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Field of the Invention

The invention is a composition for controlling microbiological growth
whichcomprises a combination of stabilized sodium hypobromife with a
mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one.

The invention is also a method for controlling microbiological
growth which comprises a combination of stabilized sodium hypobromite
with a mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one.

Background of the Invention

The proliferation of microorganisms and the resuitant formation of
slime is a problem which commonly occurs in aqueous systems.
Problematic slime producing microbes may include: bacteria, fungi, and
algae. Slime deposits typically occur in many industrial aqueous systems
including cooling water systems, pulp and 'paper mill systems, petroleum
operations, clay and pigment slurries, recreational water systems, air
washer systems, decorative fountains, food, beverage, and industrial
process pasteurizers, sweetwater systems, gas scrubber systems, latex
systems, industrial lubricants, cutting fluids, etc.

Biocides and antimicrobials are used to control or eliminate microbial

growth in a number of different aqueous media. If left untreated, microbes
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Background of the Invention The proliferation of m croorganisns and the
Tesultant formation of sline is a probl em whi ch conmonly occurs in aqueous
systens. Problematic slinme producing mcrobes may include: bacteria, fungi,
and algae. Sline deposits typically occur in many industrial aqueous
systens including cooli ng water systems, pulp and paper mll systems,
petrol eum oper at ons t slurrie recreatignal water
systems, air %ﬁn“b%gﬂﬁﬁ?ﬁr}\@q erRMResterioration of cosfingdowsiy

i ndustrial pr ocess past euri zers, sweetwater systens, gas scrubber systens,
| at ex syst ens,strustues,ilass imbeat:amhangweiﬁdrg\dyl imi aispoﬁng SyBtenj desthetid
antimcrobials are used to control or elimnate mcrobial growh in a
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on metal surfaces, increased down time, or breaks in paper sheets in pulp
and paper systems. Bacterial slimes may also be objectionable as they
relate to cleanliness and sanitation in brev_veries, dairies, and other
industrial food and beverage process water systems. The proliferation of
microbial contamination in lubricants and cutting fluids is a common
problem due to the elevated temperatures and unsanitary conditions found
in many metal working plants. As a consequence of the deleterious
effects of uncontrolled microbial growth and contamination in many
industrial processes, different antimicrobials have been developed to aid in
eliminating and controlling microbial growth.

Often, one antimicrobial {biocide) is insufficient to control microbia'l.
growth in the aqueous media. Biocides may act in combination, i.e.
synergistically, to yield better antimicrobial performance as opposed to the
efficacy obtained when each biocide is used separately. Biocides may act
on the target microbe in a number.of different ways to cause cell stress or
death. The mechanisms by which biocides exert antimicrobial activity
depend upon a number of factors which include the chemical properties of
the antimicrobial, and the biochemical and physical characteristics of the

target microbe. Some biocides target the cell membrane or cell wall.
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2 and microbial biofilms (slimes) can cause deterioration of cooling tower
structures, loss in heat exchange efficiency in a cooling system aesthetic
defects in decorative fountains, pronotion and accel eration of corrosion on
metal surfaces, increased down tinme, or breaks in paper sheets in pulp and
paper systens. Bacterial slimes may al so be objectionable as they relate to
cl eanl i ness aBg sanitation.jn breweries, L.ndust r.i éh f ood
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contam nation in lubricants and cutting fluids is a common problem due to
the el evated tleagetaicel sicatiher disruptionraf callwdar replieatiound

The combination of two biocides may yield enhanced efficacy
beyond the cumulative or additive effect of the two biocides. This likely
reflects a synergistic anti-microbial effect on some essential component(s)
of the cell for survival and sustained growth. A combination of two
biocides that are synergistic allows for the addition of lesser amounts of
the individual biocides to achieve the desired level of microbial control.
This has both advantageous environmental and economic impacts. It
allows for reduced discharge of potential environmental pollutants and a
more cost effective control program for these diverse industrial systems.

For this invention, the methylchloro/methylisothiazoline biocide is a
% g broad spectrum antimicrobial agent that is widely used in industrial
systems to control algae, bacteria, and fungi. Commercial preparations o'f
the compound for use as a cooling tower biocide (KATHON® WT; a
microbial control agent available from Rohm and Haas Company,
Philadelphia, Pennsylvania) are water-based formulations of inorganic
stabilizers and active ingredients. The active ingredients, 5-chloro-2-
methyl-4-isothiazolin-3-one and 2-methyl -4-isothiazolin-3-one, are present
in the approximate ratio of 3:1.

Isothiazolones are effective against many microorganisms. The
microbiocidal activity of isothiazolones is likely due to their electrophilic

nature and their interaction with certain key enzymes such as cellular
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i'n many metal working plants. As a consequence of the deleterious effects
of uncontrolled mcrobial growth and contam nation in nmany industri al
processes, different antim crobials have been devel oped to aid in
elimnating and controlling mcrobial growh. Oten, one antim crobi al
(biocide) is insufficient to control m crobial growth I n the aqueous nedi a.
Bi oci des may act in conbination ner C y leld better

anti mi crobi al JRtwdsegenasesas wsl o%seg‘ec B’yqnf?é‘g@f’ edcg"tc;’ tbﬁygl gPwrefulaEch
biocide is used separately. Biocides may act on the target nicrobe in a
nunber of dif frespinatiomys to cause cell stress or death. The mechanisns by
whi ch biocides exert antimcrobial activity depend upon a nunber of factors

whi ch i nclude the qp&Fas shoWwnaRSrevRRusTesbBRrefHat TsSthiddioldnesPEsh bBeused
bi ochem cal and physical characteristics of the target m crobe. Sone

bi oci des tar 955 éé}ﬁe\?g ignnﬁégﬁt%gm%ct?ﬁ f%éctenal biofilm, but it is not a good

agent
to remove adherent biofilm. Conversely, stabilized sodium hypobromite
may act as a penétrant, and disrupt adhered biomass. Therefore, the
persistence of isothiazolones coupled with the reactivity and the biofilm
removal properties of stabilized sodium hypobromite yields-an antimicrobial
composition with superior performance compared to the results obtained
when either biocide is used independently. Also, the combination of these
two biocides clearly exerts an enhanced {synergistic} antimicrobial
effect on planktonic microorgansims as indicated in the data shown
herein. The exact mechanism for this observed synergy remains unknowni
It is an object of the present invention to' provide novel antimicrobial
compositions which provide enhanced effectiveness for controlling or
inhibiting the growth of microorganisms in aqueous systems. It is another
object of this invention to provide an improved method for controlling
microorganisms in aqueous systems. It is an advantage of the present
invention that the biocidal compositions permit a reduction.in the amount
of biocide required to achieve acceptable microbiological control. .
Important applications of the synergistic antimicrobial compositions

of the present
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This is the replacenent sheet 3 Ohers target critical enzymes or the
‘cel lul ar nmetabolic nachinery which | eads to cell death or disruption of
cellular replication. The conbination of two biocides may yield enhanced
efficacy beyond the cumul ative or additive effect of the two biocides. This
i kely reflects a synergi stic anti-mcrobial effect on sone essenti al

component (=) Shvalr BhlucsOhuf Helby Rl SR ISE B Ran royleag! o
B T oo ngiTang! fn SqueoLe odia. The aomancitian of the prosant iverion
possesses unexpected S\-/nergistic activity against microorganisms,
including bacteria and fungi.

Stabilized sodium hypobromite is less volatile and more stable than
other halogenated molecules such as sodium hypochliorite and sodium
hypobromite. Also, much higher levels of available halogen for microbial
disinfection are attained using stabilized sodium hypobromite than with
other halogenated antimicrobials. Bromate formation is significantly
reduced with the use of stabilized sodium hypobromite {1997, Dallmier,
A.W. and W.F. McCoy. PCT Int. Appl., WO 9734827)}. The United
States EPA identified some health concerns relevant to bromate formation
(1995, Amy, G. et al. Water Supply. 13(1):157). Animal carcinogenesis
has been linked to low bromate levels in drinking water (1995, Fawell,
J.K. and G. O’Neill. Water Supply. 13{1):29)}. Further, stabilized sodium
hypobromite yielded reduced generation of a.dsorbabie organic halogen
{AOX) in laboratory studies and process waters.

Stabilized sodium hypobromite yields significant reduction of viable
microbial populations at concentrations between 1.0 and 2.0 ppm total
residual oxidant {as chlorine). The isothiazolone mixture {1.5% active
ingredients) is typically used at concentrations of 100 to 200 ppm as
product to obtain similar reductions in microbial populations. This

invention provides superior microbiological control by combining stabilized
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Thi s has both advantageous environnmental and economic inpacts. It allows
for reduced di scharge of potential environmental pollutants and a nore cost
effective control programfor these diverse industrial systens. For this
i nvention, the nethylchloro/ methylisothiazoline biocide is a broad spectrum
antimcrobial agent that is widely used in industrial systens to control

s "2 cool i ng. 1BVt ER R P AarOF & S es APt b A R g - 1%

avai |l abl e fron1Rohn1and Haas Conpany, Phil adel phi a, Pennsylvanla) are
wat er - based f dmfupediometayl- wa@moaﬂnsa-abm Theroprabiaatieniafctherty¥edi-ent s.
The active ingredients, 5-chloro-2- nethyl-4-isothiazolin-3-one and

2-met hyl 4-i sciritiraizebbials3aliows for significaitly le8stuse efgitioeri amtiraiorebiab of 3: 1.

| sot hi,azol ones are effective against many m croorgani sns. The
compared to the necessary amount of each individual antimicrobial to
achieve the same biocidal performance.

As is well known in the art, isothiazolines exhibit synergistic

antimicrobial properties when combined with certain other biocides.
Synergistic blends of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-
4-isothiazolin-3-one with glutaraldehyde were disclosed in U. S. Patent No.
4,539,071; with dodecyl guanidine hydrochloride disclosed in U. S. Patent
No. 4,661,503; and with 2-{thiocyanomethyithio}-benzothiazole disclosed
in U. S. Patent No. 4,595,691. The Pocius reference (U.S. Patent No.
4,295,932} discloses a synergistic composition of isothiazolones with
either chlorine or ch]orine dioxide. Microbiocidal compositions containing :
halogen-releasing compounds are disclosed in WO 26/14092. However,
the synergistic biocidal composition described herein was not disclosed or

suggested by the above-mentioned references.

Summary of the Invention
A synergistic biocidal blend of stabilized sodium hypobromite with a
mixture of b-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-

isothiazolin-3-one.
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m crobi oci dal activity of isothiazolones is |likely due to their

el ectrophilic nature and their interaction with certain key enzynes such as
cellular This is the replacenent sheet 4 dehydrogenases as well as the
pronounced effect they have on cellular respiration. It was shown in

pr evi ous research that |soth|azolones can be used to achieve S|gn|f|cant

di sinfection of a bactegi al, film..
adherent biofilm Conv -

The present invention provides, under one embodiment, for ~-

inhibiting the growth of microorganisms in industrial fluids, a composition
which comprises a combination of stabilized sodium hypobromite and a
mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one. This compaosition may be utilized in a method to
control microbiological growth.

For the practice of this invention, the microbiological growth may be
selected from the group consisting of bacteria, fungi, algae, and
combinations thereof. The stabilized sodium hypobromite may be sodium
hypobromite stabilized with sodium sulfamate. The sodium hypobromite
may be stabilized with an alkali metal sulfamate, such as sodium
sulfamate. Moreover, the sodium hypobromite may also be stabilized with
an acid amide derivative selected from the group consisting of : carbonic :
acids, hydrogen cyanide, carboxylic acids, amino acids, sulfuric acids,
phosphoric acids, and boric acids.

The method is applicable to industrial fluids selected from the group
consisting of recirculating cooling waters; food, beverage and industrial
process waters; paper mill systems; brewer.y pasteurizers; air washer
systems; oil field drilling fluids and muds; heat transfer systems, and
decorative fountains, among others. The amount of stabilized sodiqm
hypobromite may range from about 0.05 ppm to about 10 ppm, total

residual oxidant, and the amount of the mixture of 5-chloro-2-methyl- 4-
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may act as- a penetrant, and disrupt adhered biomass. Therefore, the

persi stence of isothiazolones coupled with the reactivity and the biofilm
renoval properties of stabilized sodi um hypobromte yields an antim crobi al
conposition with superior performance conpared to the results obtai ned when
ei ther biocide is used i ndependently. Al so, the conbination of these two

bi oci des cl ear.| y,,exerts,an _enhapced yner gi sti antimcrobial effect on
Dl ekt oni 6 GPOMTRAIEE e a4 foth@2afi-228he Tarde tom ShRAF tyac
mechani smfor this observed synergy remains unknown. It is an object of the
present inventQ-8% ppmpicoeberdt B& ppraradtiviedpgedientonposi ti ons whi chr provi de
enhanced effectiveness for controlling or inhibiting the growh of
m croorgani sms i n agueous systens. It is another object of this invention
to provide an i nprdMeslcoripositidroand onéthald mag b ased fgaoostreliing Epteda sn
systens. It is an advantage of the present
recirculating cooling waters wherein the weight ratio of said mixtures to
stabilized sodium hypobromite is from about 1.0 :10.0 to about 10.0:1.0;
for controlling fungi in recirculating cooling waters wherein the weight
ratio of said mixtures to stabilized sodium hypobromite is from about
1.0:10.0 to about 10.0:1.0; for controlling algae in recirculating cooling
waters wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1.0:10.0 to about 10.0:1.0; for controlling

bacteria in paper mill systems wherein the weight ratio of said mixtures to

stabilized sodium hypobromite is from about 1:10 to about 10:1.

When the method is utilized for controlling microbial growth, the pH
of said recirculating cooling water may be controlled within a range of
about 2.5 to about 11.0. More preferably, the pH may be controlled

within the range of about 6.0 to about 10.

The composition includes a sufficient amount of either biocide to
obtain acceptable microbiological control in an aqueous system {(an
effective antimicrobial amount}. A typical industrial use concentration of
the stabilized sodium hypobromite would range from about 0.05 to-about
10 ppm total residual oxidant {as chlorine) and a typical use concentration

of the isothiazolone mixture would range from about 0.05 to 6.0 ppm, as

Ul ;



invention that the biocidal conpositions permt a reduction in the anmount
of biocide required to achieve acceptable m crobiological control.

| mportant applications of the synergistic antim crobial conpositions of the
present This Is the replacenent sheet 5 invention include but are not
limted to inhibiting the growmh of bacteria and fungi in aqueous nedi a.

The, compost {1 o hifaPhGR M WA AR TR SRR B Jeishad '

! in the aqueous solution). Total residual oxidant as used herein is de‘ﬁned_
as hypohalite or hypohalous acid including chemical combinations of those
two compounds with ammonia or organic nitrogen-containing compounds.

Important applications of the synergistic antimicrobial compositions
of the present
invention include but are not limited to inhibiting the growth of bacteria,
fungi, and algae in cooling water systems, sweetwater systems, gas
scrubber systems, pulp and paper mill systems, controlling microbial
contamination and deposits in oil field drilling fluids and muds, petroleum
recovery processes, controlling bacterial and fungat growth in clay and
pigment slurries, latex systems, air washer systems, and food, beverage
and industrial process pasteurizers.

The mixture of isothiazolones utilized for the practice of this
invention is commercially available as a 1.5% actives aqueous solution
and includes a mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-
methyl-4-isothiazolin-3-one. As used herein, the term “stabilized sodium
hypobromite” indicates NaOBr stabilized with sodium
suifamate. However, NaOBr can be stabilized with othef stabilizers which

_includes the acid amide derivatives of: carbonic acids, hydrogen cyanide,
carboxylic acids, amino acids, sulfuric acids, phosphoric acids, and boric

acids. Moreover, stabilizers can be selected from the group of compounds
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Stabilized sodi um hypobronite is less volatile and nore stable than other
hal ogenat ed nol ecul es such as sodi um hypochlorite and sodi um hypobrom te.

Al so, nuch higher levels of avail able hal ogen for m crobial disinfection
are attained using stabilized sodi um hypobromte than with other

hal ogenated antimicrobials. Bromate formation is significantly reduced with

th f St ajatd ' Xi 9 ) & d WF.
MoCoy. PCT | ninst il NSpOb MBBEaCot o Sl Blshetalind ™ od Come

heal th concerns relevant to bromate fopmatign (1995, Any, G et al. Water
Supply. 13(1) ?TB%".’"ﬂrﬁrﬁHP pigh.as, gzeﬁeéi—séhgszcﬁre%rngﬁ(ﬁked to | ow bremate
| evels in drinking water (1995, Fawell, J.K and G O Neill. Water Supply.

13(1):29). Furt her Stebiizatirn ef NafdBuia desitiie ite peeyend| disprapsdtionation into

generation of adsorbabl e qrganic hal ogen (AOX) in |aboratory studies and

process wat er shalates and halides upon storage. As a result of stabilization, these
biocides can be stored more safely since less bromate is generated, fewer
organic molecules containing halogens are formed, and volatility is
reduced. A stabilized aqueous alkali or alkaline earth metal hypobromite
solution may be prepared in the following fashion:

a. Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from abr;)ut 5 percent to about 70 percent available
halogen as chlorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth
metal hypochlorite to react to form a 0.5 to 70 percent by weight aqueous
solution of unstablized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metal
hypobromite an aqueous solution of an alkali metal sulfamate in a quantity
to provide a molar ratio of alkali metal sulfamate to alkali or alkaline earth
metal hypobromite from about 0.5 to about 7; and

d. Recovering a stabilized aqueous alkali or alkaline earth metal
hypobromite solution.

The stabilized sodium hypobromite utilized herein is available _from
Nalco Chemical Company of Naperville, IL under the trade name of

STABREX.
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Stabilized sodi um hypobromte yields significant reduction of viable
m cr obi al popul ati ons at concentrations between 1.0 and 2.0 ppm total
resi dual oxidant (as chlorine). The isothiazolone m xture (1.5% active
i ngredients) i.s typically used at concentrations of 100 to 200 ppm as
product to obtain simlar reductions in mcrobial popul ations. This

| uent o1, b oVt oo PR oidHeCS BRI TSN A gL St 201 |1 2o
T omei ot Gbaratehita fb austial system of may ES%%G‘{&S L 220l 3-one.
mixture comprising its essential ingredients.

It ma\‘f be the case that the stabilized sodium hypobromite will act
synergistically when combined with other non-oxidizing biocides. It is
expected that the above detailed description would also apply to the
composition and method for other non-oxidizing biocides. Examples of
other non-oxidizing biocides are glutaraldehyde, 2,2-dibromo-3-
nitrilopropionamide {DBNPA)}, alkyldimethyl-benzylammonium chloride
{ADBAC), dimethyl dialkyl ammonium chloride, methylenebisthiocyanate
{MBT}, 2-decylthioethanamine {DTEA), tetrakishydroxymethyl
phosphonium sulfate (THPS}, dithiocarbamate, cyanodithicimidocarbonate,
2-methyl-5-nitroimidazole-1-ethanol, 2-(2-bromo-2-nitroethenyl) furan
(BNEF), beta-bromo-beta-nitrostyrene (BNS), beta-nitrostyrene (NS}, beta—"
nitrovinyl furan {NVF), 2-bromo-2-bromomethyl-glutaronitrile (BBMGN)},
bis{trichloromethyl} sulfone, S-{2-hydroxypropyljthiomethanesulfonate,
tetrahydro-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-
{thiocyanomethylthio)benzothiazole (TCTMB), 2-bromo-4'-
hydroxyacetophenone, 1,4-bis{bromoacetoxy}-2-butene, bis(tributyltin}
oxide (TBTO)}, copper sulfate, 2-(tert-butylamino)-4-chloro-6-{ethylamino)-
s-triazine, dodecylguanidine acetate and dodecylguanadine hydrochloride

{DGH).
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antimcrobials allows for significantly | ess use of either antim crobial
‘conpared to the necessary anount of each individual antinicrobial to

achi eve the sane biocidal performance. As is well known in the art,

| sot hi azol i nes exhibit synergistic antimcrobial properties when conbi ned
‘Wi th certain other biocides. Synergistic blends of

5- chl or o- 2- net hyl i l 10-3-.0ne - | i 3-one
wi th glutaral dehydgf%féﬁﬁi’gl %&éﬁpleﬁ i?%geg‘ﬁgeémé %?%"haébg %éﬁéﬂn\%}t h
dodecyl guani dine hydrochloride disclosed in U S, Patent No. 4,661, 503;

and with 2- (t Hraegdimants and wililjesehihn vepsics andsareretimeanytodimipthent
No. 4,595,691. The Pocius reference (U S. Patent No. 4,295,932) discloses a

synergi stic cdinpasién anless dthetWwisezstate:in thd blairhs feppentedhenetcor chl ori ne
di oxi de. M crobiocidal conpositions containing hal ogen-rel easi ng conpounds

are di scl osed gyan\ife WBhd 4092. However ,

The efficiency of the invention was tested in the following manner.
Pseudomonas aeruginosa was grown overnight in L-broth, then washed,
and resuspended in sterile synthetic cooling water consisting of 150 ppm
calcium, 75 ppm magnesium, and 110 ppm alkalinity at a pH of
approximately 8.0. For the assay, 20 ml of sterile synthetic cooling water
were added per test tube. 0.25 ml of the washed bacterial suspension and
the indicated amount of biocide were added to the appropriate test tubes.
After an 18 hour contact time with the biocides, the cells were serially
diluted and spread plated onto tryptone glucose extract agar (Difco;
Detroit, Ml). Plates were incubated at 37° C for 24 hours, then scored for
viable counts. Viable bacterial counts are reported as colony forming units
{CFU/mi).

Synergism was determined by an industrially accepted method as

~ described by Kull, F.C., Eisman, P.C., Sylwestrowicz, H.D. and Mavyer,
R.L. in Applied Microbiology, 9:538-541 {1961}, using the equation for
the calculation of a synergy index determined by:
Qa + Qb = Synergy Index (S.1.).
QA QB

wherein
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the synergistic biocidal conposition described herein was not disclosed or
suggested by the above-nentioned references. Summary of the Invention A
synergi stic biocidal blend of stabilized sodi um hypobromte with a m xture
of 5-chl oro-2-nethyl -4-isothi azolin-3-one and 2-net hyl -

iI'sot hi azol i n-3-one. This is the replacenent sheet 7 Detailed Description

of the Preferred Eghod ggnlsoFlifo of 38Mpd RAPR!ihGWhrkd B fifion RN One

enbodi nent, for

acting alone, which produced an endpoint; -

Qa = concentration of compound A in ppm, in the mixture, which

produced an
endopint;
QB = concentration of compound B in ppm acting alone
which produced an endpoint;
Qb = concentration of compound B in ppm, in the mixture, which
produced an
endpoint.
When the sum of Qa/QA and Qb/QB is greater than 1.0,
antagonism is indicated. When the sum is equal to 1.0, additivity is

indicated, and when the sum is less than 1.0, synergy is demonstrated.
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dinhibiting the growh of mcroorganisnms in industrial fluids, a conposition
whi ch conprises a conbination of stabilized sodi um hypobromte and a

:m xture of 5-chloro-2-nethyl-4-isothiazolin-3-one and 2-net hyl - 4-

Ji'sot hiazolin-3-one. This conposition may be utilized in a nethod to control
m cr obi ol ogi cal growth. For the practice of this invention, the

m cr obi ol ogi cal growth may be sel ected Elrw Ee group consi sting of
bacteria, fungi, algae, and conbination of . The stabilized sodi um
hypobrom te may be sodi um hypobromte stabilized with sodium sul famate. The
sodi um hypobr oni £ be st dHPFIA9ed wi t Bagterial kal i Syneray Indexs afivnesgy Sating
as sodi um sul famate. Mor eof8iount fgprabdi unﬂﬁyfbbrom' te may al so be
stabilized with an acid amide derivativelG/odded fromthe group consisting
of : carbonic acids, hydrogen cyani de, carboxylic acids, am no acids,

sul furic acids, None None 16,000,000
A 0.25 10,800,000
A 0.50 4,300,000
A 0.75 400,000
A 1.0 20,000
A 2.0 3,000
B 20 5,300,000
B 40 1,100,000
B 80 530,000
B 160 90,000
A/B 0.25/20 120,000
A/B 0.25/40 120,000
A/B 0.25/80 40,000
AB 0.25/160 5,000
A/B 0.50/20 33,000
A/B 0.50/40 3,000 0.75 Yes
A/B 0.50/80 1,400 0.75 Yes
A/B 0.50/160 60
A/B 0.75/20 24,000
A/B 0.75/40 5,000 0.63 Yes
A/B 0.75/80 3,200 0.88 Yes
A/B 0.75/160 30

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical

Company, Naperville, IL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one (1.5% active ingredients, available from Rohm and Haas
Company, Philadelphia, PA). Biocide measured as ppm product.

1 = measurement taken at 18 hours; at initial time {t=0), bacterial count
= 8,000,000
CFU/mil.
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phosphoric acids, and boric acids. The nethod is applicable to industrial
‘fluids selected fromthe group consisting of recircul ating cooling waters;
food, beverage and industrial process waters; paper mll systens; brewery
pasteurizers; air washer systens; oil field drilling fluids and nuds; heat
transfer systems, and decorative fountains, anong others. The anount of.
stabilized sodi um hypobromte may range from about 0.05 ppmto about 10
ppm total residual oxidant, and the amount of the m xture of ,
5-chloro-2-nmethyl- 4-_This is the replacenent sheet i sot hi azol i n-3-one
and 2- met hyl - £X20pki T8 i n- 3- one ranges from about -

The procedure described in Example One was utilized to obtain the
results in Table . However, for this éxample, the test inoculum was a
mixed population of cooling water bacteria obtained from an operating
cooling tower in the Midwest region of the United States. Synergy was

indicated.
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0.05 ppmto about 6.0 ppm active ingredient. The conposition and net hod
‘may be used for controlling bacteria in recirculating cooling waters
wherein the weight ratio of said m xtures to stabilized sodi um hypobronite
is fromabout 1.0 :10.0 to about 10.0:1.0; for controlling fungi in

reci rcul ating cooling waters wherein the weight ratio of said mxtures to
stabilized sodi um hypobromte is from a%l‘é 0:10.0 to about 10.0:1.0; for
controlling algae in recirculating cooli {‘ers wherein the weight ratio
of said mxtures to stabilized sodi um hypobromte is fromaboat 1.0:10.0 to
about 10.0:1.0; Bincideontrol | iBigcidect eri a Bastesipher nPynergy dexs Hyracgy Rating
wei ght ratio of said m xtufawundi{ppmbi| i zEeuRbdi um hypobronmite is from
about 1 :10 to about 10:1 . Wen the met f@EVimblutilized for controlling

m crobial growh, the pH of said recirculating cooling water may be

control | ed withinNeng ange of None 22,000,000

A 0.5 16,000,000

A 0.75 8,100,000

A 1.0 2,400,000

A 2.0 19,000

B 25 500,000

B 50 100,000

B 100 900,000

B 200 130,000
A/B 0.5/25 300,000
A/B 0.5/50 37,000
A/B 0.5/75 70,000
A/B 0.5/100 600 0.75 Yes
A/B 0.75/25 5,000 0.51 Yes
A/B 0.75/50 3,000 0.63 Yes
A/B 0.75/7% 300 0.76 Yes
A/B- 0.75/100 900 0.88 Yes
A/B 1.0/25 1,000 0.63 Yes ™
A/B 1.0/50 100 0.75 Yes
A/B 1.0/75 <100 0.88 Yes
A/B 1.0/100 <10

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical
Company, Naperville, IL. Biocide measured as total residual oxidant.

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one (1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA). Biocide measured as ppm product.

1 = measurement taken af 18 hours; at initial time (t=0), bacterial count =
11,000,000 CFU/mi.

heet Has Been Reﬁaced '

"

16



about 2.5 to about 11.0. Mre preferably, the pH may be controlled within
the range of about 6.0 to about 10. The conposition includes a sufficient
amount of either biocide to obtain acceptable m crobiol ogical control in an
aqueous system (an effective antimcrobial amount). A typical industrial
use concentration of the stabilized sodi um hypobromte would range from
about 0.05 to about 10 ppmtotal residual oxidant (as chlorine) and a
typical use concentration of the isothiazolone mxture would range from

about 0.05 to 6.0 P n]‘ as This is the replacenent sheet 9
Example Three

The procedure described in Example One was utilized to obtain the
results in Table [ll. Sulfamic acid is not considered biocidal. Therefore, no
endpoint could be determined nor a synergy index calculated. These data

indicate that there is no synergy between sulfamic acid and the

isothiazolones mixture.

is Sheet Has Been Re ﬂlaoea
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active ingredient (active ingredient refers to the anount of isothiazol ones
I n the agqueous solution). Total residual oxidant as used herein is defined
as hypohalite or hypohal ous acid including chenmi cal conbinations of those
two conpounds with anmoni a or organi c nitrogen-containing conpounds.
I'mportant applications of the synergistic antimcrobial conpositions of the
present invention include but are not Mﬂfﬂ to inhibiting the growth of
bacteria, fungi, and algae in cooling glstems, sweet wat er systens,
gas scrubber systens, pulp and paper nill systens, controlling m crobial
contani nation and Gbp@igals in oil fielAmgutitPPmy | ui ds andBaatedal Gaunto| eum
"recovery processes, controlling bacterial and fungal growh i fCEYMmbLland

pi gnent slurries, |atex systens, air washer systens, and food, beverage and

i ndustrial process [Nwsweeurizers. None 34,000,000
c 0.5 32,000,000
C 1 26,000,000
c 2 23,000,000
C 4 38,000,000
Cc 8 38,000,000
C 10 32,000,000
B 20 1,800,000
B 40 1,200,000
B 80 160,000
B 160 : 40,000
B 200 , 20,000

C/B 0.5/20 1,600,000
C/B 0.5/40 4,400,000
C/B 0.5/80 250,000
C/B 0.5/160 200,000
C/B 1.0/20 4,700,000
cB 1.0/40 2,600,000
cB 1.0/80 250,000
CcB 1.0/160 20,000
c/B 2.0/20 3,900,000
C/B 2.0/40 700,000
c/B 2.0/80 200,000
C/B 2.0/160 43,000

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one {1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

-~ C = Sulfamic acid, available from PMC Specialty Group, Inc., Rocky River,
Ohio. .

1 = measurement taken at 16 hours; at initial time {t =0), bacterial count
= 12,700,000 CFU/ml.
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The m xture of isothiazolones utilized for the practice of this invention
Is coomercially available as a 1.5% acti ves aqueous sol ution and includes a
m xture of 5-chl oro-2-nethyl-4-isothiazolin-3-one and 2-

met hyl - 4-i sot hi azol i n-3-one. As used herein, the term"stabilized sodium
hypobrom te" indicates NaOBr stabilized with sodi um sul famate. However,
NaOBr can be %{abl | i Z'gd W th other stabilizers which includes the acid

am de derivati QJ Yy boni ¢ aci ds, hydrogen cyani de, carboxylic acids,
am no acids, sulfuric acids, phosphorl c acids, and boric acids. Mreover,
stabilizers can be K &mlngrmmederegmmtdizedmmmhmdstﬁ'élresuhs ¢hTable

repl acenent sheet
IV. The test organism Candida guillermondii (yeast) was grown overnight
in L-broth at 30°C, then washed, and resuspended in sterile syr{thetic
cooling water (pH 8.0) consisting of 150 ppm calcium,75 ppm
magnesium, and 110 ppm alkalinity.

To perform the assay, yeast cells were exposed to the test biocides

and spread plated onto acidified potato dextrose agar (Difco; Detroit, Mi).
Plates were incubated for two days at 30°C, and viable colony counts

were recorded. All counts are expressed as viable yeast cells recovered as

CFU/ml. Synergy was indicated.
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10 having.an NNH or NH err] group adjacent to an electron w thdraw ng
‘functional group such as C=0, S=O P=0O, or B=0. Stabilization of NaOBr is
desirable to prevent disproportionation into hal ates and hal i des upon
storage. As a result of stabilization, these biocides can be stored nore
safely since less bromate is generated, fewer organic nol ecul es containing
hal ogens are fornmed, and volatility i Sfmﬁﬂa A stabilized aqueous al kali
or alkaline earth nmetal hypobronite sol y be prepared |n t he
follow ng fashion: a. Mxing an aqueous sol utiqn of al kaI | or “al kal i ne
earth netal hypBierideri t eBiegifleAmpuntm \Eﬁm%u?@rcéxn%v t PynprgYRating
avail abl e hal ogen as chlorirdep®th a wat@U/Mmbl) ubl e bromi de |on source; b.
Al'l owi ng the brom de ion source and the al kali or alkaline earth

None None 700,000
A 0.25 180,000
A 0.5 900,000
A 1.0 100,000
A 2.0 80,000
B 5.0 20,000
B 10.0 40,000
B 20.0 1,100
B 40.0 100
B 50.0 100
A/B 0.25/5 30,000
A/B 0.25/10 20,000
A/B 0.25/20 100 0.63 Yes
A/B 0.25/40 - <100
A/B 0.50/5 32,000
A/B 0.50/10 8,000 0.75 Yes
A/B 0.50/20 200 0.75 Yes
A/B 0.50/40 <100

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical .
Company, Naperville, IL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one {1.5% actives, available from Rohm and Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

1= measurement taken at 17 hours; at initial time {t=0), yeast count =
210,000 CFU/ml.

Example Five

Biocidal capabilities of the treating agehts were also tested using a
pu-lp and paper mill mixed bacterial population. A pulp and paper white
water sample at a pH of 5.5 containing a mixed a b.acterial population was

taken from a Midwestern U.S. pulp and paper mill.

Ti
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nmetal hypochlorite to react to forma 0.5 to 70 percent by wei ght aqueous
solution of unstablized alkali or alkaline earth metal hypobromte; c.
Adding to the unstabilized solution of alkali or alkaline earth netal
hypobrom te an aqueous solution of an alkali metal sulfamate in a quantity
to provide a nolar ratio of alkali metal sulfamate to alkali or alkaline

earth netal hypobr bout. 7.. and ecovering a
stabilized aqueous %F{ pﬁ&%?gg%?%ébeégﬁ ?@P};ﬂ Oﬁf‘/p‘ﬁﬁ b‘ﬁﬁ?ég ﬁf‘ﬁt ion. The
stabilized sodi um hypobrom te utilized herein is available frdm Nal co

Cheni cal Conp&esults atg@etalled e Table ¥nd8ynengy wesdedigatad.of STABREX - This is
the repl acenent sheet

TABLE V
Biocide Biocide Amount Bacterial Count’ Synergy Index Synergy
{ppm) (CFU/mL) Rating

None None 10,000,000

A 2.5 1,200,000

A 5.0 250,000

A 10.0 100,000

A 20.0 8,000

B 25.0 13,000

B 50.0 10,000

B 100.0 8,000

‘B 200.0 8,000
A/B 2.5/25 3,000 0.38 Yes
A/B 2.5/50 8,000 0.63 Yes
A/B 2.5/100 5,000
A/B 2.5/200 5,000
A/B 5.0/25 15,000
A/B 5.0/60 1,000 0.75 Yes ..
A/B 5.0/100 1,000
A/B 5.0/200 9,000

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical
Company, Naperville, IL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one (1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

1= mesasurement taken at 19 hours; at initial time {t = O), aerobic bacterial
count = 1,900,000 CFU/mI
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The synergistic conmposition of this invention may be added separately to an
‘industrial systemor may be fornmulated as a sinple mxture conprising its
essential ingredients. It may be the case that the stabilized sodi um
hypobromte will act synergistically when conbined with other non-oxidizing
_biocides.. It is expected that the above detailed description would also
apply to the conpositjon and method for other non-oxidizing biocides.
Exanpl es of oEﬁ@FPkbﬁ“bxidizing bi oci des are gl utaral dehyde, 2, 2-di brono- 3-
ni t'ril opropi onam de (DBNPA), al kyl di net hyl - benzyl anmoni um chl 6ri de ( ADBAC),
di met hyl di al kyl afilve procedureatdsteabedutn ExammieiCGneainasyatilized tavelryain-the
2-decyl t hi oet hanam ne (DTEA), tetrakishydroxynethyl

results of Table VI. Synergy was indicated.

TABLE VI
Biocide Biocide Amount Bacterial Count' Synergy Index Synergy
{ppm) {CFU/mL} Rating
None None 50,000,000

D - 0.5 18,000

D 1.0 1,300

D 2.0 <100

D 4.0 <10

D 6.0 <10

B 25.0 3,500,000

B 50.0 700,000

B 100.0 520,000

B 200.0 50,000
D/B 0.5/25 <100 0.38 Yes
D/B 0.5/50 <1,000 0.50 Yes
D/B 0.5/100 <100 0.75 Yes
D/B 0.5/200 <100 :
D/B 1.0/256 <1,000
D/B 1.0/50 <100 0.75 Yes
b/B 1.0/100 <100
D/B 1.0/200 <100

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one {1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

D = Hypobromous acid was prepared from a solution of elemental bromine
obtained from Aldrich Chemical Co., Mi_!waukee, WI. Biocide measured as
ppm total residual oxidant.

1 = measurement taken at 17 hours; at initial time (t=0)}, aerobic bacterial count
= 10,000,000 CFU/mI.
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phosphoni um sul fate (THPS), dithi ocarbamate, cyanodithi oi m docarbonat e,
"2-nmet hyl -5-nitroi mdazole-1 -ethanol, 2-(2-brono-2-nitroethenyl) furan
(BNEF), beta-brono-beta-nitrostyrene (BNS), beta-nitrostyrene (NS), beta-
nitrovinyl furan (NVF), 2-bronp-2-brononethyl-glutaronitrile (BBMAN),
bi s(trichl oromet hyl) sul fone, S- ( 2- hydr oxypropyl )t hi onet hanesul f onat e,
tetrahydro-3,5-dingthyl -2H1 ,3 hydrazi ne- 2-t.

(t hi ocyanonet hyl t E‘S 3§|p,.bgz-’3pge(l%$ﬁ,g)° Qosd{?g%gaer%tlon and

hydr oxyacet ophenone, 1 4- bi s( br onbacet oxy) - 2- but eng, b| s(tri but yl.tin)
oxi de (TBTO), arcarpgmnelstmf the methpdeaft theupregsent my)ename efchbed argifit-ani no) -
s-triazine, dodecyl guani di ne acetate and dodecyl guanadi ne hydrochl ori de
(DG&H) . This igithbat cRphaAnai®dm $heebncept and scope of the invention as defined

in the following claims:
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12 The fol Tow ng examnples are presented to describe the preferred
enbodl,m es of the invention and are not neant to limt the
i nvent ﬂ‘mﬂmﬂm‘lﬂw se stated in the clains appended hereto. Exanple
One The' ef'fi ¢i emcys o he invention was tested in the foll ow ng manner.
Pseudononas aerugi nosa was grown overnight in L-broth, then washed, and
resuspended in sterile synthetic cooling @ter consi sting of 150 ppm
calcium 75 ppm nagnesi um and 110 ppm a nity at a pH of approximtely

8.0. For the assay, 20 ml of sterile synthetic cooling water Viere added per
test tube. 0.25 m Afcompositieméor Mweﬂrnglm@n@mehglm giawth in industrial

fluids which comprises a combination of stabilized sodium hypobromite
with a mixture of 5-chloro-2-methyl- 4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one.

2. The composition of Claim 1 wherein said microbiological growth is
selected from the group consisting of bacteria, fungi, algae, and
combinations thereof.

3. The composition of Claim 1 wherein said stabilized sodium
hypobromite is sodium hypobromite stabilized with sodium sulfamate.

4. The composition of Claim 3 wherein said sodium hypobromite is
stabilized with an alkali metal sulfamate.

5. The composition of Claim 3 wherein said sodium hypobromite is
stabilized with an acid amide derivative selected from the group consistinf;
of : carbonic acids, hydrogen cyanide, carboxylic acids, amino acids,
sulfuric acids, phosphoric acids, and boric acids.

- 6. The composition of Claim 1 wherein said industrial fluids are
selected from the group consisting of cooling waters; food, beverage and
industrial prbcess watérs; pulp and paper miil systems; brewery
pasteurizers; sweetwater systems; air washer systems; oil field drilling
fluids and muds; petroleum recovery processes; industrial lubricants;

cutting fluids; heat transfer systems; gas scrubber systems; latex

systems; clay and pigment systems; and decorative fountains.
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the i ndi cat ed armunof bi oci de were added to the appropriate test tubes.

'Aftemmmm act tinme with the biocides, the cells were serially
dilu

ated onto tryptone gl ucose extract agar (Difco;
Det r oi't , Iat es were incubated at 37[err] C for 24 hours, then scored
for viabl e counts Vi abl e bacterl al counts are reported as col ony form ng

units (CFU ). Sy er |sm mnd an.i nd e &l ted nmet hod
as descri bed °s' ﬁa"lB Réﬂ%*& Pmu&%f$@?§8 Mayer,
R L. in Applied M crobl oI ogy, 9 538-541 (1961) using the equatlon for the

cal cul ation cﬁocaumy*mmcg@romcmamefwm@mﬂyo QGappm taggbout 18 pRINgFOtal dex
(S.1.), QA @B wherein

residual oxidant, and the amount of the mixture of 5-chloro-2-methyl- 4-
iséthiazolin-S-one and 2-methyl-4-isothiazolin-3-one ranges from about
0.05 ppm to about 6.0 ppm active ingredients.

8. The composition of Claim 1 for controlling bacteria in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0 :10.0 to about 10.0:1.0.

9. The composition of Claim 1 for controlling fungi in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0:10.0 to about 10.0:1.0.

10. The composition of Claim 1 for controlling algae in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0:10.0 to about 10.0:1.0.

11. The composition of Claim 1 for controlling bacteria in paper mill
systems wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1:10 to about 10:1.

12. A method for controlling microbiological growth which comprises
the step of adding to an industrial fluid containing said growth a
combination of an effective antimicrobial amount of a 5-chloro-2-methyl-4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one mixture, and stabilized

sodium hypobromite.

This Sheet Has Been R

Hlllll”lllﬂﬂ!l!llfiﬂ &



This is the replacement sheet 13 QA = concentration of conpound A in

MM 2 27 0 e 2 S

endopi*nt ;* QB ="cohcentrati on of conpound B in ppm acti ng al one which

produced an endp0| nt; Qb = concentration of conpound B in ppm in the
m xture, which .
13. The method of Claim 12 wherein said rmicrobiological growth is -

selected from the group consisting of bacteria, fungi, algae and -
combinations thereof.

14. The method of Claim 12 wherein said industrial fluid is selected
from the group consisting of: cooling waters; food, beverage and industrial
process waters; pulp and paper mill systems; brewery pasteurizers;
sweetwater systems; air washer systems; oil field drilling fluids and muds;
petroleum recovery processes; industrial lubricants; cutting fluids; heat
transfer systems; gas scrubber systems; latex systems; clay and pigment
systems; and decorative fountains. |

15. The method of Claim 12 wherein the amount of stabilized sodium
hypobromite ranges from about 0.05 ppm to about 10 ppm total residual
oxidant, and the amount of the mixture of 5-chloro-2-methyl-4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one ranges from about.
0.05 ppm to about 6.0 ppm active ingredients.

16. The method of Claim 12 for controlling cooling water bacteria
wherein the weight ratio of said mixtures to stabilized sodium hypobromite
is from about 1.0:10.0 to about 10.0:1.0.

17. The method of Claim 12 for controlling cooling water fungi wherein
the weight ratio of said mixtures to stabilized sodium hypobromite is from

about 1.0:10.0 to about 10.0:1.0.
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ant ted. When the sumis equal to 1.0, additivity is

[ ndl’batce the sumis less than 1.0, synergy is denonstrated. This
is the repl acerrent sheet 14 TABLE | Biocide Bi oci de Bacteri al
Synergy I ndex Synergy Rating Amount (ppm Count

.pr m nt " \WMen the sum of Qa/ QA and b/ B is greater than 1.0,

18. The method of Claim 12 for controlling cooling water alg_'ae wherein
the weight ratio of said mixtures to stabilized sodium hypobromite is from
about 1.0:10.0 to about 10.0:1.0
19. The method of Claim 12 for controlling bacteria in pulp and paper
mill systems wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1.0:10.0 to about 10.0:1.0.
20. The method of controlling microbial growth of Claim 17 wherein the
pH of said cooling water is controlled within a range ‘of about 2.5 to about
11.0.
21. The method of Claim 19 wherein said cooling water pH is
controlled wif.hin the range of about 6.0 to about 10.
22. A composition for controlling microbiological growth in industrial

. fluids which comprises a combination of stabilized sodium hypobromite
with a compound selected from the group consisting of: glutaraldehyde, )
2,2-dibromo-3-nitrilopropionamide, 2-bromo-2-nitropropane-1,3 diol, 1-
bromo-1-{bromomethyl)-1,3-propanedicarbonitrile,
tetrachloroisophthalonitrile, alkyldimethylbenzylammonium chloride,
dimethyldialkyl ammonium chloride,
poly(oxyethylene(dimethyiiminio)ethylene(diemethyliminio)ethylene
dichloride, methylene bisthiocyanate, 2-decylthiothanamine,
tetrakishydroxymethyl phosphonium sulfate, dithiocarbamate,
cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-ethanol, 2-(2-

bromo-2-nitroethenyl}furan, beta-bromo-beta-nitrostyrene, beta-

"ﬁﬁ‘iiﬂ‘fi‘iilﬁﬂmﬁu .
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20,000 A 2.0 3,000 B
20 5, 300, 000 B 40 1,100, 000 B 80
530, 000 B 160 90, 000 A/B 0. 25/ 20 120, 000

Al B O'nlzt%é('?/rene, be]tgpﬂiggeinyl furan, 2-bromo-2-bromomethy!| glutaronitrile,

bis{trichloromethyl} sulfone, S-(2-hydroxypropylithiomethanesulfonate,
tetrahydro-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-
{thiocyanomethylthio)benzothiazole, 2-bromo-4'-hydroxyacetophenone,
1,4-bis{bromoacetoxy)-2-butene, bis{tributyltin)oxide, copper sulfate, 2-
tertbutylamino)-4-chioro-6-{ethylamino}-s-triazine, dodecylguanidine and
dodecylguanidine hydrochloride.

23. A method for controlling microbiological growth which comprises
the step of adding to an industrial fluid containing said growth a
combination of an effective antimicrobial amount of a compound selected
from the group consisting of: glutaraldehyde, 2,2-dibromo-3-
nitrilopropionémide, 2-bromo-2-nitropropane-1,3 diol, 1-bromo-1-
{bromomethyl)-1,3-propanedicarbonitrile, tetrachlorcisophthalonitrile,
alkyldimethylbenzylammonium chloride, dimethyldialkyl ammonium
chloride, poly{oxyethylene{dimethyliminio}ethylene{dimethyliminio}ethylene
dichloride, methylene bisthiocyanate, 2-decylthiothanamine,
tetrakishydroxymethyl phosphonium sulfate, dithiocarbamate,
cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-ethanol, 2-(2-
bromo-2-nitroethenyl)furan, beta-bromo-beta-nitrostyrene, beta-
nitrostyrene, beta-nitrovinyl furan, 2-bromo-2-bromomethyl glutaronitrile,
bis{trichloromethyl) sulfone, S-(2-hydroxypropyljthiomethanesuifonate,
tetrahydro-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-

(thiocyanomethylthio)benzothiazole, 2-bromo-4'-hydroxyacetophenone,
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Yes A/B 1, 400 ' 0.75 Yes A/B
0. 50/ 160 60 AB ~ 0.75/20 24,000 A/B 0. 75/ 40
5, 000 0. 63 Yes A/ B 0. 75/ 80 3, 200

0. 88 Y 75/ e A =.STAB err,
stabilized sod1 ’3%?%%86?%an‘iettggy’éga'f‘ﬁgBF'eb'F ’%‘%@ﬁf@?@%ﬁ? @grciﬂjr{%ﬁy,z”

Naperville, IL, Biocide measured as ppm total residual oxidant. B = Mxture
of 5-chl oro- 2-L(E%ETRHW&!E"98?1%‘Qz'er?%:éibmnum-?lmln9,1dqdecvfguamdmé-and

dodecylguanidine hydrochloride.
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A]
| sot hi azolin-3-one (1.5% active ingredients, available from Rohm and Haas
Conpany, Phil adel phia, PA). Biocide neasured as ppm product. 1 =
measurenent taken at 18 hours; at initial tinme (t 0), bacterial count =
8,000,000 CFU m . This is the replacenment sheet . 15 Exanple Two The
procedure described in Exanple One was utilized to obtain the results in
Table I1. However, for this exanple, the bgﬁdn&?cu' umwas a

. A synergistic compo.sition and method for inhibiting microbiological
growth which comprises a combination of stabilized sodium hypobromite
with a mixture of 5-chloro-2-methyl 4-isothiazolin-3-one and 2-methyl-4-

isothiazolin-3-one.
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COMPOSITION AND METHOD FOR INHIBITING THE GROWTH OF
MICROORGANISMS INCLUDING STABILIZED SODIUM HYPOBROMITE
AND ISOTHIAZOLONES

-----

Field of the Invention

The invention is a composition for controlling microbiological growth
whichcomprises a combination of stabilized sodium hypobromite with a
mixture of 5-chioro-2-methyl-4-isothiazolin-3-one and 2-methyi-4-
isothiazolin-3-one.

The invention is also a method for controlling microbiological
growth which comprises a combination of stabilized sodium hypobromite
with a mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyi-4-
isothiazolin-3-one.

Background of the Invention

The proliferation of microorganisms and the resultant formation of
slime is a problem which commonly occurs in aqueous systems.
Problematic slime producing microbes may include: bacteria, fungi, and
algae. Slime deposits typically occur in many industrial aqueous systems
including cooling water systems, pulp and paper mill systems, petroleum
operations, clay and pigment slurries, recreational water systems, air
washer systems, decorative fountains, food, beverage, and industrial
process pasteurizers, sweetwater systems, gas scrubber systems, latex
systems, industrial lubricants, cutting fluids, etc.

Biocides and antimicrobials are used to control or eliminate microbial
growth in a ;mmber of different aqueous media. If left untreated, microbes

This is the replacement sheet
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A 0.5 16, 000, 000 A 0.75 8, 100, 000 A

1.Q 2,400, 000 A 2.0 19,000 B 25
500,000 B 50 100, 000 B+« - ° 100 900, 000 B
200 130, 000 A/B 0.5/ 25 300,000 A/B 0.5/ 50
37,000 A/B 0.5/ 75 70, 000 A/% 0.5/ 100 600
0.75 Yes A/ B 0. 75/ 25 5, 000 0.51

Yes

and microbial biofilms {slimes) can cause deterioration of cooli‘ng tower
structures, loss in heat exchange efficiency in a cooling system, aesthetic
defects in decorative fountains, promotion and acceleration of corrosion
on metal surfaces, increased down time, or breaks in paper sheets in pulp
and paper systems. Bacterial slimes may also be objectionable as they
relate to cleanliness and sanitation in brev_veries, dairies, and other
industrial food and beverage process water systems. The proliferation of
microbial contamination in lubricants and cutting fluids is a common
probiem due to the elevated temperatures and unsanitary conditions found
in many metal working plants. As a consequence of the deleterious
effects of uncontrolied microbial growth and contamination in many
industrial processes, different antimicrobials have been developed to aid in
eliminating and controlling microbial growth.

Often, one antimicrobial (biocide) is insufficient to control microbial
growth in the aqueous media. Biocides may act in combination, i.e.
synergistically, to yield better antimicrobial performance as opposed to the
efficacy obtained when each biocide is used separatgiy. Bioc.ides may act
on the target microbe in a number-of different ways to cause cell stress or
death. The mechanisms by which biocides exert antimicrobial activity
depend upon a number of factors which include the chemical properties of
the antimicrobial, and the biochemical and physical characteristics of the

target microbe. Some biocides target the cell membrane or cell wall.
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A B 0. 75/ 50 3, 000 0.63 Yes A/ B

0. 75/ 75 300 0.76 Yes: A/ B 0. 75/ 100

900 ~0.88 Yes A/B 1.0/ 25 1, 000

0.63 Yes A/ B 1.0/50 3 100 0.75

Yes A/B 1.0/ 75 <100 =~ 0. 88 Yes A/B

1.0/100 <10 A = STABREX[err], stabilized sodi um hypobromte,

avai l abl e from Nal co Chem' cal Conpany, Naperville, IL. Biocide nmeasured as
total residual oxidant. M xt ure of

5-chl or o- 2- met Ogthers- uasgnﬂnretm:dl iemz@mescoratihe ébllulaarhy\btabolncsmabhmew mhiGhone
(1.5% actives, avail able from Rohm & Haas Conpany, Phil adel phia, PA).

Bi oci de NMeasur pddgtoReN d&&ﬂt&td;s&;mxdﬁaﬁé@mﬂsﬁﬁep‘hekﬁan at 18 hours; at
initial time (t =0), bacterial count =

The combination of two biocides may yield enhanced efficacy
beyond the cumulative or additive effect of the two biocides. This likely
reﬂeéts a synergistic anti-microbial effect on some essential component(s)
of the cell for survival and sustained growth. A combination of two
biocides that are synergistic allows for the addition of lesser amounts of
the individual biocides to achieve the desired level of microbial control.
This has both advantageous environmental and economic impacts. It
allows for reduced discharge of potential environmental pollutants and a
more cost effective control program for these diverse industrial systems.

For this invention, the methylchloro/methylisothiazoline biocide is a
broad spectrum antimicrobial agent that is widely used in industrial
systems to control algae, bacteria, and fungi. Commercial preparations of
the compound for use as a cooling tower biocide (KATHON® WT; a
microbial control agent available from Rohm and Haas Company,
Philadelphia, Pennsylvania) are water-based formulations of inorganic
stabilizers and active ingredients. The active ingredients, 5-chloro-2-
methyl-4-isothiazolin-3-one and 2-methyl -4-isothiazolin-3-one, are present
in the approximate ratio of 3:1.

Isothiazolones are effective against many microorganisms. The
microbiocidal activity of isothiazolones is likely due to their electrophilic
nature and their interaction with certain key enzymes such as cellular

This is the replacement sheet
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1 1,000,000 CFU M. This is the replacenent sheet 17 Exanpl e Three The
preocedure described in Exanple One was utilized-to obtain the results in
Table I'll. Sulfamc acid is not considered:biocidal. Therefore, no endpoint
coul d be determ ned nor a synergy index calculated. These data indicate
that there is no synergy between sul fam c-acid and the isothiazol ones

m xture. This is the replacenent sheet

dehydrogenases as well as the pronounced effect they have on cellular
respiration. '

it was shown in previous research that isothiazolones can be used
to achieve significant disinfection of a bacterial biofilm, but it is not a good
agent
to remove adherent biofilm. Conversely, stabilized sodium hypobromite
may act as a penétrant, and disrupt adhered biomass. Therefore, the
persistence of isothiazolones coupled with the reactivity and the biofilm
removal properties of stabilized sodium hypobromite yields an antimicrobial
composition with superior performance compared to the results obtained
when either biocide is used independently. Also, the combination of these
two biocides clearly exerts an enhanced {synergistic) antimicrobial
effect on planktonic microorgansims as indicated in the data shown
herein. The exact mechanism for this observed synergy remains unknown.

it is an object of the present invention to provide novel antimicrobial
compasitions which provide enhanced effectiveness for controlling or
inhibiting the growth of microorganisms in aqueous systems. It is another
object of this invention to provide an improved method for controlling
microorganisms in agueous systems. It is an advantage of the present
invention that the biocidal compositions permit a reduction.in the amount
of biocide required to achieve acceptable microbiological control.

Important applications of the synergistic antimicrobial compositions

of the present

This is the replacement sheet
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18 TABLE I11
(LFU nL) None

0.5

26, 000, 000 C

4
38, 000, 000

Chem cal Amount (ppm Bacterial Count

None B 34, 000, 000 C
32, 000, 000 C o 1
2 5 23,000, 000 C
38, 000, 000 C - 8

invention include but are not limited to inhibiting the growth of bacteria

“and fungi in aqueous media. The composition of the present invention

possesses unexpected synergistic activity against microorganisms,
including bacteria and fungi.

Stabilized sodium hypobromite is less volatile and more stable than
other halogenated molecules such as sodium hypochlorite and sodium
hypobromite. Also, much higher levels of available halogen for microbial
disinfection are attained using stabilized sodium hypobromite than with
other halogenated antimicrobials. Bromate formation is significantly
reduced with the use of stabilized sodium hypobromite (1997, Dallmier,
AW, and W.F. McCoy. PCT Int. Appl., WO 9734827). The United
States EPA identified some health éoncerns relevant to bromate formation
{1995, Amy, G. et a/. Water Supply. 13(1):157). Animal carcinogenesis
has been linked to low bromate levels in drinking water (1995, Fawell,
J.K. and G. O’Neill. Water Supply. 13(1):29). Further, stabilized sodium
hypobromite yielded reduced generation of adsorbable organic halogen
{AOX) in laboratory studies and process waters.

Stabilized sodium hypobromite yvields significant reduction of viable
microbial populations at concentrations between 1.0 and 2.0 ppm total
residual oxidant {as chlorine). The isothiazolone mixture {1.5% active
ingredients} is typically used at concentrations of 100 to 200 ppm as
product to obtain similar reductions in microbial populations. This
invention provides superior microbiological control by combining stabilized

This is the replacement sheet
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C 10 32, 000, 000 B

29 © 1,900,000 B - 40

1, 200, 000 B 80 s 160, 000 B
160 : 40, 000 B 6 200

20,000 CB 0.5/ 20 — 1, 600, 000 C/' B
0.5/ 40 4,400,000 CB 0.5/ 80
250,000 C/'B 0.5/ 160 200,000 C'B
1.0/ 20 4,700,000 C/'B 1.0/ 40

2,600,000 C Byodium hypobromite withla Hifflire of 5-chloro-2-meth§!5@-i§@tﬂiazolin-3-
one and 2-methyl-4-isothiazolin-3-one. The combination of the two
antimicrobials allows for significantly iess use of either antimicrobial
compared to the necessary amount of each individual antimicrobial to
achieve the same biocidal performance.

As is well known in the art, isothiazolines exhibit synergistic
antimicrobial properties when combined with certain other biocides.
Synergistic blends of 5-chioro-2-methyl-4-isothiazolin-3-one and 2-methyi-
4-isothiazolin-3-one with glutaraldehyde were disclosed in U. S. Patent No.
4,539,071; with dodecy! guanidine hydrochloride disclosed in U. S. Patent
No. 4,661,503; and with 2-(thiocyanomethyithio)-benzothiazole disclosed
in U. S. Patent No. 4,595,691. The Pocius reference (U.S. Patent No.
4,295,932) discloses a synergistic composition of isothiazolones with
either chlorine or ch]orine dioxide. Microbiocidal compositions containing
halogen-releasing compounds are disclosed in WO 96/14082. However,
the synergistic biocidal composition described herein was not disclosed or

suggested by the above-mentioned references.

Summary of the invention
A synergistic biocidal blend of stabifized sodium hypobromite with a
mixture of 5-chioro-2-methyi-4-isothiazolin-3-one and 2-methyl-4-

isothiazolin~3-cne.

This is the replacement sheet
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dB 1.0/ 160 20,000 CB

2.0/ 20 3,900,000 OB _ 2.0/ 40
700,000 C/'B 2.0/ 80 ot 200,000 C'B
2.0/ 160 43,000 B = M xture of

5-chl oro-2-net hyl - 4-i sot hi azol i n-3-one and 2-net hyl -4- isothiazolin-3-one
(1.5% actives, available from Rohm & Haas Conpany, Philadel phia, PA).

Bi oci de measured as ppm product Cc Sul fam c acid, available fromPMC
Speci alty G oup, . en at 16

hours; at initial 00 Um. This is
t he replacenent sheet
The present mventlon provides, under one embodiment, for

inhibiting the growth of microorganisms in industrial fluids, a composition
which comprises a combination of stabilized sodium hypobromite and a
mixture of 5-chloro-2-methyi-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one. This composition may be utilized in a method to
control microbiological growth.

For the practice of this invention, the microbiological growth may be
selected from the group consisting of bacteria, fungi, algae, and
combinations thereof. The stabilized sodium hypobromite may be sodium
hypobromite stabilized with sodium suifamate. The sodium hypobromite
may be stabilized with an alkali metal suifamate, such as sodium
sulfamate. Moreover, the sodium hypobromite may also be stabilized with
an acid amide derivative selected from the group consisting of : carbonic
acids, hydrogen cyanide, carboxylic acids, amino acids, sulfuric acids,
phosphoric acids, and boric acids.

The method is applicable to industrial fluids selected from the group
consisting of recirculating cooling waters; food, beverage and industrial

process waters; paper mill systems; brewery pasteurizers; air washer
systems; ol field drilling fluids and muds; heat transfer systems, and
decorative fountains, among others. The amount of. stabilized sodium
hypobromite may range from about 0.05 ppm to about 10 ppm, total

residual oxidant, and the amount of the mixture of 5-chloro-2-methyl- 4-

This is the replacement sheat
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19 Exanpl e Four The follow ng procedure was utilized to obtain the results
of -.Table IV. The test organi sm Candi da guillernondii (yeast) was grown
overnight in L-broth at 30[err]C, then washed, and resuspended in sterile
synt hetic cooling water (pH 8.0) consisti zg of 150 ppm cal cium 75 ppm
magnesi um and 110 ppm al kalinity. To per+ormthe assay, yeast cells were
exposed to the test biocides and spread plated onto acidified potato
dextrose agar (Difco; Detroit,M). Plates were incubated for two days at
30[err] C, and Wothia2oht 3e @AHME-Mmethyl-4-isothiazolin-3-one ranges from about

0.05 ppm to about 6.0 ppm, active ingredient.

The composition and method may be used for controlling bacteria in
recirculating cooling waters wherein the weight ratio of said mixtures to
stabilized sodium hypobromite is from about 1.0 :10.0 to about 10.0:1.0;
for controliing fungi in recirculating cooling waters wherein the weight
ratio of said mixtures to stabilized sodium hypobromite is from about
1.0:10.0 to about 10.0:1.0; for controlling algae in recirculating cooling
waters wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1.0:10.0 to about 10.0:1.0; for controlling
bacteria in paper mill systems wherein the weight ratio of said mixtures to

stabilized sodium hypobromite is from about 1:10 to about 10:1.

When the method is utilized for controlling microbial growth, the pH
of said recirculating cooling water may be controlied within a range of

about 2.5 to about 11.0. More preferably, the pH may be controlled

within the range of about 6.0 to about 10.

The composition includes a sufficient amount.of either biocide to
obtain acceptable microbiological control in an aqueous system {an
effective éntimicrobial amount}. A typical industrial use concentration of
the stabilized sodium hypobromite would range from about 0.05 to-about
10 ppm total residual oxidant (as chlorine) and a typical use concentration

of the isothiazolone mixture would range from about 0.05 to 6.0 ppm, as

This is the replacement sheet
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were recorded. All counts are expressed as viable yeast cells recovered as

CEFU mM . Synergy was indicated. This is the replacenent sheet 20 TABLE 1V

Bi oci de Bi oci de Anpbunt Yeast Count Synergy | ndex Synergy Rating (ppm

(CFU/ m.) None None 700, 00 A 0. 25 190, 000
0.5 900, 000 -

active ingredient (active ingredient refers to the amount of isothiazolones
in the aqueous solution). Total residual oxidant as used herein is defined.
as hypohalite or hypohalous acid including chemical combinations of those
two compounds with ammonia or organic nitrogen-containing éompounds.

Important applications of the synergistic antimicrobial compositions
of the present
invention include but are not limited to inhibiting the growth of bacteria,
fungi, and algae in cooling water systems, sweetwater systems, gas
scrubber systems, pulp and paper mill systems, controlling microbial
contamination and deposits in oil field drilling fluids and muds, petrbleum
recovery processes, controfling bacterial and .fungal growth in clay and
pigment slurries, latex systems, air washer systems, and food, beverage
and industrial process pasteurizers.

The mixture of isothiazolones utilized for the practice of this
invention is commercially available as a 1.5% actives aqueous solution
and includes a mixture of 5-chloro-2-methyi-4-isothiazolin-3-one and 2-
methyl-4-isothiazolin-3-one. As used herein, the term “stabilized sodium
hypobromite” indicates NaOBr stabilized with sodium
suifamate. However, NaOBr can be stabilized with othea; stabilizers which
includes the acid amide derivatives of: carbonic acids, hydrogen cyanide,
carboxylic acids, amino acids, sulfuric acids, phosphoric acids, and _boric

acids. Moreover, stabilizers can be selected from the group of compounds

This is the replacement sheet
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A 1.0 100, 000 A 2.0 80, 000 B

5.0 20, 000 B 10.0 40, 000 8 20.0
1,100 B 40.0 100 B ' 50.0 100 A/B
0.25/5 30,000 A/B 0. 25/ 10 10 20,000 A/B 0. 25/ 20
100 0. 83 Yes A/ B — 0.25/40 <100 A/B
0.50/5 32,000 A/B 0. 50/ 10 8, 000 0.75

Yes

having an N-H or NH, group adjacent to an electron withdrawing
functional group such as C=0, S=0, P=0, or B=0.

Stabilization of NaOBr is desirable to prevent disproportionation into
halates and hali'des upon storage. As a result of stabilization, these
biocides can be stored more safely since less bromate is generated, fewer
organic molecules containing halogens are formed, and volatility is
reduced. A stabilized aqueous alkali or alkaline earth metal hypobromite
solution may be prepared in the following fashion:

a. Mixing an aqueous solution of alkali or alkaline earth metal
hypochlorite having from about 5 percent to about 70 percent available
halogen as chiorine with a water soluble bromide ion source;

b. Allowing the bromide ion source and the alkali or alkaline earth
metal hypochiorite to react to form a 0.5 to 70 percent by weight aqueous
solution of unstablized alkali or alkaline earth metal hypobromite;

c. Adding to the unstabilized solution of alkali or alkaline earth metél
hypobromi;ce an aqueous solution of an alkali metal sulfamate in a quantity
to provide a molar ratio of alkali metal suifamate to alkali or alkaline earth
metal hypobromite from about 0.5 to about 7; and

d. Recovering a stabilized aqueous alkali or alkaline earth metal
hypobromite solution.

The stabilized sodium hypobromite utilized herein is available from
Naico Chemical Company of Naperville, IL under the trade name of

STABREX.
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A B 0. 50/ 20 200 0.75 Yes A/B

0.50/ 40 <100 A = STABREX[ err], stabilized sodi um hypobromte,

avai l abl e from Nal co Chem cal Conpany, Naperville, IL. Biocide neasured as
ppmtotal residual oxidant. B = Mxture ﬁ;{

5-chl oro-2-net hyl - 4-i sot hi azol i n-3-one a 2-nmet hyl - 4- isothi azol i n- 3-one
(1.5% actives, avail able from Rohm and Haas Conpany, Phil adel phia, PA).

Bi oci de nmeasured as ppm product. 1 = neasurenent taken at 17 hours; at

initial tinme (t=0 ThedpergRteicompdéition @fEhld ilventisambg bel adddd oci dal
capabilities of the tréating agents were also tested using a pulp and paper

S Do ShBRARH Hp M R B M oo 4 e © ot <
mixture comprising its essential ingredients. '

It may be the case that the sta;bilized sodium hypobromite will act
synergistically when combined with other non-oxidizing biocides. It is
expected that the above detailed description wouid also apply to the
composition and method for other non-oxidizing biocides. Examples of
other non-oxidizing biocides are glutaraldehyde, 2,2-dibromo-3-
nitrilopropionamide (DBNPA}, alkyldimethyl-i:enzylammonium chloride
(ADBAC), dimethyl dialkyl ammonium chloride, methylenebisthiocyanate
{MBT), 2-decylthioethanamine (DTEA), tetrakishydroxymethyl
phosphonium sulfate (THPS), dithiocarbamate, cyanodithioimidocarbonate,
2-methyl-6-nitroimidazole-1-ethanol, 2-{2-bromo-2-nitroethenyl} furan
{BNEF), beta-bromo-beta-nitrostyrene {BNS), beta-nitrostyrene (NS}, beta-
nitrovinyl furan {NVF), 2-bromo-2-bromomethyi-glutaronitrile (BBMGN},
bis{trichloromethyl) sulfone, S-{2-hydroxypropylithiomethanesulfonate,
tetrahydro-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-
{thiocyanomethylthio}benzothiazole {TCTMB), 2-bromo-4'-

hydroxyacetophenone, 1,4-bis{(bromoacetoxy)-2-butene, bis{tributyltin)
oxide {TBTO)}, copper sulfate, 2-{tert-butylamino)-4-chloro-6-(ethylamino)-
s-triazine, dodecylguanidine acetate and dodecylguanadine hydrochioride

(DGH).
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taken froma Mdwestern U S. pulp and paper mll. This is the replacenent
sheet 21 The test protocol described in Exanple One was utilized. The
results are detailed in Table V. Synergy was indicated. TABLE V Bi oci de

Bi oci de Anpunt Bacterial Count Synergysl ndex Synergy (ppm

(CFU nL) Rati ng Nong- None 10, 000, 000 A
2.5 1, 200, 000

The following examples are presented to describe the preferred
embodiments and utilities of the invention and are not meant to limit the
invention uniless otherwise stated in the claims appended hereto.

Example One

The efficiency of the invention was tested in the following manner.
Pseudomonas aeruginosa was grown overnight in L-broth, then washed,
and resuspended in sterile synthetic cooling water consisting of 150 ppm
calcium, 75 ppm magnesium, and 110 ppm alkalinity at a pH of
approximately 8.0. For the assay, 20 ml of sterile synthetic cooling water
were added per test tube. 0.25 ml of the washed bacterial suspension and
the indicated amount of biocide were added to the appropriate test tubes.
After an 18 hour contact time with the biocides, the cells were serially
diluted and spread plated onto tryptone glucose extract agar {Difco;
Detroit, Mi). Plates were incubated at 37° C for 24 hours, then scored for
viable counts. Viable bacterial counts are reported as colony forming units
(CFU/ml).

Synergism was determined by an industrially accepted method as
described by Kull, F.C., Eisman, P.C., Sylwestrowicz, H.D. and Mayer,

R.L. in Applied Microbiology, 9:538-541 {1961), using the equation for
the calculation of a synergy index determined by:
Qa + Qb = Synergy Index (S.1.).
QA aB

wherein

This is the replacement sheet
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A 5.0 250, 000 A 10.0 100, 000 A

20.0 8,000 B 25.0 - 13,000 B 50.0

10, 000 B 100.0 8,000 B - 200. 0 8,000 A/'B
2.5/ 25 3, 000 0. 38 13 Yes A/ B 2.5/ 50

8, 000 0. 63 Yes A/ B — 2.5/ 100 5,000 A/B

2.5/ 200 5,000 A/B 5.0/ 25 15,000 A/B 5.0/ 50
1, 000 0.75 Yes

QA = concentration of compound A in parts per million {ppm}
acting alone, which produced an endpoint;
Qa = concentration of compound A in ppm, in the mixture, which
produced an
endopint;
QB= concentration of compound B in ppm acting alone

which proeduced an endpoint;

Qb = concentration of compound B in ppm, in the mixture, which
produced an
endpoint.
When the sum of Qa/QA and Qb/QB is greater than 1.0,
antagonism is indicated. When the sum is equal to 1.0, additivity is

indicated, and when the sum is less than 1.0, synergy is demonstrated.
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A B

5.0/ 100 1,000 A/B
STABREX[ err], stabilized sodi um hypobromte,
Conpany, Naperville,

5.0/ 200

9,000 A =

resi dual

oxi dant .

= M xture of 5-chloro-2-nethyl-4-isothi %ol i n-3-one and 2- net hyl - 4-
I sot hi azol i n-3-one (1.5% acti ves,

Phi | adel phia, PA).
at 19 hours; at
CFU mM This is the replacenent sheet

Biocide

None

Wmowmw PP

A/B
A/B
A/B
A/B

A/B
A/B
A/B
A/B

A/B
A/B
AfB
A/B

time (t

Biocide

Amount {ppm)

None

0.25

0.50

0.75
1.0
2.0

20
40
80
160

0.25/20

0.25/40

0.25/80
0.25/160

0.50/20

0.50/40

0.50/80
0.50/160

0.75/20

0.75/40

0.75/80
0.75/160

avai l

Bacterial
Count’
{CFU/mL)

16,000,000

10,800,000

4,300,000
400,000
20,000
3,000

5,300,000
1,100,000
530,000
90,000

120,000

120,000

40,000
5,000

33,000
3,000
1,400

60

24,000
5,000
3,200

30

= 0), TABIgp} C bacteri al

Synergy Index Synergy Rating

count =

0.75
0.75

0.83
0.88

e from Rohm & Haas Conpany,
Bi oci de neasured as ppm product. 1 = neasurenent taken
initial

1, 900, 000

Yes
Yes

Yes
Yes

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical

Company, Naperville, IL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chioro-2-methyi-4-isothiazolin-3-one and 2-methyi—4-
isothiazolin-3-one {1.5% active ingredients, available from Rohm and Haas
Company, Philadelphia, PA). Biocide measured as ppm product.

1 = measurement taken at 18 hours; at initial time (t=0), bacterial count

= 8,000,000

CFU/ml.
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22 Exanple Six The procedure described in Exanple One was utilized to
obtain the results of Table VI. Synergy was indicated. TABLE VI Bi ocide
Bi oci de Anpbunt Bacterial Count Synergy | ndex Synergy (ppm

(CFU nL) Rat i ng Norl1§: None 50, 000, 000 D

0.5 18,000 D 1.0 = 1,300 D 2.0

< 100 D 4.0 <10 D 6.0 <10
Example Two

The procedure de;cribed in Example One was utilized to obtain the
resuits in Table Il. However, for this éxample, the test inoculum was a
mixed population of cooling water bacteria obtained from an operating
cooling tower in the Midwest region of the United States. Synergy was

indicated.
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B 25.0 3, 500, 000 B 50.0 700, 000 B

160. 0 520, 000 B 200.0 50,000 DB 0.5/ 25
< 100 0. 38 Yes DB 0.5/ 50 < 1,000
0. 50 Yes DB 0.5/100 6 <100 0.75
Yes D/ B 0. 5/ 200 <100 D/ BS. 1.0/ 25 < 1,000
D B 1.0/50 <100 0.75 Yes DB
1.0/100 <100 D/'B 1.0/ 200 <100 B = M xture of
5-chl oro- 2- net hyl - 4-i sot hi azol i n- 3-one and 2-net hyl - 4-
TABLE 11
Biocide Biocide Bacterial Synergy Index Synergy Rating
Amount {ppm) Count’ :
(CFU/mL)
None None 22,000,000
A 0.5 16,000,000
A 0.75 8,100,000
A 1.0 2,400,000
A 2.0 19,000
B 25 500,000
B 50 100,000
B 100 900,000
B 200 130,000
A/B 0.5/25 300,000
A/B 0.5/50 37,000
A/B 0.5/75 . 70,000
A/B 0.5/100 600 0.75 Yes
AB 0.75/25 5,000 0.51 Yes
A/B 0.75/50 3,000 0.63 Yes
A/B 0.75/75 300 0.76 Yes
A/B - 0.75/100 800 0.88 Yes
A/B 1.0/25 1,000 0.63 Yes
A/B 1.0/50 - 100 0.75 Yes
A/B 1.0/75 <100 0.88 Yes
A/B 1.0/100 <10

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical
Company, Naperville, IL. Biocide measured as total residual oxidant.

B = Mixture of §-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isathiazolin-3-one {1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

1= measurement taken at 18 hours; at initial time {t=0), bacterial count =
11,000,000 CFU/ml.

This is the replacement sheet

Date:

15 Jan mog



i sot hi azolin-3-one (1.5% actives, available from Rohm & Haas Conpany,

Phi | adel phia, PA). Biocide neasured as ppm product. D =Hypobronous acid was
prepared froma solution of elenental brom ne obtained from Aldrich
Chenmical Co., MIlwaukee, W. Biocide neaggred as ppmtotal residual

oxidant. 1 = neasurenent taken at 17 hours; at initial tinme (t=0), aerobic
bacterial count = 10,000,000 CFU m . This is the replacenent sheet Date:

23

-E;a\mple Three

The procedure described in Example One was utilized to obtain the
results in Table iil. Sulfamic acid is not considered biocidal. Therefore, no
endpoint could be determined nor a synergy index calculated. These data
indicate that there is no synergy between sulfamic acid and the

isothiazolones mixture,

This is the replacement sheet
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Changes can be made in the conposition, operation and arrangenent of the
met hod of the present invention described herein without departing fromthe
concept and scope of the invention as defined in the following clains: This
is the repl acenent sheet Date: 24 Cl gigns 1. A conposition for
controlling mcrobiological growmh in irdustrial fluids which conprises a
conbi nation of stabilized sodium hypobromte

TABLE lII
Chemical Amount (ppm} Bacterial Count’
(CFU/mL)
None None 34,000,000
c 0.5 32,000,000
c 1 26,000,000
c 2 23,000,000
c 4 38,000,000
c 8 38,000,000
c 10 32,000,000
8 20 1,900,000
B 40 1,200,000
B 80 160,000
B 160 - 40,000
B 200 _ 20,000
cB 0.5/20 1,600,000
c/8 0.5/40 4,400,000
C/B 0.5/80 250,000
c/B 0.5/160 200,000
C/B 1.0/20 4,700,000
C/B 1.0/40 2,600,000
C/B 1.0/80 250,000
c/B 1.0/160 20,000
c/B 2.0/20 3,900,000
C/B 2.0/40 700,000
c/B _ 2.0/80 200,000
c/B 2.0/160 43,000

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one (1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

C = Sulfamic acid, available from PMC Specialty Group, Inc., Rocky River,
Ohio.

1 = measurement taken at 16 hours; at initial time (t=0), bacterial count
= 12,700,000 CFU/ml.

This is the replacement sheet
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with a mxture of 5-chloro-2-nethyl- 4-isothiazolin-3-one and 2-net hyl -4-
I.sot hi azol i n- 3-one. 2. The conposition of daim1l wherein said

m crobi ol ogical gromh is selected fromthe group consisting of bacteria,
fungi, al gae, and conbi nati ons thereof. 3. The conposition of Claim1l
wherein said stabilized sodi um hypobrom I s sodi um hypobromte stabilized
W th sodium sul famate. 4. The conposition of Caim3 wherein said sodi um
hypobromte is stabilized with an alkali metal sul famate. 5. The
conposition of Caim3 wherein said sodi um hypobromte is stabilized with
an aci d am degémiplecRdure sel ected fromthe group consisting of: carbonic
aci ds, hydrogen cyani de, carboxylic acids, amno acids, sulfuric acids,

phosphori c acids, AdsiRingdsrodedure was utilized to obtain the results of Table
IV. The test organism Candida guillermondii {yeast) was grown overnight
in L-broth at 30°C, then washed, and resuspended in sterile synthetic
cooling water (pH 8.0) consisting of 150 ppm calcium,75 ppm
magnesium, and 110 ppm alkalinity.

To perform the assay, yeast cells were exposed to the test biocides

and spread plated onto acidified potato dextrose agar (Difco; Detroit,Ml).
Plates were incubated for two days at 30°C, and viable colony counts
were recorded. All counts are expressed as viable yeast cells recovered as

CFU/ml. Synergy was indicated.

This is the replacement sheet
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6. The conposition of Claim1 wherein said industrial fluids are sel ected
fromthe group consisting of cooling waters; food, beverage and industri al
process waters; pulp and paper m | systens; brewery pasteurizers;
sweet wat er systens; air washer systens; il field drilling fluids and nuds;
petrol eum recovery processes; industriaklubricants; cutting fluids; heat
transfer systens; gas scrubber systens; |atex systens; clay and pi gnent
systens; and decorative fountains. his is the replacenent sheet 7. The

~conposition of claim1l wherein the ang.%ﬁo' stabilized sodi um hypobronite
ranges from about 0.05 ppmto about 1 t ot al

Biocide Biocide Amount Yeast Count'  Synergy Index Synergy Rating

(ppm} (CFU/mL}

None None 700,000

A 0.25 190,000

A 0.5 900,000

A 1.0 100,000

A 2.0 80,000

B 5.0 20,000

8 10.0 40,000

B 20.0 1,100

B 40.0 100

B 50.0 100
A/B 0.25/5 30,000
A8 0.25/10 20,000
A/B 0.25/20 100 0.63 Yes
A/B 0.25/40 <100
A/B 0.50/5 32,000 |
A/B 0.50/10 8,000 0.75 Yes
A/B 0.50/20 200 0.75 Yes
A/B 0.50/40 <100

A = STABREX™, stabilized sodium hypobromite, avaitable from Nalco Chemical
Company, Naperville, iL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one {1.5% actives, available from Rohm and Haas Company,
Philadelphia, PA}. Biocide measured as ppm product.

1= measurement taken at 17 hours; at initial time {t=0), yeast count =
210,000 CFU/ml.

Example Five

Biocidal capabilities of the treating agehts were also tested using a
pulp and paper mill mixea bacterial population. A pulp and paper white
water sample at a pH of 5.5 containing a mixed a bacterial population was

taken from a Midwestern U.S. pulp and paper mill.

This is the replacement sheet
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resi dual oxidant, and the anmount of the m xture of 5-chloro-2-nethyl- 4-

i sot hi azol i n-3-one and 2-net hyl -4-i sot hi azol i n-3-one ranges from about 0.05
ppmto about 6.0 ppm active ingredients. 8. The conposition of Claim1l
for controlling bacteria in recirculating cooling waters wherein the weight
ratio of said mxtures to stabilized sgfii um hypobromte is fromabout 1.0
:10.0 to about 10.0:1.0. 9. The conposition of Aaiml for controlling
fungi in recirculating cooling waters wherein the weight ratio of said

m xtures to stabilized sodi um hypobromte is fromabout 1.0:10.0 to about

10.0:1.0. 10. . Ther P Sirbid¥al %fesgiﬁéf nlsi%ﬁfeoﬁhé%kuéfﬁ‘ﬁili%@a?hé”

recirculating cooling waters wherern e welg ratio of sald mxtures to

stabilized sodi h bromteds. f about 1.0:10.0 tp about 10.0:1.0. 11.
The conposi t IFBFUIE a8 SrtAedrin, T el V- BYPeR@YWee dpdiaated. paper i |

TABLE_ \'4
Biocide Biocide Amount  Bacterial Count’ Synergy Index Synergy
{ppm} (CFU/mL) Rating
None None 10,000,000
A 2.5 1,200,000
A 5.0 250,000
A 10.0 100,000
A 20.0 8,000
B 25.0 13,000
B 50.0 10,000
B 100.0 8,000
‘B 200.0 8,000
A/B 2.5/25 3,000 0.38 Yes
A/B 2.6/50 8,000 0.63 Yes
A/B 2.5/100 5,000
A/B 2.5/200 5,000
A/B 5.0/25 15,000 '
A/B 5.0/50 1,000 0.75 Yes
A/B 5.0/100 1,000
A/B 5.0/200 9,000

A = STABREX™, stabilized sodium hypobromite, available from Nalco Chemical
Company, Naperville, IL. Biocide measured as ppm total residual oxidant.

B = Mixture of 5-chioro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one (1.5% actives, available from Rohm & Haas Company,
Philadelphia, PA)}. Biocide measured as ppm product.

- 1= meadsurement taken at 19 hours; at initial time (t = 0}, aerobic bacterial
count = 1,900,000 CFU/mI

This is the replacement sheet
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systens wherein the weight ratio of said mxtures to stabilized sodium
hypobromte is fromabout 1:10 to about 10:1. 12. A nethod for controlling
m crobi ol ogi cal growth which conprises the step of adding to an industri al
fluid containing said growth a conbi natyyon of an effective antim crobi al
anount of a 5-chloro-2-nethyl-4- isoth ol i n-3-one and

2-met hyl - 4-isothi azolin-3-one m xture, and stabilized sodi um hypobromte.
This is the replacenent sheet 26 13. The method of Caim 12 wherein said

m crobi ol ogi cal growh is
Example Six
The procedure described in Example One was utilized to obtain the

results of Table VI. Synergy was indicated.

TABLE Vi
Biocide Biocide Amount Bacterial Count’ Synergy Index Synergy
{ppm} {CFU/mL) Rating
None None 50,000,000

D 0.5 18,000

D 1.0 1,300

D 2.0 <100

D 4.0 <10

D 6.0 <10

B 25.0 3,500,000

B 50.0 700,000

B 100.0 520,000

B 200.0 50,000
D/8 0.5/25 <100 0.38 Yes
D/B - 0.5/60 <1,000 0.50 Yes
D/B 0.5/100 <100 0.75 Yes
D/B 0.5/200 <100
D/B 1.0/25 <1,000
D/B 1.0/50 <100 0.75 Yes
D/B 1.0/100 <100
D/B 1.0/200 <100

B = Mixture of 5-chioro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-
isothiazolin-3-one {1.5% actives, available from Rohm & Haas Company,
Philadeiphia, PA). Biocide measured as ppm product.

- D = Hypobromous acid was prepared from a solution of elemental bromine
obtained from Aldrich Chemical Co., Milwaukee, WI. Biocide measured as
ppm total residual oxidant.

1 = measurement taken at 17 hours; at initial time (t=0), aerobic bacterial count
= 10,000,000 CFU/mi.

This is the replacement sheet
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selected fromthe group consisting of bacteria, fungi, algae and

conbi nations thereof. 14. The nethod of Caim 12 wherein said industrial
fluid is selected fromthe group consisting of: cooling waters; food,
beverage and industrial process waters; 2§ul p and paper m |l systens;
brewery pasteurizers; sweetwater systens- air washer systens; oil field
drilling fluids and nuds; petrol eumrecovery processes; industrial

| ubricants; cutting fluids; heat transfer systens; gas scrubber systens;

| at ex systens; clay and pignent systens; and decorative fountains. 15. The
met hod of Claim12 erein _the amount of stabil..zed sodi.um hypobromte
ranges from about O'BHIESHENPE ‘i‘o"?‘ﬁp?ﬂ’{‘BPifF'°Pe§P8[PJf°“o§¥ ant, and the
anmount of the m xture of 5-chloro-2-nmethyl-4- isothjazolin-3-one and

2- met hyl - 4- i sermengedent-of-theanethaskef the presestinvention described herein

without departing from the concept and scope of the invention as defined

in the following claims:

This is the replacement shee}
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0. 05 ppmto about 6"0_|5pm active ingredients. 16. The nethod of Caim 12
for wat er bacteria wherein the weight ratio of said

m xt ur%“‘imlm'ﬁ sodi um hypobronite is fromabout 1.0:10.0 to about
10.01 e smetthod of Claim 12 f controlling cooling water fungi
wherein the weight ratio of said m xtures-to stabilized sodi um hypobromte
Is fromabout 1.0:10.0 to about 10.0:1.0. This is the replacenent sheet

18. The method of Caim12 for controlling cooling water al gae wherein the
wei ght ratio of said mxtures to stabilized sodi um hypobromte is from

Claims
1. A composition for controlling microbiological growth in industrial
fluids which comprises a combination of stabilized sodium hypobromite
with a mixture of 5-chloro-2-methyl- 4-isothiazolin-3-one and 2-methyi-4-
isothiazolin-3-one.
2, The composition of Claim 1 wherein said microbiological growth is
selected from the group consisting of bacteria, fungi, algae, and
combinations thereof.
3. The composition of Claim 1 wherein said stabilized sodium
hypobromite is sodium hypobromite stabilized with sodium sulfamate.
4. The composition of Claim 3 wherein said sodium hypobromite is
stabilized with an alkali metal sulfamate.
5. The composition of Claim 3 wherein said sodium hypobromite is
stabilized with an acid amide derivative selected from the group consisting
of : carbonic acids, hydrogen cyanide, carboxylic acids, amino acids,
sulfuric acids, phosphoric acids, and boric acids.
6. The composition of Claim 1 wherein said industrial fluids are
selected from the group consisting of cooling waters; food, beverage and
industrial process watérs; pulp and paper mill systems; brewery
pasteurizers; sweetwater systems; air washer systems; oil field drilling
fluids and muds; petroleum recovery pracesses; industrial lubricants;
cutting fluids; heat transfer systems; gas scrubber systems; latex

- gystems; clay and pigment systems; and decorative fountains.
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about 1.0:10.0 to about—10.0:1.0 19. The nethod of Caim 12 for controlling
b.acterﬂnmgﬂm per mll systens wherein the weight ratio of said

m xt ur ,m' émsodi um hypobromte is fromabout 1.0:10.0 to about
10.0: 1.D. 220t The setfiod of controlling Jdcrobial growth of Claim17
wherein the pH of said cooling*water is ntrolled within a range of about
2.5 to about 11.0. 21. The nethod of Claim 19 wherein said cooling water pH
is controlled within the range of about 6.0 to about 10. 22. A conposition

for controlling mcrobiological growmh in industrial fluids which conprises
a conbination of stabilized sodium hypobromte with a conpound sel ected

2 2" br omo- 3 A1 TEEOAMERSAPRET BB drsnaiein the grseTstablized 1.
sodium hypobromite ranges from about 0.05 ppm to about 10 ppm, total
residual oxidant, and the. amount of the mixture of 5-chloro-2-methyl- 4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one ranges from about
0.05 ppm to about 6.0 ppm active ingredients.
8. The composition of Claim 1 for controlling bacteria in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0 :10.0 to about 10.0:1.0.
9. The compaosition of Claim 1 for controlling fungi in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0:10.0 to about 10.0:1.0.
10. The compasition of Claim 1 for controlling algae in recirculating
cooling waters wherein the weight ratio of said mixtures to stabilized
sodium hypobromite is from about 1.0:10.0 to about 10.0:1.0.
11. The composition of Claim 1 for controlling bacteria in paper mill
systems wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1:10 to about 10:1.

12. A method for controlling microbiclogical growth which comprises
the step of adding to an industrial fluid containing said growth a
combination of an effective antimicrobial amount of a 5-chloro-2-methyl-4-

isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one mixture, and 'sta_biﬁzed

sodium hypobromite.

N
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bromp-1 - ( br onomethyl-y=1, 3- propanedi carboni tril e,

t.et raﬂ ' tRalonitrile, alkyldinmethyl benzyl ammoni um chl ori de,

di met mlﬁ”m; a‘ L‘m chl ori de,

pol y( oxyetthykens yl'i m ni o) et hyl ene(di enet hyl i m ni o) et hyl ene

di chl ori de, nethyl ene bisthiocyanate, 2-Qfecylthi ot hanam ne,

t et raki shydr oxynmet hyl phosphoni um sul fate, dithi ocarbamate,

cyanodi t hi oi m docar bonate, 2-methyl-5-nitroi m dazole-1 -ethanol, 2-(2-

br ono- 2-ni troet henyl ) furan, beta- l?rorm- beta-nitrostyrene, beta- This is the

repl acement shegt The?fhethod of Claim 12 wherein said microbiological growth is
selected from the group consisting of bacteria, fungi, algae and
combinations thereof.
14. The method of Claim 12 wherein said industrial fluid is éelected
from the group consisting of: cooling waters; food, beverage and industrial
process waters; pulp and paper mill systems; brewery pasteurizers;
sweetwater systems; air washer systems; oil field drilling fluids and muds;
petroleum recovery processes; industrial lubricants; cutting fluids; heat
transfer systems; gas scrubber systems; latex systems; clay and pigment
systems; and decorative fountains.
16. The method of Claim 12 wherein the amount of stabilized sodium
hypobromite ranges from about 0.05 ppm to about 10 ppm total residual
oxidant, and the amount of the mixture of 5-chloro-2-methyi-4-
isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one ranges from about
0.05 ppm to about 6.0 ppm -active ingredients.
16. The method of Claim 12 for controlling cooling water bacteria
wherein the weight ratio of said mixtures to stabilized sodium hypobromite
is from about 1.0:10.0 to about 10.0:1.0.
17. The method of Claim 12 for controlling cooling water fungi wherein

the weight ratio of said mixtures to stabilized sodium hypobromite is from

about 1.0:10.0 to about 10.0:1.0,

This is the replacement sheel

Pate: 195 JAN 1



-~

ni t restyr-ene; beta-nitrovinyl furan, 2-brono-2-brononethyl glutaronitrile,

bi s ' sul fone, S-(2-hydroxypropyl)thionethanesul f onat e,

tet FIM@H‘HMHHHWt hyl -2H 1 , 3 , 5-hydrazi ne-2-thi one, 2-

(th s ) benzot hi azol e, 2-b. PND- 4' - hydr oxyacet ophenone,

1, 4- bi s(bronvacet oxy) - 2- but ene, bis(triButyltin)oxide, copper sulfate, 2-
tertbutyl am no) 4-chl oro-6-(ethyl am no)-s-triazi ne, dodecyl guani di ne acetate
and acet at e dodecyl guani di ne hydrochloride. 23. A nethod for controlling
m cr obi ol ogi cal growt h which conprises the.step of adding to an industrial
fluid containing said growmh a conbination of an effective antim crobi al

amount of a cb8pouThe sedthoti ed Claiom12hforgontroliing cpeling water algagrwhereRnyde,
2,2-di bronp-3- nitril opropi onam de, 2-brono-2-nitropropane-1,3 diol,
1-brono-1- ( bfr%mféi‘?ﬂtyﬂaiio]of%éi’é PHIRASEE 2o seabilized Eedium hypobromite is from

tetrachl oroi sophthalonitrile, :
about 1.0:10.0 to about 10.0:1.0

19. The method of Claim 12 for controlling bacteria in pulp and paper
mill systems wherein the weight ratio of said mixtures to stabilized sodium
hypobromite is from about 1.0:10.0 to about 10.0:1.0.

20. The method of controlling microbial growth of Claim 17 wherein the
pH of said cooling water is controlled within a range of about 2.5 to about
11.0.

21. The method of Claim 19 wherein said cooling water pH is
controlled within the range of about 6.0 to about 10.

22. A composition for controlling microbiological growth in industrial
fluids which comprises a combination of stabilized sodium hypobromite
with a compound selected from the group consisting of: glutaraldehyde,
2,2-dibrofno—3;nitrilopro'pionamide, 2-bromo-2-nitropropane-1,3 diol, 1-
bromo-1-{bromomethyi)-1,3-propanedicarbonitrile,
tetrachloroisophthalonitrile, alkyldimethylbenzylammonium cﬂhloride,
dimethyldialkyl ammonium chiloride,
poly(oxyethylene(dimethyliminio)ethylene(diemethyliminio)ethylene
dichloride, methylene bisthiocyanate, 2-decylthiothanamine,
tetrakishydroxymethyl phosphonium sulfate, dithiocarbamate,
cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-ethanol, 2-(2-

bromo-2-nitroethenyl}furan, beta-bromo-beta-nitrostyrene, beta-

This is the replacement shest
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al kyl di met hyl benzyl ammoni um chl ori de, di met hyl di al kyl ammoni um chl ori de,
pol y(oxyet hyl ene(di met hyl i m ni o) et hyl ene(di met hyli m ni o) et hyl ene

di chlori ﬂﬂll“ﬁﬂmmﬂmm hi ocyanat e, 2-decyl t hipeivtadaiindE s
tetrakis phoni um sul f at di t hj ocar H}IO¥IE]
cyanodi t hi i i décafbohat®, 2-net hyl - 5- nif’i oi i df NGB8 -SYHELIFHEOS M2
br ono- 2- ni troet henyl ) furan, bet a-brono- bet a- ni t FUSTyrerre = retgm-
nitrostyrene, beta-nitrovinyl furan, 2-brono-2-bronmonmethyl glutaronitrile,
bi s(trichloromethyl) sul fone, S-(2-hydroxypropyl)thionethanesul fonate,
tetrahydro- 3, narédtyénd; setdinitroinyPritii! 24rBATo221btbRItINethyl glutaronitrile,

(thi ocyanomet hyl t hi'o) benzot hi azol e, 2-bronp-4-hydroxyacet ophenone,
bis{trichloromethyl} sulfone, S-{2-hydroxypropylithiomethanesulfonate,

(2-

tetrahydro-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-
(thiocyanomethyithio}benzothiazole, 2-bromo-4’-hydroxyacetophenone,
1.4-bis{bromoacetoxy}-2-butene, bis{tributyitin)oxide, copper sulfate, 2-
tertbutylamino}-4-chloro-6-(ethylamino)-s-triazine, dodecylguanidine and
dodecylguanidine hydrochloride.

23. A method for controlling microbiological growth which comprises |
the step of adding to an industrial fluid containing said growth a
combination of an effective antimicrobial amount of a compound selected
from the group consisting of: glutaraldehyde, 2,2-dibromo-3-

- nitrilopropionamide, 2-bromo-2-nitropropane-1,3 diol, 1-bromo-1-
(bromomethyl)-1,3-propanedicarbonitrile, tetrachlorsisophthalonitrile,
alkyidimethylbenzylammonium chloride, dimethyidialkyl ammonium
chloride, poly{oxyethylene{dimethyliminio)ethylene{dimethyliminio)ethylene
dichloride, methylene bisthiocyanate, 2-decyithiothanamine,
tetrakishydroxymethyl phosphonium sulfate, dithiocarbamate,
cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-ethanol, 2-(2-
bromo-2-nitroethenyl)}furan, beta-bromo-beta-nitrostyrene, beta-
nitrostyr.ene, beta-nitrovinyl furan, 2-bromo-2-bromomethyt glutaronitrile,
bis{trichloromethyl) suifone, S-{2-hydroxypropylithiomethanesuifonate,
tetrahydre-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2-

(thiocyanomethyithio}benzothiazole, 2-bromo-4’-hydroxyacetophenone,

eet Has Been Reﬁaced This is the r 8placement sheet
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29 1, 4bj -2-butene, bis(tributyltin)oxide, copper sulfate, 2-
(tert- gﬂ H EE or o- 6- (et hyl am no)-s-triazi ne, dodecyl guani di ne and
dodecy hl oride. This is the replacenent sheet

29

1,4-bis(bromoacetoxy}-2-butene, bis(tributyltin)oxide, copper sulfate, 2-
(tert-butylamino}-4-chloro-6-{ethylamino)-s-triazine, dodecylguanidine and

dodecylguanidine hydrochloride.
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COMPOSITION AND METHOD FOR INHIBITING THE GROWTH OF
MICROORGANISMS INCLUDING STABILIZED SODIUM HYPOBROMITE AND
ISOTHIAZOLONES

ABSTRACT
A synergistic composition and method for inhibiting microbiological
growth which comprises a combination of stabilized sodium hypobromite
with a mixture of 5—chloro—2-methyl. 4-isothiazolin-3-one and 2-methyl-4-

isothiazolin-3-one.
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nitrostyrene, beta-nitrovinyl furan, 2-bromo-2-bromomethyl giutaronitrile,
biS(trichloromethyl) sulfone, S-{2-hydroxypropylithiomethanesuifonate,
tetrahydro-3,5-dimethyl-2H-1 ,3,5-hydrazine—2—thio.ne, 2- |
(thiocyénomethyithio)bénzothiazoie, 2-brorho-4'-hydro*yacetophenone,

1,4-bis{bromoacetoxy}-2-butene, bis(tributyitin)dxide, copper sulfate, 2-

tertbutylamino)-4-chloro-6-({ethylamino)-s-triazine, dodecylguanidine

acetate and acetate dodecylguanidine hydrochloride.

23. A method for controlling microbiological growth which comprises
the step of adding to an industrial fluid containing said growth a
combination of an effective antimicrobial amount of a compound selected

from the group consisting of: giutaraldehyde, 2,2-dibromo-3-

- nitrilopropionamide, 2-bromo-2-nitropropane-1,3 diol, 1-bromo-1-

(bromomethyl)-1,3-propanedicarbonitrile, tetrachloroisophthalonitrile,
alkyldimethylbenzytammonium chioride, dimethyldialkyl 'ammoniurﬁ
chioride, poly(oxyethyfene(dimeth;yliminio)ethylene(dimeth\/liminioiethylene
dichloride, methylene b_isthi;_:cyaﬁate, 2-decyithiothanamine,
tetrakiéhydroxymethyl phosphonium sulfate, dithiocarbamate,
cyanodithicimidocarbonate, 2-methyl-5-nitroimidazole-1-ethanoi, 2-(2-
bromo-z-nitroethenyl).furan, beta-bromo-beta-nitrostyrene, beta-
mtrostyrene, beta-mtrovmyl furan, 2-bromo-2-bromomethyl glutaromtnle,
bls(tnchioromethyl) sulfone, S-{2- hydroxyprcpyl)thsomethanesulfonate,
tetrahydre-3,5-dimethyl-2H-1,3,5-hydrazine-2-thione, 2- |

(thiocvénémethylthio)benzothiazolg_, 2-bromo-4'-hydroxyacetophenone,
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