Description | onene'iDoI ymers As Mcrobicides This invention relates W 7
met hods for-the m crobicidal control of mcroorganisns in aqueous Wyt eppy
by tréati ng the systemw th an effective anount of an ionene polyner.
Particularly, it relates to nmethods for controlling the growh of species
(ssp.) within the bacterial genera Canpyl qbacter, Shigella, Vibrio and
Yersinia, and protozoa within the genus Entanbeba in aqueous systens such
as potable water, sewage and ot her nonmarine surface water. This invention
also relates to rrethods for controlling the growh of the bacteria
Mycobact eri um bovis, Sal nonel | a typhi, Restxiiptifomgus Candi da al bi cans in
t hese nonmari ne aqueous Syst%@neﬁlﬁoh@ I8 Midddileilddeat es to nmet hods
for controlling poliovirus in potable water, sewage, and ot her nonmari ne
surface water. Methods for controlling the spread of the diseases chol era
and polio are al so This|vesntidhnlxelates dolawthads rfay die oficnedicidad
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systems This invention further relates to methods for
controlling poliovirus in potable water, sewage, and other
nonmarine .surface water. Methods for controlling the spread
of the diseases cholera and polio are also disclosed.

Cholera is endemic in regions of India and Bangladesh,
and has spread to other regions of the globe in a series of
pandemics. Recent cholera pandemics from the 1960s through
the 1980s have involved Africa, the Philippines, Western
Europe and Southeast Asia. In the United States, the number
of cases of cholera has increased during the past fifteen
years. Zinsser'ﬁicrobiology 566-73 (W.K. Joklik, H.P.
Willett, D.B. 2mos, C.A. Wilfert, eds., 20th ed., 1992).
Cholera stxruck recently in Latin America, where the epidemic
has affected more than half a million people, resultlng in
the death of tens"of thousands of Latin Americans. The
cholera epidemic that currently plagues Latin America began
in Perxru in 1990, and has spread at least as far as Brazil,
Guatemala, Mexico, and Nicaragua. The Pan American Health
Organization-acknowledged that "once cholera arrives on a
continent, it’s likely to remain endemic. until we make vast
improvements in water and sanitation." : Christine Tierney,
Central America Suffers Summertime Cholera Surge, Reuter
Newswire, Sept. 4, 1992.



Newswi re, Sept. 4, 1992. -2- Vibrio cholerae is the species of the
bacterial . genus Vibrio, which causes epidenm c cholera, and is anong the

| eadi ng cauSes of other gastrointestinal infections. V. parahaenolyticus is
another Vibrio that causes gastrointestingl infection, and is prevalent in
the United States. Oher Vibrio ssp. may “cause human ill nesses that

i ncl ude di-arrhea, bloody diarrhea, vomting, cranps, sepsis and soft tissue
i nfections. For exanple, V. vulnificus may produce infection in a :
preexi sti ng woundvibrid celolarasrdys thes apeciesr pfsehei bathatriabygdrus
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adequat e polcald Hiidiad dddsidl ikhde! Bl bl 8Scohbhiise by sldap Gaped by
drinking water contam nated wth the baCteria. Thé dripki'’ng of contam nated
wat er is th@aé’rii??a tcagltrse B Sl ety < sﬁaﬁﬂgﬁ?’&smﬁfiﬂe\ﬁé‘%ﬁﬁd
countries, Yikidle sssodmiertidnsndotiitismmedial){ eorcoasse hyctdmwentiai ng of
cont am nat e §£27¥9{bg¥1d, W.J. Martin, Diagnostic Microbiology 86-87,
240-46 (6th ed. 1982). Vibrio ssp. also cause disease in -
fishes, eels, frogs, other vertebrates and invertebrates as
well. See 1 Bergey’s Manual of Systematic Bacteriology 518-
38 (N.R. Krieg and J.G. Holt eds. 1984).

Vibrio bacteria are aquatic bacteria distributed
throughout the world which often dangerously contaminate
aqueous systems and water supplies. Contaminated water
supplies pose the most serious source of Vibrio inf-ection,_ as
Vibrio-associated diseases are transmitted almost exclusively

by the fecal contamination of water systems and food
materials. : .

In countries lacking adequate potable water purification .
facilities, illness is often caused by drinking water
contaminated with the bacteria. The drinking of contaminated
water is the primary cause of the current cholera pandemics.

In developed countries, Vibrio-associated illness is
more often caused by the eating of contaminated seafood or
shellfish. The contamination results from releasing
inadequately treated sewage into the marine environment.

For example, ingestion of raw oysters contaminated with
V. vulnificus may lead to septicemia in as little as twenty-
four hours. Thus, the major Qefgnse in the control of



shel | fish. The contam nation results fromrel easi ng i nadequately treated
sewage 4 nto the marine environnent. For exanple, ingestion of raw oysters
contam nated with V. vul nificus may |ead to septicema in as little as
twenty- four hours. Thus, the nmajor defense in the control of - 3-

Vi bri o-associated illness is the mai nt enan@e -of adequate water purification
and adequate sewage treatnment systems. R Y. Stanier, E A Adelberg, J.L.

| ngraham The M crobial Wrld 627 29 (1976). In addition to Vibrio
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in infants a 'dlarrhea", in
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fatal infect 'd?fﬁlzdféi? Gudit IdilaSrhdke lalsl IfhequenitaerBr abl galﬁgﬁgﬂghchﬁas
peritonitis, a dder infection, septicem a, meningitis an

endocarditis. d & Martin, at 84-85, '
Fever, thrombophlebltls, bacteremia, septic or reactive

arthritis, endocarditis, meningoencephalitis, perlcardlt;s,
pleurocpulminary infection, cholecystitis, diarrhea and septic
abortion may be caused by C. fetus subspecies (ss.) jejuni,
or C. fetus ss. intestinalis infection. Contaminated water
is an important vehicle of infection. S.M. Finegold, W.J.
Martin, Diagnostic Microbiology 280-81 (6th ed. 1982).

. Enteropathogenic Escherichia coli are responsible for
ocutbreaks of diarrhea in infants and newborns, and diarrhea,
including ft;aveler's diarrhea®, in adults. E. coli may be
invasive and'toxin-producing, causing sometimes fatal
infections, such as cystitis, pyelitis, pyelonephritis,
appendicitis, péritonitis, gallbladder infection, septicemia,
meningitis and endocarditis. Finegold & Martin, at 84-85,
222. - | -

Mycobacterium bovis, like M. tuberculosis, M. africanum,
M. ulcerans, and M. leprae, is a strict pathogen. M. bovis
'is a significant pathogen throughout much of the world,
causing tuberculosis, primarily in cattle. Finegold &
Martin, at 351-~52.

Opportunistic in nature, Pseudcmonas aeruginosa may

infect burn or wound siteé, or the urinary or lower
respiratory tracts of immunocompromised hosts. Infection may
result in serious septicemia. Finegold & Martin, at 249,
253.
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infections and more serious diseases, such as toxic shock
syndrome, septicemia, meningitis and pneumonia may result
from S. aureus infection. Finegold & Martin, at 165-66.

. Bacteria of the genus Yersinia are also pathogens. Y.
enterocolitica is an enteric pathogen. Infection with this
microorganism causes severe diarrhea, gastroenteritis and
b;her types of infections such as bacteremia, peritonitis,
cholecystis, visceral abscesses, and mesenteric
lymphadenitis. Septicemia with 50% ﬁortality has been _
reported. Y. pestis is the etiologic agent of bubonic, .
pneuhonic, and septicemic plague in humans. Finegold &
Martin, at 230-31.

Candida albicans is a yeast-like fungus that causes
acute or subacute infection called candidiasis. The yeast
may cause lesions in the mouth, esophagus, genitourinary
tract, skin, nails, bronchi, lungs and other organs in
immunocompromised hosts. Bloodstream infection,
endocarditis, and meningitis caused by Candida has been
reported. Finegold & Martin, at 429-30.

Entamoeba histolytica is a parasitic amoeba that infects
the cecum and large bowel of humans, primates, other mamhals
and birds. E. histolytica may penetrate the epithelial
tissues of the colon, causing ulceration symptomatic of
amoebic dysentery. The amoeba may spread from the colon to
‘the liver via the portal bloodstream and produce abscesses



| ynphadenitis. Septicema with 50% nortality has been reported. Y. pestis
Is theyetiol ogic agent of bubonic, pneunonic, and septiccem c plague in
humans. Finegold & Martin, at 230-31. Candida albicans is a yeast-|ike
fungus that causes acute or subacute infection called candidiasis. The
yeast may cause lesions in the nouth, esopBagus, genitourinary tract, skin,
nails, bronchi, lungs and ot her organs in i mmuunoconpromnm sed hosts.
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497, 508-515.

Poliovirus causes acute viral disease (poliomyelitig)
sporadically and in epidemics. The disease.is endemic in
most warm-weather countries throughout the world. Often
waterborne, poliovirus may cause minor illness characterized
by fever, sore throat, headache, and vomiting, often
accompanied by stiffness of the neck and back.

Importantly, poliovirus may cause major illness
involving the central nervous system causing paralysis of one
or more limbs. Additionally, one form of poliovirus '
infection (acute bulbar poliomyelitis) affects the brain
stem, motor cortex, and medulla oblongata, causing
dysfunction of the swallowing mechanism, and respiratory and
circulatory distress. Dorland’s Iliusttated_uedical
Dictionary 1045 (26th ed. 1981). |

~ This invention provides a method of controlling the:
above referenced diseases caused by these microorganisms by
controlling the growth of these microorganisms in aqueous
systéms,'such as potable water, sewage water, and nonmarine
surface water.

An object of this invention is to provide a method for
the microbicidal control of unwanted, disease-causing
mieroorganisms in aqueous systems such as potable water,
sewage and other nonmarine surface water.
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A fifth object is to provide a method for controlling
the spread of the diseases caused by the microotganisms -
discussed above, such as cholera and polio.

Other objects and advantages of the invention will be
set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention.

To achieve the above objects, and in accordance with the
purpose of the invention as embodied and broadly described
herein, there are provided: _ | :

(1) A method for controlling the grdwth of at least one
microorganism in an aqueous system susceptible to the growth
of the microorganism and in recognized need of such control
comprising the step of adding to the aqueous system an ionene
polymer in an amount effective to control the growth of at
least one microorganism selected from Campylobacter spp.,
Mycobacterium spp., Shigella spp., Vibrio spp., Yersinia
spp., and Entamoeba spp., and wherein the aqueous system is
selected from potable water, sewage, and other nonmarine
surface water;

(2) A method for controlling the growth of at least one
microorganism in an aqueous system susceptible to the growth

of the microorganism and in recognized need of said control
comprising the step of adding to the aqueous system an ionene
polymer in an amount effective to control the growth of at



A fourth object of the invention is to provide a nethod for controlling
poliovirus in aqueous systems such as potable water, sewage, and other
nonmarine surface water. Afifth object is to prOV|de a met hod for
controlling the spread of the di seases caused by the m croorgani sns

di scussed above, such as cholera and pol Log Ot her objects and advantages of
the invention will be set forth in the description which follows, and in
part wi-ll be apparent fromthe description, or may be |earned by practice
of the invention. To achi eve the above objects, and in accordance with the
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transmitted from an agqueous system comprising the step of
adding to the aqueous system in recognized need thereof, for
the purpose of controlling the spread of polio, an amount of
ionene polymer effective in controlling the spread of
poliovirus, wherein the aqueous system is selected from
potable water, sewage, and other nonmarine surface water.

In a first embodiment, the invention relates to a method
for controlling the growth of at least one microorganism in
an aqueous system susceptible to the growth of the
microorganism where the agqueous system is in recognized-need
of such control. The method comprises the step of adding to
the aqueous éystem an ionene polymer in an amount effective
to control the growth at least one microorganism selected
from Campylobacter spp., Mycobacterium spp., Shigella spp.,
Vibrio spp., Yersinia spp., and Entamoeba spp. The agueous
system may be selécted from potable water, sewage, and other
nonmarine surface water.

As discussed above, microorganisms selected from
Campylobacter spp., Mycobacterium spp., Shigella spp.. Vibrio
spp., Yersinia spp., and Entamoeba spp. are known to cause
diseases in humans as well as other mammals by contaminating
the water supply. According to this invention, ionene
polymers can be effective in controlling the growth of such
microorganisms in aqueous systems and, thus, can be effective
in controlling the spread of diseases caused by these



ot her nonmarine surface water; (3) A nethod of controlling the spread of
cholera transmtted froman aqueous system conprising the step of adding to
t he aqueous systemin recogni zed need thereof, for the purpose of
controlling the spread of chol era, an anount of ionene pol yner effective in
controlling the growth of Vibrio spp., whé& &l n the aqueous systemis

sel ected from potable water, sewage, and ot her nonmarine surface water; and
(4) A nmethod for controlling the spread of polio transmtted from an
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The needs of the particular aqueous system determine
‘what amount of ionene polymer will be required to achieve the
desired level of control. The concentration of the ionene
polymer in a given aqueous system may be, for example, less
than or equal to 50 ppm, and preferably less than or equal to
20 ppm. More preferably, the concentration varies from 1 ppm
to 10 ppm and most preferably, the ionene polymer is present
in the aqueous system at a concentration of approximately 5
ppm. .

The methods of the invention are directed to the control
of waterborne, disease-causing microorganisms. Thus, the
disclosed methods can be employed in any agqueous system which
is susceptible to the growth of such microorganisms.

Of particular concern are those agueous systems that

frequently come into contact with humans and other mammals,
including livestock, and which can spread the disease-causing
microorganism. These aqueous systems ixiclude, but are not
limited to, potable water, sewage, and other nonmarine
surface wat.:er such as ponds, lakes, streams, rivers,
industrial cooling or contaminant ponds.



-8- mcroorganisns. Specifically, ionene polyners are shown below to be
effectjve in the control of Canpylobacter jejuni, Mycobacterium bovis,
Shigel l a dysenteriae, Vibrio cholerae, Vibrio parahaenolyticus, Yersinia
enterocolitica; and the protozoan Entanpeba histolytica. In the methods of
this invention, an ionene polyner is used 9n-an anount effective to
acconplish the purpose of the particular nethod, i.e, to control the growh
of at |east one m crooorganism According to the present invention,

control, for exanple, of the growth or_spread of aj |east_one
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dlsease-caugﬁgghod comprises the step of adding to an aqueous system_in
recognized need thereof, for the purpose of controlling the
spread of cholera, an amount of ionene polymer effective in
controlling the growth of Vibrio species. The aqueous system
includes those discussed above. Specifically contemplated
are those aqueous systems selected from potable water,
sewage, and other nonmarine surface water as discussed above.

To control the spread of polio transmitted from an
agueous system, the invention provides a method comprising
the step of adding to the aqueous system in recognized need
thereof, for the purpose of controlling the spread of polio,
an amount of ionene polymer effective in controlling the . .
spread of poliovirus. The aqueous system may be any of those
discussed above and preferably is potable water, sewage, or
other nonmarine surface water.

Each of the above methods employs at least one ionene
polymer to control the growth of the unwanted, disease
causing microorganism in an aqueous system. Ionene polymers
or polymeric quaternary ammonium compounds, i.e., cationic
polymers containing quaternary nitrogens in the polymer
backbone (also known as polymeric quats or polyquats), belong
to a well-known class of compounds.




m croorgani sm These aqueous systens include, but are not limted to,
potabl ¢ water, sewage, and other nonmarine surface water such as ponds,

| akes, streans, rivers, industrial cooling or contam nant ponds. -9- A
second enbodi nent of the invention is a nethod for controlling the growh
of at |east one m croorgani smsel ected ftrq@m M/cobacterium bovis, Sal nonella
typhi, and Candi da al bi cans in an aqueous system susceptible to the growth
of the mcroorganismand in recogni zed need of that control. The nethod
conprises the step of adding to the aqueous system an ionene polyner in an
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Ionene polymers have also been used to inhibit surface
adhesion of bacteria and algae, U.S. Patent No. 5,128,100;
the disclosure of which is specifically incorporated by
reference herein. However, ionene polymers have heretofore
not been known to be useful for controlling the growth of
microorganisms such as Campylobacter, Shigella, Vibrio,
Yersinia, Entamoeba and poliovirus in aqueous systems. It is
thus believed that the uses claimed herein for ionene
polymers are novel and are not suggested by any heretofore
known uses. . . “
Ionene polymers may be classified according to the
repeating unit found in the polymer. This repeating unit
results from the reactants used to make the ionene polymer.
A first type of ionene polymer comprises the repeating
unit of formula I: '

A: N+ B N+ (1)




ot her nonmarine surface water. Each of the above nethods enpl oys at |east
one ianene polyner to control the growth of the unwanted, disease causing
m croorgani smin an aqueous system |onene polyners or polynmeric quaternary
ammoni um conpounds, i.e., cationic polyners containing quaternary nitrogens
in the polymer backbone (al so known as_pehyneric quats or polyquats),
belong to a well-known class of conpounds. - 10 - lonene polyners have
been reported to possess bi ol ogi cal activity See, e.g., A Renbaum
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symmetric dl-cz-cs-alkylether, and most preferably "A' is
propylene, 2-hydroxypropylene or diethyleneether.

The group "B" is a divalent radical selected from Cl-c10
alkyl, cz--c10 alkenyl, CZ-C10 alkynyl, C,-C10 hydroxyalkyl,
aryl, aryl—cl-clo-alkyl, or Cl-Clo-alkylaryl-cl-clo-alkyl.
Preferably, "B" is cl—c5 alkyl, c2-c5 alkenyl, c2-cs
hydroxyalkyl, aryl, aryl-cl-cs-alkyl, oxr C'l-c5 alkylaryl-cl-
C5 alkyl. Most preferably "B" is ethylene, propylene,
butylene or hexamethylene.

The counter ion, Xz', is a divalent counter ion, two
monovalent counter ions or a fraction of a polyvalent counter
ion sufficient to balance the cationic charge in the
repeating unit which forms the ionene polymer backbone.
Preferably, Xz' is two monovalent anions selected from a
halide anion and a trihalide anion and more preferably,
chloride or bromide. Ionene polymers having trihalide
counter ions are described in U.S. Patent No. 3,778,476. The
disclosure of that patent is ihcorporated herein by
reference.

The ionene polymers having the repeatiﬁg unit of formula
I may be prepared by a number of known methods. One method
is to react a diamine of the formula RleN B- NR1R2 with a
dihalide of the formula X-A-X. Ionene polymers having this
repeating unit and methods for their preparation are, for
example, described in U.S. Patents Nos. 3,874,870, 3,931,319,

4,025,627, 4,027,020, 4,506,870 and 5,093,078; the



repeating unit found in the polynmer. This repeating unit results fromthe
reactants used to make the ionene polymer. A first type of ionene polyner
conprises the repeating unit of formula I: In this formula, [err] and
[err] can be identical or different, and are selected fromH, [err] alkyl
optionally substituted with at Ieast o2 ydroxyl group, and benzyl
optionally substituted on the benzene noiety with at |east one [err] al kyl
group. Preferably, [err]and [err] are all methyl or ethyl. The group "A" is

a divalent, ra |cal se e ted from/[err] al kyl, rr alﬁgnyl,éenr al kynyl
[err] hydl‘%&éi hich fr sﬁﬁ#ﬁ?ﬂql}é‘f?éiﬁ]e%“sﬂ Y e "F‘é’r‘!ﬁ or
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hydr oxyal ” a f%) [err] [err] [err] alkyl. Mst pre erably "B"
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i s ethyl eng, ene or hexamnet hyl ene. The counter ion, [err]
I's a dival ent counter ion, nonoval ent, co er ions or a fraction of a
pol yval ent counter ion suff|C|ent to baﬁgnce thhe cationic charge in the
repeating unit which forns tfthe i onene pgl yne ackbone. Preferably, [err]
i's two nonoval ent anions sel'ected, from alid anion and a trihaI|?% ani on
and nore preferably, chlorige or “brom d¢. Tonepe polyners having tri 30 de
counter ions are described ijn U S. Patent No;—¥,778,476. The

R2 x-

In this formula II, the definitions of R, R2, and A are
the same as those defined above for formula I. X is a '
monovalent counter ion, one-half of a divalent counter ion ox
‘a fraction of a polyvalent counter ion sufficient to balance
the cationic charge of the repeating unit which forms the
ionene polymer. X  may be, for example, a halide or
trihalide anion and is preferably chloride or bromide.

The ionene polymers having the repeating unit of formula
II may be prepared by known methods. One method is to react
an amine of the formula RIRZN with a haloepoxide such as
epichlorohydrin. Ionene‘polymers having the repeating unit
of formula II are, for example, described in U.S. Patents
Nos. 4,111,679 and 5,051,124, the disclosures of which are
incorporated herein by reference. The biological'activity of
ionene polymers having the repeating unit of formula II is
also described in these patents. ’



di scl osure of that patent is incorporated herein by reference. The ionene
pol ynmers hgving the repeating unit of fornmula I may be prepared by a nunber
of known methods. One nmethod is to react a diamne of the formula [err]
with a dihalide of the fornula X-A-X. lonene polyners having this repeating
unit and nmethods for their preparation ggeL for exanple, described in U S
Patents Nos. 3,874,870, 3,931,319, 4,0257627, 4,027,020, 4,506,870 and
5,093, 078; the - 12 - disclosures of which are incorporated herein by
ref erence. The biol ogical activity of i.onene polyners having the repeating
unit of formul a A thizd stypkesxf iiveenen polgserpatnprises\ s ampuhtiye of

i onene pol YGREtCOAPEbSRELL Neryepeating unit of fornmula Il: In this fornula
I1, the definitions of [err] and A are the sanme as those defined above for
formula I. X is a nonoval ent yinter i on, on alf of a divalent counter
ion or a fraction of -a polyy£ Z;tnggunLeh,' ficient to bal ance tQﬁ
cationic charge of the repeafing unit which fofns the ionene polynerﬁ %)
may be, for exanple, a halidé or trihalide anfon and is preferably chloride
or brom de. ThHe ionene polyners having the repeating unit of formula Il may
be prepared by known net hods. OneCHEgt hod i SCHg react an am ne of the
formula [err] with a hal oepoxi de ch as ep&ghlorohydrin. | onene pol yners
havi ng t hEheERBtRndS unit of for exanpl €¥ described in U.S.
Patents Nos. 4,111,679 and 5, 051, , the d closg%§§ of which are
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pol ymers having the repeating unit of forrmula Il is.also described in these
patents. CH3 CHp— CH3 CH3
v \\\N+//
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Q is -(CHR')p-, -CH2-CH=CH-CH32-, ;CHZ-CH2-O-CH2-CH2-,
-CH2-CH(OH)-CHy-, or '
H H
-(CHR’ )p~ IN—- c——lu— (CHR’)p- ; and

0
I

® F R
B’ is -cnz-cn-mz-fl*-(cm')n-n-c-— N— or
R’ X~
R’ OH
-(CHR' )n-lw'-cnz-cn-cnz - 3
R’ X=
wherein: n and p independently vary from 2 to 12; each R’ is
independently hydrogen or a lower alkyl group; xz' is a
divalent counter ion, two monovalent counter ions or a
fraction of a polyvalent counter ion sufficient to balance
the cationic charge in the group R; and X~ is a monovalent
counter ion, one-half of a divalent counter ion or a fraction



- 13 - Athird type of ionene polyner conprises a repeating unit of fornula
I11: [«err] wherein: n and p independently vary from2 to 12; each Rlerr] is
i ndependent|ly hydrogen or a | ower alkyl group; [err] is a divalent counter
ion, two nonoval ent counter ions or a fraction of a polyvalent counter ion
sufficient to balance the cationic chargg4 n the group R, and X is a
nonoval ent counter ion, one-half of a divalent counter ion or a fraction
- 14 - of a polyvalent counter ion sufficient to balance the cationic
charge in the group B . Preferably, R is hydrogen or a_[err] alkyl; nis
2-6 and p | £D-% Pajasralany Gomter fon §W¥%—F&Q§ﬁ 5P Ratfapre Rhes 3 and p
is 2. Pref eratcibrimindifirgedih tHeelgdoupn®d X are the same as those
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I1I, methods of their preparation, and their biological
activities are, for example, described in U.S. Patent No.
4,506,081; the disclosure of which is incorporated here by
reference.
Ionene polymers comprising the repeating units of
formulae I, II, and III may also be cross-linked with
primary, secondary or other polyfunctional amines using means
known in the art. Ionene polymers can be cross-linked either
through the quaternary nitrogen atom or through another
functional group attached to the polymer backbone or to a
side chain.
Cross-linked ionene polymers, prepared using cross-
linking coreactants, are disclosed in U.S. Patent No.
3,738,945 and Reissue U.S. Patent No. 28,808, the disclosures
of which are incorporated here by reference. The Reissue
Patent describes the cross-linking of ionene polymers
prepared by the reaction of dimethylamine and
epichlorohydrin. The cross-linking coreactants listed are
ammonia, primary amines, alkylenediamines, polyglycolamines,
piperazines, heteroaromatic diamines and aromatic diamines.
U.S. Patent No. 5,051,124, the disclosure of which is

incorporated herein by reference, describes cross-linked

ionene polymers resulting from the reaction of dimethylamine,
a polyfunctional amine, and epichlorohydrin. Methods of
inhibiting the growth of microorganisms using such cross-
linked ionene polymers are also described.



functional group attached to the polymer backbone or to a side chain.
Cross-dinked i onene polyners, prepared using cross- |inking coreactants,
are disclosed in U S. Patent No. 3,738,945 and Rei ssue U.S. Patent No.
-28,808, the disclosures of which are incorporated here by reference. The
Rei ssue Patent describes the cross-1inkigig of ionene polynmers prepared by
the reaction of dinethylam ne and epi chlorohydrin. The cross-Iinking
coreactants |isted are amoni a, primary am nes, al kyl enedi am nes,

pol ygl ycol am nes, piperazines, heteroaromatic dianmines and aromatic
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with an i osepeing group. Alternatively, a calculated quantity of a
monofunctional tertiary amine or monofunctional substituted
or unsubstituted alkyl halide can be reacted with an ionene
polymer to obtain a capped ionene polymer. . Ionene polymers
can be capped at one or both ends. Capped ionene polymers
and their microbicidal properties are described in U.S.
Patents Nos. 3,931,319 and 5,093,078, the disclosures of each
of these patents is incorporated herein by reference.

- Among the ionene polymers discussed above, a
particularly preferred ionene polymer having a repeating unit
of formula I is
poly[oxyethylene(dimethyliminio)ethylene(dimethyliminio)ethylene
dichloride. In th;s ionene polymer, Rl, Rz, R3 and R4 are
each methyl, A is —CH2CH20CHZCH2 B is -CHZCH2 , and x2 is
2C1~, and the average molecular weight is 1,000-5,000. This
ionene polymer is available from Buckman Laboratories, Inc.

of Memphis, Tennessee as Busan® 77 product, a 60% aqueous
dispersion of the polymer, or WSCP® product, a 60% aqueous
dispersion of the polymer. Busan® 77 and WSCP® are biocides
used primarily in aqueous systems, including metalworking
fluids for microorganism control.

Another particularly preferred ionene polymer having a
repeating unit of formula I, also available from Buckman
Laboratories; Inc. as Busan® 79 product, or WSCP II product
is the ionene polymer where Rl, Rz, R3 and R4 are each

methyl, A is -CHCH(OH)CH2-, B is -CH2CH2-, and X2~ is 2c1”.



polymer to obtain a capped ionene polyner. |onene polynmers can be capped at
one or ,both.ends. Capped ionene polyners and their m crobicidal properties
are descrlbed in US. Patents Nos. 3,931,319 and 5,093,078, the disclosures
of each of these patents is incorporated herein by reference. Anong the

I onene pol yners di scussed above, a parti-<uléardy preferred i onene pol yner
having a repeating unit of fornula | is
poly(oxyethylene(dinethylininio)ethylene(dinethylininio)ethylene
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is [err] Busan[err
ionene polymer having the repeating unit of formula II,

obtained as a reaction product of dimethylamine with
epichlorohydrin, cross-linked with-ethylenediamine, wheré.R
and R? are each methyl, A is -CH,CH(OH)CH,- and X" is cl1”.
This ionene polymer has a.100,000-500,000 average molecular
weight.

. Busan® 1155 product is a 50% aqueous dispersion of an
ionene polymer having the repeating unit of formula II, where
R! and R? are each methyl, A is -CH,CH(OH)CH,-, X~ is C1” and
the ionene polymer is cross-linked with ammonia. This ionene
polymer has a molecular weight of approximately 100,000~
500,000. _

Busan® 1099 product or Bubond® 65 product is a 25%
agueous dispersion of a cross-linked ionene polymer having
repeating units of formula II, where rR! and R2 are each
methyl, A is -CH,CH(OH)CH,-, X~ is C1”, the cross-linking
agent is monomethylamine. This ionene polymer has a
molecular weight of approximately 10,000-100,000.

Preferred ionene polymers having the repeating'unit of
formula III are those where R is a urea diamine and B’ is
CH,CH(OH)CH,, and X~ is C1~. BL® 1090 is a 50% aqueous
dispersion of the ionene polymer obtained as a reaction
product of N,N'fbis-[l-(3—(dimethylamino)-propy1]urea and
epichlorohydrin, such an ionene polymer having a 2,000-

1

15,000, preferably 3,000-7,000, average molecular weight.



aqueous di spersion of such an ionene polyner obtained as a reaction product
of dinmethylamne with (chloromethyl)oxirane having a 2,000-10, 000 average
nol ecul ar melght Busan[err] 1157 product is a 50% aqueous di spersion of

t he i onene polyner having the repeating unit of formula I, obtained as a
reaction product of dinethylanmne with eppghlorohydrin, cross-Iinked

- W t h-et hyl enedi am ne, where[err] and R are each nethyl, Ais [err] and
[err] is [err] This ionene polynmer has a 100, 000- 500, 000 aver age nol ecul ar
wei ght . Busan[err] 1155 product is a 50% aqueous di spersion of an ionene
pol ymer having t h@aatpest ithe aboveofichensupalymerahand grodurtR are each

methyl, A is Jfiddieien [b? R-Jrah%nﬁa}n@:e LsOH%aﬁlth&nEfomSB@éml i nked with

anmoni a. ThIS |onene e ar wei of approxi mately

100, 000- 500 Wrﬁ%ﬁ%r Ancr09é HFB'&E}EF SP“BEBgﬁaterr] 65 product is a
25% aqueous di spermieimferaionowdllli beedemonsuzapes yherthaioklowingt i ng
units of 1orlldulies Wit Sl ﬁ%%ﬁ%a%@:@i&htaeﬁéyinxfstﬁ&ﬁfé]of i #he

[err] , the croOS dkln agent 1S nononet y Thi s i onene pol ymer has

a nnlecular\Hﬁ%ﬁﬁnﬁﬁiQﬂﬂaﬁéﬂnwépéi?rfbnGGO iﬁétéﬁg Preferred i onene

pol ynmers having the repeating unit of fornula Il are those where Ris a

urea diamne and B is [err] and [err] g gry BL[err] 1090 is a 50%

aqueous di spersion of the ionene polyner talne as a [eac roduct of
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Busano 79, Busan® 1055, Busan® 1099, and Busan® 1157.

The microbicidal activity of each polymer was tested at
AOAC water hardness levels of 300 ppm and 900 ppm which o
measures calcium and magnesium levels. 300 ppm AOAC
corresponds to a level of moderately hard water. 900 ppm
indicates extremely hard water, approaching brackishness.

For each ionene polymer product, the following weight/
weight concentrations of the ionene polymer product in the
test system were used: 0.0 ppm, 5.0 ppm, 10.0 ppm, and 20.0
ppm. V. cholerae ATCC # 14035, GBL # 52107, were exposed in
aqueous solution supplemented with .01% trypticase soy broth
for 24 hours at room temperaturé. Vibriocide survivors were
determined by plate count in alkaline trypticase soy agar.
The results, which are summarized in Tables 1 through 5, show
that ionene polymers, when used in accordance with the
present invention, provide dramatic reductions in the
viability of V. cholerae, as evidence by the decrease in
surviving bacteria plated after 24 hours exposure. The
complete kill, <10 cfu/ml survivors, at concentrations as low
as 5.0 ppm ionene polymer product in AOAC hardness 300 ppm,
indicates the effectiveness of ionene polymers against V.
cholerae. The substantial decrease in the level of surviving
V. cholerae in as little as 20 ppm in 4 out of 5 of the
polymers at AOAC 900 ppm illustrates the effectiveness of
ionene polymers against V. cholerae even in extremely hard.
water.



Laboratories, Inc. of Menphis Tennessee. The invention will be denonstrates

by the, foll.owi ng exanples, which are intended nerely to be illustrative of
the present invention and are not limting. EXAMPLE 1 |onene pol yners were
eval uated for their effectiveness in killing Vibrio cholerae in two |evels

of water hardness. The follow ng ionene_pggyaer products were used:
Busan[err] 77, Busan[err] 79, Busan[err] 1055, Busan[err] 1099, and
Busan[err] 1157. The mcrobicidal activity of each polyner was tested at
AOAC wat er hardness | evels of 300 ppm and 900 ppm whi ch neasures cal ci um
and magnesi um | evel s. 300 ppm AOAC cor r E3BERd3

hard wat er ..—900—ppr--Adi-cat-es—e erpl vy hard , o8 c
bracki shness. For each ionene pol yner Bl gﬂgt77the foll ow ng wei ght/ wei ght
concentrations of the ionene polynmer product in the test system were used:
0.0 ppm 5.0 ppm 100 pprmm_and 20.0 ppm V. chol erae ATCC # 14035, GBLC #
52107, wer epsedIsehebl ) gweous sol utg on suppl snmented wi t10. 01% try[@o case
soy broth fEdcterixlircowit roomtenperature. Vibriocide survivors were

det erm ned bjecihisk) count in al kaline trypticase soy agar. The results,

whi ch are surBRaG A0 ippmabl es 1L 4 i d08h 5, SABw Sha% | BHene, po) yfdds, Jwhen
used i n accorAPe I BPR he prdedn® LW enti-énX HPDvi eld’Fa]n&i & e dGns
in the vi abi . , ' i v+
bacteria plated after 24 hours exposure. The conplete kill, <10 cfu/m
survivors, at concentrations as |ow as & pg i onene pol ymer product in
AOAC hardness 300 ppm indicates the effectiveness of ionene pol yners

agai nst V. Chol erae. The substansral decrease 1n the level of surviving V.
cholerae in as little as 20 ppmin 4 oBuseh®578f the pol yners at ‘ACAC 900

ppmillustrates the effectjveness of iognene polyners against V. _cholerae
even in extremelﬁ/ hard water. :
Dose Level, ppm 0 5 10 20
Bacterial Count
(cfu/ml) '
AOAC 300 ppm 1.4 x 106 <10 <10 <10
AOAC 900 ppm 1.2 x 107 2.1 x 105 2.3 x 103 70

TABLE 3

Busan® 1055
Dose Level, ppm . ' 0 5 10 | 20
Bacterial Count - . e :
(cfu/ml) _ .
AOAC 300 ppm 106 <10 <10 <10

[y
N i
]

AOAC 900 ppm 107 2.0 x 106 1.3 x 105 9.1 x 103

TABLE 4

Busan® 1099

Dose Level, ppm 0 5 10 20
Bacterial Count
(cfu/ml) -
AOAC 300 ppm 1.4 x 106 <10 <10 <10
AOAC 900 ppm 1.2 x 107 6.2 x 105 4.0 x 105 2.5 x 104




- 18 - TABLE 1 Busan[err] 77 Dose Level, ppm 0 5

10 . 20 Bacterial Count (cfu/m) AOAC 300 ppm 1.4 x 106

<10 <10 <10 AOCAC 900 ppm 1.2 x 107 1.2 x 103 9.1 x
10[err] 4.7 x 102 TABLE 2 Busan[err] 79 Dose Level, ppm 0

5 10 20. Bacterial Countygcfu/m) ACAC 300 ppm 1.4 x
106 <10 <10 <10 AQAC 900 ppm 1.2 x 107 2.1 x
105 2.3 x 103 70 Table 3 Busan[err] 1055 Dose Level, ppm 0

5 10 20 Bacterial Count (cfu/m) ACAC 300 ppm 1.4 x
106 <10 <10 <10 ACAC 900 ppm 1.2 x 10[err] 2.0 x
10[err] 1.3 x 10[err]- 9 1 x 10[err] TARLE Busan[err] 1099 Dose Level,
ppm ' 6 —+6 20—Bacterrat—Coumt \bf tH F‘rAl
ACAC 300 ppm 1.4 x 106 <1 ® <10 AQAC 900 ppm
2107 6 2 x 105 40w 105 2.5 EusERe LI

Dose Level, ppm
Bacterial Count

o
wn

10 20

(cfu/ml)
AOAC 300 ppm 1.4 x 106 <10 <10 <10
AOAC 900 ppm 1.2 x 107 1.2 x 107 1.5 x 106 3.7 x 106

EXAMPLE 2
Ionene polymer products Bubond® 65, Busan® 77, Busan® 79
and Busan® 1055 were evaluated for effectiveness in killing
the bacteria Campylobacter jejuni, Escherichia coli,
Mycobacterium bovis, Pseudomonas aeruginbsa, Salmonella
typhi, Shigella dysenteriae, Staphylococcus aureus, Vibrio

parahaemolyticus ATCC 17802, Yersinia enterocolitica, and the.

yeast Candida albicans, in deionized water and artificial
pond water. Results are shown in Tables 6-9.

Sterile deionized water, pH 7 to 7.5, was supplemehted
with polymer products at the concentrations of 2.5 ppm, 10
ppm, and 20 ppm.

Artificial pond water consisted of sterile deiomnized
water, sterile salts (350 ppm KCl, 350 ppm,CaClz, 350 ppm
NaCl) and 0.01% sterile trypticase soy broth. Polymer
products were added to this medium at concentrations of 5
ppm, 10 ppm, and 20 ppm.

Bacteria, except for Campylobacter jejuni and
Mycobacteriﬁm Bovis, and yeast were cultured in trypticase
soy broth for 24-36 .hours and seeded into 100 ml of the test
solution at a concentration of 104cfu/ml. The bacteria and
yeast were contacted with the solution for 18-24 hours at 20-
25°C without agitation, then quantitated by standard pour
plate methodology in trypticase soy agar.

Campylobacter jejuni growth was quantltated by spread
plate technique on Chocolate Agar, and incubated at 37°C in a
BBL "Campy Pack" for 48 hours. Mycobacterium bovis growth



TABLE 5 Busan[err] 1157 Dose Level, ppm 0 5 10
20 Bacteriagl Count (cfu/m) ACAC 300 ppm 1.4 x 106 <10 <10
<10 AQAC 900 ppm 1.2 x 107 1.2 x 107 1.5 x 106 3.7 x 106 EXAMPLE 2
Jonene pol ynmer products Bubond[err] 65, Busan[err] 77, Busan[err] 79 and
Busan[err] 1055 were eval uated for eff®eddveness in killing the bacteria
Canmpyl obacter jejuni, Escherichia coli, Mcobacterium bovis, Pseudonbnas
aer ugi nosa, -Sal nonel |l a typhi, Shigella dysenteriae, Staphylococcus aureus,

Vi brio parahaendl s ateerl §89ans oot a3 gaRAEotated oy Atdate. yeast
Candi da al bi cans, .in.deioni zed_ water and artificgial ggng%avater”,ﬁsul ts are
shown in Talft*aESs t¢Cchaigne en ERAFeIALe AFa% ‘6& TEBPTEET Ras’ suppefent ed
wi th pol ymerBBYy daspy Rackiiefovné@rhowts ondysiobacsegpum hovhprgrawtd 20 ppm
(Agg Bf i Ci akcwbg 1taeRdl B ggeﬁﬁrﬁ@rﬂﬂl&mligabggd tté@ie.il:vatféc?ri!td e salts
ppm m[ecr p . osterile trypticase soy
broth. Pol y#&uc&ség%as% &5}’5 aﬁﬁeggfiga’%# ﬁr{%&?&m at concentrations of 5
ppm 10 ppm and 20 ppm Bacteria, excRABLE & Canpyl obacter jejuni and
Mycobact erd-um-Bovis —and yveast wele—ctH-ttH-aad—i-i—ttyipi-i-c-as-e—soy—hrothfor

24-36 hours and seeded igto_100 fothe test sal ufj a concentration
of 10[err]cfu/m . The ba%&?’?&‘é%@éﬁs‘%‘"ﬁé’%%o f’%é‘?gg %th the solution
for 18-24 frours—at 20-—25ferTCwthoutr agrtattormn, thnen guanttrated by

standard psege e Mgaedol ogy in trypticase 2Q% agar. ganpyl ohacter 20
j ejuni gr @ddtevdsl]Caunt at ed by spread plate techni que on Chocol ate Agar,

and i ncubatgeffwtml3d7[err]C in a BBL "Canpy Pack" for 48 hours. Mcobacterium
bovi s gr owtfampylobacter jejuni

Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104  NT <10 <10 <10
Escherichia coll
Deicnized Water 1.0 x 104 5.0 x 103 N7 <10 <10
Artificial Pond Water 1.0 x 103 NT 3.0 x 104 <10 <10
Pseudomonas aeruginosa
Deionized Water 1.0 x 104 - <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT 210 <10 <10
Salmonella typhi ' _ '
Deionized Water 1.0 x 104 3.1 x 104 NT <10 <10
Artificial Pond Water 1.0 x 105 NT 1.6 x 104 <10 <10
Shigella dysenteriae
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Staphylococcus aureus o :
Deionized Water 1.0 x 106 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 ~ <10
Vibrio parahaemolyticus -
Deionized Water - 1.0 x 106 <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT 600 470 750
Yersinia enterocolltica _ '
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Mycobacterium bovis
Deionized Watexr 28 <1l NT NT NT
Artificial Pond Water 28 NT ) NT NT
Yeast Count ’ -
Candida albicans :
Deionized Waterxr 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10

NT = Not tested




- 20 -- Canmpyl obacter jejuni growh was quantitated by spread plate

techni gue aon Chocol ate Agar, and incubated at 37[err]C in a BBL "Canpy
Pack" for 48 hours. Mycobacteriumbovis growh was quantitated by nmenbrane
filtration and cultivated in @ ucose Base broth at 35[err]C for 28 days.
TABLE 6 M crobicidal Activity of Bubondperr] 65 Dose Level, ppm

0 2.5 5 10 20 Bacterial Count (cfu/m)
Canmpyl obacter jejuni Deionized Water 1.0 x 104 <10 NT
<10 <10 Artificial Pond Water 1.0 x 104 NT <10 <10
<10 Escherichia coli Deionized Water 1.0 x 104 5.0 x 103 NT
<10 <10 Artificial Pond Water 1.0°%%%0%5  NT 3.0 x 104 <10
<10 Pseudomomas aer ugrnosa Der ontzZed—vater T.0 X 10%4 <TI0
NT <10 <10 Artifixicdodiendalpetivity &f lisane NT 210
<10 <10 Sal nonella typhi Deionized Water 1.0 x 104 3.1 x104
NT <10 . <10 Artificial Pond Water 1.0 x 105 NT 1.6 x 104
<10 <Dosshl.g¥ela PEMent eri ae Dei ofi zed Wat2¢5 51.0 x 104 -<2M
NT <Bgcteriad oCopRtfijcial Pond Water 1.0 x 104 NT " <10
<10 <1§,§_§F§Qﬁ Ig cC eus Dei oni zed Wat er 1.0 x 106 <10
NT <10pe7on Qﬁiif% Pogd oVt gp4 1030104 T <19 <10¢q
<10 <10A§é £Leidnr Rdedd cys oDgi epdzed ter <10 1.Qiy 106 <39

- <10 Ebtherichi® coli<10 Artificial Pond Water 1.0 x 105 NT
600 470DeioniZzéd YWatemni a ent era@oki n.oga <10 NT <10 <10

Artificial Pond Water 1.0 x 10 NT <10 <10 <10

Pseudomonas aeruginosa

Deionized Water 1.0 x 104 <10 NT - <10 <10

Artificial Pond Water 1.0 x 105 NT 810 <10 <10
Salmonella typhi ’

Deionized Water 1.0 x 104 50 NT <10 <10

Artificial Pond Water 1,0 x 105 - NT 620 <10 ~ <10
Shigella dysenteriae _

Deionized Water 1.0 x 104 <10 NT <10 <10

Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Staphylococcus aureus - :

Deionized Water 1.0 x 106 <10 NT <10 <10

Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Vibrio parahaemolyticus :

Deionized Water 1.0 x 106 700 NT <10 <10

Artificial Pond Water 1.0 x 105 NT 2.1 x 103 570 - <10
Yersinia enterocolitica

Deionized Water 1.0 x 104 <10 NT <10 <10

Artificial Pond Water 1.0 x 104 NT <10 <10 = <10
Mycobacterium bovis : .

Deionized Water 28 <1l NT NT NT

Artificial Pond Water 28 NT 9 NT NT
Yeast Count .

Candida albicans :

Deionized Water - 1.0 x 104 <10 NT <10 <10

Artificial Pond Water 1.0 x 104 NT 40 <10 <10

NT = Not tested




Dei oni zed Vt er 1.0 x 104 <10 NT <10 <10

Artifi,cial ,Pond Water 1.0 x 104 NT . <10 <10 <10
Mycobact eri um bovi s Dei oni zed Wt er 28 <1 NT

NT NT Artificial Pond Water 28 NT 9 NT

NT Yeast Count Candi da al bi cans Dei oni zed2Wat er 1.0 x 10[err] <10
NT <10 <10 Artificial Pond Water 1.0 x 104 NT <10

<10 <10 NT = Not tested - 21 - TABLE 7 Mcrobicidal Activity of
Busan[err] 77 Dose Level, ppm TABLE § 2.5 5 10
20 Bacterial Count (cfu/n1) Canpyl obacter ] ejuni Deionized Wat er

1.0 x 104 <10 “NT <10 <10 Artiticral Pond Water 1.0 X
104 NT <10 Mikrobicidal OA&EEinkty cifi BusahP®P DRI oni zed Wat er

1.0 X 104 <10 NI <10 <10 ArfifjpiaL_EQ_n,d__\Aatpr 1.0 x
105 10 <10, Pseudo S aerug nosa nlzed

Wt er g:ze %ﬁ&ﬁm <10 Z%g% <10 Artlflc Pond
Vater 1.0 }éﬁm 810 <10 <10 Sal monel | a typh

Dei oni zed obacterl &%1104 50 NT <10 <10

Artificial PDa o ed Wé:ékx 10[ernLoh&'1o4 <10 620 NT<10 <10 <10<j19
Shi gel | a dysantifiataDeand Matewht 2n0 x 104 1.Nr x 104 <10<10 <10  NK10
<10 <10Escheriehde ¢ohtl \\ater 11 0 x 1p4 NT <10 <10

Qgﬁg 0 x 104 2.1 x 104 NT <10 <10
<10 Staphylogrggglcﬁgq ond Water 1.0 x 105 NT <10 <10 <10
Pseudomonas aeruginosa
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT <10 <10 <10
Salmonella typhi
Deionized Water 1.0 x 104 <10 NT <10 - <10
Artificial Pond Water 1.0 x 105 NT <10 <10 <10
Shigella dysenteriae .
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Staphylococcus aureus
Deionized Water 1.0 x 106 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Vibrio parahaemolyticus '
Deionized Water 1.0 x 106 <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT 1.05 x 103 450 <10
Yersinia enterocolitica
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Mycobacterium bovis .
Deionized Water . 28 5 NT NT NT
Artificial Pond Water 28 NT ) 1 NT NT
Yeast Count
Candida albicans
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10

NT = Not tested




Dei oni zed Wt er 1.0 x 106 <10 NT <10 <10

Artifieial Pond Water 1.0 x 10[err] NT <10 <10 <10
Vi bri o parahaenol yti cus Dei oni zed Wt er 1.0 x 106 700 NT
<10 <10 Artificial®'Pond Water 1.0 x 105 NT 2.1 x 103 570
<10 Yersinia enterocolitica Deionized-V@Bes¢ 1.0 x 104 <10
NT <10 <10 Artificial Pond Water 1.0 x 104 NT <10
<10 <10 mycobact eri um bovi s Dei oni zed Wat er 28 <1
NT NT NT Artificial Pond Water 28 ~NT 9
NT NT Yeast Count Candi da aIbicaaéﬁggignized WAt er 1.0 x
10[ err] <10 NT <10 < rtificial Pond Water 1.0 X
10[ err] NT 2} crobi€idal Actiditylof B\aan®ed068 - 22 - TABLE
8 M crobLQidaI Activity of Busanlerr] 79 Dose level ppm. 0
2.5 10 20 Bacterial Count cfu/n1) Canpylobacter
j ej uni %?z%ﬁv ((éeFPm 1.0 x 804 <1 & o 2810
Art|f|C|a Qunt o0 x 104 NT <10 <10 <10
Escherlchlé L9 gé%#ﬁ%ﬁx 1.0 x 104 2.1 x 104  NT
<10 <1 hgk&ddf* teri.p 2 x0405 <l Nt <10<10 <1Hp
<10 PseudonnﬁﬁﬁfﬂeiﬂmlvﬁnﬁiW@&b&nlle 0 ¥Yaret NT 1.0<10104 <1610 <10
NT <l18scheriéhid\r¢old ci al Pond Water, 1.0 x 10[err] NT <10
<10 <1Desanived| Watew phi 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT <10 <10 <10-
Pseudomonas aeruginosa
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 105 NT <10 - <10 <10
Salmonella typhi
Deionized Water 1.0 x 104 <10 NT <10 . <10
Artificial Pond Water 1.0 x 105 NT <10 .- <10 <10
Shigella dysenteriae ' .
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Staphylococcus aureus
Deionized Water 1.0 x 106 2.9 x 104 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Vibrioc parahaemolyticus -
Deionized Water 1.0 x 106 <10 NT <10 . <10
Artificial Pond Water 1.0 x 105 NT 3.1 x 102 <10 <10
Yersinia enterocolitica
Deionized Water 1.0 x 104 <10 NT <10 _ <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
Mycobacterium bovis - _ -
Deionized Water 28 NT NT NT <,001
Artificial Pond Water 28 NT NT <.001 NT
Yeast Count . .
Candida albicans
Deionized Water 1.0 x 104 <10 NT <10 <10
Artificial Pond Water 1.0 x 104 NT <10 <10 <10
NT = Not tested
EXAMPLE 3

Ionene polymer products Bubond® 65, Busan® 77, Busan® 79
and Busan® 1055 were evaluated for effectiveness in killing
the protozoan Entamoeba histolytica ATCC 30922 GBL Lab. No.
42409. '



Dei oni zed Vt er 1.0 x 104 <10 NT <10 <10

Artificial,Pond Water 1.0 x 105 “NT <10 <10 <10

Shi gel | a dysenteri ae Dei oni zed Wt er 1.0 x 104 <10 NT
<10 <10 Artificial Pond Water 1.0 x 104 NT <10 <10
<10 Staphyl ococcus aureus Dei oni zed Wartefd - 1.0 x 106 <10

NT <10 <10 Artificial Pond Water 1.0 x 104 NT <10
<10 <10 \/ bri o parahaenol yti cus Dei oni zed Water 1.0 x 106
<10 EffdékiveneskO ol théss i gol i pdaettslwls Xtdded J.rNT

1.05 x 103 r t rocol itica Dei |ze

1.0 x 104 éé.ﬁ)%nlzed waﬁ%% X?xﬁ igg%?igfaf n,ért |aftefl 5F %V% in 1.0 x
104 NT Example 13 The @wcentrnmmﬁ)mmebm bvophomim Zded Wt er
28 Sthe inocilm was 3W0/ml. 2MtdiddBd Gletle BalHleM&S, as

oy sofer P 20m M sde gl b lin B0, 115

x 10[err] lity in a hgmocytomgber couatdngrchamberiatt4@dx. - 23 -
TABLE 9 M cr ob| cidal Activity of Busargasrd 10055 Dose Level, ppm

0 2.5 5 10 20 Bacteri aI Count (cfu/m)

Canmpyl obacter jejuni Deionized Water x 10[ err; <10 NT
<10 <10 Artificial Pyﬁﬁrva%éida%.%FS&vﬂiy of Bulgnd® 65 <10 <10

<10 Eschertctia——Tuots

Dose Level, ppm 0 2.5 5 10 20
Number of Motile Organisms/ml
Entamoeba histolytica

Deionized Water 768 <1l NT <1l <1
Artificial Pond wWater 1086 NT <1l <1 <1
TABLE 11

Microbicidal Activity of Busan® 77

Dose Level, ppm 0 2.5 5 10 20
Number of Motile Organisms/ml
Entamoeba histolytica

Deionized Water 768 <1 NT <1 <1
Artificial Pond Water = 1086 NT <1l <1l <1
TABLE 12

Microbicidal Activity of Busan® 79

Dose Level, ppm 0 2.5 5 10 20
Number of Motile Organisms/ml
Entamoeba histolytica .
Deionized Water 768 <1 NT <1 <1
Artificial Pond Water 1086 NT <1 <l <1




Dei oni zed Vt er 1.0 x 104 <10 NT <10 <10

Artifjcial, Pond Water 1.0 x 105 NT " <10 <10 <10-
Pseudononas aer ugi nosa Dei oni zed \Wat er 1.0 x 104 <10 NT
<10 <10 Artificial Pond Water 1.0 x 10[err] NT <10 <10
<10 Sal nonel |l a typhi Deionized Water - 25 = 1.0 x 104 <10 NT

<10 <10 Artificial Pond Water 1.0 x 105 NT <10 <10

<10 Shigella dysenteriae Deionized Water ' 1.0 x 104 <10 NT
<10 <10 Artificial Pond Water 1 el94 NT <10 <10

<10 Staphyl ococcus aureus Dei oni zed er 1.0 x 106 2.9 x 10[err]
NT <I0 <10 Artitrcral Pond vater 1.0 x 104 NI <10 -
<10 <10 VI bri o par dhaeobigidaduncBeirbtyzefl Biddear® 1055 1.0 x 106

<10 NT <Jn <10 Artificial Pond \AAtpr 1.0 x 108 NT 3.1
x 102 <10 e Le Yer5| nia enterocolitica n| zed Water 10 1.200 x 104
<10 |aI Pond 170_x 104 NT

<10 :;a:% ,&@g Q&Q & SJns*n Bdvi s Dei oni zed Wat er 28

NT ionizellwater 1 Art ifichgh Pond ¥ater nr 28 <1 Ny

NT <. 00 hrtiflilti¥aapbndonaterandi dgsal bi cargr Dei oniaed Wit el <11.0 x
104 <10 NT <10 <10 Artificial Pond Water 1 0 x 10[err]
NT <10 <10 <10 NT = Not tested EXAMPLE 3 | onene pol yner

ducts Bub B 7 B 1055
Rere cval uat AP0 PoBFRREFR b LRLAPE, o ERFnboTHE FoNBsdaRrte o b tne
hi stol yt it AEYst3RI28£CBhnésd® %) p84409-77, Busan® 79 and Busan® 1055
required to kill at least 99.9% of the tested pathogenic

nicroorganisms is summarized in Tables 14-17.

- TABLE 14

Microbicidal Activity of Bubond® 65

" Concentrations (ppm)
Microorganism Deionized Water Artificial Pond Water
Bacteria:s '
Campylobacter jejuni 2.5
Escherichia coli 10
Mycobacterium bovis 2.5
Pseudomonas aeruginosa 2
Salmonella typhi 1
Shigella dysenteriae 2
Staphylococcus aureus 2,
2
2
2
2

(W]

T
U U LLtuuLuouutiown

Vibrio parahaemolyticus
Yersinia enterocolitica
Yeast:

Candida albicans
Protozoa (trophozoites):
Entamoeba histolytica




- 24 - Effectiveness of thess pol yner products was tested in deionized
water and aytificial pond water as described in Exanple 2. The
concentration of Entanopeba trophozoites in the inoculumwas 320/ m .

Ent anbeba were enunerated, as shown in Tables 10-13, by direct mcroscopic
observation of notility in a henocytonet26 <ounting chanber at 400x. TABLE
10 Mcrobicidal Activity of Bubond[err] 65 Dose Level, ppm

0 2.5 5 10 20 Nunber of Motile Organi sns/m Entanoeba
hi stol yti ca Dei oni zed VWt er m%& 15 <1 NT <1
<l Artificial Pond Water 1086 <1 <1 <1 TABLE
11 M crobicrdatr—ActTVvityof—Busanf err—77 DOSE Levelr, ppm 0
2.5 5 10 MierdHbeda i AdPiviey @O 3Hsam® h Ent anpeba
hi stol ytica Deioni zed Water 768 <1 NT <l .
<l Artificial Pond Water 1086 NT Concemtirations<i{ppm) <1 TABLE
12 M cr obiMiigbgorganism y of Busan| eRelomizethHattewe| Angidicial Pond Water O
2.5 Bacteriazg . 20 Nunber of tile Organi sns/ M Ent anpeba
hi stol yti | Togall o <1 NT g <1
<1 Artifi .. 1086 <1 <1 <1 - 25
- TABLE 15 i el bky Of Busaggrr] 1055 :

Salmonella typhi 2.5 5

Shigella dysenteriae 2.5 5

Staphylococcus aureus 2.5 5

Vibrio parahaemolyticus 2.5 10

Yersinia enterocolitica 2.5 5

Yeast:

Candida albicans 2.5 5

Protozoa (trophozoites):

Entamoeba histolytica 2.5 5

TABLE 16

Microbicidal Activity of Busan® 79

Concentrations (ppm)
Microorganism Deionized Water Artificial Pond Water
Bacteria: '
Campylobacter jejuni 2.5
Escherichia colli 10
Mycobacterium bovis '
Pseudomonas aeruginosa
Salmonella typhi
Shigella dysenteriae
Staphylococcus aureus
Vibrio parahaemolyticus
Yersinia enterocolitica
Yeast:
Candida albicans
Protozoa (trophozoites):
Entamoeba histolytica
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Dose Level, ppm 0 2.5 5 10 20 Nunber
of Mot.il e @ gani sns/m Ent anpbeba hi stol ytica Dei oni zed Wat er

768 <1 NT <1 <1 Artificial Pond \Water 1086

NT <1 <1 <1 The concentration (ppm of the ionene polyner
product in the test system) of BubondReR?] -65, Busan[err] 77, Busan[err] 79
and Busan[err] 1055 required to kill at least 99.9% of the tested

pat hogeni ¢ m croorganisns is sunmari zed in Tables 14-17. TABLE 14

M crobicidal Activity of Bubond[err] @gnggnggntrations (ppm M croorgani sm
Dei oni zed Vt er Artificial Pond Wat ér Bactleéeria: Canpyl obacter jejuni

2.5 5 ESChEerricnia corl 10
10 Mycobacterium bovis Microbicidal?aBtivity of Busan® 10555 Pseudononas
aer ugi nosa 2.5 b Salnonella typh
10 .10 Shigella dysenteri@encentrationy (ppm)
5 St aphywlj%&f%%&uﬂs oDegionized Water Artififcjal; Pend Water
par ahae ] : . 5 5 Yersinia enterocolitica
2.5 Es %eribafﬁeroffihﬁﬁn: Candidaga bi cans % 2.5
S Prot 0z oy, aﬁgﬁggg ' vig=nt anoeba hi§§glytica 2. ,
5 - 26pseddbihdndd Absughiddadal Activply of Busan[err] 77 Cencentrations
(ppm M csabmopel 34 typhi Dei oni 2egd Water Artificial Bond Water
Shigella dysenteriae 2.5 5
Staphylococcus aureus 10 : 5
Vibrio parahaemolyticus 2.5 10
Yersinia enterocolitica 2.5 5
Yeast:
Candida albicans 2.5 5
Protozoa (trophozoites): :
Entamoeba histolytica 2.5 5
EXAMPLE 4

Ionene polymer products Bubond® 65, Busan® 77, Busan® 79 and
Busan® 1055, were evaluated for effectiveness against poliovirus.
0.3 m1 of poliovirus Type 1, maintained as a stock solution (of
greater than or equal to 106 Cc IDSO) in EMEM containing 5% calf
serum was adéed to 100 ﬁi of the test solutions described.in
Example 2. Virus viability was quantitated bf calculation of the
TC IDgqs (the average of one Tissue Culture Infectious Dése;for
50% of the test units.) The virus (0.1 ml per well) was
cultivated in Hep-2 cells for 5 days at 37%, 8-10% CO0,. Virus
growth, as shown in Tables 18-21, was established by microscopic

observation of cytopathic effect to the cell monolayer.



Bacteria: Canpyl obacter jejuni 2.5 5

Escheni chia coli 2.5 5 Mycobacteri um
bovi s ' 2.5 5 Pseudonpbnas aerugi nosa

2.5 5 Sal nonel | a typhi 2.5

5 Shigella dysenteriae 2.5- 28 - 5 St aphyl ococcus
aur eus 2.5 5 Vi bri o parahaenol yti cus

2.5 10 Yersinia enterocolitica 2.5

5 Yeast: Candi da al bi cans TABLE- 5 Protozoa
(trophozoites): Entanpeba histolytica E 28 2.5 5

TABLE 16 M crobicidal Activity of Busan[err| /9 Concentrations (ppm
M croor gani sm Microbicidal Deitdiviitgd ofdBebond®t 65 | Agadnsfto b lMavdruBact eri a:

Canpyl obacter jejiuni 2 5 5 Escherichia coli
10 Nycobacterlu bovi s 10
5 Pseudon@@%% %Y%b!ﬂﬂ?& W 2.5 5 5 s&%mwonel | 80t yphi

Delonized watde Shigella dy;gatgr|aelo4 -7 N7 2-5104.5 105.3

5 St aphy| ofPLEHP PR EpiSnd Water 104.35 Vijhri.e6  jp94.0
par ahaenol yti cus 10 Yersinia enterocolltlca
2.5 5 Yeast. Candi da al bi cans ' 2.9

5 Protozoa. (trophozoites): Entanoeba EABLBI ¥8ica 2.5

5

Microbicidal Activity of Busan® 77 Against Poliovirus

Dose Level, ppm . 0 2.5 5 10 20

TC IDsgq . .
Deionized Water 105.5 103.7 NT 1047 105.3
Artificial Pond Water 104.0 NT 103-7 104.5 .310%4.0

TAEBLE 20

Microbicidal Activity of Busan® 79 Against Poliovirus

Dose Level, ppm 0 2.5 5 10 - 20

TC IDs5p

Deionized Water 105.5 104.5 NT 104.5 -104.3

Artificial Pond Water 104.0 NT 104.0  104.3  104.3
TABLE 21

Microbicidal Activity of Busan® 1055 Against Poliovirus

Dose Level, ppm 0 2.5 5 10 20
TC IDsgg .
Deionized Water 105.5 105.3 NT 103.7 1047

Artificial Pond Water 104.0 NT 105.7  104.7 103.7




- 27 - TABLE 17 Mcrobicidal Activity of Busan[err] 1055 Concentrations

(ppmM «M croorgani sm . Deioni zed Water Artificial Pond Water
Bacteria: Canpyl obacter “j ejuni 2.5 5
Escherichia coli _ 2.5 5 Mycobacter| um
bovi s 2.5 - 295~ pseudononas aer ugi nosa

2.5 5 Sal nonel | a typhi ' 2.5 '

5 Shigella dysenteriae 2.5 5 St aphyl ococcus
aur eus The ind¥ention claimed is: 5 Vi bri o parahaenol yticus

2.5 xﬂ'gth\@tf ¥ %oﬁ@&-ﬁﬁ.?gﬂé thé%rowth of %t5least one

5 Yeast: Candi da aI bi ca ot ozoa
(t r ophozoi te@-}r.:rmmfem in anop@uecys system susceptible to the gr 5

EXAVPLE 4 | o8€ngapd| wieroqergehishs addbdndiecodn Sfed Byt [af spid7coBbsah| err]
79 and Busankgpils Mgy, ﬂyggﬁe‘;,u@fuahaﬁn&oeo efd 68 AHEIRES s33ReRShn

pol i ovirus s Type al ned as k solutjon (of
greater t hani%e’éﬁbﬁ‘l’lﬁbe’i 8 PRSP ﬁfggETv*v%o'ﬁ? a‘f‘?ﬁ’iﬁ%%@aﬁf’ g%*‘um was
added to 100a#l 1eist hené asicmmingandss delecteddfrem Eanpylobactey spp. ,
viability wa QBBQEFg?ect |%# calg;ﬂlg@tmgnsgg, 1 heiBkid espd. ( 1vee-sangpage of

one Ti ssue Lure ‘Dose i&e t est un|t a%ﬁThe Vi rus
(0.1 m per §BPry HRE2BAPPF \SRR-g AR bezz-e EI’F% FIEER SY5 718 r 1 C
8-10% [err] s¥lectedrfmbdth, patablieowatien, Taswage 18amd other awnmgirisfed by

m croscopi ¢ ghseLuat {{QPePf cytopathic effect to the cell nonol ayer. - 28

2. A method for controlling the growth of at least one
microorganism in an aqueous system susceptible to the growth
of said microorganism and in recognized need of said control
comprising the step of adding to said aqueous system an
ionene polymer in an amount effective to control the growth
at least one microorganism selected from Campylobacter spp..
Mycobacterium spp., Shigella spp., Vibrio spp., Yersinia
spp., Entamoeba spp., and wherein said aqueous system is
selected from potable water, sewage, and other nonmarine
surface water and said ionene polymer comprises a repeating
unit of the formula I:

a N*- B N+ S (T)
R2 . R¢ _ | x2-

wherein Rl, R2, R3, and R% can be identical or different, and
are selected from H, Cl-c20 alkyl optionally substituted with
at least one hydroxyl group, and benzyl optionally
substituted on the benzene moiety with at least one cl-czo'

alkyl group;

(NS



TABLE 18 M crobicidal Activity of Bubond[err] 65 Against Poliovirus Dose

Level « ppm 0 2.5 5 10 20 TC I D50
Dei oni zed Wt er _ 105.5 104. 7 NT 1045 105. 3
Artificial Pond Water 10[err] .0 NT 104. 3 104.5 104.0

- TABLE 19 Mcrobicidal Activity of Busan[3rrd 77 Against Poliovirus Dose
Level , ppm 0 2.5 5 10 20 TC I D50
Dei oni zed Water 105 5 103. 7 104. 7 [err]

Artif | Pond Wat NT . 10 4, TABLE 20

Mr clr olblclsﬁdal Oz\ct"f virﬁegﬂ d*“ﬁkeé’rﬁ e’iar“]lcf’é' Aeliarde “é(ﬁ‘?%jq’m;mo?gﬁig\/ 1%2Ppm

105 c allfenyl, % al]ﬂﬂxjﬂi; d%&fﬂ: |1qxdme¢awmé.r synunetric 0
104, % %lﬁﬂ_tr:. XBLQE%?'ﬁI\]/] cro i CI Act Vi t)}l fl%uséﬁ{h‘el'r r]

1055 Agai n& Bgl-iGg TR Y=CseiCq gnith 0 2.5 5
10 20 TC | BbQLeDad C&E\Zﬂbﬂﬂitﬁdlcal selectedl(ﬁ:din c,-% alkyll, c

2
103. 7 104, 7 Al fi |, P 1 7 04.7
103.7 - rﬁﬁlﬁ?‘% %gm Al s &1 F1on %"ﬁ?%"? do%{‘S’r r’} i nla’{l
growth of & Oagﬁa@m@ a1y -@iﬁkﬁmhdlie&i -aldovdih amskeptible to
the growth of sa §r§Q{dﬁﬁle‘i{E Qélﬂuit‘éf 8GN n{&%aqfen%ald&ﬁméf 0| .
ng

Sﬁ”ﬁ%ﬁh?gé‘é‘%ﬁrﬁ% CFRHATD 0N 1o RRVHLSRT | S R SRSty b0
sel ect ed f babafsow\tibardteiomsipgp.charge in the repeatlng unlt of said
ionene polymer.

3. The method of claim 2, wherein Rl, R2, R3, and R4
are methyl or ethyl Ais C --c5 alkyl, Cz-c5 alkenyl, c2-cs
hydroxyalkyl, or symmetric di-cz-cs-alkylether; B is Cl-Cs
alkyl, cz-c5 alkenyl, cz-c5 hydroxyalkyl, argl, aryl-cl-cs-
alkyl, or c1 5 alkylaryl-C -cs-alkyl and X° is two
monovalent anions each selected from a halide anion or a
trihalide anion. '

4. The method of claim 3, wherein A is propylene,
2-hydroxypropyiene or diethyleneether; B is ethylene or
propylene; and x2~ is 2c1”.

5. The method of claim 4, wherein Rl, Rz, R3
are -CH3, B is -CH2CH2 ; and A is -CH2CH(3H)CH2-.3 .

6. The method of claim 4, wherein R™, R, R and R~ are
each methyl, A is -CHchZOCHZCHz- and B is -cxzcnz-.

7. The method of claim 2, wherein said ionene polymer
is a cross-linked polymer. |

8. A method for controlling the growth of at least one
microorganism in an agqueous system susceptible to the growth
of said microorganism and in recognized need of said control
comprising the step of adding to said aqueous system an

s and R4

ionene polymer in an amount effective to control the growth
at least one microorganism selected from Campylobacter spp.,
Mycobacterium spp., Shigella spp., Vibrio spp., Yersinia
spp., Entamoeba spp., and wherein said aqueous system is

A



Mycobact eri um spp., Shigella spp., Vibrio spp., Yersinia spp., Entanoeba
spp., vand wherein said aqueous systemis selected from potable water,
sewage, and ot her nonnmarine surface water. 2. A nmet hod for controlling
the growth of at |east one microorganismin an aqueous system susceptible
to the growth of said mcroorganismand in recognized need of said contro
conprising the step of adding to said aqﬁéoUs system an ionene polymer in
an amount effective to control the growh at | east one m croorgani sm

sel ected fron1Canponbacter spp., Mcobacterium spp., Shigella spp., Vibrio

Spp., Yersigiyy ¢ Nhare ) I 0EE] Nafid Qtﬁgyeﬂaﬁmmhsm 'S

sel ected from pota Ie wat sewage, nonnmari ne surface water and
said i onenéﬂiﬁ&ﬁ%r"%%r?%ss%i‘? e’p%‘b?ﬁ*ﬂgp‘ameﬁf CPHRTiBeFL R aXePeAting

B unit of formula IXJ) wherein [err] and R4 can be identical or

different, and are selected fromH, [err] alkyl optionally substituted with
at | east one hydroxyl group, benzyl,ppti |1y substituted on the
benzene noiety with at |east qne C alk % group; - 30 - Ais a divalent
radi cal selected from[err] allkyl 1[err] alfkenyl, [err] al kynyl, [err]
hydr oxyal kyl , symretric on.asynnelnkc_[n*&+-éwy+——[err] or [err] [err}fI?
rl

Is a divalent radical selecteq from([err] alkyl], [err] [err] al kenyl, ]e
al kynyl, [err] hydroxyal kyl, aryl, aryll]- [err] lor [err] and [err] is a
di val ent counter ion, two non nt c ter_jidns orXa fraction of a

pol yval ent counter ion sufficient to balance the cationic charge in the

repeating unit of i d
P 9 I% rein ﬁ& and R2 can be identical or different, and are

selected from H, Cl-czo alkyl optionally substituted with at
least one hydroxyl group, and benzyl optionally substituted
on the benzene moiety with at least one 02-020 alkyl group;

A is a divalent radical selected from Cl-clo alkyl, Cz-
C,0 alkenyl, C,-Ci0 alkynyl, cl-Cio hydroxyalkyl, symmetric
or asymmetric di-cl-clo-alkylether, aryl, aryl-cl-clo-alkyl,
or cl-clo-alkylaryl-cl-clo-alkyl, and

X~ is a monovalent counter ion, one-half of a divalent
counter ion or a fraction of a polyvalent counter ion
sufficient to balance the cationic charge of the repeating
unit in said ionene polymer. '

S. The method of claim 8, wherein R™ and R® may be the.
same or different and are methyl or ethyl; A is Cl-c5 alkyl,
Cz-c5 alkenyl, cz-c5 hydroxyalkyl, or symmetric di-cz-cs-
alkylether; and X~ is a halide anion.

10. The method of claim 9, wherein A is propylene,
2-hydroxypropylene, or diethyleneether, and X~ is Cl1°.

11. The method of claim 9, wherein Rl and R2 are each
methyl, and A is -CHZCH(OH)CHZ-.

12. The method of claim 9, wherein R™ and R? are each
methyl, and A is -CH,CH(OH)CH,~ and said ionene polymer is
cross-linked with ethylenediamine.

13. The method of claim 9, wherein rl and R2 are each
methyl, A is ~CH,CH(OH)CH, - and said ionene polymer is cross-
linked with ammonia. '

1 2
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i onene polyner. 3. The nethod of claim2, wherein [err] and R4 are nethyl
or ethyl; Ais Cl-C5 alkyl, C2-C5 al kenyl, C2-C5 hydroxyal kyl, or symetric
di - C2-C5-al kylether; Bis Cl-C alkyl, C2-C5 al kenyl, C2-C5 hydroxyal kyl,
aryl, aryl-d-Cs- alkyl, or CL-C5 al kylaryl-Cl-C5-alkyl; and X is two
nmonoval ent ani ons each selected froma haljde anion or a trihalide anion.

4. The method of claim3, wherein Ais %rzoﬁyl ene, 2-hydroxypropyl ene or

di et hyl eneether; B is ethylene or propyl ene; and X is 2C1. 5. The nethod
of claim4, wherein Rl, R2, R3, and R4 are -CH3; Bis -CRRCH2-; and Ais
-CH2CH( OH) CH2- . a4 . Tizhemidudbdolofcicdiaimd 9 ,WhegednRsaid B3dneRe pollylerare

each net hyl, | 5 - %W%gﬂ I CH2- of claim
2, wherein sj'as;A\(iJ is'lo'r%ene cgo mer |éi'°3%gr5 ésﬁﬁ%ga BF?%?Z%BSEQQ%E,[ hod for
control | | ng SEesTldMlehrigh NoloN’oNd ~Frsramehlshy 2nethangdéanineyst em
susgepti bl eI to t s .gr ade) mefthod @f][rbqgg._ﬁhr ganm@r_agﬁ sAidegefahéefonpRer Of
said controls C N Ht% adding to said aqueous system an i onene
pol ymer in an %%ufr?t%g;%“'ec |d\s/§%?'38'ggﬁtrol the growth at_ |east one
m croor gani sm sellfct edt Methodakoy coasrellipg. Ehrygopwtheofi at ippst one
Shi gel | a spmicrddigdanism in 4o &?&b&ugp5¥st5ﬁt aﬁsea?tisme,tanéwh?fsﬁh sai d
aqueous SySto%ms'tas'd ng‘.Jng a1111 1 éllSl 1111 Hllél - .31 ;.se ect‘gfi
from pot abl € water, "sewage.oang ot fier *RoAREPERE=E PEeS QA BridGOREF
i onene pol y®eMpRIAING dden stepesfi addingt tof shddnaguedus spetemnam®l and R2
can be identigndined pdliynled’ 9B andBohodh® aekeetedel £8MEORELDL BLKY! gchJvt}?“a| Iy
substituted _w tlh at s

at least one microorganism selected from Campylobacter spp.,

- Mycobacterium spp., Shigella spp., Vibrio spp., Yersinia

spp., Entamoeba spp., and wherein said aqueous system is

selected from potable water, sewage, and other nonmarine -.

surface water and said ionene polymer comprises a repeating .

unit of formula III:

I_ 1 o
I R B’ _| (I11)
ICH3 |033
wherein R is = = — lN‘"—-Q—-— |N+ or
CH3 CH3 x2-
C'H\3 CHy—CH> CH3
N+ -

Q is ~(CHR')p-, -CHp-CH=CH-CH-, -CH3-CH2-0-CH2-CH2-,
-CH-CH(OH)-CHy-, or

TN



| east one hydroxyl group, and benzyl optionally substituted on the benzene
nmoiety with at |east one [err] . .alkyl group; Ais a divalent radical
selected from[err] alkyl, [err] [err] alkenyl, [err] alkynyl, [err]

hydr oxyal kyl , symretric or asymmetric [err] aryl, [err] or [err]; and Xis
a nonoval ent counter ion, one-half of a dival ent counter ion or a fraction
of a polyvalent counter ion sufficient to balance the cationic charge of
the repeating unit in said ionene polynmer. 9. The nethod of claim 8,
wherein [err] and [err] nmay be the sane or different and are nmethyl or
ethyl; Ais C1-C5 alkyl, [err] alkenyl, H[err hydﬂbxyalkyl or symmetric
[err] alkylether; and [err] is a hallde ani o 10l The nethod of claim§9,
wherein A is propyl ene, '2- hydrc%?ﬁﬁdpnrgne—-ﬁr—d1HPhyKGHBéﬂher andnd s
[err] 11. The nethod of claim9_ wherein [err and R2 are each nmethyl, and
Ais [err] 12. "The net Bd of cl |n19 wher ei nd R are each nethyl
and Ais CH2- d l I E ss-linked with
ethylened?pﬁﬁne Eﬁ% Tﬁ%nngﬁﬁod of gPHS z er err] ©&nd [err] are
each nethyl, A is -CH2CH( OH) CH2- Rané sai d |onene pol ymer is cross- |inked
wi t h ammoni a. - 32 - 14. The nethod of claim9, wherein said ionene
polynmer is a 1,1 -(gethylimniopgi s(3-chl oro-2-propanol) polyner
cross-linked with NN, N, N -tetfanethyl -1, 2-et hanedi ani ne. 15. The net hod
of clarn1Q(CERegﬁrnN§&rd—cmaeﬁeCﬁe+¢H§P-|3 a cross-linked polyner. 16. A
met hod for controlllng the gromh of at |east one nrcroorganrsnrrn an
aqueous systenrsuscBﬁtlble to the growkh

wherein n and p independently vary from 2 to 12; each R’ is
independently hydrogen or a lower alkyl group;'xz' is a
divalent counter ion, two monovalent counter ions or a
fraction of a polyvalent counter ion sufficient to balance
the cationic charge in said group R; and X~ is a monovalent
counter ion, one-half of a divalent counter ion or a fraction
of a polyvaient counter ion sufficient to balance the
cationic charge in said group B’.

17. The method of claim 16, wherein R’ is hydrogen or
C,-C, alkyl, n is 2-6, and p is 2-6. :

18. The method of claim 16, wherein R’ is hydrogen or.
methyl, n is 3 and p is 2. -

19. The method of claim 16, wherein said ionene polymer
is a reaction product of N,N’-bis-[1l-(3-(dimethylamino)-
propyl)]urea and epichorohydrin.

20. The method of claim 16, wherein said ionene polymer
is a cross-linked polymer.

21. The method of claim 1, wherein said microorganisms
are species of Vibrio bacteria.

22. The method of claim 21, wherein said Vibrio
bacteria is Vibrio cholerae. _

23. The method of claim 21, wherein said Vibrio
bacteria is Vibrio parahaemolyticus.

24. The method of claim 1, wherein said microorganism

is Campylobacter jejuni.
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of said m croorganismand in recogni zed need of said control conprising the
step of addi ng .to said agueous system an ionene polyner in an anount
effective to control the growth at |east one microorgani smselected from
Campyl obacter spp., Mycobacterium spp., Shigella spp., Vibrio spp.,
Yersinia spp., Entanoeba spp., and mhegehq sai d agueous systemis sel ected
from potable water, sewage, and other nonnarine surface water and said

i onene pol yner conprises a repeating unit of formula I11: [err] - 338 -
[err] wherein n and p independently vary from2 to 12; each R is
independently hyasogemhm'meﬁhmaebfabﬂaumgaqunhekemn]saxﬂsmacﬁbmabanﬂsm
counter iongg lons or a fraction of a polyval ent
counter |on su |§f‘yg(r¥t d(?%é'&;wme%[ he cationic charge in said group R and
X is a monoval en26eouffhe meghodyef iedaimyd o wirergian sadd Ricropsaanisn
fraction ofjig quf@ﬁnﬂg éﬁﬂgﬂuabﬂﬂazdaﬁf|0|ent to bal ance the catlonlc

charge in said g 17.. .The m 16, wherei,n R _is_hydrogen
or [err] alkyl, g ?EEHG ﬁéPhS&lgfm&FﬁPﬁFgén erein
R is hydrogsn Ghtamaatﬂ,hﬂsaaiytxnad p is 2 - 19. The nethod of claim 16,

wherein said ion e p a pr f d

N, N -bis-[1-(3-( Pnethy amno%d 8?3%@5%?U}éagﬂ é%lgﬁéroﬁigffﬁrgggls?h

met hod of ck&i BP-OVIAMSei n said i onene pol ymer is a cross-1linked pol yner.
21. The met hod ofzscl amhel methodeiof ©ladmlGr ehegalinssaidr agapeasesystenm

Vibrio baCtEEisot%%1§TW%€E§f“m'Of claim 21, mhe(ein said Vibrio

30. The method of claim 29, wherein the concentration
of said ionene polymer in said potable water is 5 ppm.

31. The method of claim 1, wherein said agueous system
is sewage.

32. The method of claim 1, wherein said aqueous system
Ls nonmarine surface water.

33. A method for controlling the growth of at least one
microorganism in an agueous system susceptible to the growth
of said microorganism and in recognized need of said control
comprising the step of adding to said aqueous system an
ionene polymer in an amount effective to control the growth .
of at least one microorganism selected from Mycobacterium
bovis, Salmonella typhi, and Candida albicans, and wherein
said-aquedus system is selected from potable water, sewage,
and other nonmarine surface water.

34. A method of controlling the spread of cholera
transm;tted from an aqueous system comprising the step of
adding to said agueous system in recognized need of said
control, for the purpose of controlling the spread of
cholera, an amount of ionene polymer effective in controlling
the growth of Vibrio species, wherein said aqueous system is
selected from potable water, sewage, and other nonmarine
surface water.

35. A method of controlling the spread of cholera
transmitted from an aqueous system comprising the step of
adding to said aqueous system in recognized need thereof, for
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bacteria is Vibrio cholerae. 23. The nethod of claim 21, wherein said

Vi bri.o*bacteria is Vibrio parahaemol yticus. 24. The method of claiml,
wherein said mcroorganismis Canpyl obacter jejuni. - 34 - 25. The
met hod of claim11, wherein said mcroorganismis Shigella dysenteriae. 26.
The met hod of claim 1, wherein said m<r3gprganismis Yersinia
enterocolitica. 27. The nethod of claim1l, wherein said mcroorganismis
Ent anpeba histolytica 28. The nmethod of claim 1, wherein said

m cr oor gani |s O|IOVI us. 29. .The thod of claim/1, wherein said
aqueous sy Q&ﬂ§§°l¥??g!£i§pﬁﬂﬁﬁiﬁiﬁ¥ Ghoiersg af aReuRt: he
concent r at iofn mn‘neam (po]qmme gfiflectrive rixsaiqixqmlziumg winee griosrth pffm 31.

The met hod ﬁbﬁ&l%w@ew& N GAWE teh $2/ad9eciaq ES
met hod of claim_.l erel’n sai aqueous ten1| nonnarlne surface wat er.
33. A netmﬂ9QQH'Quﬂﬁ?ﬁﬂdlqﬁﬁ¥ﬁh IﬁPEFb&P&&F‘§#ﬁ n an

aqueous sy slad dicread igdlymier tdm;g:r:mﬂéﬁ ao&epﬁatﬂng:m'cgmi Teand in
recognizedﬁgﬁﬁﬁﬁg fajd control conprising the step of adding to said
aqueous sysS i"onene pol yner in an anount effective to control the
growt h of at st one m croorggni sm sel ect ed fron1Nycob§cteL um bovi s,

Sal nonel | a typhi, and Candi da i cans, and wherein sai #aquepus systemis
sel ected from potabl e water, sewage, and ot her nonmari ng surfpce water. 34.

A nmethod of cControljing the sphgad of cholera N+ (I)

R2 R __| x2-
wherein R1, R2, R3, and R4 can be identical or different, and
are selected from H, C;-Cyp 2lkyl optionally substituted with
at least one hydroxyl group, and benzyl optionally
substituted on the benzene moiety with at least one C5-Cap
alkyl group;

A is a divalent radical selected from cl-c10 alkyl, c2
C10 alkenyl, c2-c10 alkynyl, cl--c10 hydroxyalkyl, symmetric
or asymmetric di-cl-clo-alkylether, aryl, aryl-cl-clo-alkyl,
or C -Clo-alkylaryl-cl-clo-alkyl,

B is a divalent radical selected from C,-C,, alkyl, C,-
C;o 2lkenyl, C,-C,, alkynyl, C,-C,, hydroxyalkyl, aryl, aryl-
c,- 10-;iky1, or Cl-clo-alkylarylfcl-clo-alkyl; and '

is. a divalent counter ion, two monovalent counter
ions or a fraction of a polyvalent counter ion sufficient to
balance the cationic charge in the repeating unit of said
ionene polymer.

36. The method of claim 35, wherein Rl, Rz, R3, and R4
are methyl or ethyl; A is Cl--cS alkyl, Cz-c5 alkenyl, CZ-CS
‘hydroxyalkyl, or symmetric di-C,-Cg alkylether; B is C;-Cg
alkyl, C2-C5 alkenyl, Cz-c5 hydroxyalkyl, argf, aryl-cl-c5
alkyl, or C,~Cs alkylaryl-cl—cs_alkyl; and X° is two
monovalent anions each selected from a halide anion or a
trihalide anion.
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transmtted froman aqueous system conprising the step of adding to said
aqueouws systemin recogni zed need of said control, for the purpose of
controlling the spread of cholera, an amount of ionene polyner effective in
controlling the growth of Vibrio species, wherein said aqueous systemis
sel ected from potable water, sewage, anrd3g her nonmari ne surface water. 35.
A nethod of controlling the spread of cholera transmtted from an agueous
system conprising the step of adding to said agqueous systemin recogni zed
need thereof, for | 11121111 1121111 11211 11121 111111 * C L M S *

- 35 - the purpos¥ of RHAEAG i9fy qantreiddag shecwpread ofn chedere of

i onene pol yranshfisttidd/ efrom e tagiidous] siydtedl @onprdfsivigorthe step ©F,

wher ei n sai t ' LQm_pot abl ter, wage . and

ot her nonm?ﬁdﬁgﬁgﬁr a%ﬁmﬁg e‘*use é:?ll? gsgsg"%f“o g‘né%%gl rifgzre\ggé‘%ﬁﬁ s%glgrgc’rfépg&ﬁ ng
unit of thether PWEPase \qferqantyodddng she| spregd 0€ icholereal anr amoihgr ent
and are sel oft @dnlen@Npd 1 ynfir ]eﬁéeyﬂiv@otihownltkoallfﬁxgi tHeCErthich 3 | east
one hydroxy?" roup, _and benzyl %BPIOH |y substitut on the_benzene noiety
with & | caddBBe CERGARS iarein s B STSEEEa 55 SRLEEEA% F5Am
[err] al kyl potablleewetent kaepage ,cand athexy hpnirard.}'lehysdh:ﬁny:]'el Wpler and
symetric o e I r I3 s e

d?valent ra§F%§¥ selegfggaﬁﬂﬁﬁ[er g%ﬁy?,¥Efg%?fh%é?%fkaPEeﬁgféﬁﬂgrng
al kynyl, [err] hydroxyal kyl, apH-—aryl - [ere—pr [err] and [err] is a
di val ent counter ion, two nonoyal ent coghnter

—— A— IN*-—— (I1)
R2 x-

wherein Rl and R2 can be identical or different, and are
selected from H, Cl-czo-alkyl optionally substituted with at
least one hydroxyl group, and benzyl optionally substituted
on the benzene moiety with at least one C2-C20 alkyl group;

A is a diva;ent radical selected from Cl-clo alkyl, C2-
Cyp 2lkenyl, Co-Cip alkynyl, C;-Cy0 hydroxyalkyl, symmetric
or asymmetric di-cl—clo-alkylether, aryl, ary}-cl-clo-alkyl,
or Cl-Cloealkylaryl-cl-clo-alkyl; and -

X~ is a monovalent counter ion, one-half of a divalent
counter ion or a fraction of a polyvalent counter ion
sufficient to balance the cationic charge of the repeating

"unit in said ionene polymer.

38. The method of claim 37, wherein R1 and R2 are
methyl or ethyl; A is C,-C5 alkyl, cz-cs alkenyl, C,-Cg
hydroxyalkyl, or symmetric diecz-cs-alkylether; and X~ is a
halide anion. :

39. A method of controlling the spread of cholera
transmitted from an aqueous system comprising the step of
adding to said aqueous system in recognized need thereof, for
the purpose of controlling the spread of cholera, an amount
of ionene polymer effective in controlling the growth of

A



ions or a fraction of a polyvalent counter ion sufficient to bal ance the
catiom c 'charge in the repeating unit of said ionene polyner. 36. The

nmet hod of claim 35, wherein [err] and [err] are nmethyl or ethyl; Ais Cl1-C5
al kyl, C2-C5 al kenyl, C2-C5 hydroxyal kyl, or symretric [err] al kylether; B
is [err] alkyl, [err] alkenyl, [err] hydspxyal kyl, aryl, [err] alkyl, or
[err] [err] alkyl; and [err] is two nonoval ent ani ons each selected from
a halide anion or a trihalide anion. - 36 - 37. A nmethod of controlling
the spread of cholera transmtted from an aqueous sxsten1conRrisig? t he
step of addHyr1® sReeiagucvherein: aadd aqueeyni FEACAB A5 ABlEGESd! SFomne
pur pose of mstdble |wateihesapigey andcéther anomnaatnensunfacenwatepobnder
effective i N r i brj | £S eLei {,§ sagueous
systen1is:é&éﬁﬁ%éﬁ%*%ngg%§§%?e8§%$5$§e%;€a5%?é§ﬁgh§tﬁ%?gnéﬁng??ﬁgigurface
wat er and SERXER i onene pol ymer conprises a repeating unit of fornmula II:
wherein [err] and [err] can be identical or different, and are sel ected
fromH, [err] alkyl optionall[y substituted with at | east one hydroxyl
group, and benzyl optional-y—stbstRitt-ed Bh—the—henzene noiety with af{IIr)

| east one [err] al kyl group; is a divalent rgdical selected from[err]

al kyl, [err] [err] alkenyl, [ ] al kynyl, [ hydr oxyal kyl , symretric or
asynmetric [err] aryl, [err] or [err] and X is a nonoval ent counter ion,
one-hal f of a divalent counter ion_gor a fractjon of a polyval ent counter
ion sufficient to bal ance the catiﬁﬁBc charq 3f the repeating unit in said

i onene p%ﬂé?éin?‘é'is-rhe met hod__gleq;Liiaﬁ_?iz,F.\m_eLgi n [eg] and [erlr] are

CH3 CH3 Xx2-

Q is -(CHR’ )p-+ -CH2-CH=CH-CH2-, =CH2~CH2~0-CH2-CH2~,
~CH2~-CH(OH)~-CHp~-, or '

OE R’ F o H
I I
B’ is -CHy — ca—-cnz—lu“'— (CER' )p— Nt= C— N+ or
R’ x-
’ OH

I
~(CHR’ )~ ln"‘———- CHy — CH—CHy;— ;
R’ x=

wherein n and p independently vary from 2 to 12; each R’ is
independently hydrogen or a lower alkyl group; Xz' is a
divalent counter ion, two monovalent counter ions or a
fraction of a polyvalent counter ion sufficient to balance
the cationic charge in said group R; and X~ is a monovalent
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A
methyl or ethyl; Ais [err] alkyl, [err] alkenyl, C2-C5 hydroxyal kyl, or
symmets i'C ¢err] and X is a halide anion. 39. A nethod of controlling the
spread of cholera transmitted froman aqueous system conprising the step of
addi ng to said aqueous systemin recogni zed need thereof, for the purpose’
of controlling the spread of chol era, an3gmeunt of ionene polyner effective
in controlling the growth of - 37 - Vibrio species, wherein said aqueous
systemis selected frompotable water, sewage, and other nonnmarine surface
wat er and sai d_ i onene polyrrer conprises a repeating unit of formula I11:
[err] wher EPHnﬁe&'nﬁ' RRgrhrich19% & Adivalentoceunter ignhor a fraction

i ndependenofyahpdﬂqgmleﬁt acdmwér aldw | s@f PUGiend- tbSbaldnyal gk counter
ion, L’ﬁ- cﬁ,%t#ye ons r.a frgg;l on of a polyval ent counter ion
suf fi CI ent o ance FHWRe® i h said group R and X is a

nmonoval ent - 493 - kmﬁtlmdlﬁm: mmnmg theli spread ofupbiioi on of a
fraction %ransw\t@de@rdi@laﬂ %%&ﬂaéu%%éféﬁ”{:o Péiﬂgcﬁhéhﬁtg té ni ¢
od rcon he "Spr ea polio

charge in sg g]roup
transmitt c@9ALB &N&@W%ﬁ%l@@@ﬂ@é%@% @Gedduhﬁgeoﬁ,sﬁod
aqueous syshenpultpos’d & Zdﬁxﬂ"ﬁﬂili Hﬁié,sé &&%9%89:?6 Ogn CafbOAL! b2 FI hg

-the spread | L0, ana fective in control
t he growt hi§{l §§ PSHYRT %ﬂfg ’s?%t%liﬁ?lgrg‘éT'Ec?éd from

pol:.ow_rirus, wherez.n sa:.d aqueous system is selected from
potable water, sewage, and other nonmarine surface water.
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pot abl e wat er, sewage, and ot her nonmarine surface water. 11111111 111111
1111113$11211111 . '

ABSTRACT

IONENE POLYMERS AS MICROBICIDES

A method for controlling the growth of at least one microorganism in an
aqueous system susceptible to the growth of said microorganism and in recognized
need of said control comprising the step of adding to said aqueous system an
ionene polymer in an amount effective to inhibit the growth of at least one
microorganism selected from Campylobacter spp., Mycobacterium spp., Shigella
spp., Vibrio spp., Yersinia spp., Entamoeba spp. and poliovirus. The aqueous
system is selected from potable water, sewage, and other nonmarine surface

" water. Methods for controlling the spread of the diseases cholera and polié are
also disclosed.



