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[1] Isothiazolinones, such as 1, 2-benzisothiazolin-3-one (also referred to
as "BIT"), 5 are know to be effective antimcrobials. BIT, as disclosed for
exanple in fornul ati ons described in European patent EP 0 703 726, is

wi dely used as a bactericide in a variety of applications. Illustratively,
British patent publication GB2, 230, 190A di scl oses a preservative
conposition containing BIT and an adduct of zinc chloride ("ZC'), together
with 2,2 -dithiopyridine-1,1" -dioxide ("DIP"). Exanple 3 of '190A
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Useful pyrithione 25salts include copper pyrlthlone zinc pyrlthlone,
sodi um pyrithione, and pyrithione disulfide. The base nediumfor the
functional fluid can be, for exanple, a polynmer useful in polyner
emul si ons. Exanpl es of polyner systens are lattices, such as acrylic and
substituted (nmeth)acryl ates, styrene/butadi ene, etWne vinyl acetate,
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[6] These and ot her aspects wi ||l becone apparent upon reading the follow ng
detail ed description of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS S
[7] Figure 1 provides a graphical depiction of an |sobol ogram show ng
Antimcrobial Activity of Mxtures of 1,2-Benzisothiazolin-3-one ("BIT")
and Zinc Chloride agai nst Ps.aerugi nosa based on Fractional Inhibitory
Concentration values. 10 [008] Figure 2 provides a graphical depiction of
an | sobol ogram showi ng Antim crobial Activity of Mxtures of Kathon(r) (a
m xture of 5-chloro-2-nethyl-4- isothiazolin-3-one ("CIMT") and

2-met hyl - 4-isothiazolin-3-one ("MT")) and Zinc Chloride against Ps.

aer ugi nosa based on Fractional Inhibitory Concentration values. 15 [009]
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aer ugi nosa base on Fractional Inhibitory Concentration values. [0010]
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Anti m crigbiegd Activity of M xtures of

N—(n butyl)-1, 2-benzi sot hi azol i n-3-one ("BBIT") and Zinc Chloride agai nst
der ugi nosa based on Fractional Inhibitory Concentration values. [0011]
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conponents for the antim crobial conpgsition can be provided in the form of
an antim crobial conposition concentrate that, upon dilution with water,
provi des antimcrobial efficacy in a functional fluid. The concentrate
conprises (a) at |east one isothiazolin-3-one and (b) at |east one zinc
conpound sel ected fromthe group consisting of zinc salts, zinc oxides,
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10[ 0018] The antim crobial conpositions of the present invention are
suitably used in functional fluids such as polyner emul sions, or other
coating conpositions, to inpart both wet state and dry fil m preservati on.
The base nedium can be, for exanple, a polyner useful in polyner enulsions
wherein the polynmer is selected fromthe group consisting of acrylic and
substituted (neth)acryl ates, styrene/butadi ene, ethylene vinyl acetate, 15
pol yvi nyl acetate, styrene/butadi ene/N-nethylol acrylatnide, nitrile and
copolynmers of the aforenentioned. Typical functional fluids include coating
conpositions, such as paints, adhesives, seal ants, caul ks, mneral and

pi gnment slurries, printing inks, agricultural pesticide fornulations,
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gi ven bel ow. ﬁ&f % ercentages given herein are weight percents based on the
total weight of the conp05|t|on unl ess otherw se stated. 25 Exanple 1 In
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Pseudononas puti1da, NCI MB9494 All test species were cultured onto nutrient
agar and incubated for 24 hours at 30 C. After this period individual

suspensieos] of rigaeh ﬁr@ﬁﬁespi g@ﬁhxamdeﬁibﬁormma&&%l@g&axa snmgnt ration of 106
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[0010] Figure 4 provides a graphical depiction of an Isobologram showing

20  Antimicrobial Activity of Mixtures of N-(n-butyl)-1,2-benzisothiazolin-3-one (“BBIT”)

and Zinc Chloride against Ps. aeruginosa based on Fractional Inhibitory Concentration

values.

[0011] Figure 5 provides a graphical depiction of an Isobologram showing
25  Antimicrobial Activity of Mixtures of BIT and Sodium Chloride against Ps. aeruginosa

based on Fractional Inhibitory Concentration values.

DETAILED DESCRIPTION OF THE INVENTION

30 [0012] It has now been surprisingly found in accordance with the present invention that
an antimicrobial composition containing an isothiazolin-3-one, plus a zinc compound
selected from the group consisting of zinc salts, zinc oxides, zinc hydroxides, and

combinations thereof, exhibits enhanced antimicrobial efficacy, as compared to
3
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isothiazolin-containing compositions that do not contain the metal compound. Enhanced
efficacy are suitably provided in antimicrobial compositions over a wide range of pHs of

from 3 to 12.

[0013] The antimicrobial composition of the present invention is suitably incorporated
into a functional fluid. The functional fluid suitably comprises a base medium plus (a) at
least one isothiazolin-3-one and (b) at least one zinc compound selected from the group
consisting of zinc salts of organic acids, zinc salts of inorganic acids, zinc oxides, zinc
hydroxides, and combinations thereof. llustrative zinc salts include zinc chloride, zinc
sulfide, zinc carbonate, basic zinc carbonate (also known as “hydroxy-containing zinc
carbonate”, also know as “zinc hydroxy carbonate” which is further identified by the

empirical formula Zns(OH)s(CO3)2 ), and combinations thereof.

[0014] The isothiazolinone useful in the present invention is preferably an isothiazolin-
3-one that is selected from: 1,2-benzisothiazolin-3-one ("BIT"), N-(n-butyl)-1,2-
benzisothiazolin-3-one ("BBIT"), 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (“DCOIT™),
2-methyl-4-isothiazolin-3-one ("MIT"), mixtures of 5-chloro-2-methyl-4-isothiazolin-3-
one (“CIMIT”) plus MIT (available from Rohm and Haas Company, Philadelphia, PA
under the tradename Kathon®) dithio-2,2’-bis(benzmethylamide), and combinations
thereof. Particularly preferred isothiazolins are BIT, MIT and BBIT, and combinations
thereof.

[0015] In the composition, the isothiazolin-3-one is present in an amount of from 1 to
500 ppm (preferably from 5 to 500 ppm), the zinc‘compound is present in an amount of
from 5 to 200,000 ppm (preferably from 5 to 500 ppm), and the weight ratio of the
isothiazolin-3-one to the zinc compound is from 1:2000 to 100:1 (preferably from 100:1 to
1:100).

[0016] Optionally, the antimicrobial composition additionally comprises a pyrithione
salt or pyrithione acid. Useful pyrithione salts include copper pyrithione, zinc pyrithione,
sodium pyrithione. If used, the pyrithione salt or pyrithione acid is suitably present in the

composition in an amount of from about 0.001% w/w to about 1.0% w/w.

4
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[0017] In one embodiment, the combination of antimicrobial components for the
antimicrobial composition can be provided in the form of an antimicrobial composition
concentrate that, upon dilution with water, provides antimicrobial efficacy in a functional
fluid. The concentrate comprises (a) at least one isothiazolin-3-one and (b) at least one
zinc compound selected from the group consisting of zinc salts, zinc oxides, zinc
hydroxides, and combinations thereof. In the concentrate, component (a) is present in an
amount of from 1 to 95 %w/w, and component (b) is present in an amount of from 1 to

50% wiw.

[0018] The antimicrobial compositions of the present invention are suitably used in
functional fluids such as polymer emulsions, or other coating compositions, to impart both
wet state and dry film preservation. The base medium can be, for example, a polymer
useful in polymer emulsions wherein the polymer is selected from the group consisting of
acrylic and substituted (meth)acrylates, styrene/butadiene, ethylene vinyl acetate,
polyvinyl acetate, styrene/butadiene/N-methylol acrylamide, nitrile and copolymers of the
aforementioned. Typical functional fluids include coating compositions, such as paints,
adhesives, sealants, caulks, mineral and pigment slurries, printing inks, agricultural
pesticide formulations, household products, personal care, metal working fluids and other

aqueous based systems.

[0019] The invention is further described in the Examples given below. All percentages
given herein are weight percents based on the total weight of the composition, unless

otherwise stated.,

Example 1

In this example, samples of a commercial water based acrylic latex, trade name
REVACRYL 1A, supplied by the Harlow Chemical Company, pH 8.1, containing
antimicrobial additives in amounts as identified in Table I below, were challenged with a
bacterial suspension consisting of

Pseudomonas aeruginosa, NCIMB 8295
Providencia rettgeri, NCIMB 10842



PROXEL BD20 50 CC C 100 CCC 150 CCC 200 CCC 250 1+(75) - - 300
1+(54) - -

Serratia marcescens, NCIMB 9523
Aeromonas hydrophila, NCIMB9233
Alcaligenes spp. (Wet State Preservation isolate)
Burkholderia cepacia, ATCC 25416

S Pseudomonas putida, NCIMB9494
All test species were cultured onto nutrient agar and incubated for 24 hours at 30 °C. After
this period individual suspensions of each test organism were prepared at a concentration
of 10° colony forming units per ml in saline solution by means of a Thoma counting

10  chamber, achieved by mixing equal volumes of the individual suspensions. The

concentration of bacteria in each aliquot after each challenge was 2 x 10 per ml.

The antimicrobial additive-containing paint samples were stored at 40°C for 7 days prior
to commencing the test. The paint samples were challenged with 1%v/v of bacterial

15  suspension as described above. All test samples were incubated at 30°C for the duration of
the test and examined for viable bacteria after 1, 3 and 7 days after each challenge. Viable
bacteria were detected by streaking aliquots onto nutrient agar followed by incubation at
30°C for 2 days.
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250

1+ (75)

300

1+ (54)

400

1+ (47)

Assessments are rated as:

0-5 colon

pryoa

10

no growth detected

ies present

5-10 colonies

20 — 100 colonies
light growth — no specified number of colonies
moderate growth — colonies visible, some coalescence

ot
C

heavy growth — coalescing colonies visible throughout
confluent heavy growth

Results demonstrate a potentiating effect of BIT in combination with a zinc containing salt

when compared against a commercial product, namely PROXEL BD20 a product of Arch

15

Chemicals, Inc. containing only BIT for the preservation of a commercial latex in that

only 100 ppm of BIT is required in the presence of a zinc containing salt compared to 250

ppm of BIT for sample containing only BIT.

20



Results for Exanple 2 Table 2: Antim crobial Activity of Conpounds Under
| nvestigation Table 2 COVPOUND 1\ 41 C (ppm against Ps.acruginosa 1 2 3 4
BIT 30 42 42 30 ZnCl12 300 450 375 450 BIT is 1, 2-benzisothi azolin-3-one
avail able from Arch Limted PROXEL(r) GXL. Calcul ation of activity Agai nst
Mono- cul tures The M ni num I nhi bitory Concentration (MC) is the | owest
concentration of biocide which showed growth inhibition when used al one.
For the purpose of Fractional Inhibitory Concentration (FIC) calcul ations,
if a single biocide did not control growmh, the 10 M C was taken as the
hi ghest concentration used. A Fractional Inhibitory Concentration is the
concentration of biocide which controlled gromh in the m xture divided by
the M C of that biocide. FIC val ueEx#mplegot h conpounds in the m xture were
calculated and the results are shown in Table 3. The sum of these two
figures gives an indication of the actiopn of the two biocides. A value |ess
thgn onelVAHIER %gPaﬁteﬁhﬁ%%gﬁwéf? &2t ,e‘ﬁzfsogﬂ%‘"‘ 1gr3spne|@iId) apd Gincor great er
t he act i OhlorRleq@ACL) HgninstPseikddrivhas abhi@inosqegr eater than two the biocides
are antagonistic. Table 3: Fractional Inhibitory Concentrations for
1, 2-Beri zi sothi azol i n-3-one and Zinc Chloride (ZnCl2) agai nst
Ps. aer uBagteda 20 Table 3 COVPOUND FI C VALUES

Pseudomonas aeruginosa (NCIB 10421) maintained on nutrient agar, were used to study

the synergy between BIT and ZnCl,,

10  Calculation of Minimum Inhibitery Concentrations Against Mono-cultures
Bacteria were grown to stationary phase (approximately 24 hours) in nutrient broth
(approximately 10° organisms per ml). A 0.1%(v/v) inoculum was used to seed fresh
medium and 100 pl of the inoculum was then added to each well of a microtitre plate,
except for the first well which contained 200 pl.

15
Using doubling dilutions, the concentration of the compounds under investigation were
varied in each well along the ordinate axis. The presence or absence of growth was
recorded by visual inspection after 24 hours incubation at 37°C.

20  Calculation of Antimicrobial Activity Against Mono-cultures

Microtitre plates were used for this assay. A simple matrix was constructed with varied
concentrations of the two compounds from 2 x MIC (minimum inhibitory concentration)
down to zero concentration in a 10 x 10 array. As the microtitre plate has only 96 wells,
the combinations of the two compounds that made up the extreme concentrations (highest

25 and lowest) were omitted. Solutions were made up in broth at two times the final
concentrations after pre-dissolving the compounds in distilled water.

The mixture (100 pl) was added to the plate so that the total volume in each well was 200
pl. Nutrient broth was used for Ps.aeruginosa . Plates were incubated for 16-24 hours at
30  37°. The presence or absence of growth was determined by visual inspection.
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1234 BIT1O0.20 0.20 0.40 0.14 0.14 0.29 0.29 0.43 0.14 0.20 0.40 O

ZnCl2 0 0.25 0.50 0.25 0.33 0.50 0.17 0.33 0.17 0.60 0. 33

Results for Example 2

Table 2: Antimicrobial Activity of Compounds Under Investigation

Table 2
COMPOUND MIC (ppm) against Ps.aeruginosa
1 2 3 4
BIT 30 42 42 30
ZnCl, 300 450 375 450

5 BIT is 1,2-benzisothiazolin-3-one available from Arch Limited PROXEL® GXL.

Calculation of activity Against Mono-cultures

The Minimum Inhibitory Concentration (MIC) is the lowest concentration of biocide
which showed growth inhibition when used alone. For the purpose of Fractional
Inhibitory Concentration (FIC) calculations, if a single biocide did not control growth, the
MIC was taken as the highest concentration used. A Fractional Inhibitory Concentration
is the concentration of biocide which controlled giowth in the mixture divided by the MIC
of that biocide. FIC values for both compounds in the mixture were calculated and the
results are shown in Table 3. The sum of these two figures gives an indication of the
action of the two biocides. A value less than one indicates an enhanced effect, if the total
is unity or greater the action is additive and if the value is greater than two the biocides are
antagonistic.

10

15

Table 3: Fractional Inhibitory Concentrations for 1.2-Benzisothiazolin-3-one (BIT)
and Zinc Chloride (ZnCl,) apainst Ps.aeruginosa

20
Table 3

FIC VALUES

25

30

COMPOUND 1

2

3

4

BIT

uat

0.20

0.20

0.40

0.14

0.14

0.29

0.29

043

0.14

0.20

0.40

ZnClz

0.25

0.50

0.25

0.33

0.50

0.17

0.33

0.17

0.69

0.33

0.17

-

Total

0.45

0.70

0.65

0.47

0.64

0.46

0.62

0.60

0.74

0.53

0.57

If a graph with the axes representing the biocide Fractional Inhibitory Concentrations for
the two biocides on linear scales is constructed, when the combination is additive the
isobole ( i.e. the line joining the points that represent all combinations with the same effect
including the equally effective concentrations of the biocides used alone) is straight,
enhanced combinations give concave isoboles and antagonistic combinations give convex
isoboles. As shown in FIG. 1, the combination of BIT and ZnCl, has an enhanced effect
against Ps.aeruginosa as confirmed by the concave isobole on the graph of FIG.1.

9




0.17 Total 1 0.45 0.70 0.65 0.47 0.64 0.46 0.62 0.60 0.74 0.53 0.57 If a
graph with the axes representing the biocide Fractional Inhibitory
Concentrations for the two biocides on |inear scales is constructed, when
the conbination is additive the 25 isobole ( i.e. the line joining the
points that represent all conbinations wth the sane effect including the
equal ly effective concentrations of the biocides used alone) is straight,
enhanced conbi nati ons gi ve concave isobol es and antagoni stic conbi nati ons
gi ve convex isoboles. As shown in FIG 1, the conbination of BIT and ZnCl2
has an enhanced effect against Ps. aeruginosa as confirned by the concave

i sobole on the graph of FIG 1. 30 Exanple 3 Investigation of potentiation
bet ween Kat hon(r) (CIM T/ MT) and ExawpleBl ori de (ZnC 2) agai nst

Pseudonnna S aerugi nosa. S Bacteria Pseudononas aerugi nosa (NCl B 10421)

mai nt ai s?@a utri enttegggtr]r n YElLe. Uspd; o‘ﬁ“{dﬂ&h‘/ﬂfrﬁéﬂﬁr ¥ cOtntSidron(r)

and ZnCl cuI tron o ni_mum I'bitory Concentrations Agal nst
Mbno- cuIMéagB&é‘t%ﬁeﬂ@'ﬂ%’f‘@”ﬂW"% stati onary phase (approximately 24
hours) in nutrient broth (approxinmately 109 organisns per nil). A 0.1%v/v)

i nocul unBx@eérisised to seed fresh nmediumand 100 pi of the inocultun was then
added topgg Qn%k eﬂfgv‘%sy'(qu)% i1b4 21 ) RhRt8ine® ¥k ARtichOigak,NRert k&t todlkdy Whi ch
contarnggQZOOgB,fﬁ} IRﬂblrng dilutions, the concentration of the
conmpoun 9 ves |ga i‘On"ere varied in each wel | along the ordinate
axis. The presence or absence of gromrh mas recorded by vi sual inspection
af t 0 24Chlguylati L. qnAya 3 QtquaguEesobi al  Activity
Agai nst  Bhiéria Wetell gﬂﬁm M G;faﬂbmtry eplral;ﬁat(mrmémeteus ed licms)txhr sutdegalyrothA si npl e
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10 x 10 Esi({e)h’él 2’ y?Qctu?%Er‘)’fazsi?{éé irf;sdeo(rﬁgvré ‘316“%& ?s mﬁ t‘:enatr ons
of the tﬁﬁﬁﬁkﬁﬁﬁbﬁﬁﬁg“FHéY FReRRtaipEd 300 Hxt rene concentrati ons (hrghest

Using doubling dilutions, the concentration of the compounds under investigation were
varied in each well along the ordinate axis. The presence or absence of growth was
recorded by visual inspection after 24 hours incubation at 37°C.

20  Calculation of Antimicrobial Activity Against Mono-cultures
Microtitre plates were used for this assay. A simple matrix was constructed with varied
concentrations of the two compounds from 2 x MIC (minimum inhibitory concentration)
down to zero concentration in a 10 x 10 array. As the microtitre plate has only 96 wells,
the combinations of the two compounds that made up the extreme concentrations (highest
25  and lowest) were omitted. Solutions were made up in broth at two times the final
concentrations after pre-dissolving the compounds in distilled water.

The mixture (100 pl) was added to the plate so that the total volume in each well was 200
pl. Nutrient broth was used for Ps.aeruginosa . Plates were incubated for 16-24 hours at
30  37°. The presence or absence of growth was determined by visual inspection.
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The Minimum Inhibitory Concentration (MIC) is the lowest concentration of biocide
which showed growth inhibition when used alone. For the purpose of Fractional
Inhibitory Concentration (FIC) calculations, if a single biocide did not control growth, the
MIC was taken as the highest concentration used. A Fractional Inhibitory Concentration
is the concentration of biocide which controlled growth in the mixture divided by the MIC
of that biocide. FIC values for both compounds in the mixture were calculated and the
results are shown in Table 5. The sum of these two figures gives an indication of the
action of the two biocides. A value less than one indicates an enhanced effect, if the total
is unity or greater the action is additive and if the value is greater than two the biocides are
antagonistic.

Table 5: Fractional Inhibitory Concentrations for Kathon (CIMIT/MIT) and Zinc

Kat hon (CINITTNIT) and Zinc 20 Chloride (ZnCl2) agai nst

Table 5

Chloride (ZnCl,) against Ps.aeruginosa

COMPOUND

FIC VALUES

1

2

3

4

Kathon

1 0.1

710.17

0.33

0.33

0.17

0.33

0.33

0.14 ] 0.28 | 0.28

ZnC 12

0.14

0.29

0.14

0.29

0.29

0.14

0.29

0.50 103810501 1

Total

1 0.3

11 0.46

0.47

0.62

0.46

0.47

0.62

0.64 ] 0.66 ] 0.78 | 1

If a graph with the axes representing the biocide Fractional Inhibitory Concentrations for

25

the two biocides on linear scales is constructed, when the combination is additive the

isobole (i.e. the line joining the points that represent all combinations with the same effect
including the equally effective concentrations of the biocides used alone) is straight,
enhanced combinations give concave isoboles and antagonistic combinations give convex

isoboles.

30

11

As shown in FIG. 2, the combination of Kathon® and ZnCl, has an enhanced
effect against Ps.aeruginosa as confirmed by the concave isobole in FIG. 2.



3 4 Kathon 1 0.17 0.17 0.33 0.33 0.17 0.33 0.33 0.14 0.28 0.28 0 ZnC12
1

12
0 0.14 0.29 0.14 0.29 0.29 0.14 0.29 0.50 0.38 0.50 1

Example 4

Investigation of potentiation between MIT and Zinc Chloride (ZnCly) against
Pseudomonas aeruginosa

Bacteria
Pseudomonas aeruginosa (NCIB 10421) maintained on nutrient agar, were used to study
the synergy between MIT and ZnCl,.

10  Calculation of Minimum Inhibitory Concentrations Against Mono-cultures
Bacteria were grown to stationary phase (approximately 24 hours) in nutrient broth
(approximately 10° organisms per ml). A 0.1%(v/v) inoculum was used to seed fresh
medium and 100 pl of the inoculum was then added to each well of a microtitre plate,
except for the first well which contained 200 pl.

15
Using doubling dilutions, the concentration of the compounds under investigation were
varied in each well along the ordinate axis. The presence or absence of growth was
recorded by visual inspection after 24 hours incubation at 37°C.

20  Calculation of Antimicrobial Activity Against Mono-cultures
Microtitre plates were used for this assay. A simple matrix was constructed with varied
concentrations of the two compounds from 2 x MIC (minimum inhibitory concentration)
down to zero concentration in a 10 x 10 array. As the microtitre plate has only 96 wells,
the combinations of the two compounds that made up the extreme concentrations (highest
25 and lowest) were omitted. Solutions were made up in broth at two times the final
concentrations after pre-dissolving the compounds in distilled water.

The mixture (100 ul) was added to the plate so that the total volume in each well was 200
pl. Nutrient broth was used for Ps.aeruginosa . Plates were incubated for 16-24 hours at
30  37°. The presence or absence of growth was determined by visual inspection.

35
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Total 1 0.31 0.46 0.47 0.62 0.46 0.47 0.62 0.64 0.66 0.78 1 If a graph
with the axes representing the biocide Fractional Inhibitory Concentrations
for 25 the two biocides on linear scales is constructed, when the
conmbination is additive the isobole (i.e. the l[ine joining the points that
represent all conbinations with the sanme effect including the equally
effective concentrations of the biocides used alone) is straight, enhanced
conbi nati ons give concave isobol es and antagoni stic conbi nations give
convex isoboles. As shown in FIG 2, the conbination of Kathon(r) and ZnCl2
has an enhanced 30 effect against Ps.aerugi nosa as confirned by the concave
isobole in FIG 2. Exanple 4 Investigation of potentiation between MT and
Zi nc Chl Besults of Example 4 gai nst Pseudononas aerugi nosa S Bacteria
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was deter
action of the two biocides. A value less than one indicates an enhanced effect, if the total

is unity or greater the action is additive and if the value is greater than two the biocides are
antagonistic.

20  Table 7: Fractional Inhibitory Concentrations for (MIT) and Zinc Chloride (ZnCl,)
against Ps.aeruginosa

Table 7

FIC Values
COMPOUND 1 2 3 4
MIT 11017 10331033 (050 025050 ]075](0141029]1 017 10
ZnCl 0057 {029]043 1014 ] 043 | 029 [10.1410330.171 050 |1
Total 11074 1062]0.76 {064 | 068 | 0.79 | 0.89 | 0.48 | 046 | 0.67 | 1

25  If a graph with the axes representing the biocide Fractional Inhibitory Concentrations for
the two biocides on linear scales is constructed, when the combination is additive the
isobole (i.e. the line joining the points that represent all combinations with the same effect
including the equally effective concentrations of the biocides used alone) is straight,
enhanced combinations give concave isoboles and antagonistic combinations give convex

13



Results of Exanple 4 Tabl e 6: Antimcrobial Activity of Conpounds Under
I nvestigation S Table 6 COMPOUND M C (ppm against Ps.aeruginosa 1 2 3 4
MT 9 6 10.5 8 ZnCl12 210 210 450 450 Calcul ation of Synergy Agai nst

Mono- cul tures The M ni mum I nhi bitory Concentration (MC) is the | owest
concentration of biocide which showed growth inhibition when used al one.

For the purpose of Fractional 10 Inhibitory Concentration (FIC
calculations, if a single biocide did not control growh, the MC was taken
as the highest concentration used. A Fractional Inhibitory Concentration is
the concentration of biocide which controlled growmh in the m xture divided
by the M C of that biocide. FIC values for both conpounds in the m xture
wer e cal isehodse cAsashowinlis Fi€siil the camunatiomvet MAL ansbfeClz hasTéreendansedfeffebtese t wo
figures fpaieSPaRerigibaat cofirfled bheneldnasieiiaokfin FbG. 3.wo bi oci des. A val ue

| ess than one indicates an enhanceg,gffgat. if the total is unity or
greater the action is additive andl € value is greater than two the

bi oci des_are ant agonl stic. 20 TabI e 7 Fr act [ onal nh| b| tor Concent rations
for (SNEVa A .:nag¢_:: ; . nd 24}

Val ues (BXdR@umbraslaeruginosa.

Bacteria
Pseudomonas aeruginosa (NCIB 10421) maintained on nutrient agar, were used to study
10  the synergy between BBIT and ZnCl,,

Calculation of Minimum Inhibitory Concentrations Against Mono-cultures

Bacteria were grown to stationary phase (approximately 24 hours) in nutrient broth

(approximately 10° organisms per ml). A 0.1%(v/v) inoculum was used to seed fresh
15  medium and 100 pl of the inoculum was then added to each well of a microtitre plate,

except for the first well which contained 200 pl.

Using doubling dilutions, the concentration of the compounds under investigation were
varied in each well along the ordinate axis. The presence or absence of growth was
20  recorded by visual inspection after 24 hours incubation at 37°C.

Calculation of Antimicrobial Activity Against Mono-cultures

Microtitre plates were used for this assay. A simple matrix was constructed with varied

concentrations of the two compounds from 2 x MIC (minimum inhibitory concentration)
25  down to zero concentration in a 10 x 10 array. As the microtitre plate has only 96 wells,

the combinations of the two compounds that made up the extreme concentrations (highest

and lowest) were omitted. Solutions were made up in broth at two times the final

concentrations after pre-dissolving the compounds in distilled water.

30  The mixture (100 ul) was added to the plate so that the total volume in each well was 200
pl. Nutrient broth was used for Ps.aeruginosa . Plates were incubated for 16-24 hours at
37°. The presence or absence of growth was determined by visual inspection.

35
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234 MT10.17 0.33 0.33 0.50 0.25 0.50 0.75 0.14 0.29 0.17 0 zZnC12 O
0.57 0.29 0.43 0.14 0.43 0.29 0.14 0.33 0.17 0.50 1 Total 1 0.74

Results of Example S

Table 8: Antimicrobial Activity of Compounds Under Investigation

10

15

20

25

30

Table 8
COMPOUND MIC (ppm) against Ps.aeruginosa
1 2 3 4
BBIT 315 360 42 180
ZnCl, 525 525 600 600

BBIT is N-(n-butyl)-1,2-benzisothiazolin-3-one.

Calculation of Synergy Against Mono-cultures

The Minimum Inhibitory Concentration (MIC) is the lowest concentration of biocide
which showed growth inhibition when used alone. For the purpose of Fractional
Inhibitory Concentration (FIC) calculations, if a single biocide did not control growth, the
MIC was taken as the highest concentration used. A Fractional Inhibitory Concentration
is the concentration of biocide which controlled growth in the mixture divided by the MIC
of that biocide. FIC values for both compounds in the mixture were calculated and the
results are shown in Table 9. The sum of these two figures gives an indication of the
action of the two biocides. A value less than one indicates an enhanced effect, if the total
is unity or greater the action is additive and if the value is greater than two the biocides are
antagonistic.

Table 9: Fractional Inhibitory Concentrations for BBIT and Zinc Chloride (ZnCl,)

against Ps.aeruginosa

Table 9
FIC values
COMPOUND 1 2 3 4
BBIT 1 0.29 0.25 0.14 0.71 0.25 0
ZnCl, 0 0.43 0.43 0.50 0.38 0.38 1
Total 1 0.71 0.68 0.64 1.09 0.63 1

If a graph with the axes representing the biocide Fractional Inhibitory Concentrations for
the two biocides on linear scales is constructed, when the combination is additive the
isobole (i.e. the line joining the points that represent all combinations with the same effect
including the equally effective concentrations of the biocides used alone) is straight,
enhanced combinations give concave isoboles and antagonistic combinations give convex
isoboles. As shown in FIG. 4, the combination of BBIT and ZnCl; has an enhanced effect
against Ps.aeruginosa as confirmed by the concave isobole shown in FIG. 4.

15
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MLC (ppn) agai nst Ps. aerugi nosa
Calculation of Antimicrobial Activity Against Mono-cultures

Microtitre plates were used for this assay. A simple matrix was constructed with varied
concentrations of the two compounds from 2 x MIC (minimum inhibitory concentration)

25 down to zero concentration in a 10 x 10 array. As the microtitre plate has only 96 wells,
the combinations of the two compounds that made up the extreme concentrations (highest
and lowest) were omitted. Solutions were made up in broth at two times the final
concentrations after pre-dissolving the compounds in distilled water.

30  The mixture (100 pl) was added to the plate so that the total volume in each well was 200
pl. Nutrient broth was used for Ps.aeruginosa . Plates were incubated for 16-24 hours at
37°. The presence or absence of growth was determined by visual inspection.

35
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1 23 4 BBIT 315 360 42 180 zZnCl2 525 525 600 600 BBIT is

N-(n-butyl)-1, 2-benzi sot hi azol i n-3-one. Cal cul ati on of Synergy Agai nst

Mono- cul tures The M ni num I nhi bitory Concentration (MC) is the | owest
concentration of biocide which showed growth inhibition when used al one.

For the purpose of Fractional 10 Inhibitory Concentration (FIC
calculations, if a single biocide did not control growh, the MC was taken
as the highest concentration used. A Fractional Inhibitory Concentration is
t he concentration of biocide which controlled gromh in the m xture divided
by the M C of that biocide. FIC values for both conmpounds in the m xture
were cal culated and the results are shown in Table 9. The sum of these two
fi gures Bpspdis of Kompsrative Bypmplethe 15 action of the two biocides. A val ue

| ess than one indicates an enhanced effect, if the total is unity or

greater {hife36! AQhm i;%oﬁi%@'wchv& @g%#goam Sl SaBhG@l €T than two the
bi oci des qhe nt ag I C ractional ITnnibitory
Concent r 33'5h& for BRI T andZinc Chloride ZrG121—20—-agai nst Ps. aer ugi nosa

Tabl e 9 | FILC S@MBEYNDOVPOUND MIG (gpnad against Ps.aeruginosa
BIT 30

NaCl, None detected (greater than 675)

BIT is 1,2-benzisothiazolin-3-one available from Arch Limited as PROXELR™ GXT..

Calculation of potentiation Against Mono-cultures
The Minimum Inhibitory Concentration (MIC) is the lowest concentration of biocide
10  which showed growth inhibition when used alone. For the purpose of Fractional
Inhibitory Concentration (FIC) calculations, if a single biocide did not control growth, the
MIC was taken as the highest concentration used. A Fractional Inhibitory Concentration
is the concentration of biocide which controlled growth in the mixture divided by the MIC
of that biocide. FIC values for both compounds in the mixture were calculated and the
15  results are shown in Table 11. The sum of these two figures gives an indication of the
action of the two biocides. A value less than one indicates an enhanced effect, if the total
is unity or greater the action is additive and if the value is greater than two the biocides are
antagonistic.

20 Table 11: Fractional Inhibitory Concentrations for 1,2-Benzisothiazolin-3-one (BIT)

and Sodium Chloride (NaCl) against Ps.aeruginosa

Table 11
COMPOUND FIC VALUES
BIT 1 1.00
NaCl, 0 0.33 1
Total 1 1.33 1

25  If a graph with the axes representing the biocide Fractional Inhibitory Concentrations for
the two biocides on linear scales is constructed, when the combination is additive the
isobole (i.e. the line joining the points that represent all combinations with the same effect
including the equally effective concentrations of the biocides used alone) is straight,
enhanced combinations give concave isoboles and antagonistic combinations give convex

30 isoboles. As shown in FIG. 5, the combination of BIT and NaCl, is additive against
Ps.aeruginosa as confirmed by the straight isobole in FIG. 5. Additionally, the results of
this Example further illustrate that the combination of an isothiazolin-3-one such as BIT

17



BBIT 1 0.29 0.25 0.14 0.71 0.25 0 ZnC12 0 0.43 0.43 0.50 0.38 0.38 1 Total
10.71 0.68 0.64 1.09 0.63 1 If a graph with the axes representing the

bi oci de Fractional Inhibitory Concentrations for 25 the two bi ocides on

| i near scales is constructed, when the conbination is additive the isobole
(i.e. the line joining the points that represent all conbinations wth the
sane effect including the equally effective concentrations of the biocides
used al one) is straight, enhanced conbi nati ons gi ve concave i sobol es and
ant agoni stic conbi nati ons gi ve convex isoboles. As shown in FIG 4, the
conmbi nation of BBIT and ZnCl2 has an enhanced effect 30 agai nst

Ps. aerugi nosa as confirnmed by the concave isobole showmn in FIG 4.

Conpar atdnde zicenpimound buohes Znght asshowh ipBxasnle 21 show upexnested potentiation

1, 2- Benziesitishp sz PRsiredugiiia( Bl T) and Sodi um Chloride (NaCl2) agai nst
Pseudononas aeruzi nosa as conpared to the Synergy 5 between

1, 2-Benzi sothiazolin-3-one (BIT) and Zinc Chloride (ZnCl2.) agai nst
Pseudononas aer uei nosa (Exanpl e 2)
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Bacteria Pseudononas aerugi nosa (NCI B 10421) rmaintai ned on nutrient
agar, were used to study 10 the efficacy of the conbination of BIT with
sodi um chl oride. Cal culation of M ninum Inhibitory Concentrations Agai nst
Mono-cul tures Bacteria were grown to stationary phase (approxi mately 24
hours) in nutrient broth (approximtely 109 organisnms per m). A 0.1%v/v)
i noculurn was used to seed fresh 15 nedium and 100 tl of the inoculum was
then added to each well of a mcrotitre plate, except for the first well
whi ch cont ai ned 200 pl. Usi ng doubling dilutions, the concentration of
t he conpounds under investigation were varied in each well along the
ordinate axis. The presence or absence of growh was 20 recorded by visnal
i nspect i Svhaafstadaim@dlishour s i ncubati on at 37C. Cal cul ation of Antim crobi al
Activity Against Mno-cultures Mcrotitre plates were used for this assay.
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presence or absence of growth was determ ned by visual inspection. 35
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5. The antimicrobial composition of claim 1 wherein said zinc salt is selected from the
group consisting of zinc chloride, zinc sulfide, zinc carbonate, basic zinc carbonate , and

25  combinations thereof.
6. The antimicrobial composition of claim 1 wherein said zinc compound is zinc chloride.

7. The antimicrobial composition of claim 1 which further comprises a co-biocide
30 selected from the group consisting of pyrithione salts, pyrithione acids, and combinations
thereof, and wherein said co-biocide is present in said composition in an amount of from

about 0.001 to about 1 %w/w based on the total weight of said composition.
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1 1.00 0 NaC12 0 0.33 1 Total 1 1.33 1 25 If a graph with the axes
representing the biocide Fractional Inhibitory Concentrations for the two
bi oci des on linear scales is constructed, when the conbination is additive
the isobole ( i.e. the line joining the points that represent al

conmbi nations with the same effect including the equally effective
concentrations of the biocides used alone) is straight, enhanced

conbi nati ons give concave isobol es and antagoni stic conbi nations give
convex 30 isoboles. As shown in FIG 5, the conbination of BIT and NaCl2 is
addi tive agai nst Ps.aeruginosa as confirmed by the straight isobole in FIG
5. Additionally, the results of this Exanple further illustrate that the
conbi nat $-oAnGRtimicre Y RMRIEIPHcEceRtEate YiFChapopdilutiqn With water proyides Siepound
such as Z£R&dds offoniPoR¥ils () aerxeyjaé Epe%,ﬁea MOt € XRACIREnRAtedbipRikingn resul ts

agai nst Ps. , aerugi nosa. ai ne 1. An antimcrobia
conp05|tFSW“E@Hb?ﬂ?FHbmtﬂ?mﬁ?OfgﬁgFmbﬁémﬂggéﬁwgﬁol|n 3-one and (b) at |east

one zinc conpound sel ected fromthe group consisting of zinc salts, zinc

oxi de i 5 h des, and conbi nations thereof, wherein said

ot 1 az5 Hhe Sriiirobll iRt AR AT THOM P OBTER ROt he 2i ne
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from5 to 200,000 ppm and the weight ratio is from1:100 to 100: 1.

3. The conposition of claim1 wherein conponent (a) is present in an anount
of f¥bm B0.t 4 compeHiopemprising apipoeremiul{iby, skid compesiion additianallyount of from
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2- et hy 19010bingon; inprspen, o ﬁffbwth@p%am@rwwt @hem@(llﬂéﬁ%ri@tmm de), and

conbj snat ivns4dd e dnd wherein mxbsolﬁ%wb%&mﬁbm@m Qeinbbdht &) 1§ﬂ>e%w93n1

wherein said zinc salt |s sel ected fromthe group consisting of zinc
chlorldé‘°£Fﬁéa§ﬁF?@ﬂé -zinc carbonate, basic zinc carbonate, and 25
conbi nati ons thereof. 6. The antinicrobial conposi tion of claim1l

wherein said zinc cg d. is_zinc, chl 7. The antj m crobia
conposi t nﬂzﬁcogrpaﬁ mm?? Hhery s wpgreegm&melacwweaé PSYMEE| ect ed
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Comsh B ke s Teng T et Fob B et St B IO  ne
tot al wedcgyibmbde, siaild atd oggedyrdrotherec8. An anti m crobi al corrposi tion
concentrate, which upon dilution wth water provides the amounts of

conponents (a) and (b) as specified in claim1, said concentrate conprising
i sot hi azi®. i Theangindcrobiabepnaposition of tlabe i Omdharein saidizifs Sblvis weleGedfrorhithe
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25  combinations thereof.
13. The antimicrobial composition of claim 12 wherein said zinc salt is zinc chloride.

14. The composition of claim 10 wherein said isothiazolin-3-one is selected from the

30  group consisting of: 1,2-benzisothiazolin-3-one, N-(n-butyl)-1,2-benzisothiazolin-3-one,
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, 2-methyl-4-isothiazolin-3-one, mixtures of 5-
chloro-2-methyl-4-isothiazolin-3-one (CIMIT) and 2-methyl-4-isothiazolin-3-one, and

also dithio-2,2°-bis(benzmethylamide),and combinations thereof.
20



bi oci de sel ected fromthe group consisting of pyrithione salts, pyrithione
aci ds, and conbi nations thereof, and wherein said co-biocide is present in
said conposition in an anount of fromabout 1 to about 50% w w based on the
total weight of said conposition. 10 10. A conposition conprising a polyner
enul sion, said conposition additionally conprising a wet state preservative
conprising a conbination of (a) at |east one isothiazolin-3-one and (b) at
| east one zinc conmpound sel ected fromthe group consisting of zinc salts,
zi nc oxides, zinc hydroxides, and conbi nati ons thereof, wherein said
conbination is present in said conposition in a total anount of between
about 10 ppm and 15 about 400 ppm and wherein the nplar ratio of conponent
(a) to cdgzpﬂmcﬁfnpeﬁsm of %@f%bw% Syrthen comprisgs agenbiocideselected fromfhe
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pai nts, adhesives, sealants, _caul ks, m neral and pigment slurries, printing
i nks, agfiahortdQprye apd wharein Bie malaratimef coppeaemépdo compeifgt (Y dduct s,

per sonal p&aténr HoaEiC tasid ab®italo. wor ki ng fl ui ds, and conbi nati ons t hereof,
wherg|n said coating conposition contains a polyner emulsion as a liquid
baséu%ediunl and a wet state preservative conprising a conbination of (a)
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i n sai d ethylposvihylaretate, poliyvihgl acatats, styreat/bhetiiseeN-abthylol Adyiamideanirilebout 400
ppm and rein ar ratio of conponent (a) to component (b) is

bet ween a%g%?gqgfhg%ﬁggéout 1: 2. 20 18. The coating conposition of claim 17
wherddi n said |iquid base nediumis selected fromthe group consisting of
acrylic and substituted (neth)acryl ates, styrene/butadi ene, ethyl ene vinyl
acetate, polyvinyl acetate, styrene/butadi ene/ N nethylol acrylam de,
nitrile and copol yners thereof. 25
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