07 ppm =titer ofl m.3 Total Sodium Hypochlorite = 70 kg Therefore, a total amount of 1270
kg of sodium hypochlorite should be added to obtain a homogeneous residual concentration of sodium
hypochlorite in the water of 0.07 ppm, and thus obtain an ORP of 550 mV in such zone. Since in reality
the portion of water is found within a large water body, the concentration will not be 5 homogeneous,

and then the previously calculated dose can be considered as a minimum for obtaining such ORP due
to the diffudioRu6t ERERIRAISHrothsecdDYRRliERING ob csRicebUN ANso Al thih ereethistife method,

which a”OV\%]Hm*&lH@UHQ]éEQr_QRE g wRisrhasedenibe nihad e BeechianpeLangentration in
the water. When 10 the pH is maintained at a constant value, there is a linear relationship between

ORP and fré8&hierReUTRudtHEAretft dferrMeTicals e aireeith Hehievpligabenaiiapieunt of free
chlorine Ca@eﬁ@r&@#@”ﬁ@sﬁh%‘b&%ﬁ%ﬁtﬂ%ﬁ@%?Aﬁé’rﬁ*c@% follewsii help raise the ORP up to the

5 desired levels and thus provide the desired disinfection capacity. Therefore, it must be

noted that the chemical consumption is divided into two groups:

- The amecunt of chemicals applied that help oxidizing diverse compounds that do
not affect ORP significantly. Such chemical consumption must be determined on-
site, as it completely depends on the water quality of the raw water. Also, such

10 concentration could be determined by an infricate model based on the water
quality physicochemical parameters.

- The amount of chemicals applied that generate a residual concentration in the
water and thus increase the ORP in the water. Such chemical concentration can be
estimated on site or according to diverse methods depending on water quality and

15 physicochemical conditions or parameters.

Notwithstanding the foregoing and without limiting the invention, the oxidant application
ranges for different oxidants vary according to the properties of the water. Usually utilized

ranges of some oxidizing agents are the following:

Oxidant Range of Application {Residual Concentration)
Chlorine 0.01 -5 ppm
Sodium Hipochiorite 0.01-2 ppm
Bromines 0.01~-2.3 ppm
Ozone 0.01-G.75 ppm
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ORPpHResidual Chlorine Concentration 600 mV 7.00.06 ppm 8.00.20 ppm 9.01.60 ppm 700 mV
7.00.30 ppm 8.01.00 ppm 9.02.70 ppm 15 c. Addition of chemicals with periodic monitoring in order to
stop the addition when a certain ORP is reached is a further option. This method is a trial and error
method, which allows adding chemicals by periodically monitoring the ORP, and when the desired
ORP is reached, the chemical addition must be stopped. d. Another method used for determining the
amount of chemicals consists of taking a small water sample and perform a small-scale test to
determine the amount of chemicals that must be applied to achieve a certain ORP level. This method
is 5 commaRy TBgaEHh Al cHRVEStFRANIR LIABCSHTSI 67 chdimiiglsthaltamayRtit dfoeesidvtl consider
diffusion or @thekviariahles,iherefore, the results from this method are to be considered as a minimum
amount of chemicals required. In some embodiments, it is desirable to apply additional chemical
agents before the RP level | n.the most unfavorable ne dec out 0. 10/ 1%, 5%, 10%,
15%, 20%, 25 A) ?O %/ f%%%‘“iﬁ”‘é%‘r?aﬁ"n"‘é% |rr8|en$ %hné)éi%\?)en |%?1 Whergéthere Is an
intensive use of tN@BamtaryemnWlam zoaratlueRe large aricumtstiohpdepleran bd¢heraate many
currents that affect the dlSlgIectlgrrg é:rbar}actepstlgs of ggeaganlt r %ogwjllar];ozro&ea orldu%to safety or
other reasons, the SORP ﬁ1ayeb8 maintained p permanently within the San tary comp TRt z8ne for
15certain periodsmoiniimen amount of chemicals could be estimated in order to achleve a certain

ORP in the total volume of the portion of water. For example, if the portion of
water has a volume of 1,000 m?, and the portion of water is considered a closed
water body, it can be estimated that for achieving an ORP of 550 mV in the water,
10 a residual concentration of 0.07 ppm of sodium hypochlorite must be maintained.
In order to obtain the residuat concentration of 0.07 ppm, a first dosage of 1.2 ppm
of sodium hypochlorite was added in order to meet the chlorine demand of the
water and did not generate any residual concentration. Afterwards, a dose of 0.07
ppm was added to obtain the reguired residual concentration and obtain the
15 desired ORP level of 550 mV. Therefore, the amount of sodium hypochlorite added

to the water can be calculated according to its concentration in the water body as

follows:
First dose:
_ ppm sodivm hypochlorite m® X 1,000 liters
12 , x 1,00
1.2 ppm = liter of water 1 m?
20 Total Sodium Hypochlorite = 1,200 kg

Residual concentration:

prm sodivm kypocklorite m? K 1,000 liters
0.07 x 1,000
0.07 ppm = liter of water 1 ?

Total Sodium Hypochlorite = 70 kg
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Also, in certain embodiments of the invention, the water treatment is only utilized when bathers are
present in the sanitary-compliant zone, and therefore the treatment may not operate all day nor
permanently. For example, the water treatment may operate only during the day, and it can be
stopped during the night, when there are no bathers in the 20 sanitary-compliant zone. Therefore, the
water treatment method is applied when the sanitary-compliant is effectively used for recreational
purposes. In some embodiments, it may be desirable to improve the water quality in the sanitary-
compliant zone by supplying fresh water or water from different portion within the large water body.

This may be benef&EAGy axarieaedinite2ie el cdiuco muprhtants 2Badmhgstt8s8uemay produce

an unwanted diffttfﬂ%neﬁﬁ%egeﬂb%&hr%@?&%k%oFB&q’EPéBEHWs@&ﬁ%ﬁﬁ}{ APARRE G disinfagtant
composition may be calculated by the following equations: (Boyce & Hamblin, 1975) (Boyce &

Hamblin, 1975) SUAHEerAe 2w eapfatibAN e Solefioh/fét SEbiensotifce Hiserbngthg
continuously at a ;43 congiaRt MolumetiaRle Mediwandhaka aencaniatiandikivl,st the source

in a fluid of depth Z [m], with x [m] and y [m] being the horizontal and vertical distances 2 respectively.
D s 1 i$ the diffusiSire8emRSiEnteHf tHe 8o HIC AP iFt e dveres, Gngbe considered as a

minimum for obtaining such ORP due to the diffusion of chemicals produced by

currents.

b. One could also use the free chlarine method, which allows calculating the ORP of

the water based on the pH and the free chlorine concentration in the water. When

10 the pH is maintained at a constant value, there is a linear relationship between
ORP and free chlorine. Thus the amount of chemicals required to achieve a certain

amount of free chlorine can be calculated subject to the ORP leve! as follows:

ORP pH  Residual Chlorine Concentration

600mvV 7.0 0.06 ppm
8.0 - 0.20 ppm
9.0 1.60 ppm
700mVvV. 7.0 0.30 ppm
8.0 1.00 ppm
9.0 2.70 ppm

15
c. Addition of chemicals with periodic monitoring in order to stop the addition when
a certain ORP is reached is a further option. This method is a trial and error
method, which allows adding chemicals by periodically monitoring the ORP, and

when the desired ORP is reached, the chemical addition must be stopped.
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KO is the modified Bessel function of the second kind. U [cm/s] is the uniform current of 10the water
body through the x axis, and Y [-] is the decay process of the chemical in a time scale. Most
unfavorable zone In order to comply with specific microbiological sanitary conditions applied to the
water body, the most unfavorable zone of the established portion of water is to be determined. 15 The
most unfavorable zone corresponds to the one having the lowest ORP values, especially after
applying a predetermined amount of chemicals through dispenser means in the established portion of
water, and it may be found on the delimiting zone or the furthest from the dispenser means. The
predetermined amount of chemicals can be determined on-site and its only purpose is to determine

the zone with lpwestQRRwales <Qwihindhe parien A aigr dP-Re-ened, JkihealE hody has a

surface area smaller than 5 hectares, the most untavorable zone is usually the central zone of the
water body. A pardfiéteRtsteamntmaon PSERoY Issaufirsaleoteakecinieiesoins the aifrehebperation

conditions of the gystamydtabouldPenoemdabitis.wiable fgpesierm eenstant, measwes on the

water body, thus the present disclosure allows providing a water quality that complies with specific

microbfological s&RERPEEHERbASIEIRYEEEHAERG tenmminheaderesalFhethbargmitdpeietermination
method is based qp:the WalPHFRRR JiS SRl iR HRERRIAIYHS. RDG:ORtioRHK thefiffusion of

chemicals and its dilution power within the identified portion of water. The ORP, salinity, and
temperature of thé'Eée Cansisie ga s mmiatinsynearmsititzdiandeds wgehes visual inspection, methods
based on experience, and analytical methods. The present disclosure has related these variables and
has solvedia s@mnge comptixenterdctionsieddr dingowlated diiaddy cladfteicalergeexidagive the ORP

level in the most unfavorable zone decreases by about 0.1%, 1%, 5%, 10%, 15%, 20%, 25%,
10 50%, 75%, or 100%.

In certain embodiments of the invention, where there is an intensive use of the sanitary-
compliant zone due to large amounts of people, or if there are many currents that affect
the disinfection characteristics of the sanitary-compliant zone, or due to safety or other
reasons, the ORP may be maintained permanently within the sanitary compliant zone for

15  certain periods of time.

Also, in certain embodiments of the invention, the water treatment is only utilized when
bathers are present in the sanitary-compliant zone, and therefore the treatment may not
operate all day nor permanently. For example, the water treatment may operate only
during the day, and it can be stopped during the night, when there are no bathers in the
20  sanitary-compliant zone. Therefore, the water treatment method is applied when the

sanitary-compliant is effectively used for recreational purposes.

in some embodiments, it may be desirable to improve the water quality in the sanitary-
compliant zone by supplying fresh water or water from different portion within the large
water body. This may be beneficial, for example, to dilute the effect of contaminants

25  from users but may produce an unwanted diffusion effect on the chemicals.

The minimum effective amount of disinfectant composition may be calculated by the

following eguations: (Boyce & Hamblin, 1975) (Boyce & Hamblin, 1975)
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10research. The salinity can be determined by empirical or analytical methods such as visual tests;
salinometers that are based on the conductivity of electricity in the water; hydrometers that are based
on the specific gravity of the water; or refractometers that are based on the index of refraction of the
water; or may be publically known or can be information 15from other sources, among others. The
temperature of the water can be determined by empirical or analytical methods such as visual tests;
thermometers; thermocouples; resistance temperature detectors; pyrometers; or infrared devices; or
may be publically known or can be information from other sources, among others. 20The ORP of the
water can be determined b Lop :j@ghmﬁ)thods, such as using ORE' meters that have
electrodes in order to meastif& te"Voltagé atross a circuit within the water. It must be noted that the
ORE' of the water, its tgmperatqrg, its salinity, and the dilution power may be previously known or
empirically determinef, h H)ithe method from 25the present disclosure can be applied into the
predefined portion of WaterinKknbwledge of these variables. The parameter determination method
comprises maintaTiwnin&@wt{mle@Jﬁ a minimum ORP level in the most unfavorable zone for at least a
minimum period of time in rder to ensure the required sanitary conditions throughout the entire
established portion of water within the large water body. 5The minimum ORP level may depend on the

salinity_of t%wat r, as certain fypes of microorganisms, such as some pathogenic protozoa, can only

5 : i . -

grow and live msi éé \?vga%? B%léﬁg%% V\}ftfi?%séoi?rﬁ%rﬁ%%ﬁlﬁﬁiggw E‘%qﬁc\;}vaefé%%c? elpé%ur%\f ﬁ?ea minimum

ORP level may depend on the salii{;ni operties of the water, as for certain salinity concentrations the
Som

water will natrsenvevat adenediatfo Engraorganismsatogronevit dhiis: pose headthdi®threats and
un-hygienic conditiogs X .
Y9 OF d%ptﬁw 9 Im], with x [m] and y [m] being the horizontal and vertical distances
53
respectively. D1 5 1 is the diffusion coefficient of the specific chemical in the water, and

Ko is the modified Bessel! function of the second kind. U [cm/s] is the uniform current of

10 the water body through the x axis, and ¥ {-] is the decay process of the chemical in a time

scale,
Maost unfavorable zone

In order to comply with specific microbiological sanitary conditions applied to the water
body, the most unfavorable zone of the established portion of water is to be determined.
15 The most unfavorable zone corresponds to the one having the lowest ORP values,
especially after applying a predetermined amount of chemicals through dispenser means
in the established portion of water, and it may be found on the delimiting zone or the
furthest from the dispenser means. The predetermined amount of chemicals can be
determined on-site and its only purpose is to determine the zone with lowest ORP values

20 within the portion of water t¢ be treated.

If the water body has a surface area smailer than 5 hectares, the most unfavorable zone is

usually the central zone of the water body.

A parameter determination method is defined to take in account the different operation

conditions of the system. It should be noted that it is unviable to perform constant
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On the other hand, the minimum period of time may also depend on the temperature of the water. The
water's temperature is a very important factor for the proliferation of several microorganisms. For low
water temperatures, the microorganisms will not proliferate as rapidly as for higher water
temperatures, therefore this effect is considered 15 in the present parameter determination method.
Until now, there were no known equations that can relate the temperature of the water, its salinity, and
the dilution power for maintaining at least a minimum ORP in a certain portion of the water for at least
a minimum period of time according to the diffusion of chemicals in the water, due to the complexity of
the variablS3eafgtCmiite Mate oy et us toh reaeaid it elps YieoH oot anidpe exrersidealégearch, and

the minimum, ORR develand taeFRipimyporesiad.aftime hatiars UssAdar e methogsef the present

invention, in a preferred embodiment, cannot be lower than the values defined as follows: Minimum
ORP LevelM€asWitce the salinity is known from the most unfavorable zone, the minimum ORP level
may 25be calculated by the following equations: i. for salinities between 0% and up to 1.5% the
minimum OR® pirthecteatdeisratiteash56@ 1y is. fesadlmitiesehighier tharA,. 580 salivdtypito 2.5%, the

minim RP _of the water is, calculated hy the following equatia :é inimum ORP, mV] = 625-
AN T Ec e e NS S R T e
ORP of thédeatéieis ptidast@00atey. BEhORFoselingntioned garamiter détérmwmationameibod is

represented | r as shown jn Figure 3. For example, if. the water has a salipity of 1% in weight
(or 10,000 B e NS B o RS, MRRIE RS
embodimenrgpadlt oz, 550 rahalyticah tie fottie Mhanaestthatisdtenirabaa  salitaty hEstoraianeple, 2% in

weight (or 20,000 10RRI) e, minimum QRE g1 the water that has to,be mainfained is 825 mV,
according to
10 research.
The salinity can be determined by empirical or analytical methods such as visual tests;
salinometers that are based on the conductivity of electricity in the water; hydrometers
that are based on the specific gravity of the water; or refractometers that are based on
the index of refraction of the water; or may be publically known or can be information

15 from other sources, among others.

The temperature of the water can be determined by empirical or analytical methods such
as visual tests; thermometers; thermocouples; resistance temperature detectors;
pyrometers; or infrared devices; or may be publically known or ¢an be information from

other sources, among others.

20 The ORP of the water can be determined by empirical or analytical methods, such a5 using
ORP meters that have electrodes in order to measure the voltage across a circuit within

the water,

It must be noted that the ORP of the water, its temperature, its salinity, and the dilution
power may be previously known or empirically determined, therefore the method from
25  the present disclosure can be appiled into the predefined portion of water in knowledge

of these variables.
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this embodiment, is calculated using the following equation: [Minimum ORP, mV] = 625- 50*[2] = 525
mV Finally, if the water's salinity is higher than 2.5%, for example 3% in weight, the minimum ORP that
has to be maintained is 500 mV. 15Minimum Period of Time: The minimum period of time is
determined by the temperature of the water, and it can be calculated by the following equations: i. for
water temperatures between 5C and up to 35C, the minimum period of time is calculated by the
following equation: 20[Minimum period of time, min] = 80- 2*[Temperature of the water, CJ; and ii. for
water temperatures higher than 35C and up to 45C, the minimum period of time is calculated by the
following edhatisizfdiaindararperisioftieteodniale BT erpipetbitine 2f Haetveateni@)~168P The curve

showing Mol ARG BRVAQD 96 e beRaesdselop Al FIONIR S Jrafaxamplg, Tidhe water's

temperature is 20C, the minimum period of time Is 40 minutes according to the following equation:
[Minimum ¥ Sheinfeguinhel sa80ar2* [ROFLIAT rifinexskout ta antitheesheridhébitivoniatect

temperatur%ﬁep%wr@{hgﬁQgg%é5go&9r example 40C, 5the minimum period of time is 35 minutes
according to the following equation:

5  The minimum ORP level may depend on the salinity of the water, as certain types of
microorganisms, such as some pathogenic protozoa, can only grow and live inside water
bodies with maximum salinities of 2% in weight. Therefore, the minimum ORP level may
depend on the salinity properties of the water, as for certain salinity concentrations the
water will not serve as a media for some microorganisms to grow and thus pose health

10 threats and un-hygienic conditions.

On the other hand, the minimum period of time may also depend on the temperature of
the water. The water’s temperature is a very important factor for the proliferation of
several microorganisms. For low water temperatures, the microorganisms will not
proliferate as rapidiy as for higher water temperatures, therefore this effect is considered
15  in the present parameter determination method. Until now, there were no known
équations that can relate the temperature of the water, its salinity, and the dilution power
for maintaining at least a minimum ORP in a certain portion of the water for at least a
minimum period of time according to the diffusion of chemicals in the water, due to the
complexity of the variables and its mutual influences. Such relations are product of an
20 extensive research, and the minimum ORP level and the minimum period of time that are
used for the method of the present invention, in a preferred embodiment, cannot be

lower than the values defined as follows:

Minimum ORP Level:

Once the salinity is known from the most unfavorable zone, the minimum ORP level may

25  be calculated by the following equations:

i. for salinities between 0% and up to 1.5% the minimum ORP of the water is at least

550 mv,;
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[Minimum period of time, min] = 5*[40] -165 = 35 minutes The parameter determination method of the
above embodiment is described only in use for water temperatures between 5C and 45C, since any
other temperature may not be suitable for recreational purposes. 10The parameter determination
method may also comprise applying chemicals agents through the dispenser means to avoid the ORP
of the most unfavorable zone to be less than the minimum ORP level. When there are bathers in the
sanitary-compliant zone, the ORP of the water will decrease more rapidly than when there are no
bathers in the water. Thus, the present 15 parameter determination method allows including the effect
of the amoulit of atrérsies birheaHitay-eEmpblaHPZ6ne>Xvhibh Mty s eBRteSIEE wptEidsdilution

power of the Wa@{cuu)(gati(g’g@h@gggg\xmée@(ﬁ;g%g:minimum ORP level will depend on the use of the
sanitary-compliant zone and the dilution encountered by the bathers. Therefore, the ORP decreasing

rate will depend dfinhearRBEnedl bétHers i rdniatel e abrisdiveighp Beinstiol podver of the water.
The variablgs ofpyalgr splinify-apdh IMRe Akl 6. AREm Ik chemigalqanseuation ran vary and be

affected by external factors. The disclosed methods allow for some variation in these factors such that

constapt mpiioring of the water sallnity, water leqperatire, and recaledlation of ihe minjmum ORP
and chémical concentration ay not Be required. ever hefegs, IN'some € ocﬁmeni"é, the water
salinity andmwrderd@mperature can be constantly monitored on either a delay or in real time, and

provide feedback to a controller that automatically recalculates the minimum ORP, minimum period of
time, and cpsicaatralion efchemicrlsaganh REEPIYING W e Ehs PPecsnbegii) @Rtswihdiaramsers may be

part of an automatic feedback loop where the dispensers automatically dispense additional chemical
agents in rESPENYES BB RRe M ARRIGHATE REP O sMBes BRI oHi ROt hay be desirable

to periodically measure the water salinity and temperature and recalculate the minimum ORP,
minimum pefidioptiriehansd ERbeivaliecdaeensrindl. oS Ueh parolic Atedsueiahéeries aAd%hlculations

could {gke placegyven:ia MiIBREES: BYEN.30 MINUISS (SHEM AL, YR s swa hours, six dies a day,

four times a day, twice a day, once a day, once a week, or as needed. 10It must be noted that the
present disHISRINEWHBSMOE raliyirsed prysit Isdavérgrearadeno

[Minimum ORP, mV] = 625 ~ 50*[2] = 525 mV

Finally, if the water’s salinity is higher than 2.5%, for example 3% in weight, the minimum

ORP that has to be maintained is 500 mV.

15 Minimum Period of Time:

The minimum period of time is determined by the temperature of the water, and it can be

calculated by the following equations:

i. for water temperatures between 5°C and up to 35°C, the minimum period of time is
caiculated by the following equation:
20 [Minimum period of time, min] = 80 — 2*[Temperature of the water, °C}; and
H.  for water temperatures higher than 35°C and up to 45°C, the minimum period of
time is calculated by the following equation:

[Minimum period of time, min] = 5*[Temperature of the water, °C] - 165,

The curve showing how the minimum period of time behaves is shown of Figure 4.
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contain the portion of water to be treated. Rather, chemical concentrations are applied to the portion of
water in order to comply with specific microbiological sanitary conditions applied to the water body.
The application of chemicals in order to maintain at least a minimum ORP level during at 15 least the
minimum period of time may be repeated before the ORP level decreases by more than 20% of the
minimum ORP value in the most unfavorable zone. In an alternative embodiment, the location of the
most unfavorable zone, the water salinity and temperature of the water may vary independently from
each other as a result of external conditions. Thus, the method of the invention optionally may
comprise afeirtRarapg €. (DOwEETEsstepp @ aterand ¥’ ardimarmsdour oredgdinioerispéatedly.

Chemical agents.can-bgi ggg]éqgm%@i%%q:portion of water within the large water body through

dispenser means, where the dispenser means is driven by a parameter determination method that
combines the ef&ﬂ@% Iﬁg} ORP. of the ryqveatr(%rsh ts g@ﬂrﬁll¥zdﬁs=t§6nrﬁﬁga€£g_re, the diffusion of chemicals, and |
its dilution power. e chemical agénts are seléctéd from 0zone; chlorine and chlorine compounds;
biguanide products; halo%en-based compounds; bromine based compounds, or a combination thereof.

It is also po<LBiBleTFTAprEvVE T GiRTtars RoriAR A e dbet 40AHR by SuppRg 4FEsh water or

water feom glifferenh pergamwihindd e Brasnveies Redininte such Rt asder to allow a dilution
effect of bather's load of contaminants. The following example is not intended to limit the scope of the

claims of the invm;‘i]%mwrjgorgmﬂ&im%gggg @e_l %gmgmrﬁt&ertain embodiment. Any variations

in the exemplified method which raise to the skilled in the art are intended to fall within the scope of the
present invention. EXAMPLE The disclosed method was jed in Lake Rapel located in Navidad,
i, The [ke R e A DU L it QR oA TP TR £ BB AR EUE Fibters of fresh
water. The fakerasenoemadiys isedferrentcatiangl 483cp oses .aAvpaitionoh pwaielwitin toe targe water

body was esta Iisi}ed accor_dinaq to the lake's
suitable for recreational purposes.

10  The parameter determination method may also comprise applying chemicals agents
through the dispenser means to avoid the ORP of the mast unfavorable zone to be less

than the minimum ORP level.

When there are bathers in the sanitary-compliant zone, the ORP of the water will
decrease more rapidly than when there are no bathers in the water. Thus, the present
15 parameter determination method allows including the effect of the amount of bathers in
the sanitary-compliant zone, which in turn is controlled by the dilution power of the
water. The time taken to reach the minimum ORP level will depend on the use of the
sanitary-compliant zone and the dilution encountered by the bathers, Therefore, the ORP
decreasing rate will depend on the amount of bathers in the water, and thus, on the

20 dilution power of the water.

The variables of water salinity and temperature, ORP, and chemical concentration can
vary and be affected by external factors. The disclosed methods aliow for some variation
in these factors such that constant monitoring of the water salinity, water temperature
and recalculation of the minimum ORP and chemical concentration may not be required.
25  Nevertheless, in some embodiments, the water salinity and water temperature can be

constantly monitored on either a delay or in real time, and provide feedback 1o a
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normal recreational use, which covered approximately 650 m2 (corresponding to about 0.0008% of the
total lake area). The portion was located on the edge of the lake. The 15 specific microbiological
conditions required for this specific experiment corresponded to the microbiological regulations for
direct contact recreational waters as determined by the EPA. Approximately 20 injectors were installed
on the north perimeter of the lake. Each injector had a maximum flow of 1.8 liters per hour. The
chemical agent used was sodium 20 hypochlorite, which was diluted proportional to the injector flow. A
solution of chlorine in water was prepared in a plastic bin with a capacity of 1 m3. The pumping of the

sodium hypeekiBiRetsalFiEPMALS Pereeradatps tan TWRRIfABM NS Pt aigd @ capaciydof 18 liters
per minute .o EUHRG G exRRIIMSRN e staRlished Rartien abwals!hadaAnAuatage nf, 60 bathers

on 25an hourly basis. The determination of the most unfavorable zone was performed by measuring
the ORP inPSevarhighlace it tHecssasb|isiaedvptitoihef Werersesing P HAINAIX dREst 98201 ORP

test equipmeRiafiar dischesping Arredelssmingd ameuasof apateximatel lorbters gbad0% solution

of sodium hypochlorite into the established portion of water. The most 5 unfavorable zone was located
on the &ent®h bpdiacaétiniftintpyoife BetkebEstibIRME BBiion SPWatdheT HatRatersisalife) was

measured witha HANNAHLI3LIOANRORGHSHMNCRS ThE SRIDY RS thewatshwas.faund to be

0.07% in weight, and the average water temperature 21C as measured by a thermometer. The
minimum OREESVELRAS et MATHSH faRe RIP &alnitie SCHeHEie s Ehh kA cE 596 Y Okthe minimum

ORP level gafithg.watpsissatiaasto R dAMolheraiyrenthe minmum QR B vl phithe watgr with a

salinity of 0.07% should be 550 mV. The minimum period of time was determined, where for water
temperaturB¥ EedfaBPBe afavup s 38Eether dfimieRtRs -period of time is calculated by the following
equation: [Minimum period of time, mini = 80- 2*[Temperature of the water, C] 15Minimum
periodidf tithenushiie ntesdtiB0-t 2 pRkent disclosure does not require a physical barrier in order to

contain the portion of water 1o be treated. Rather, chemical concentrations are applied to
the portion of water in order to comply with specific microbiological sanitary conditions

applied to the water hody.

The application of chemicals in order to maintain at least a minimum ORP level during at
15  least the minimum period of time may be repeated before the ORP leve!l decreases by
more than 20% of the minimum ORP value in the most unfavorable zone. tn an alternative
embodiment, the location of the most unfavorable zone, the water salinity and
temperature of the water may vary independently from each other as a result of external
conditions. Thus, the method of the invention optionally may comprise a further step e.,

20  where steps b., ¢. and d. are carried out once again or repeatedly.

Chemical agents can be added to the established portion of water within the large water
body through dispenser means, where the dispenser means is driven by a parameter
determination method that combines the effects of ORP of the water, its salinity, its

temperature, the diffusion of chemicals, and its dilution power.

25  The chemical agents are selected from ozone; chlorine and chlorine compounds;
biguanide products; halogen-based compounds; bromine based compounds, or a

combination thereof,
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Minimum period of time = 38 min Sodium hypochlorite was added through the injectors to maintain a
ORRP level of at least 550 mV in the most unfavorable zone for a minimum period of 38 minutes. At
first, 1 ppm of sodium hypochlorite was added to treat the water. Afterwards, sodium hypochlorite
20was added in order to maintain a 0.10 ppm residual concentration, which allowed maintaining at
least a 550 mV ORP level in the most unfavorable zone. Once the total amount of sodium hypochlorite
was discharged, the ORP of the most unfavorable zone was measured and determined to be 555 mV.
Subsequent measures were carried out every 60 minutes. The ORP decreased to 490 mV (by about
11% from tHei28detepmibledtniniptiona R Pfer-edyopiB0 peimtitewa trvahidhypeintumevisedium

hypochloritg WA, diSPEP§AT., Ff, AHRNRANES O, NG walaL iSrelecied in; e Jvarage gmount of
ower S

bathers per hour in the sanitary-compliant zone: for ather's densities, the water's ORP will
decrease slowetettian forhighetitatfiersodepidites|oakof thetaamedse in ORP is affected by the sun
and other variables. 5This example confirmed that the sanitary-compliant zone complied with EPA's
specific michabiollogicel ¢egulatiansfontdiréet comactirectoptionelavairnrs et vieanmar@stringent

sanitary requlations, and allowed applying a small amount of chemicals by avoiding the treatment of
il IR AT B o5 o o TR BBGH PP TGP ot a

the comple © @Fge water body, by treati
sanitary-comphanifizonsethod which raise to the skilled in the art are intended to fall within the

scope of the present invention,
EXAMPLE

The disclosed method was applied in Lake Rapel located in Navidad, Chile. The lake has
10 over 8,000 hectares of surface, and more than 695 million cubic meters of fresh water.

The lake is normally used for recreational purposes.

A portion of water within the large water hody was established according to the lake’s
normal recreational use, which covered approximately 650 m? {corresponding to about
0.0008% of the total lake area). The portion was located on the edge of the lake. The
15 specific microbiological conditions required for this specific experiment corresponded to
the microbiological regulations for direct contact recreational waters as determined by

the EPA.

Approximately 20 infectors were installed on the north perimeter of the lake. Each
injector had a maximum flow of 1.8 liters per hour. The chemical agent used was sodium
20  hypochiorite, which was diluted proportional to the injector flow. A solution of ehlorine in
water was prepared in a plastic bin with a capacity of 1 m>. The pumping of the sodium
hypochlorite solution was performed by an IWAKI magnetic pump with a capacity of 18

liters per minute.

During the experiment, the established portion of water had an average of 60 bathers on

25  an hourly basis.
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10The chemicals applied in the present example were at least 100 orders of magnitude lower
compared to the amount of chemicals required to treat the complete water body. In order to treat the
complete water body of Lake Rapel, which holds over 695 million cubic meters of fresh water, and
allow its use for recreational purposes, a certain amount of chemicals must be added that can ensure
the safety of bathers. In order to maintain the 15 same ORP level as for the example (a concentration
of 0.10 ppm of sodium hypochlorite with the additional 1 ppm added beforehand to treat the water), the
total amount of sodium hypochlorite that must be applied is approximately 764.5 tons, which is more
than 100,000ei¢RtasTHeatamorfrhefeerdiunirypotEhioriectar tsTracaltddl forasednmh eHeRBdrtion of water

from the afgrementinned RiAMRIC.IAIS BoRRAMICANATL SnYIARETALFQuAtlE CLAIMS 1.

Method for controlling the microbiological properties of a portion of a water body within large water
bodies, corfstisSipBanidéistifyirshaighertioneorivarenéatendedtfor seeiedtierly purpissesiwithin the

large water;gody,and definigg disRERSATIANGANR, A aRiRIing A Ras! Bminimum,ORBevel in such

portion of water for at least a minimum period of time, wherein the minimum ORP level and the
minimum penfeestaimecsantist Issdmiertiibn thetoarict ealelititées pne 0of. tiietestatiiihgdthe most

unfavorable zone Withif,tbe Redion.ef Walsknidl: was measured with a HANNA HI 931100N

conductivity test. The salinity of the water was found to be 0.07% in weight, and the

average water temperature 21°C as measured by a thermometer.

The minimum ORP level was determined where for salinities between 0% and up to 1.5%
18 the minimum ORP level of the water is at least 550 mV. Therefore, the minimum ORP leval

of the water with a salinity of 0.07% should be 550 mV.

The minimum period of time was determined, where for water temperatures between 5°C

and up to 35°C, the minimum period of time is calculated by the foliowing equation:
[Minimum period of time, min] = 80 — 2*[Temperature of the water, °C]
15 Minimum period of time in minutes = 80— 2*[21]
Minimum period of time = 38 min

Sodium hypochlorite was added through the injectors to maintain a ORP level of at least
550 mV in the most unfavorable zone for a minimum period of 38 minutes. At first, I ppm
of sodium hypochlorite was added to treat the water. Afterwards, sodium hypochlorite
20 was added in order to maintain a 0.10 ppm residual concentration, which allowed

maintaining at least a 550 mV ORP level in the most unfavorable zone.

Once the total amount of sodium hypochlorite was discharged, the ORP of the most
unfavorable zone was measured and determined to be 555 mV. Subseguent measures
were carried out every 60 minutes. The ORP decreased to 490 mV {by about 11% from the
25 determined minimum ORP) after about 30 minutes, at which point new sodium

hypochlorite was dispensed.
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determining the salinity of the water at the most unfavorable zone; Hi. determining the minimum ORP
value based on the salinity of the water where: for salinities in the water between 0% and up to 1.5%
the minimum 15 ORP level is 550 mV; for salinities in the water higher than1.5%, and up to 2.5%, the
minimum ORP level is calculated by the following equation: [Minimum ORP, my] = 625 - 50*[Salinity
of the Water, % (Weight

The dilution power of the water is reflected in the average amount of bathers per hour in
the sanitary-compliant zone: for jower bather's densities, the water’s ORP will decrease
slower than for higher bather’s densities. Also, the decrease in ORP is affected by the sun

and other variables.

5  This example confirmed that the sanitary-compliant zone complied with EPA’s specific
microbiological regulations for direct contact recreational waters and even more stringent
sanitary reguiations, and allowed applying a small amount of chemicals by avoiding the
treatment of the complete large water body, by treating the identified portion of water in

order to create a sanitary-compliant zone.

10  The chemicals applied in the present example were at least 100 orders of magnitude
lower compared to the amount of chemicals required to treat the complete water body.
In order to treat the complete water body of Lake Rapel, which holds over 695 million
cubic meters of fresh water, and aflow its use for recreational purposes, a certain amount
of chemicals must be added that can ensure the safety of bathers. In order to maintain the
15 same ORP level as for the example (a concentration of 0.10 ppm of sodium hypochlorite
with the additional 1 ppm added beforehand to treat the water), the total amount of
sodium hypochlorite that must be applied is approximately 764.5 tons, which is more than
100,000 times the amount of sodium hypochlorite that is required for treating the portion
of water from the aforementioned example, which is economically and environmentally

20  unviable.
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Percent)]; and 20 for salinities in the water higher than 2.5%, the minimum ORP level is 500 my; and
Iv. determining the temperature of the water in the most unfavorable zone; and 25 v. determining the
minimum period of time based on the water temperature, where:

CLAIMS

1. Method for controlling the microbiological properties of a portion of a water body
within large water bodies, comprising:
5 a. identifying a portion of water intended for recreational purposes within the large
water bedy and defining dispenser means;

b. maintaining at least a minimum ORP level in such portion of water for at least a
minimum period of time, wherein the minimum ORP level and the minimum
period of time cannot be lower than the values calculated hy:

10 i. determining the most unfavorable zone within the portion of water;
ii. determining the salinity of the water at the most unfavorable zone;
iii. determining the minimum ORP value based on the salinity of the water
where: |
- for salinities in the water between 0% and up to 1.5% the minimum
15 ORP level is 550 mV;
- for salinities in the water higher than 1.5%, and up to 2.5%, the
minimum ORP level is calculated by the following equation:
[Minimum ORP, mV] = 625 — 50*[Salinity of the Water, % {Weight
Percent]]; and
20 - for salinities in the water higher than 2.5%, the minimum ORP level is
500 mV: and
iv. determining the temperature of the water in the most unfavorable zone;
and
v. determining the minimum period of time based on the water temperature,
25 where:
- for water temperatures from 5°C to 35°C, the minimum period of time
is calculated by the following equation:
[Minimum period of time, min} = 80 ~ 2*[Temperature of the water, °C];

and
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for water temperatures from 5C to 35C, the minimum period of time is calculated by the following
equation: [Minimum period of time, min] = 80- 2*[Temperature of the water, C]; and for water
temperatures between 35C and up to 45C, the minimum period of time is calculated by the following
equation: [Minimum period of time, min] = 5*[Temperature of the water, C] - 165; 5c. dispensing an
effective amount of chemical agent in order to maintain at least the minimum ORP level during at least
the minimum period of time at the most unfavorable zone, and d. Repeating step c in order to avoid
the ORP in the most unfavorable zone to decrease by more than 20% of the minimum ORP value. 10
2. The method of claim 1, firtherteongpririuessdaingsteldb 1 3ndhe toethild Bichiniriywherein the

water body is a natural or affifici f 4. im 1, wherein the water body
%HHSE" !)P’qug g %L%?arte?ﬂ%y tﬁ@%ﬁ%ﬁi&rﬁ%@ﬁlgh

is selected from the group consisting o e, sea, estuary, goon, spa, pool, pond and
reservoir. 5. The method of ¥aimum wheedivfhiewaten s fid§Fematentinackitie waiter, $alty water, or
sea water. 165:

5 c. dispensing an effective amount of chemical agent in order to maintain at least the
minimum ORP level during at least the minimum period of time at the most
unfavorable zone, and

d. Repeating step ¢ in order to avoid the ORP in the most unfavorable zone to
decrease by more than 20% of the minimum ORP value,
16

2. The method of claim 1, further comprising repeating step b.
3. The method of claim 1, wherein the water body is a natural or artificial body of water.

15 4. The method of claim 1, wherein the water body is selected from the group consisting

of a lake, sea, estuary, dam, lagoon, spa, pool, pond and reservoir.

5. The method of claim 1, wherein the water is fresh water, brackish water, salty water,

or sea water.

20
6. The method of claim 1, wherein the portion of water intended for recreational
purposes is defined by a delimiting zone.
7. The method of claim 1, wherein the portion of water intended for recreational
25 purposes is located on an edge of a large water body.

8. The method of daim 1, wherein the portion of water intended for recreational

purposes is located on the interior of a large water body.
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20 6. The method of claim 1, wherein the portion of water intended for recreational purposes is defined
by a delimiting zone. 7. The method of claim 1, wherein the portion of water intended for
recreational 25purposes is located on an edge of a large water body. 8. The method of claim 1,
wherein the portion of water intended for recreational purposes is located on the interior of a large
water body. 9. The method of claim 1, wherein the most unfavorable zone presents the lowest ORP
value within the portion of water intended for recreational purposes after dispensing chemical agent.
510. The method of claim 1, wherein if the water body has a surface area smaller than 5 hectares, the
most unfavBrableezoais! thfeclbanttaivierenofithenoriterbodyblelzbnd eessoth otkdbeksnORP wherein the

chemical agent,s,elaged (oM s graun sneisling f v200e:sPHNS A0d shlorng sappounds;

biguanide products; halogen- 10based compounds; bromine based compounds, and mixtures thereof.
12. The methodhefitairageniwherein the chemical agent is dispensed using a dispenser selected from
the group consisting of an injector, diffusor, sprinkler, weight dispenser, piping, manual application,
and combinations thereof. 15 13. The method of claim 1, wherein the ORP, the salinity, and the
temperaturélof the weiteadaeé drite imivieddby i@ thpiredk nterthots: @ 24rfIteeametitod lef tiaind 1, wherein

water from a difeient porian IS WAIEH LRALHAIB AARIET/NR Higgportion of water

intended for recreational purposes in order

11. The method of claim 1, wherein the chemical agent is selected from the group
consisting of ozone; chiorine and chlorine compounds; biguanide products; halogen-

10 based compounds; bromine based compounds, and mixtures thereof,

12. The method of claim 1, wherein the chemical agent is dispensed using a dispenser
sejected from the group consisting of an injector, diffusor, sprinkler, weight dispenser,
piping, manual application, and combinations thereof,

15
13. The method of claim 1, wherein the ORP, the salinity, and the temperature of the

water are determined by empirical methods.

14. The method of claim 1, wherein water from a different portion within the water body
20 can be suppiied into the portion of water intended for recreational purposes in order

to allow a dilution effect.

15. The method of claim 1, wherein water from different portion within the water body
can be supplied into the portion of water intended for recreational purposes in arder

25 to allow a dilution effect of bather’s load of contaminants.

16. The method of claim 1, wherein the ORP is maintained permanently in the portion of
water intended for recreational purposes during a certain period of time according to
the requirements of such zone.

30
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to allow a dilution effect. 15. The method of claim 1, wherein water from different portion within the
water body can be supplied into the portion of water intended for recreational purposes in order 25to
allow a dilution effect of bather's load of contaminants. 16. The method of claim 1, wherein the ORP is
maintained permanently in the portion of water intended for recreational purposes during a certain
period of time according to the requirements of such zone. 30 17. The method of claim 1, wherein the
method is applied when the portion of water is actually used for recreational purposes.

17. The method of claim 1, wherein the method is appiied when the portion of water is

actually used for recreational purposes.
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