1 M CROBICIDAL COWOSI TION This invention relates to a synergistic

conbi nation of selected m crobicides having greater activity than would be
observed for the individual mcrobicides. 5 In some cases, commerci al

m cr obi ci des cannot provide effective control of mcroorganisns, even at

hi gh use concentrations, due to weak activity against certain types of

m croorgani sns, e.g., those resistant fo some microbicides, or due to
aggressive environnmental conditions. Conbinations of different m crobicides
are sonetines used to pr OVWW@HAEQWMP&)S%I yCroorganisns in 10 a
particul ar end use environnment. For ‘exanple, a conbination of (i) a m xture
of 5-chloro-2- nethylisothiazolin- 3 -one and 2- nethylisothiazolin- 3 -one;
and (ii) stabilized sodiumhypobromte,. is disclosed in U S. Pat,. No.

5322, 749.  Hovbwsanvertmielated B R sgpeRiticLamPRRAN SssltehmignBiies

m crobi Ci deginBaybndr GERARF Bthn @6hIdBd %s@%‘d%# tHEPTdRHEu AL I RirOicfies.

m croorgani sns to provide effective control of 15 the m croorgani sns..

Mor eover, t herlp senacasegcdofmomercotiminatbicdss combtprivide effestive chetrel ef of

i ndi vi dual .m crobi.ci des for eé}]vi ronment al ,.and ,econom ¢ benefit.. The problem

addr essed "B§FOPHAITRYSHER 3 D Paf (ingoRtIRtaN: HUadaMrEmeH VI GBIt i ons of
i cr obi ¢i d8%aindQp& ATEMENE o &hishidEe LNYEDE SNsThE. 1B/BRRNhidroMeRIbs af} | S

directed to a nicrobicidal conposition conprising: (a) a stabilized
hypochl or dtie tanageressiné devicormestal conditians Conbaatione € tifferentyi cr obi ci de

iﬁgfgf, 3?2%%%1@6%%1‘% éPﬂ”ﬁ%%si'%fég[t@ﬁtgohﬁé‘% 8\'!9'1‘21_1 cgnfrgf' &t mr?:_roorganisms in

4, 5- dighl apRrfciiapehd isdehsiRbhthagn| Fér Smafifle, Z&mbidatisAsF-IDtinazaké n- 3- one,
3-brono-1-chl oro-5, 5-di net hyl hi/_dant oi n, ~ pol y(hexanet hyl enebi guani de
hydr ochl opf grehlorer2ipethyligethraaolinations andrdrmeiihylisothagzola; 3 pesipaddil) | 5- di al

(gl utaral ]9.?}1’ . 1 2- .nitre- . - - di d
2-di brono-g%mhl rlﬁogb%gl?g%%%lm g‘%’gé’l'%gc%?eed}enn 'S?%\?Z'ﬁ?'o%h?isj?%rﬁ?éﬂrev%ﬁ’rect ed
to a net hekkrkas atneedfomgldidder]l coynbidtiacdif agicrdbigides Badhg khligakedypochl orite

and brom de conposition; and (b) at |east L one m cropi c'% de selected from
among 2- nBERYHY 283188t FRATARS SLRRIBS 8§E‘,1°1’99’E¥ﬁ‘8ﬁ5‘?~°0§0291"’“ e effective control o

met hyh 5 4- L ROLILRBE Y animds. OMoredver; Herhioh ‘ﬂéﬁd P&%Mm‘ﬁ&&%ﬂkﬁﬁ@é n- 3-one,
1,2 2 benzisothiazolin-3-one, 3-brono-I-chloro-5,5-di nmethyl hydant oi n,
lower levels of individual microbicides for environmental and economic benefit.

The problem addressed by this invention is to provide such additional

combinations of microbicides.

20 STATEMENT OF THE INVENTION
The present invention is directed to a microbicidal composition
comprising: (a) a stabilized hypochlorite and bromide composition; and (b) at
least one microbicide selected from among 2-methyl-4-isothiazolin-3-one, 5-
choloro-2-methyl-4-isothiazolin-3-one, 4,5-dichloro-2-N-octyl-4-isothiazolin-3-one,
25 1,2-benzisothiazolin-3-one, 3-bromo-1-chloro-5,5-dimethylhydantoin,
poly(hexamethylenebiguanide hydrochloride), alkyl-dimethyl-benzylammonium
chloride, pentane-1,5-dial (glutaraldehyde), 5-bromo-2-nitro-1,3-propane-diol and
2,2-dibromo-3-nitrilopropionamide.
The present invention is further directed to a method for treating water by
30 adding: (a) a stabilized hypochlorite and bromide composition; and (b) at least
one microbicide selected from among 2-methyl-4-isothiazolin-3-one, 5-choloro-2-

methyl-4-isothiazolin-3-one, 4,5-dichloro-2-N-octyl-4-1sothiazolin-3-one, 1,2-



pol y( hexanet hyl enebi guani de hydrochl ori de), al kyl -di net hyl - benzyl ammoni um
chl oride, pentane-1,5-dial (glutaral dehyde), 5-brono-2-nitro-1, 3-propane-
diol and 2, 2-dibronp-3-nitrilopropionam de. 5 DETAILED DESCRI PTI ON OF THE
I NVENTION "M " is 2-methyl-4-isothiazolin-3-one, also referred to by the
name 2- nethyl-3-isothiazolone. "CM" is

5-chl oro-2-net hyl -4-isothiazolin-3-one. "DCOT" is

4,5-di chl oro-2-Noctyl-4-isothiazolin-3-one. "BIT" is 1,2 10

benzi sot hi apehiigotBia@bRn-3*dHeP¥roms- Bellb@® 54 fRtDfAy&aktott, Mt hyl hydant oi n.
"PHVB" is pol ?hexarret hyl enebi guani de h{og_ro hloride). "ADBAC' is alkyl-

di met hyl - beReytaramsthvieeeinsnaride iydrgshionds) ialkylgtimpshylckanzplammenBig  wi t h
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(gl ut ar al deBydébronio-3atiatiiopragchdyjechl orite and brom de conposition” is a

conposition conprising an alkali or alkaline earth nmetal hypochlorite, a
brom de Yon source and a stabilizer. Preferably, the stabilizer is sulfamc

acid or an gl EFEDAscERETIaRbE: THatREsTRhNst abi | i zed hypochl orite and
brom de conpositions are 20 disclosed in U S P(Eat Nos. 6,478,972 and

6, 533, 958, i n whiMH it Benéthybdhbathidzelins-orfd, m¥do refebed tzledthel ndme @t f am ¢ aci d
at el evated >11) ., .Then a sql upl rom de urce,, preferabl e sodi um

br oni de, gs%@#t%tﬁlﬁéﬁﬂv% Chillor rrlueE St birothBesat Sias: | zed
hypochl ori t epagdTh{OEAeHOFPN-F&FCL-idthGoNGeBidRL edrepel g at  hi gh pH.

Wien diluted at use concentrations (0.05-10 ppmtotal residual oxidant 25
r epor t ed0as benzyothidzelintdadid. | “BdDMYE de Bt opinpel -oixloth- 2 Ssdinfeshphpdamtein.o f or m

free resid jdant..In o nmbodi ment ,of, t I.Auent,i 1 he .conposition
cont ai ns fﬁ%?@o%@g’ﬁlﬂﬁﬁ&egﬁu@} ey e e taﬁ%%cﬁla&%' e, from
0.1% t o 10%uikE Ny -Ben iy0amSRhi €@, c sl d inowhitHoa110y124 803 &l be pRIsaht withf amat e.
In one enbodinent of the invention, the conposition contains from5%to 10%

sodi um 30 hyptiens srtiasef Girbm. 0 BNEPoisgydrasee dinibioohs weopansadiok o RBYPAS 15%
sedLum oo skl IR SIPRHL TRl -C0r EMAD, §HBgPH T (1
preferabby &lutwaklehyfs). 3 and nost preferably at |east 12; preferably, the
pPH I's no more t hgo‘stla%)ﬂ?z'edlhr;(pochlorite and bromide composition” is a composition
comprising an alkali or alkaline earth metal hypochlorite, a bromide ion source
and a stabilizer. Preferably, the stabilizer is sulfamic acid or an alkali metal
sulfamate, Examples of stabilized hypochlorite and bromide compositions are
20 disclosed in U.S. Pat. Nos. 6,478,972 and 6,533,958, in which the hypochlorite is
first stabilized with sulfamic acid at elevated pH (>11). Then a soluble bromide
source, preferable sodium bromide, is added to the mix. Under these conditions,
the stabilized hypochlorite and bromide do not react at concentrated levels at
high pH. When diluted at use concentrations (0.05-10 ppm total residual oxidant
25 reported as Cl2), the stabilized hypochlorite oxidizes the bromide to form free
residual oxidant. In one embodiment of the invention, the composition contains
from 1% to 15% alkali or alkaline earth metal hypochlorite, from 0.1% to 10%
bromide ion source, and from 1% to 24% alkali metal sulfamate. In one
embodiment of the invention, the composition contains from 5% to 10% sodium
30  hypochlorite, from 0.5% to 6% sodium bromide, and from 5% to 15% sodium

sulfamate. In one embodiment of the invention, the pH of the stabilized

hypochlorite and bromide composition is at least 5, more preferably at least 10,



liquid formul ati ons, preferably the pHis at |east 10. As used herein, the
followng terns have the designated definitions, unless the context clearly
i ndi cates otherwi se. The term "microbicide" refers to a 5 conmpound capabl e
of inhibiting the growh of or controlling the growth of mcroorganisns at a
| ocus; m crobicides include bactericides, fungicides and al gaecides. The
term"m croorganisn includes, for exaﬁple fungi (such as yeast and nold),
bacteria and al gae. The term"locus" refers to an industrial system or

product subj Gkt hRfE! gﬁf‘%@rf&%ﬂh Rt AR ?,ﬁgﬁssﬁ'@mow?hfjﬂjhégwlﬂg 10

abbrevi ations are use ‘ecl ation arts per mllion
by wei ghhqt@rdd'nghtda\mngrm)eferably:thmle id attleagt WWICC = Arrerl can Type Culture

Col I ection, MBC = mininmumbi gcjdal concentr . and m ni num

i nhi bi tory corf¢eHtG%atF 6> tﬁfh?‘g 0% Eﬁ%fé"e%&eﬂg@&mdt%\“ﬁ?%r es are in
degrees CgAlLYtRAQNES, claRty frﬂﬁ&&@dﬂ&%\armep%@%rﬁgﬁﬁcr@%w Sefd¥s YR OOt . 15
Amount s of stabilized hypochlorite and brom de conposition or BCDVH used in

det er i natdropewid sepirbletofinhibogng the gmwrtbmf of cagralingxhelgmwthr@ported as C12,
using the.standard DPD N-di et h henyl enedi.gm orimetric test
mot hod | ( SUGPPIEAETRT Bt SR SR S bR AP La bR APE of or gani ¢
m crobi Ci Ql%ﬁe(ﬁﬂ@@rTlﬁ@ﬁﬁnB%cﬁt@@m@inVQﬁclﬁﬂesa%@&{ta&ﬁ/ﬁe'ﬁlﬁ&?@'u@ﬂtas basis in
ppm 20 The conpositions of the present inventi on unexpect edly have been

f ound toyw@ﬂnden@dhéﬁc@dwrﬂmd @llgra@u dae texn {"logey)’ rafera te antindresdriatt i ve

i ngredi eng I evel t.he i ndi. vi dua m I n one
enmbodi ment” o?mt%é) ro E)eggto %réméarﬂonr#y Pé(go?ﬂgams ﬂ% gor]i]g)WV\WCh contain
hal ogemat gebrdviatiak fahcazl@écbﬂ&sugmut&h@ sp&difiddtuni: pphow;)bewqjes nhilieseby ,
preferably no re than 1 00 25 p m nmore preferably no nore than 500 ppm
more pr ef @pw@%ﬁw hifreighth aRL Fom lbl rQPP trépeneat BYRbLYlNse nore t han 50

ppm - Concepiit Al Bilal 3ohSALURAOLARSHIC 1 gyaaPOSI tion of

NF%GL@
this invention afe based on t e total wei ght active ingredients in the
conposi t i orhibitowy. contdretr afien. oUmstdeShea'méeuﬁ]e\zéiedf teramraamaa mrsimof sol vents,

carriers, .di spersants, b|| rs or other ter Owhlch may be
present. f¥BS %Ceémﬁfaii?ré ‘érelnﬁ?lgetr?tf?%ﬁen dﬁtqr[en ¢VEHBRE composi ti on

e
2- et hyl - determination of weight ratios are in pp¥n (-)f totailso%dz;n%Zl%plopted a(;nCelz, usu?g
the standard DPD (N,N-diethyl-p-phenylenediamine) colorimetric test method
(available from Hach Chemical Co., Loveland CO). Amounts of organic
microbicides other than BCDMH are given on an active ingredient basis in ppm.
20 The compositions of the present invention unexpectedly have been found
to provide enhanced microbicidal efficacy at a combined active ingredient level
lower than that of the individual microbicides. In one embodiment of the
invention, those antimicrobial compositions which contain halogenated 3-
isothiazolones contain relatively low levels thereof, preferably no more than 1000
25  ppm, more preferably no more than 500 ppm, more preferably no more than 100
ppm, and most preferably no more than 50 ppm. Concentrations of halogenated
3-1sothiazolones in the composition of this invention are based on the total
weight of active ingredients in the composition, i.e., the microbicides exclusive of
any amounts of solvents, carriers, dispersants, stabilizers or other materials
30  which may be present.
In one embodiment of the invention, the antimicrobial composition

comprises a stabilized hypochlorite and bromide composition; 2-methyl-4-



i sot hi azol i n-3-one and the 5-chloro-2- nethyl-4-isothiazolin-3-one my be
present in any ratio. A preferred conposition contains

5-chl oro- 2-met hyl - 4-i sot hi azol i n- 3-one and 2-nethyl -4-isothiazolin-3-one in
aratioup to 4:1; a conmmercial 5 product contains these conpounds in a
ratio of about 3:1. In one preferred fnbodl ment , the rati o of

5-chl oro-2-nethyl - 4-isothiazolin-3-one to 2- nethyl - isothiazolin-3-one is
from4:1 to 1:1. Preferably, a weight ratio of stablllzed hypochl orite and
brom de Clﬁéﬂh‘i)&dohh%qoﬁé)aﬁd Bichidtb @-Alet 1] CHsOtHia AA TR -BYb - Fhei®@bityazol i n- 3- one
and 2-nethyl -4-isothiazolin-3-one is from11:20 to 300:1, nore 10 preferably
from1:5 lts@tlmhll 3-apriand the prebiosp Zpmgtiyl éﬁﬁthsaqobnﬁenqmaymedw@serpﬁr eferred
enbodi ne [

Prefer abﬁ%’,q&%aﬁ’se& gégécﬂggggg%pg%}f@p%%aﬁﬁg Ogcﬁfgcfﬁﬁhé% ori 7'/'ec’iland brom de
conposi t i don¢ and @smé thyirndabaetliia401i1053-260k pparites ap t@mldarﬁonﬁﬂdrciaﬂe m xt ure of
5- chl oro-2-net hyl - 4-i sot hi azol i n- 3-one angd 2-net hyl - 4-i sot hi azol i n- 3-one
ranged 1PPHBr WHbUns dhepp C’BUIFBHHHS Nba ralip ef thaidyl” imengigeefeisRdent rati on of
t he stabi [ about 1-10
ppm t ot aIé%ﬁﬁ%ﬁmp&ggbaﬁgrﬁcﬂb&?% 181?1}@;‘? c@%@gﬂfﬁ O:%lﬁ{l?@(ggﬁré{ﬂhg%zol i n- 3-one
and 2- netisyihidkzolinsboie azfobinrt Btohd. rPan%ablfyrmme&@iﬂlﬁatﬁ cﬁsﬁeﬂnhmﬂ I n one

enbodi ment of the inventio t he antim crobi al S|t|on corrprlses a
st abi | i zglEP’Wb]E%ﬁ? BP;i?‘éO‘BH{} ‘i?PH?ﬂSHéOI’c'tS’rﬁ)B’é%‘W%Hfgng oFoR e HR] &r 0-2- n-octyl -
4-i sot hi aggiHifolid=3-8A€ank @%@ﬂ@'@fﬁﬁsoﬁl%hﬁm oh@ld Rof 1:86 aPbA: ?exqore

hypochl orite and brom de conpdsition
4, 5- dICthlmeéarab}yfwnyll5m3&®ﬁmmmoshp®femhbr frgmf I Emw 279010dntowe100: 1, nore

pr ef erab 75: pref.e abI 68:1. In one
or of or oV BHSAH FRPEant Wb PR PR I oty Of e ab v,
the use cpRgaRbi@thels@tordcBRtratidhiok tHé%é’caBMﬁ@& flh'|y96éHl6r1@@anbbﬂiﬂ1@@

conposi tion ranges from about 0.05-20 ppm total oxidant and

4, 5- di chl esmpcpition waaggs fom gt GOBED mmal thal %ﬁ@retsarfd the mn@ure ol ®1-20 ppm
I\/bst pref gr tr e |I| hlorite and
brom de ccglr%pom {n ekﬁﬁr%#%g]g%%@?%% é’% nt%nzlgﬁ)ﬁ“‘lé 4mlstoo 870 OX|g B ggﬁ%g

4, 5- dixchl fom-sbolt 0Ctly30 ﬁpmsottdmtemefemb@ ﬂmere?nﬁné@:ﬁlﬁSOﬁ 6Dﬂheékbﬂhﬂlz&:l 5- 10

ppm In one e dlrre he i nvention, i mcrobial conposition
conpri sesh@Pog }tP |a£‘ ‘Fﬂn&i?qsltéoth?d’gB? é glpPi“b?P takfxidant 5

benzi sot hy gy gld zﬁh)?tu%‘@f 5- E’ﬁl%@@ﬁ‘iﬁéﬁl‘lyl 3-NRh bR a5 Ahd 8LADNY1-4ed

hypochl orite and
isothiazolin-3-one ranges from about 0.5-25 ppm.

In one embodiment of the invention, the antimicrobial composition

20  comprises a stabilized hypochlorite and bromide composition and 4,5-dichloro-2-
n-octyl-4-isothiazolin-3-one. Preferably, a weight ratio of stabilized hypochlorite
and bromide composition to 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one is from
1:100 to 100:1, more preferably from 1:75 to 751, and most preferably from 1:71
to 68:1. In one preferred embodiment, the weight ratio is from 1:6 to 6:1.

25  Preferably, the use concentration of the stabilized hypochlorite and bromide
composition ranges from about 0.05-20 ppm total oxidant and 4,5-dichloro-2-n-
octyl-4-isothiazolin-3-one ranges from about 0.01-20 ppm. Most preferably, the
use concentration of the stabilized hypochlorite and bromide composition ranges
from about 1-10 ppm total oxidant and 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one

30 ranges from about 0.5- 10 ppm.

In one embodiment of the invention, the antimicrobial composition

comprises a stabilized hypochlorite and bromide composition and 1,2-



brom de conposition to 1, 2-benzi sothiazolin-3-one is from1:400 to 50: 1,
nore preferably from1:375 to 40:1, and nost preferably from1:357 to 33: 1.
In one preferred enbodi nent, the weight ratio is from1l:50 to 2:1.
Preferably, the use 5 concentration of the stabilized hypochlorite and

brom de conposition ranges from about_ 0.05-20 ppmtotal oxidant and

1, 2- benzi sot hi azol i n- 3-one ranges from about 0.1-500 ppm Most preferably,
the use concentration of the stabilized hypochlorite and brom de

conpositi . b . i .
5" banzi SarPAIERIt §Ehg BHIALES TREREbae BT H ke Wiogyorite and
enbodi nertiroofid¢ bempositeo toh 2-Heheisatitiamilior Ybhaks frompb40® toHO: 1cmops | ses a

stabilized hypochl orite and brom de conpositiqgn and 3-bronp-1-

chl or o- 5,@?5%’3@“‘]9?%}0337&%%9:{’ﬁ"éf%?%mrﬁfgf%blﬁgrfﬁﬁﬁqqﬁgtw&3o#- é}%}?ﬁ li zed
hypochl ory ol (Mo ARASEL{ 900 Rl Bk £h - -

di net hyl hI%/ gerlint%giij%lg?s frglﬁﬁc% 30 %lt(l)ﬂI%gg:lg,ﬁ%nng}g)@gpggrgg{fgraf%rl;o’%hi:uzsg to 115:1,

and 1% noshcentedtéorabl thefstanliiediyposhlbtBe hndlbromnde gmefwsitiedramgesdi nent, t he
weight ratio,is, fr 1:10 to.10:,1. Pr bly, the use concentration of the
Stabt| | zddompat RO b Pk abd e REARS FRGRRRBD IO, 08- 20
ppm t ot al ahoQX HEHE0 FHE. It PFBfetalflf] eQrsa candtiniBItivd snfiartinzdanges from

about 0.05-100 ppmtotal oxidant. Mst preferably, the use concentration of
t he st abilypeellopite Apg bedmiste compeadioprameeeiroongesit i Hhppartgtd okidsmtabout
1-10 ppm}t 0xi dant. nd, 3-bronmo- - chl or o- 5, 5-di net hyl hydant oi n ranges
from abou%nq{)ﬁg-bfﬁzgg%l?%%ﬁléﬂ 3 Ogif%na%ts.]frqnﬁ ag%%t ggrgggpﬁght of the invention,

the anti m cr ollhahe eaiHRASHhEMOST the GRNLBAS tlke ShtaRidrbBialcdhipastiberite and
brom de conposition and 25 pol y(hexanet hyl enebi guani de hydrochl ori de).
Pr ef er abl Spmuyisgsiagabibized byprchloyitgisind; bremidg pyepessiion and scbmemeid de

conposi ti I i nji de.: : | is from1:100 to
150: 1, mc?@oﬁoﬁ%@%&%ﬂ?@%ﬁ%%&ﬁ %%?'59@305 ?&lgﬁ?a?r%’smtf%drbe 7}eerdabl y from1:45 to
134: 1. | rhygoehlopitehad becnelhodipmeition toliebrveiag bichleabidgh-is from 1: 20 to 101.
Preferably, t use 30 concentrafi .of the stabjlized hypoch]orite and

br o do. CHHSEETIF SO GaEopr Shioa bRt OB TR F90 i ZoR Hn

pol y (e X anBitkrRISRIyIHAR 1681 (o OCH Gd Fiferraéd 88Dl tabRiyeZhe1- 200 ppm

Most preferably, the use 6 concentration of the stabilized hypochlorite and
brom de cuativdsiftomph 104adost. Preferably, the use concentration of the stabilized

hypochlorite and bromide composition ranges from about 0.05-20 ppm total
oxidant and 3-bromo-1-chloro-5,5-dimethylhydantoin ranges from about 0.05-100
ppm total oxidant. Most preferably, the use concentration of the stabilized

20  hypochlorite and bromide compesition ranges from about 1-10 ppm total oxidant
and 3-bromo-1-chloro-5,5-dimethylhydantoin ranges from about 0.5-10 ppm total
oxidant.

In one embodiment of the invention, the antimicrobial composition

comprises a stabilized hypochlorite and bromide composition and

25  poly(hexamethylenebiguanide hydrochloride). Preferably, a weight ratio of
stabilized hypochlorite and bromide composition to
poly(hexamethylenebiguanide hydrochloride) is from 1:100 to 150:1, more
preferably from 1:50 to 140:1, and most preferably from 1:45 to 134:1. In one
preferred embodiment, the weight ratio is from 1:20 to 10:1. Preferably, the use

30  concentration of the stabilized hypochlorite and bromide composition ranges
from about 0.05-20 ppm total oxidant and poly(hexamethylenebiguanide
hydrochloride) ranges from about 0.01-200 ppm. Most preferably, the use



from about 1-10 ppmtotal oxidant and pol y(hexanet hyl enebi guani de
hydr ochl ori de) ranges from about 1-10 ppm In one enbodi nent of the

i nvention, the antimcrobial conposition 5 conprises a stabilized

hypochl orite and brom de conposition and al kyl -di net hyl - benzyl anmoni um
chloride. Preferably, a weight ratio E%Dstabilized hypochlorite and brom de
conposition to al kyl -di net hyl - benzyl a niumchloride is from 1:200 to 5:1,
nore preferably from1:200 to 3:1, and nost preferably from 1192 to 2.6:1.

I n one preh&miRRiRNredl BB lizddNgpeehBRke hAY bPodlﬁiefdbﬁfﬂoéltﬂt)Qi faPgés 1. 10

Preferably, the use concentration of the stabilized hypochlori te and brom de

conposi t iform phpigel 10 pom @bmm@arﬁﬁlrszqip@n%@mathmmamdm al kyl - di et hyl -

benzyl a ride ran msabout 0.1-200 ppm Most preferably, the
use congg%t Fo%ltﬁrﬁéegfra?%eé S Igtﬁ%f)}l ggbtﬂf’&chl orite and bronide conposition

ranges from abené eﬂ:rb&@mﬁ?Molf@lﬁ@inv@lﬁtldﬂnﬁheaﬁﬁlrﬂicwdlapdoﬁﬁidéiﬁmbenzy| anmoni um
chloride 15 ranges from about 5-25 ppm In one enbodi nent of the invention,

the afti RPEYBISEAR stdrliensd hynesh lowﬁﬁrlrléégmedesqoamqsnmamﬁ/p&dhFlmae I'and

brom de n a I at i o of

stabili zégﬁﬁﬁ%@%@g}lﬁ%@ﬁ blrgger%e %b%’ggbrr% 2? |thn %Qiﬁ%ﬁ gﬁt&@ is from

1: 200 to alndﬂaromdiecqoﬁ@;fsetmabtwalkybdirﬂﬁtﬁ@Db&{kylaznﬁmﬁﬁlmahwrma.‘s ﬁmnef er ably

from1:192 to 1;12. &?e E}B(éjrerred embodi nment ratio is from
ra

th
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antim cr oRha}laeRAPAS b é%ﬂ@nd&%@e‘s%%b§ﬁ@@n120©%nhymbb%fbﬁa%lyaflﬁe brom de
conposi tion and 5-bronp-2- nitro- 1,3-propane-diol, Preferably, a weight

ratio of usesbh¢anteaiiomqidbestabilizeddrwogblopite ahd brewidssmuositianoranges
7 0n ST Gl et AP Bl 1S\ R gL om 215
enbod|5nerrhngéshﬁ>omeﬂ@ht 52tppmis from1:1 to 68:1. Prefer abI y, the use 7
ComCen T At L O Ot Bbodimbnt of the IWention the antimicrobial tampostion S | O ranges
comprises a stabilized hypochlorite and bromide composition and pentane-1,5-
dial. Preferably, a weight ratio of stabilized hypochlorite and bromide
composition to pentane-1,5-dial is from 1:200 to 1:5, more preferably from 1:200
20  to 1:10, and most preferably from 1:192 to 1:12. In one preferred embodiment,
the weight ratio is from 1:100 to 1:20. Preferably, the use concentration of the
stabilized hypochlorite and bromide composition ranges from about 0.05-20 ppm
total oxidant and pentane-1,5-dial ranges from about 5-500 ppm. Most
preferably, the use concentration of the stabilized hypochlorite and bromide
25 composition ranges from about 1-10 ppm total oxidant and pentane-1,5-dial
ranges from about 15-200 ppm.
In one embodiment of the invention, the antimicrobial composition
comprises a stabilized hypochlorite and bromide composition and 5-bromo-2-
nitro-1,3-propane-diol. Preferably, a weight ratio of stabilized hypochlorite and
30  bromide composition to 5-bromo-2-nitro-1,3-propane-diol is from 1:20 to 701,
preferably from 1:5 to 70:1, and most preferably from 1.3:1 to 68:1. In one

preferred embodiment, the weight ratio is from 1:1 to 68:1. Preferably, the use



from about 0.05-20 ppmtotal oxidant and 5-brono-2-nitro-1, 3- propane-di ol
ranges from about 0.1-500 ppm Mst preferably, the use concentration of the
stabilized hypochlorite and brom de conposition ranges from about 1-10 ppm 5
total oxidant and 5-bronp-2-nitro-1, 3-propane-di ol ranges from about 5-200
ppm I n one enbodi mrent of the inventlﬁn t he antim crobial conposition
conprises a stabilized hypochlorite and brom de conposition and

2,2-di bronp-3- nitril opropi onam de. Preferably, a weight ratio of stabilized

hypochl oreotn%e@ﬂagmbBpme%amm&wc%ﬁt@ %d%xghﬁa&@@ngoﬂléﬁ kéﬁysop' onani de
is from1l:50 2:1, 10 nore erably from 1: 40 5:1, and nost

pr ef er abl frofrahput 0I5 EQ)pHmSDOU_al Okman@ned@r@ﬁm%dlfeﬂﬂoﬁpmne ditle wei ght

f ef
Crabi 1| 2Ry oeh B ErabePhi Aa-tsrsiar: B FanGee-sFrbRt abn . os. 20

ppm t ot al stawili#eathypochldsi# £Hdb TS chinhbdition i 2 RTdh ddout @ﬂgeﬁnﬁ rom about
0.1-200 ppm_Most preferably, the use concentration of the 15 stabilized

hypocHi ortotal axidprirand ﬁjbr@@@fﬁagmor bfrprepapesdipl vmead fem abad HEoR ppo al
oxi dant and 2, % el r@#‘ﬁif’ﬁeﬂ{ b tl%qu{ré)x&loc%{.]%m gﬁtm@cﬂ%&al céﬁyo%p gyt 2-25 PPM

The m crobi ci es oy osi nventi sed "as is"

or may fids(ﬁﬁpxb@sfaogtﬁbﬂab@%ymdmoﬁtesaﬂd/mrmlaé c@n@@éltldn@aﬂrz walbr&ﬂotsibl e
solvents 20 include, for exarTB&y wat er; gl ycoI s, such as_ethylene glycol,
c 8l

pr opy| enenigriepsppiogni@ids, | Rieder Welahtp!faéw festabiljrsdhypochlsmifaamg| ene

gl ycol, a&%tnﬁﬁla ¥{?&88§4L1‘8H% ng Yi5Pomo 8! 1‘98 0 cfﬂ&@m LG PNAL 325034 aS

nmet hanol ano propano ene? arc phenoxypropariol

ket ongs, swehpademabit from HAO tm&ﬁhylandtrhydt peefepnidy fraastledisto Is8i¢h Ias et hyl

acetate, butyl .ace triacetyl cjtrate, and gl ycerol 5tr' cetate
car bonat e¥® Bipd ?‘Fr%l‘i ?ﬁBﬁ’W%ﬁeﬁ&i hrabiods ng‘tlﬁﬁ’ lc,]ar%‘@ ) é}iﬁ%l
m xtures ﬁé'beéo‘?l@% ntrhtiot 8f MeSdt8h128d hp%chq&@tesaq{dvlﬁmmﬂé c&ﬁfn@sﬁﬁ réﬁ wat er,

glycols, glycol ethers, esters and m xtures thereof. Suitable solid
carriers frool aldat OfQr20 Bﬁmrmtsd,oxcimit@ddﬁz drhrogiot 3-o#silomopiooaraceéous eart h,

| | ul osi terjal | kg i al th di
hagnesi untarhss Tiedh Ry LT 2P0 exf sfokt §e:BbISE kD Rrimemp BB of B i e,
sul f afre) %ﬂil%dﬁ@?@éhlom&hcﬁbfﬂnﬁﬂ@Qbﬁl?}dﬁh@ﬁﬂ‘ﬁﬂﬁh%rﬁrom%bﬁ)@f muoaded in a

solvent, the for ation may ogtl onal 'y contain surfactants. \Wen such
for mul at i el eesantiands2, 2iib migloprepjonamidg sneges frgmiakonhd-26or m of

enmul si ve &glrﬂcent rates, enul sions,

The microbicides in the composition of this invention may be used "as is"
or may first be formulated with a solvent or a solid carrier. Suitable solvents
20  include, for example, water; glycols, such as ethylene glycol, propylene glycol,
diethylene glycol, dipropylene glycol, polyethylene glycol, and polypropylene
glyeol; glycol ethers; alcohols, such as methanol, ethanol, propanol, phenethyl
alcohol and phenoxypropanol; ketones, such as acetone and methyl ethyl ketone;
esters, such as ethyl acetate, butyl acetate, triacetyl citrate, and glycerol
25  triacetate; carbonates, such as propylene carbonate and dimethyl carbonate; and
mixtures thereof. It is preferred that the solvent is selected from water, glycols,
glycol ethers, esters and mixtures thereof. Suitable solid carriers include, for
example, cyclodextrin, silicas, diatomaceous earth, waxes, cellulosic materials,
alkali and alkaline earth (e.g., sodium, magnesium, potassium) metal salts (e.g.,
30 chloride, nitrate, bromide, sulfate) and charcoal.
When a microbicide component is formulated in a solvent, the formulation

may optionally contain surfactants. When such formulations contain



m croemnul si ve concentrates, or mcroenul sions. Enmul sive concentrates form
enmul si ons upon the addition of a sufficient anount of water. M croenul sive
concentrates form m croenul sions upon the addition of a sufficient anmount of
5 water. Such emul sive and m croemnul sive concentrates are generally well
known in the art; it is preferred th such fornul ations are free of
surfactants. U S. Patent No. 5,444,078 nay be consulted for further general
and specific details on the preparation of various m croenul sions and

m croemul @rYﬁt&%Cﬁﬂszrzﬁ% @EnerAlIYiA RO KSnt 6f GATRAREMncah 2 ftec 28mARidiRr Nul at ed
in the formof a 10 dispersion. The sol vent conponent of the di spersion can

be an orgtamr@ergglswemong@ntrmﬂr mpxreérerlbsmrgs \Jﬁmlswe&@@hemg@@rfgmns can

contain ad uvants ent s en anti-freeze
agents, é%ongn 0“041 |E'1>3§1rﬁ)°’f1 ‘E)fuag%qﬁFlenya P&Sf‘é{ﬁ & “’S‘E?m%lér Sant s,

sul f os ucmdﬁaémate@ d6:18 MEisroehiil&ibAs @fon Pid ¥&dtibARS a susﬁca&w ArBGSt ofS cal e

i nhibitors and anti-caorrosi on addi ti ves 15 The m crobicides are preferred

to be ¥ orvatest Sgch epurae ppd ngigeoenpisiye copgegtratenatq ganeyalinweHikwWiH of t he
stabilizeg hypoeht R{);&ﬁefeﬁé%ffﬁ%t@%gklg fMéﬁB?%alseoi}rb?oPMﬁ§éﬁﬂsoﬁ gmay al | ow

bot h conponents to ormulate I'mnating the undesired
cross reakatent No. 5\MAa)078ahdy be corcdul teiddes fiatleergpabrali argl spetificrdet aileesh Wi t h a
sol vent, the sol vent L%sed for the f| rst mcraobici dei may be the 20 sane as or
di f f er ent therRsppRIREIo8gE VAR R SuEroe YlsiPhe ABE et TEisiue cormontrates|

m orobi of de. ol PSARiNRLBndiBaPhRbknas £ ARuIRSL i fBL I, b1 ocl de

appl i cations. erred t two solvents are mscible. Those
ski |l | Hd iduspdreicar. tThe $d1ve’rﬂ;ccogm0nentt dsfethetdh@emlon@bnbem agaposehvest of  the

pr esent |nvent|o d, to a l.ocus se entl s mul t aneously, or
Dy eV B bt BRST b Crtreriord bR AD o lof S BRRa « hat t he

first m&f%&itﬁleth@d]@nhﬂeaﬁﬁcﬂ?élﬁe@g@ﬁ%bﬂfs!pgf‘sa%@ﬂﬁm@:%@tp@ﬁeﬁ%ded to a locus
si mul t aneously or seauentl ally. When the mcrobicides aré added

si mul t anevuéiopants, Biodipatrdaars. ysulfemlna@s,|tMev1a@lLfararcm¢mnéma§lmy contain

adj uvant s ch as, [for Ivent ners, anti-freeze agents, 30
col or ant sstag %ﬁ%ssﬁc%eﬁnhlﬁgﬁ%} 1”é)rslléj |aragm trlleest etraacetic acid,

et hyl Bnedi ani Mg sigebioides age ﬁrefefﬂeﬂ@dlbstﬂﬁmmlbt?eda@pdrﬁa@ dab s thdier eof), 9
di spersants, surfactants, _biqdispersants, sulfaqgsuccinates, terpenes,
f ur anoneshighggpgtay and high piiof thestabiliged by rpelprts epmapeneata flaweysk.r osi on

addi tivesg,)ig compositions may allow both components to be formulated together thus

eliminating the undesired cross reactivity. When both microbicides are each first
formulated with a solvent, the solvent used for the first microbicide may be the
20 same as or different from the solvent used to formulate the other commercial
microbicide, although water is preferred for most industrial biocide applications.
1t is preferred that the two solvents are miscible.
Those skilled in the art will recognize that the microbicide components of
the present invention may be added to a locus sequentially, simultaneously, or
25  may be combined before being added to the locus. It is preferred that the first
microbicide and the second microbicide component be added to a locus
simultaneously or sequentially. When the microbicides are added
simultaneously or sequentially, each may individual components may contain
adjuvants, such as, for example, solvent, thickeners, anti-freeze agents,
30 colorants, sequestrants (such as ethylenediamine-tetraacetic acid,

ethylenediaminedisuccinic acid, iminodisuccinic acid and salts thereof),



The m crobicidal conpositions of the present invention can be used to
inhibit the growth of m croorgani sns or higher fornms of aquatic life (such
as 5 protozoans, invertebrates, bryozoans, dinoflagellates, crustaceans,

nmol | usks, etc) by introducing a mcrobicidally effective anount of the
conpositions onto, into, or at a Ioaﬁ subject to mcrobial attack.
Suitable loci include, for exanple: industrial process water; el ectrocoat
deposition systens,; cooling towers; air washers; gas scrubbers; mneral
slurri es; g;ueskenal fhrfhdt8AlsMBRispREIGAER Mudth s ddidA) (Bl gRes, fRYSisHRs 0SMDSI S
filtration; ultrafiltration; ballast water; evaporative condensers; heat
exchangerenlygaions agtabidapess sgrle taubitony driddnts carrdsiad didditiess; st arch:

pl astics; enul.gi ons; .dispersions. paints; |latjces; coatings ch as

Varni shes: - cordirgrr R et icoR b pridbh fien eRlRdt umd tear ant s
const r uctinbibiaeiesiowas of sUeid oA Eahabt highdh ainuest aquatieatfe kackiazg adhesi ves,
and 15 | am nating adhesives; industrial or consuner adhesives; photographic
cheni dal sprotegopns.iinyertehrates; brvaeaniodinqflagaliates, cragtasears, mealisbsnstahd

kitchen ¢ ers. . co i Ccs; 10] I : 00S; s: detergents;
i ndustri a*f%rhéoadzl é:}n& 4 %r{(g%blé%acqyi es:f eggl;ve ?’gﬁtﬁ) A %??f%encso%ngio%?c e(fﬂ;S Onnbié”al \?\%rolgi ng

fluids; carwRrias shibibet toanicsobialiuteackul Sudtdblelads incled, farexandblbeat her
products; textiles; textile products; wood 20 and wood products, such as

pl ywood, WRupHEH REocess ét’l@é%é&@?r@%ﬁdﬁﬁt’%&%é&ﬁtﬁ,mss@Piﬂé@ﬁ g essrdndboar d,

har dboar par.ti rg. t I i,ds; l; oilfield
fluids, g‘ﬁ%%{bag’ r‘?jsgc bﬁ)%ggwahg?{,ﬁ Sﬁlglléagetléﬂlrv EE@%?%ISQ@%%%&J § ?frlm}r};%ﬁ%ds;

agri c10 t ufoanedhsvantrspoemesiv diliratipnsultfddtranion phAbet watte O ryapadtical devi ces;
di agnosti c reagent, preservation; food preservation, such as plastic or paper

food 25 weadenfgsdheassrehangars ANdp FRdnapey BIocHsdedyids 19¥9%; toil et
pow' s: T SGHARLLARRL: AR Rlons P@Sh s AR FRRS 1afeR] EJAR1aK, sddheyd o oDl ci dal

conpositions of the present Invention are use to inhibit the growth of
m cr oor gavirasheat corstractisn peddetseduth asmosticreantlrse anfl sealadtst ri al process

wat er, cool i LOWer,s; .air shers; mneral slurri ;.30 t ewat er

LT et frent OTSRREHERGA e Btin £ hEs CRUBF BUDOLHBS TR PRHDF GABesVES, and

ul trafg | t halih9Ang Rahbasds; L@y iaPYPRREBldeY 8 ARONAEN $BEEer SR cRAGRANGET S;
pul p and paper processing fluids and additives; food, beverage, and

i ndust r i apriptiog dewdsi bougsdwldprdiduetss sugtoas bathyemh indgotihen cderhespas. | n

g_ﬁ{jt nggf‘éds}r%eglgcg;%ﬁé&%isg:slg 2‘11'1%%0%993 a%%i eit%pgsen §;eln%f§s?t];1%1 c-egnga%(? lﬂlcu(r)]1g water; pulp

polishes; laundry rinse water; metalworking fluids; conveyor lubricants;
hydraulic fluids; leather and leather products; textiles; textile products; wood

20  and wood products, such as plywood, chipboard, flakeboard, laminated beams,
oriented strandboard, hardbhoard, and particleboard; petroleum processing fluids;
fuel; oilfield fluids, such as injection water, fracture fluids, and drilling muds;
agriculture adjuvant preservation; surfactant preservation; medical devices;
diagnostic reagent preservation; food preservation, such as plastic or paper food

25  wrap; food, beverage, and industrial process pasteurizers; toilet bowls;
recreational water; pools; and spas.

Preferably, the microbicidal compositions of the present invention are used
to inhibit the growth of microorganisms at a locus selected from one or more of
industrial process water, cooling towers; air washers; mineral slurries;

30 wastewater treatment; ornamental fountains; reverse osmosis filtration;

ultrafiltration; ballast water; evaporative condensers; heat exchangers; pulp and

paper processing fluids and additives; food, beverage, and industrial process



additives; ornanental fountains; and ballast water. The specific anmount of
the conposition of this invention necessary to 5 inhibit or control the
growt h of m croorgani snms and higher aquatic life forms in a |ocus depends
upon the particular |ocus to be protected. Typically, the amount of the
conposi tion of the present invention to control the growth of m croorganisns
inalocus is sufficient if it prOV|dé9 from0.1 to 1,000 ppm active

i ngredient of the conposition in the locus. It is preferred that the active

ingredients,of .t 0s on ent_in,th ocus n anount of at
oast 0. PBUMERGTdOErBBR Al 2pdRB: TP b e o SRerRPiet bl y ot 1 cast
10 ppm Idom;ﬁ)smcﬁlfserréedefuu hatodlimg vﬁﬁbt Mfalp @ﬁﬂ%ﬁ@ﬁb&ceésmélﬂumrmﬁm tion be
present in the locus in an anount of no nore than 1000 ppm nore preferably

no nore tmtlmowme@ﬁﬂfoum@msmr&@%ﬁwﬁw nore than 200 ppm 15 EXAMPLES

Conpounds Test®gd i z spolution (7.1 %
sodi um hypochﬁglr |St%ea%ﬁ6m10 @f &gérdstltb?lg&r:ﬂél S ﬁmﬂag /o%g(g %gﬁ@ acid);
CMT/MT 16151@bﬂ6&rt201rtﬁé Edet‘lrofl rﬁﬁi‘&ﬂr@dﬁbhﬂ@ -ahrddiigher aquatic life forms in a

2- Met hyl - 4-i sot hi azolin-3-one); DCO T (4, 5-Di chl oro-2-n-
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amoni um ighd ehs e suthae@il# it ﬁﬁ)vﬂﬁ%’iﬂrﬁn 010¢4C1,800 pmUikctivedngmdéent,ob til al ;

gl ut ar al dehyde) and DBNPA (2,2- Dibrono-nitril o-propionam de) BNPD
( 5- Br onp- PR} 1@}&1%%%&?&)‘1 yreferged Hhathe aghive Merpdaatsidhay ner gi sm of

the cqyi naj o%ﬂ;lcﬁr bd peseﬁteﬁl%fe 15&1&%% m&%&i&m%g@ gww testing a

wi de range concentrations and ratios o compoun One neasure
of syner gheforablyt dtdeastdiysmizaldl moﬁqne&tekﬂlyrmﬂém lﬂqgmsl bed poyfeiadd , F. C. ;

5' 538 ”541%@%%'@‘9@%88%%5@&%0 Bt B ps%ﬁeflhe P Rl ?ﬁa? [;ﬁblobg? o
= Syner g, hBgeXof(nothode thMREI R0 pm, more preferably no more than 500 ppm, and
most preferably no more than 200 ppm.
15
EXAMPLES

Compounds Tested

Stabilized hypochlorite and bromide aqueous solution (7.1 % sodium hypochlorite
20 + 1.5 % sodium bromide + 11.8% sulfamic acid); CMIT/MIT (5-Chloro-2-methyl-4-
isothiazolin-3-one + 2-Methyl-4-isothiazolin-3-one); DCOIT (4,5-Dichloro-2-n-
octyl-4-isothiazolin-3-one); BIT (1,2-Benzisothiazolin-3-one); BCDMH (3-Bromo-
1-chloro-5,5-dimethythydantoin); PHMB (Poly(hexamethylenebiguanide
hydrochloride)); ADBAC (Alkyl*dimethyl benzyl ammonium chloride, ¥50%Ci4,
25  40%Cis, 10%Cie); GLUT (Pentane-1,5-dial; glutaraldehyde); and DBNPA (2,2-
Dibromo-nitrilo-propionamide); BNPD (5-Bromo-2-nitro-1,3-propandiol).

Materials and Methods

The synergism of the combination of the present invention was
30 demonstrated by testing a wide range of concentrations and ratios of the

compounds.



QA = concentration of conmpound A (first conponent) in ppm acting al one,

whi ch produced an end point (M C or MBC of Conpound A). Qa = concentration
of conmpound A in ppm in the mxture, which produced 10 an end point. s =
concentration of conpound B (second conponent) in ppm acting alone, which
produced an end point (MC or MBC of npound B). Qb = concentration of
conpound B in ppm in the mxture, whicth produced an end point. 15 Wen the
sum of Qa/ QA and Qb/ s is greater than one, antagonismis indicated. Wen

the sumis eq LEJ VLt Y ol s: Jandi ¢ Hhen,! 41 tihan one,
synergismis étghn%%%targglf@eoﬁ Q%Itglﬁ\tfx%getswgﬂ%{lr,?ﬁft}ﬁ%cgﬁ%gt er tra éﬁ g%ﬁbeerdgy shown
by that phy KuthFat.; Hischawm, . CToylwestronmee, WD, binddvigyeoRcbnin Appbed (M C) 20

of a mcrohicide is_. I st..concentratjon testedq. under, a specific set of
condi ti onst 0 é&%eé‘lfﬁﬁ%&?dwew {.}?e LA IR TR S atg‘F PMURhe tests were
set up with 96-well mcrotiter plate using the Bi onekTM 2000 Workstation

enpl oying a high resolution MCIMBC conbi nation test nethod, which provides
mul ti pbe conbi nations oR.AQuo+ Bivttd d&snergydmdex €81"pl ate. 25 The | owest

concentr at hon .0f the biocide where no growth (inhibition) was observed in
t he miner §"°83Mts plus gl ucose nmedi um was defined as the minimum inhibitory

concentrat i Ons%s MGhetrdtih m&mmhﬂ@ﬂ(ﬁ@@@hﬁ&r{eg&pid ﬁpﬁxﬁirf]&{h 410, each

well of the MC plate were transferred to fres dia'in the C plates and
observed for the prlshmeedused sarendpogt (MIGbt MBGHECompgund &s over tine. 30
No growh in the wells of the MBC plates indicated the concentration of

bi oci des whi cRa prreveaétrtionf depmpeurd |y ingpm<ngthe/mixpuxss wiieh pradueest gani s
from %@e MC pl atﬁendgﬁﬁ {ovvest | evel of the biocides which showed no

growh in the MBC atés was defined as the nini num bi oci dal

o o et ecti ot of PR iRy BRgHiRbneB Bk Rl A N0 i 1 ng
MBC). Tests were ddoe, wdiiclypeoducednalendgloist (WHd anMBG bf CémgbuedBe (pH 7. 4)
5 for the MC tests and Trypticase Soy Broth (TSB; pH 7.2) plus 24 ppm
t hi ogl ycol at e Q¥ corcovetionadf coingobied Belnl sprinint the MviBGutes sttsch Falucod| |
recei ved 20 an end point.
15
When the sum of Q2/Qa and Qv/Qg is greater than one, antagonism is
indicated. When the sum is equal to one, additivity 1s indicated, and when less
than one, synergism is demonstrated. The lower the SI, the greater the synergy
shown by that particular mixture. The minimum inhibitory concentration (MIC)
20  of a microbicide is the lowest concentration tested under a specific set of
conditions that prevents the growth of added microorganisms.
The tests were set up with 96-well microtiter plate using the Biomek™
2000 Workstation employing a high resolution MIC/MBC combination test
method, which provides multiple combinations of two biocides in one test plate.
25 The lowest concentration of the biocide where no growth (inhibition) was
observed in the mineral salts plus glucose medium was defined as the minimum
inhibitory concentrations (MIC) of the combination. Samples (10 pl) taken from
each well of the MIC plate were transferred to fresh media in the MBC plates
and observed for the presence of surviving (viable) microorganisms over time.
30  No growth in the wells of the MBC plates indicated the concentration of biocides
which provided effective killing (<102 /ml) of the microorganisms from the MIC

plates. The lowest level of the biocides which showed no growth in the MBC



| of a 24-hour pure culture suspension of Pseudononas aerugi nosa (ATCC
15442) at a final density of 106 colony formng units (CFU) per m. Cell
density was adjusted to an optical density of 0.09 at 660 nmusing a
spectrophotoneter. 10 MC plates were incubated at 30C for 48 hours and were
read both using the mcrotiter plate yeader (Optical Density of 0.05 nm
and visually for the presence or absence of mcrobial growth. MBC

eval uati ons were made after several days incubation at 30C. Tests were set
up i n duplpleakevas ddfirdidfdsethe mhinimuar biotigak eneentrasibh GMB O Tieoci des to

i ncrease the nunber of possi.ble 15 conbinations di splaying . ,antim crobi al
activity. STRETEIENE FaETAes o Oh BRI EORIRROTOR % PG BFEReretah cr obi ci de

conbi nat i opgiviy dribetPIREERoni ( tbin@NiBirg eyn bel ow in the Tables. Data
presented in Tables 1s the day of observation, tests nunber and type (ex.,

MC 1 = M C tBests vreee dondyBEng a-miyBCat sdts madinm wathch gleawso sl §i4)bi oci des
showi ng 20. agti vty al on nd.in cQnbjynati .S i ndi ces, and ratios of
the. st 3bi 175 M&?&S@‘ma&ﬁf@?&ﬁﬁ%?@’n?a@‘éﬁg@r aﬁ*?ﬁé@s&%rﬁe. Al bi oci de
resul ts argid@roldtedoorecofe @Gl ividdld AAISRitRBMBEIbSts| EaRRW PRt Red RO
mllion). The stabilized hypochlorite and brom de bi oci de and BCDVH

bi oci des wdrof addskelrguurerctitnge suspspwicawftiFeatiomgrsamruginosafABdCas C12). 13
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respecti vekys aMsildMo an d¥eidal delify SDMHat B6VBm ABAG spebtedphdtiitand DBNPA
rToad O Y 1t wore incubated at JORC for 48 hours aud wedd read both eing O
the microtiter plate reader (Optical Density of 0.05 nm) and visually for the
presence or absence of microbial growth. MBC evaluations were made after
several days incubation at 30°C. Tests were set up in duplicate with different
starting concentrations of biocides to increase the number of possible
15 combinations displaying antimicrobial activity.
The test results for demonstration of synergy of the microbicide
combinations of the present invention are shown below in the Tables. Data
presented in Tables is the day of observation, tests number and type (ex., MIC 1
= MIC test one vs MBC 2 = MBC test two), concentrations of biocides showing
20 activity alone and in combination, synergy indices, and ratios of the stabilized
hypochlorite and bromide biocide: test biocide.
All biocide results are reported on an active ingredient basis in ppm {(parts

per million). The stabilized hypochlorite and bromide biocide and BCDMH

biocides were dosed according to ppm as total oxidant (reported as Cly).
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Summary of Synergy Data
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Combination with the Stabilized Hypochlorite
Following Biocides and bromide * Biocide “A”
Isothiazolones
CMIT/MIT 0.20-0.88 1:5 t0 270:1
DCOIT 0.17-0.94 1:71 to 68:1
BIT 0.13-0.95 1:357 to 33:1
Cationics
PHMB 0.19-0.95 1:45 to 134:1
ADBAC 0.53 -0.75 1:192 to 3:1
Aldehydes
GLUT 0.54-0.75 1:192 to 1:12
Organo-Bromines
BNPD 0.50 - 0.92 1:1 to 68:1
DBNPA 0.34-0.75 1:31 to 1.3°1
Chlorine-Bromine
Oxidizers 0.21-0.95 1:24 to 113:1

BCDMH
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1.25 | 270 | 0.63 | 0.13 | 0.500.05 0.55 1: 49
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1.25| 270 | 0.18 | 0.50 {0.14]0.19 0.33 2.8:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and CMIT/MIT concentrations are reported as ppm active

ingredient.
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0.50 0.380-88 P51 00-5 40 2. 50 L Ol 0-50 0-1t9 0691275 5.00 5. 40
125 2,09 055 BIE1G0-aL! 7781098 T gigos| Ut D24 198 0.bs 0%b 0las 10 1.2
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Biocide concentrations for stabilized hypochlorite and bromide are reported as

ppm total oxidant and CMIT/MIT concentrations are reported as ppm active

ingredient.
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1.25 | 4.05 | 0.01 | 2.03 | 0.01|0.50 0.51 20311
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500 | 540 | 1.25 | 1.01 |0.25]0.19 0.44 1:12
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5.00 | 5.40 | 0.63 | 2.03 |0.13]0.38 0.50 3.2:1
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5.00 | 5.40 | 0.08 | 2.03 (0.02]0.38 0.39 25:1

5.00 | 5.40 | 0.04 | 4.60 |0.01|0.83 0.84 113:1
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1.25 | 2.70 | 0.63 | 0.13 |0.50 | 0.05 0.55 1:49
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0.31 1 270 | 0.08 | 1.35 |0.26{0.50 0.76 17:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as

ppm total oxidant and CMIT/MIT concentrations are reported as ppm active

ingredient.
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1.25 | 270 { 0.31 | 051 |0.256]0.19 0.44 1.7:1
1.25 | 270 | 0.18 | 0.51 | 0.14(0.19 0.33 28:1
1.25 | 2.70 | 0.04 | 0.51 |[0.03]0.19 0.22 13:1
5 MIC2l125| 270 | 0.63 | 0.561 |0.50]0.19 0.69 1:1.2
1251 270 | 0.63 | 0.51 10.50}0.19 0.69 1:1.2
1251 270 | 0.63 | 0.51 |0.50|0.19 0.69 1:1.2
125 | 270 | 0.31 | 0.51 |0.25]0.19 0.44 1.7:1
125 | 270 | 0.18 | 0.51 {0.14{0.19 0.33 2.8:1
1254 2.70 | 0.04 [ 0.51 |0.03]0.19 0.22 13:1
1.25 | 270 | 0.02 | 0.51 |0.02]0.19 0.20 26:1
0.31 | 270 | 0.08 | 1.35 [0.26 | 0.50 0.76 17:1
1.25 | 2.03 | 0.63 | 0.51 | 0.500.25 0.76 1:1.2
5 |MBC1lo31| 270 | 0.08 | 1.35 | 0.26 | 0.50 0.76 17:1
0.31 | 2.70 | 0.04 | 1.35 [ 0.13]0.50 0.63 34:1
1.25 | 203 | 063 | 051 |050|0.25 0.76 1:1.2
126 | 2.03 | 0.31 | 1.01 [0.25]0.50 0.75 3.3:1
5 [MBC2l031]| 270 | 008 | 1.35 | 0.26 | 0.50 0.76 17:1
1.25 | 270 | 0.63 | 0.50 | 0.50(0.19 0.69 1:1.3
1.25 | 270 | 063 | 0.26 | 0.500.10 0.60 1:2.4
1.25 | 2.70 | 0.63 | 0.13 | 0.50 | 0.05 0.55 1:4.9
1251 270 | 0.31 | 0.50 | 0.25]0.19 0.43 16:1
126 | 270 | 0.31 | 0.26 |0.25]0.10 0.34 1:1.2
1.25 | 270 | 0.18 | 0.50 {0.14|0.19 0.33 28:1
125 | 2.70 | 0.04 | 0.50 [ 0.03(0.19 0.22 i3:1
1.25 | 2.70 | 0.02 | 0.50 |0.02]0.19 0.20 25:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as
5 ppm total oxidant and CMIT/MIT concentrations are reported as ppm active
ingredient.



2.50 2.03 1.25 0.51 0.50 0.25 0.75 1:2.5 2.50 2,03 0.63 0.51 0.25 0.25 0.50
1: 1.2 2.50 2.03 0.63 1.01 0.25 0.50 0.75 1.61 2.50 2.03 0.31 0.51 0.12
0.250.381.711MC2 2.50 0,50 1.25 0.07 0.50 0.14 0.64 1: 18 2.50 0,50
1.25 0.13 0.50 0.26 0.76 1:9.6 2.50 0,50 0.63 0.26 0.25 0.52 0.77 1. 2.4
2.50 0.50 0.31 0.26 0.12 0.52 0.64 1: ¢4.2 2.50 2.03 1.25 0.51 0.50 0.25
0.75 1: 2.5 2.50 2.03 0.63 1.01 0.25 0.50 0.75 1.6:1. 2.50 2.03 0.63 0.51
0.25 0.25 0.50 1:1.2 2.50 2.03 0.31 1.01 0.12 0.50 0.62 3.3 1 2.50 2.03
0.31 1. 01T4bld 2. TonibiBakidn 3f DCOITHR) and BtAbilized Hypofiloitdahd BRoidd 0.69 1 :
10 10.0Qp3. 70 2.50 0.5 0.25 0.19 0.44 15.0 1 BC 2 10.00 3.30 5.00 0.5 0.5
0.15 0.65 1 10 10.00 3.30 5.00 0.5 0.5 0.15 0.65 110 10.00 3.30 2.50 0.5

0.25 0.15 0.40 1:5.0 10.00 3.30 2.5 0.5 0.25 0.15 0.40 15.1 10.00 3. 30
1.25 0.5 0.13 0.15 0.28 12.5 10003301250501301502812,6

10. 00 3. 6B 057009 O 0211 d 101003300 5}0‘33 0.15
0.18 1.61 10.DO 3.1&0 0./18 gﬁS 0.02 0. q 17 [2. 81 Bi ocigé{%)n%en rations
for stabi IPzed| Bypoghhor|i tle an@ bt o dka/& eb/Bepor t 8l as| Bloggderbteot al oxi dant
and DCO(T conc 3ntraﬂ(j,lgﬂ§aﬁ,§,@ cRP doath. @S dpm active i ngr edi ent. 19 Table 2
cont. T—A TSttt Sjower) It t f Br c B of Da
Expt A \a%ﬁgﬁfg I B:foé eﬁﬁ LtﬁfaﬁlOoigﬁqq;a'ﬁone cgéélb })n‘gll r%(M C 1 5. 0%
3.30 2.50 0.07|0.50 &:Qz o), 1 :q@' s :
2507 050 | 063 | 0.26 |0.25] 0.52 0.77 1: 24
250 | 050 | 0.03 | 0.26 j0.01| 0.52 0.53 84:1
2.50 | 203 { 1.25 | 0.51 |0.50] 0.25 0.75 1:2.5
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10.00 | 2.70 2.50  0.50{ 0.25 | 0.19 0.44 1:5.0
1 [ MBC 2|10.00]| 3.30 5.000 0.500 0.50{ 0.16 0.65 1:10
10.00 | 3.30 5.000 0500 0.50{ 0.15 0.65 1:10
10.00 | 3.30 2,50,  0.50| 0.25 0.15 0.40 1:5.0
10.00 | 3.30 250 050 0.25( 0.15 0.40 1:5.1
10.00 | 3.30 1.25, 0500 0.13 0.15 0.28 1:2.5
10.00 | 3.30 1.25] 050 0.13} 0.15 0.28 1:2.6
10.00 | 3.30 0.63 0.500 0.06] 0.15 0.21 1:1.3
10.00 | 3.30 0.31 050 0.03 0.15 0.18 1.6:1
10.00 | 3.30 0.18) 050 0.02 0.15 0.17 2.8:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as
5  ppm total oxidant and DCOIT concentrations are reported as ppm active
ingredient.



5.00 3.30 2.50 0.13 0.50 0.04 0.54 1 19 5.00 3.30 2.50 0.26 0.50 0.08 0.58
1: 9.6 500 3.30 2.50 0.50 0.50 0.15 0.65 1 : 5.0 5.00 3.30 0.63 2.70

0.13 0.82 0.94 4.3 : 1 5.00 3.30 0.31 2.70 0.06 0.82 0.88 8.7 1 5.00 3.30
0.08 2.70 0.02 0.82 0.83 34 : 1 5.00 3.30 0.04 2.70 0.01 0.82 0.83 68 : 1
10.00 4.05 0.51 2.70 0.05 0.67 0.72 5. g 1 10.00 4.05 1.01 2.70 0.10 0.67
0.77 2.7 : 1 10.00 4.05 2.03 2.70 0. é 0.67 0.87 1.3 13 MC 2 10.00 3.30
5.00 0.07 0.50 0.02 0.52 1: 71 10.00 3.30 5.00 0.26 0.50 0.08 0.58 1 : 19

10. 00 3. 3Pable Q@oht. SOCOIFUAY and Sakibizdd HYpoclof: sndBBrembie @) 13 0.25 0. 04
0.29 1 : 19 10.00 3.30 2.50 0.26 0.25 0.08 0.33 1 20 10.00 3.30 2.50 0.50

0.25 0.15T. 4% 1: 510 T0.00713.3011.29 0. bp 0. 13 0.1I5 0. Potlo 10. 00 3. 30
1.25 2.70.0.13 0.82/ 0,94 2.2]1 1D.00 3.30 0.63 2.70 0/06 0.82 0/88 4.3 1
10. 00 3)3Bay. 3Fxpt7p 8. 93 . 82 %0. p5bg. [/ %ﬂmé%o Bigeide b 9. 02 0. 82
0.84 15|: 1 10.00 Fald |Qldaé | nft0| @ni0 0 8P 0.82 68 : 5.00 4.05 0.51 2.70
0.10 O. g I I\/g.c.ﬂ%ls.o@. U3 0ol W74 of Qéé)g 9 U. 5.00 4.05
2.03 2. 70 6. 410% 1007 13| LA MG 1'§Mppo_4 0 Q63 i qgls . 82 0. 94
4.3 : 1| 5.00{3.30 P 31 [2; % gz 6 1%2 88, 83 % 08 2.70 0.02
0.82 0.83 34:1 5 M2 10000 | T 20| 1285 D400 13 Q ) 9&' 1 10.00
3.30 0.63 2.79 0.06| 6784 %88 43| 259 | %43 B3 T30 6 > 7059 03 0. 82 0. 85
8.7 : 1| 10.0Q 3.30| 6:%¢ %3%0‘63022698216%8&835 |oc|dé4%dhcentrations
for stabilizec hypogA08r|i #-& é&rpcﬁlb{@rﬁ“die“-%@r 2082 hor Pé& ag 871
500 | 3.30 | 0.08 | 2.70 | 0.02 | 0.82 0.83 34:1
5.00 | 3.30 | 0.04 | 270 | 0.01 | 0.82 0.83 68:1
1000 | 4.06 | 0.51 | 2.70 [ 0.056 | 0.67 0.72 53:1
10001 405 | 1.01 | 2.70 | 0.10 | 0.67 0.77 27:1
10.00 | 406 } 2,03 | 2.70 ) 0.20 | 0.67 0.87 13:1
3 MIC 2| 10.00 1 3.30 | 5.00 [ 0.07 [ 050 0.02 0.52 1:71
10.00 } 3.30 | 5.00 { 0.26 | 0.50 | 0.08 0.58 1:19
10.00 | 3.30 | 5.00 | 050 | 0.50 1 0.15 0.65 1:10
10007 330 | 250 | 0.13 } 0.25 | 0.04 0.29 1:19
10.00 | 3.30 | 2.50 | 0.26 | 0.25 | 0.08 0.33 1:20
10.00 | 3.30 | 2.0 1 0.50 { 0.25 | 0.15 0.40 1:5.0
10.00 | 3.30 | 1.25 | 0.50 | 0.13 | 0.15 0.28 1:25
10.00 | 3.30 | 1.26 | 2.70 | 0.13 | 0.82 0.94 221
10.00 | 3.30 | 0.63 § 2.70 | 0.06 | 0.82 0.88 43°1
10.00 ; 3.30 | 0.31 | 2.70 j 0.03 | 0.82 0.85 8.7:1
10.00 | 3.30 | 0.18 | 2.70 | 0.02 | 0.82 0.84 161
10.00 | 3.30 | 0.04 { 2.70 | 0.00 | 0.82 0.82 6811
b.00 | 405 | 051 | 2270 | 0.10 | 0.67 0.77 53:1
500 | 405 | 1.01 | 2.70 | 0.20 | 0.67 0.87 2.7:1
.00 | 4056 | 2.03 | 2.70 | 0.41 | 0.67 1.07 1.3:1
5 MIC 1| 5.00 | 3.30 | 0.63 | 2.70 | 0.13 | 0.82 0.94 43:1
.00 | 3.30 | 031 | 2.70 | 0.06 | 0.82 0.88 8.9:1
5.00 | 3.30 | 0.08 | 2.70 | 0.02 | 0.82 0.83 34:1
5 MIC 2| 10.00 | 3.30 | 1.25 | 2.70 | 0.13 | 0.82 0.94 22:1
10.00 | 3.30 | 0.63 | 2.70 | 0.06 | 0.82 0.88 431
10.00 | 3.30 | 0.31 2.70 | 0.03 | 0.82 0.85 8.7:1
10.00 | 3.30 | 0.18 | 2.70 | 0.02 | 0.82 0.84 15:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as
5 ppm total oxidant and DCOIT concentrations are reported as ppm active
ingredient.
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20 Table 3. Conmbination of BIT (A) and Stabilized Hypochlorite
Day Expt ABab a/A b/B SI
conb. 1 MC 1 25.00 4.00 12.50 0.07 0.50 0.02 0.52 1 :179 25.00

Bi oci de b:a al one

4.00 12.50 0.13 0.50 0.03 0.53 196 25.00 4.00 12.50 0.26 0.50 0.07 0.57 148
25.00 4.00 12.50 0.50 0.50 0.13 0.63
0.95 1.11 25.00 4.00 1.56 2.70 0.06 0.68 0.74 1.71 25.00 4.00 1.56 3.30

5 25.00 4.00 3.13 3.30 0.13 0.83

0.06 0. 831,183 2CdhbifatidibeB ap Sabflizdd @gngcﬁﬁrige did %r@ﬂnide?@oo 4. 00
0.78 3.30 0.03 0.83 0.86 4.21 25.00 4.00 0.39°0.50 0.02 0.13 0. 1.31
084 8,51 25004 PO1019 D H0 0 Q1 013,014, b1e: 25| @R Ao08 b 19 2 70
0 01 ole® ob It 40 5o By 30 3 59 b Eai| S & a5 abBipsite B0 4 00
0.10 0.150 0 0. 13| #oney aloge 1/comb [pembi 00 0 1012 70 0 60 0 68 0l 68 271
25.00 4. 00! 0. 1MI§.Bg2®Q°oio 033 15:583 LY 1040 P€27 58580 .50 Y8, 0p 0.07 0.50
0.14 0.164 1 : | 357 8-@0| 0+®0 [22.50(0 ©13130460 50.08, 260@376“15‘)296 50 00 0.50
12.50 Q.13 0. D5 0. 2p20005]1 486 | BGOQ00.%5. 550-50_12.059@ 0. 2670. J_S 0: 852 0{77 196 1
MBC 2 100.00 4#1. 05 50z20@ (1.0 0. 2G0Q. R EDB&S 2580 | 3o0BC 1% 1902900 B. 30 50. 00
0:26 050 0. 0B 0. 58| 45,00 4400, 605 3. &O 0.09oB3G0 0560 p. 1510165) 1100
Bi oci dg concentrati ppsod or4.6it abiké Zeslzdhypeshl@kilt e pand bromyde afe reported
as 25.00 | 4.08 | 1.56 | 3.30 | 0.06 | 0.83 0.89 2.1:1
2500 | 4.00 | 0.78 | 2.70 | 0.03 | 0.68 0.71 36:1
2500 | 4.00 | 0.78 | 3.30 | 0.03 | 0.83 0.86 42:1
25.00 | 4.00 | 0.39 | 0.50 | 0.02 | 0.13 0.14 1.3:1
25.00 | 4.00 | 0.39 | 2.70 | 0.02 | 0.68 0.69 6.9:1
25.00 | 400 | 0.39 | 3.30 | 0.02 | 0.83 0.84 85:1
25.00 | 4.00 | 0.19 | 050 | 0.01 | 0.13 0.13 26:1
2500 | 400 | 0.19 | 2.70 | 0.01 | 0.68 0.68 14:1
25.00{ 4.00 | 0.19 | 3.30 | 0.01 | 0.83 0.83 17:1
25.00 | 4.00 | 0.10 | 0.50 | 0.00 | 0.13 0.13 5.0:1
25.00 | 400 | 0.10 | 270 | 0.00 | 0.68 0.68 27:1
25.00 | 400 | 0.10 | 3.30 | 0.00 | 0.83 0.83 33:1
1 MIC 2| 50.00| 050 |2500] 007 |0.50] 0.14 0.64 1:357
50.00 | 050 |[25.00] 0.13 | 0.50 | 0.26 0.76 1:192
50.00 | 050 | 1250 0.13 | 025 0.26 0.51 1:96
50.00 | 050 | 1250 026 | 0.25| 0.52 0.77 1:96
1 MBC 2|100.00| 405 |5000| 1.01 [0.50 | 0.25 0.75 1:50
3 MIC 2 [100.00] 330 [s5000! 026 | 0.50 ] 0.08 0.58 1:192
100.00] 3.30 |50.00 | 0.50 | 0.50 | 0.15 0.65 1:100

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and BIT concentrations are reported as ppm active ingredient.



ppmtotal oxidant and BIT concentrations are reported as ppm active
ingredient. 5 21 Table 4. Conbination of PHVB (A and Stabilized
Hypochlorite and Brom de (B) Ratio of Day Expt A B a b a/A b/B SI Biocide
b:a alone alone conmb. conb. 1 MC 1 0.39 0.50 0.19 0.13 0.49 0.26 0.75
1:1.5 0.39 0.50 0.10 0.26 0.26 0.52 (%378 2.61 0.78 2.03 0.39 0.51 0.50

0.25 0.75 1.31 0.78 2.03 0.19 0.51 0.24 0.25 0.49 2.71 0.78 2.03 0.19 1.01
0.24 0.50 0.74 5.3 11 MC2 0.39 0.50 0.19 0.13 0.49 0.26 0.75 1: 1.5 0.39
2. 03 0. T8b1e 45 ICmKi%atior of PHMBIAY ahd StabiBed Hypbéhldriftbatl B8orhids(H). 50 0. 25
0.75 1.4: 1 3.13 2.70 1.56 0.13 0.50 0.05 0.55 112 3.13 2.70 1.56 0.26 0.50
0.10 0.59 1 6.0 3.13 2.70 1.56 0.50 0.50 0.19 0.68 13.1 3.13 2.70 0.78
0.26 0.25 0.10 0.35 13.1 1 MBC 2 1.56 4.05 0.78 1.01 0.50 0.25 0.75 1.3 : 1
6.25 4.[00 3. I3 0. 0770.50 0. 02 0.52 145 6.5 4700313 0. Lgagiog)g .03 0.53
124 6.[25 4.00 3.13|0.26 0.50 0.0y 0.57 11 6.(25 4.00 3.{13"0. .50 0.13
0.63 16. 3Dap. PSIxpLOP 4. $6 ID. 07 0. p5bO. D@/A0| BB 122 $I 25 4BOLide 56| 0. 13 0. 25
052 B 310y LTy R DDLO L 8, § 20 0058, 0,20
0.78 0.26 b. 12MICo¥| B399 %°% ) 1% F5'34) B¢ pO#B 2. 70-6. 12 0. 88'D. 8D 3. 51
6.25 4.00 0.78 3.30]834p Bbl83 Witok 0L62f 036 | 8528 4. G80. 39 22$010. p6 0. 68
0.74 6.|191 078 | 203 | 039 | 051 | 050 0.25 0.75 1.3:1
0781 203 | 0.19 | (.51 | 0.24] 0.25 0.49 2711
078 203 | 0.19 | 101 {024 | 050 0.74 831
1 MIC2!0398] 050 | 0.19 | 0.13 | 0.49 | 0.26 0.75 1:15
039 203 | 0.19 ] 051 | 049 0.25 0.74 271
1 MBC 1| 156 | 405 | 0.78 | 1.01 | 0.50 ] 0.25 0.75 14:1
3.13 | 2.70 1.56 | 0.13 | 0.50 | 0.05 .55 1:12
3.13 | 2.70 1.56 | 0.26 | 0.50 | 0.10 0.59 1:6.0
3.13 | 270 1.56 | 0.50 [ 0.50 | 0.19 0.68 1:3.1
3.13 | 2.70 0.78 | 0.26 | 0.25 | 0.10 0.35 1:3.1
1 MBC 2| 1656 | 405 | 0.78 | 1.01 | 0.50 | 0.25 0.75 1.3:1
6.25 | 400 | 3.13 | 0.07 | 0.50 | 0.02 0.562 1:4b
6.256 [ 400 | 3.13 | 0.13 | 050 0.03 0.53 1:24
6.25 1 4.00 3.13 | 0.26 | 0.50 | 0.07 0.67 1:12
6.25 | 400 [ 3.13 | 0.50 } 0.50 | 0.13 0.63 1:6.3
6.25 | 4.00 1.56 1 0.07 | 0.25 | 0.02 0.27 1:22
6.256 | 4.00 1.56 | 0.13 | 0.256 ) 0.03 0.28 1712
625 | 4.00 1.56 | 0.26 3 0.25 | 0.07 0.31 1:6.0
6.25 { 4.00 1.66 | 0.50 | 0.256 { 0.13 0.37 1:31
6.256 | 4.00 1.56 | 2.70 | 0.25 | 0.68 0.92 1.7:1
625 | 4.00 | 078 | 0.26 | 0.12 ) 0.07 |. 0.19 1:3.0
625 400 | 0.78 | 2.70 | 0.12 | 0.68 0.80 351
6251 400 | 078 | 3.30 | 0.12 | 0.83 0.95 42:1
6.25 | 400 [ 039 | 2.70 | 0.06 | 0.68 0.74 69:1
6.25 | 400 | 039 | 330 | 0.06 | 0.83 0.89 85°1
6.25 [ 4.00 0.19 2.70 | 0.03 | 0.68 0.71 14:1
6261 400 [ 0.19 | 3.30 | 0.03 | 0.83 0.86 17:1
6.25 400 | 0.10 | 2.70 | 0.02 | 0.68 0.69 27:1
625 400 ; 0.10 | 3.30 | 0.02 ] 0.83 0.84 33:1
6.25 | 4.00 0.05 | 2.70 | 0.01 | 0.68 0.68 54:1
6.25 [ 4.00 | 0.06 | 3.30 | 0.01 | 0.83 0.83 661
625 400 | 002 | 2.70 | 0.00 | 0.68 0.68 1131
6.25 | 400 | 0.02 | 3.30 | 0.00 | 0.83 0.83 1341

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and PHMB concentrations are reported as ppm active ingredient.



6.25 4.00 0.39 3.30 0.06 0.83 0.89 8.51 6.25 4.00 0.19 2.70 0.03 0.68 0.71
14: 1 6.25 4.00 0.19 3.30 0.03 0.83 0.86 171 6.25 4.00 0.10 2.70 0.02 0.68
0.69 271 6.25 4.00 0.10 3.30 0.02 0.83 0.84 331 6.25 4.00 0.05 2.70 0.01
0.68 0.68 541 6.25 4.00 0.05 3.30 0.01 0.83 0.83 661 6.25 4.00 0.02 2.70
0.00 0.68 0.68 1131 6.25 4.00 0.02 3.530 0.00 0.83 0.83 134: 1 Bi oci de
concentrations for stabilized hypochldrite and brom de are reported as ppm
total oxidant and PHVB concentrations are reported as ppm active ingredient.
22 Table 4 cont. PHVB (A) and Stabilized Hypochlorite and Brom de (B) Ratio

of Day Eppiled &Bndt P %nﬁ'Stﬁbﬂ&béﬂﬁo@hloi‘it@@ﬁd@x‘aﬁﬁd&%‘ﬁ)- comb. 3 MC1
13 3. 1 3.13 3

3. 30 1.56 0.13 0.50 0.04 0.54 1 : "30 1.56 0.26 0.50 0.08 0.58
1:6.0 3.13 3.30 1.56 0,50 0.50 0.15 0.65 1 :3.1 3.13 3.30 1.56 2,70 0.50
0.82 1.32 1.7:1 3.13 3.30 0.78 0.26 0.25 0.08 0.33 1 : 3.0 3.13 3.30 0. 78
2.70 0. 25682140713 51—3—13 3300800560 4+20—15-6-28:+314—3. 13 3. 30
0.39 2.70 0.12] 0.8210. 94| 6. 91 3'1i 3.30 0.119 2/ 70 0.06 0. [8FFEY 141 3. 13
3.30 0. 10 Pay0| Bxpe [0482| 0B85 |27 : | b3, 14A3 BB p. 02 9L 70 (Hidcie B2|0. 83 113
. 1 3 M|C 2 1.56 3. 3Qio0e I"8loRe 26,50 OB, 08 0. 58 L : 3.0 1.156 3.30 Q.78 0.50
0.50 0. 15—8-65-45-1—56-3 30O7p—2—70—O050~p 82432 3153+ 563. 30 0. 39
2.70 0.25 o 82| 167 @gl 3QJ§§5EK 5 639 “@?19"'2 7?‘% 2 :5§2 0.[04 ]1%?0 3 {MBC 1
3. 13 3.ﬂo 1 56| 0. 13 |G-50| -89 | o484 ] 928 1950 | 0.08 5 1-6.
3.13 3.30 1.56 0.50 050 0.15 0.65 1:3.1
3.13 3.30 1.56 2.70 | 0.507 0.82 1.32 1.7:1
3.13 3.30 0.78 0.26 | 0.251] 0.08 0.33 1:3.0
3.13 3.30 0.78 2790 10251 0.82 1.07 351
3.13 3.30 0.39 050 [0.12] 0.15 .28 13:1
3.13 3.30 0.39 270 [0.121 0.82 0.94 69:1
3.13 3.30 0.19 270 | 0061 0.82 0.88 14:1
3.13 3.30 0.10 2.70 [10.03| 0.82 0.85 27:1
3.13 3.30 0.02 270 { 0.01 0.82 0.83 113:1
3 IMIc2i 156 | 330 | 078 | 0.26 [0.50 | 0.08 0.58 1:3.0
1.56 3.30 0.78 0.50 [ 0.50) 0.15 0.65H 1:5.6
1.56 3.30 0.78 2.790 | 0.50 ] 0.82 1.32 351
1.56 3.30 0.39 2.70 | 0.25| 0.82 1.07 6.9:1
1.56 3.30 0.19 290 1012 (.82 0.94 14:1
3 IMBC 1l 3.13 | 3.30 | 1.56 | 0.13 | 0.50 | 0.04 0.54 1:12
3.13 3.30 1.56 0.26 | 050 0.08 0.58 1:6.0
3.13 3.30 1.56 050 {050 0.15 0.65 1:3.1
3.13 3.30 0.78 0.26 | 0.251 0.08 0.33 1:3.0
3.13 3.30 0.39 270 | 0.12] 0.82 0.94 690:1
3.13 3.30 0.19 2.70 | 0.06 1 0.82 0.88 14:1
3.13 3.30 0.10 2.70 1 0.03 ] 0.82 0.85 27:1
3.13 3.30 0.05 2.70 1 0.02 | 0.82 0.83 h4:1
3 [MBCo2 156 | 330 [ 078 | 0.26 |0.50 | 0.08 0.58 1:3.0
1.56 3.30 0.78 0.50 {050} 0.15 0.65 1:5.6
1.56 3.30 0.19 270 10121 0.82 0.94 141
1.56 4.05 0.19 2.03 ]0.121 0.50 0.62 11:1
1.566 4.05 0.10 2.03 | 0.06 | 0.50 0.57 201

Biocide concentrations for stabilized hypochlorite and bromide are reported as
5 ppm total oxidant and PHMB concentrations are reported as ppm active ingredient.,



3.13 3.30 1.56 0.26 0.50 0.08 0.58 16.0 3.13 3.30 1.56 0.50 0.50 0.15 0.65
13.1 3.13 3.30 0.78 0.26 0.25 0.08 0.33 13.0 3.13 3.30 0.39 2.70 0.12 0.82
0.946.9: 1 3.13 3.300.19 2.70 0.06 0.82 0.88 14: 1 3.13 3.30 0.10 2.70
0.03 0.82 0.85 27 : 1 3.13 3.30 0.05 2.70 0.02 0.82 0.83 54:1 3 MBC 2 1.56
3.30 0.78 0.26 0.50 0.08 0.58 13.0 1.56 3.30 0.78 0.50 0.50 0.15 0.65 15.6
1.56 3.30 0.19 2.70 0.12 0.82 0.94 14 1.56 4.05 0.19 2.03 0.12 0.50 0.62
111 1.56 4.05 0.10 2.03 0.06 0.50 0.57 201 Biocide concentrations for

st abi | i aggldw paah I FHMB(DRGABE@RIIEEd MypotERFiks 8Hd BromidP(B)t ot al _oxi dant and
PHVB concentrations are reported as ppm active i ngredient. 23 Table 4 cont.

PHMVB (A) rand—Stabitijzed Hypoghtorijte and o e (B) ﬁaﬁio;@r&ioga Expt A B
a b a/ADb/B SI|Biocide bfa al onelal ong conb. comb. 5 MG .13 3.30 1.56
0.13 0. 50 Dapa| BxB4 |14 hoB 3. 18 ﬂ&.:«m | aids| B2E 0. 59 0. 0g Biodee biag. 0 3. 13
3.30 1.56 0, 50(0.50 |hohd| Qe cdmB{domi3] 13 3. 301 0. 78 0.2610.25 0.08 0.33 1 :
3.0 3.183:30 gg 70 @_g(;?_ P58 Profgty Badi |3 1353 30710195379 0.06 0.82
0.88 14: 1 %.1 . gpgol.log [0 QGQSO%S (963 71 5.13 3. Qg.Oo 2.70 0.02
0,82 0.88 54: 1 1.& ’Zsi’ o% D78 1|0r 0 ggoo ?% 0. 7§'6§31 5 é{\@ 2 1.56 3. 30
0.78 0.1B 0.50(0.04 |0 54 'é.gg 1 ﬁk 30000 78! 26 0:%0 0./08'0738 13.0 L56
3.30 0.7B 0.50|0.50 |0 s| 3363 475|261 [ 8% B04H| 0. 188 70 0. 1238 83 0.94 14:1
L56 4.05| 0. 39 t. 03 (.%8 D38p |00-3%5 |52 | 012 [ 0.82 0.94 6.9:1
3.13 1 330 | 0.19 | 2.70 [0.06| 0.82 0.88 14:1
3.13 | 3.30 | 0.10 | 2,70 |0.03| 0.82 0.85 27: 1
3.13 | 3.30 | 0.05 | 2.70 |0.02| 0.82 0.83 54: 1
1.66 | 405 | 0.78 | 1.01 |0.50] 0.25 0.75 13:1
5 |MIC2| 1.56 | 3.30 | 0.78 | 0.13 {050 | 0.04 0.54 1:6.0
1.56 | 3.30 | 0.78 | 0.26 |0.50] 0.08 0.58 1:3.0
1.56 | 3.30 | 0.78 | 0.50 [0.50 | 0.15 0.65 1:5.6
1.56 | 3.30 | 019 | 2.70 {0.12] 0.82 0.94 14:1
1.56 | 405 | 0.39 | 2.03 [0.25] 0.50 0.75 5.2:1
156 | 4.05 | 0.19 | 2.03 [0.12] 0.50 0.62 11:1
1.56 | 4.05 | 0.78 | 1.01 | 0.50 | 0.25 0.75 13: 1
Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and PHMB concentrations are reported as ppm active
5 ingredient.
'(I‘able 5. Combination of ADBAC (A) and Stabilized Hypochlorite and Bromide
B)
10
Ratio of
Day {Expt | A B a b (a/A| b/B SI Biocide bia
alone| alone |comb.|comb.
1 |MICc1iliz50] o050 | 039 | 0.26 [0.03] 052 0.55 1:15
1250 050 | 0.10 | 0.26 |0.01| 052 0.53 26:1.0
3 |MIC2[s000] 270 |2500] 050 [0.50]0.19 0.69 1:50
5000 270 |25.00| 0.26 |0.50| 0.10 0.60 1:97
50.00 | 2.70 | 25.00 | 0.13 |0.50{ 0.05 0.55 1:192
3 |MBC1|5000| 270 {2500} 0.13 |0.50 0.05 0.55 1:192
3 |MBC2|5000{ 405 {2500| 1.01 |0.500.25 0.75 1:25
50.00 [ 4.06 |12.50( 2.03 |0.25| 0.50 0.75 1:6.2

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and ADBAC concentrations are reported as ppm active
ingredient.



L56 4.05 0.19 2.03 0.12 0.50 0.62 11 1 1.56 4.05 0.78 1.01 0.50 0.25 0.75
1.3 1 Biocide concentrations for stabilized hypochlorite and brom de are
reported as ppmtotal oxidant and PHVB concentrations are reported as ppm
active 5 ingredient. Table 5. Conbination of ADBAC (A) and Stabilized
Hypochlorite and Bromide (B) 10 Ratigy of Day Expt ABa b a/A b/BS

Bi ocide b:a alone alone conb. conb. 1 MC 1 12.50 0.50 0.39 0.26 0.03 0.52
0.551: 1.5 12.50 0.50 0.10 0.26 0.01 0.52 0.53 2.61.0 3 MC 2 50.00 2.70
25.00 0.50 0.50 0.19 0.69 150 50.00 2.70 25.00 0.26 0.50 0.10 0.60 197

50. 00 2. TgbR%. 00oMbihdtidn? Glu@a‘framei@déw?an&sm&&l@yﬁ&h&rm atk 00 0.13
0.50 0.0Br&mile B 192 3 MBC 2150-00 4.05 25.00 1.01 0.50 0.25 0.75 1 :25
50.00 4.05 12.50 2.03 0.25 0.50 0.75 1:6.2 B|00|de concentrations for
stabilized hypochlorite and brom de are reported as ppmtotal oxidant and
ADBAC concentrations are reported as ppn1act|ve |ngred|ent 24 Table 6.

Conbi natiomr—gf uru aratgehyder (A —Tanmd—$tabytizgdHypoch Brom de
(B) Ratji o of Expt A B ab a/A b/B|SI Biociide b:a 5%%1 ng conb.
conb. 1 Mag 1 E:mtoa 33D B b o do @.Et@fﬂg 083 ¢. 585L: 4831&0141&55:12 25.00 3.30
12.50 0.13 0.[50 0. DgioRe P4ickicOhomdd<0Qb3- 30| 12. 50 0.26 0[50 0.08 0}58 1 : 48
25. 00 338125001 50- 01507050160 2T -MBC—1—25-00—3-36-312-—H0 0. 26
0. 50 0los 0_5% 32’5{0 3307 {12.60 D026 [ 050 0.08"F 058 1-48 r
1 902500 | 3.30 |[12.50( 0.13 {0.50 | 0.04 0.54 1:96
25.00 [ 3.30 | 12.50 | 0.26 [ 0.50 | 0.08 0.58 1:48
25.00 | 3.30 | 12.50 | 0.50 |0.50 | 0.15 0.65 1:25
1 [MBC1|2500! 330 |1250]| 0.26 |0.50( 0.08 0.58 1:48
1 [MBC2f25.00] 330 |1250] 0.13 | 0.50 | 0.04 0.54 1:96
26.00 | 3.30 |12.50 | 0.26 | 0.50 | 0.08 0.58 1:48
25.00 | 3.30 |12.50 | 0.50 [ 0.50 | 0.15 0.65 1:25
3 |MIC1|2500] 330 [1250( 0.26 |0.50{ 0.08 0.58 1:48
25.00 | 4.06 |12.50 | 1.01 [0.50( 0.25 0.75 1:12
3 |MIC2|5000]| 330 [2500( 0.13 [0.50| 0.04 0.54 1:192
50.00 | 3.30 |25.00 | 0.26 | 0.50 | 0.08 0.58 1:96
50.00 | 3.30 | 25.00 | 0.50 [0.50 | 0.15 0.65 1: 50
3  IMBC 2| 5000 | 330 [25.00( 026 |0.50]0.08 0.58 1:96
3 |MBC 2| 50.00 | 3.30 |25.00| 0.50 | 0.50] 0.15 0.65 1:50
5 |MIC1|2500]| 330 |1250] 0.26 |0.50][ 0.08 0.58 1: 48
5 |MIC2]|5000] 330 |2500} 0.13 |0.50( 0.04 0.54 1:192
50.00 | 3.30 |25.00{ 0.26 |0.50| 0.08 0.58 1: 96
50.00 | 3.30 | 25.00 | 0.50 | 0.50 | 0.15 0.65 1:50

5 Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and glutaraldehyde concentrations are reported as ppm active
ingredient.



1 MBC 2 25.00 3.30 12.50 0.13 0.50 0.04 0.54 1 96 25.00 3.30 12.50 0. 26
0.50 0.08 0.58 148 25.00 3.30 12.50 0.50 0.50 0.15 0.65 125 3 MC 1 25.00
3.30 12.50 0.26 0.50 0.08 0.58 1:48 25.00 4.05 12.50 1.01 0.50 0.25 0.75 1
12 3 MC 2 50.00 3.30 25.00 0.13 0.50 0.04 0.54 1: 192 50.00 3.30 25.00
0.26 0.50 0.08 0.58 1:96 50.00 3.30 35.00 0.50 0.50 0.15 0.65 1 50 3 MBC 2
50.00 3.30 25.00 0.26 0.50 0.08 0.58 1 96 3 MBC 2 50.00 3.30 25.00 0.50
0.50 0.15 0.65 150 5 MC 1 25.00 3.30 12.50 0.26 0.50 0.08 0.58 1: 48 5

M C 2 50.Tble37. 30o1bin8Gor0of BN ED §4) dndXSkabilizetl Hypok8Rr86adDBsoriide 28). 00 0. 26 0. 50
0.08 0.58 1:96 50.00 3.30 25.00 0.50 0.50 0.15 0.65 1:50 5 Biocide
concentrations for stabilized hypochlorite and brom de are reported as ppm
total oxidant and gl utaral dehyde concentrations are reported as ppm active
ingredient. 2 Tabl e 7.] Contpi nat| on df BNPD ([A) and St hbmatzed Hypochlorite

and Brom Ratl|i o, of Expt B A b/B,SI B al one
al one con&?aycor‘%‘p Mic 1 é)a) d B ?o cﬂ?éd lgﬁn—, 0.9 0. g%lwl‘g%gés 1 3.13
8.10 1.56 2. 03| 0.50 Qo5 aborBcamld cbmb3. 1318.10( 0.78 2.0B 0.25 0.25 0.50 2.6

1 3.13 B O\ f 10500 8% .00 P67 (.03 |To.s3a3l T3 oW310 D. /%5140 P. 25 0. 67
0.92 6.9 1 Biogcide [cgrgengigtions| Leg ISt ﬂid%zed hygoch| orijtze yand| br om de

are reported ppimyt; ot i Pant d ' oncent-rat i re reported as
gpm actiye 5 ingredi grig) F% féoé.gl %Q : %ﬁ%’[ pon%ﬁt DB PA5?;A§ angd
tabilized Hypochlori .tg AR % d ro(.)’/rg 251 0.67 0.92 6.9:1

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and BNPD concentrations are reported as ppm active
5 ingredient.
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—

Day Expt A B a b a/Ab/B SI Biocide b:a alone alone conb. conb. 1
.25 2.03 1.56 1.01 0.25 0.50 0.75 1:5.1 6.25 2.03 0.78 1.01 0.12
.62 1.3:1 1 MC2 6.25 2.03 3.13 0.51 0.50 0.25 0.75 1 : 6.1 6, 25

.56 1.01 0.25 0.50 0.75 1 : 5.1 6.25 2.03 0.78 1.01 0.12 0.50 0.62

1 1 MBC 1 12.50 2.03 6. 25 0.5190.50 0.25 0.75 1:12 5 MC 1 12.50
4.00 0.13 0.32 0.02 0.34 1:31 6.25 2.03 3.13 0.51 0.50 0.25 0.75 1
5MC1 12.50 6.25 4.00 0.50 0.32 0.08 0.40 1 : 8.0 12.50 6.25 4.00
0.32 0.43 0.751 1.5 6.252.03 3.13 0.51 0.50 0.25 0.75 1:6.1 5 MC 2
12.50 6.25 4.00 0.13 0.32 0.02 0.34 1:31 12.50 6.25 4.00 0.50 0.32 0.08
0.40 1: 8.Trbid 8. TonthiRatidn ODBNFA WathdSthbilizedHiipakhborite shidddtogdeide
concentra®)ons for stabilized hypochlorite and brom de are reported as ppm
total oxidant and DBNPA concentrations are reported as ppm active
ingredient. 27 Table 9. Conbination of BCDVH (A) and Stabilized
Hypochl orite and Brom de (B) Rati o of Day Expt A Baba Ab/B Sl Biocide

NOORNOZ D
~NRPNwWouUIN
o U1 WO
. R o
o
¥l

b:a al gneatjone cprbconb] T M C 13713 2 WS 156705 b 0.75 1
©3.1 313 203 0.[78 101 0{25 0[50 .75[1.3]1 1 mC 2|3 f5°0'50| 1. 56 0.07
0.50 0. 14Day g&Expt22 4. JsB).isoal 56b0. |E6A QDD 0. 2650. 76 L Biocide b3 D. 50 1. 56
0.13 0.40 0.26 0. 76udkdd alode 1dntd. BB, [78 0. 13|0. 25 0.26 P.51 1:6.0
‘ 1 MIC 1f 625 | 2.03 | 1.56 | 1.01 [0.26] 0.50 0.75 1:5.1
625 | 2.03 | 098 | 1.01 |0.12| 0.50 0.62 1.3:°1
1 |MIC2]| 625 | 2.03 | 3.13 | 0.51 [0.50| 0.25 0.75 1:6.1
6.25 | 203 | 1.56 | 1.01 {0.25) 0.50 0.76 1:5.1
625 | 203 | 0.98 | 101 |0.12] 0.50 0.62 131
1 MBC 1l1250]| 2.03 | 6.25 | 0.51 |0.650] 0.25 0.76 1:12
5 IMIC1|1250| 6.25 | 4.00 | 0.13 [0.32] 0.02 0.34 1:31
625 | 203 | 3.13 | 051 1050} 0.25 0.75 1:6.1
5 |MIC1|12501{ 6.25 | 4.00 | 050 |0.32] 0.08 0.40 1:8.0
1250 | 6.256 | 400 | 270 | 0.32) 0.43 0.75 1:1.5
6.25 | 2.03 | 3.13 | 0.61 (050 0.25 0.75 1:6.1
5 [MIC2|12.50| 6.26 | 400 | 0.13 {0.32| 0.02 0.34 1:31
1250 { 6.25 | 4.00 | 0.50 |0.32| 0.08 0.40 1:8.0
12601 6.25 | 4.00 | 2.70 }10.32| 0.43 0.75 1:1.5

Biocide concentrations for stabilized hypochlorite and bromide are reported as
ppm total oxidant and DBNPA concentrations are reported as ppm active
ingredient.



3.13 0.50 0,78 0.26 0.25 0.52 0.77 13.0 3.13 2.03 1.56 0.51 0.50 0.25 0.75
13.1 3.13 2,03 0.78 1.01 0.25 0.50 0.75 1.3:1 1 MBC1 6.25 405 3.13 1.01
0.50 0.25 0.751 :3.1 6.25 4.05 1.56 1.01 0.25 0.25 0.50 1:1.5 6.25 4,05
1.56 2.03 0.25 0.50 0.75 1.3:1 6.25 4.05 0.78 2.03 0.12 0.50 0.63 2.61
6.25 4.05 0.39 2.03 0.06 0.50 0.56 5.2 6.25 4.05 0.19 2.03 0.03 0.50 0.53
111 1 MBC 2 6.25 4.05 3.13 1.01 0.50 0.25 0.75 1:3.1 6.25 4.05 1.56 2.03

0.25 0.500.751.3: 1 6.254.05 1.56 1.01 0.25 0.25 0.501: 1.5 6.25
4. 05 0. 78Tgble®. 0 CombinaioroofBCDMH (Abard StaliBzal H9parhdarie. 06l Bragide. 56 5. 21
6.25 4.00(H).56 0.50 0.25 0.13 0.37 1:3.1 6.25 4.00 1.56 2.70 0.25 0.68 0.92
1.71 6.25 4.00 0.78 2.70 0.12 0.68 0.80 3.51 6.25 4.00 0.78 3.30 0.12 0. 83
0.95 4.21 6.2% 4.00(0.3 2.79 g.gc 8.82 0.64 6 gi 2.25}%¢Q§ﬁ2 88 8.?8 g.gg
0.83 0.89.8.51 .2514.,0 1 : b :1.,.6.25 . : .
003 0 b3 Wispe| 555 aoe Bob & 1d 20 7¢ ‘"’8‘%%’}8 685 6B Rbs 4 00 0 10
3.30 0.02 0.83]0.84 38lenc|glops| 4000 |oowb [3. 30 0. 01 0.83 0. 83 661] Bi oci de
concent  at itons | MIC t hed. St jabid | zb%E HypoTt HI0G0I0E5 ando.BF onj de :Bitoc{ de and 5
al so BCDVH ar e | r epor tiexhsals2.gpm ¢ gl 1.0xi|daxnt 0.525} dTabl e 91sont . | BCDVH (A)
and Stabil ijzed| Ryposhlomi t @s@andi & qrode |(oBp |Rasio efs Day 1Expt A B a b a/A
b/ B SI Ei oci del{b:a étlme @5m1e1_§@qmo_1§drm5{, 32MC drd. 25 4.:.Q5 3113 0.51 0.50
0.13 0,63 1 :6/2 3.13 | 050 | 1.56 | 0.13 |0.50|0.26| 0.76 1:12

313 (050 | 078 | 0.13 025026 0.51 1:6.0

313 | 050 | 078 | 0.26 |0.256{052] 0.77 1:3.0

3.13 | 203 | 156 | 0.51 |0.50|0.25 0.75 1:3.1

3131203 | 078 | 1.01 |025]050] 0.75 1311

i MBC1]62 | 405] 313 | 101 |050(025) 0.75 1:3.1

6.25 1405 | 156 | 1.01 |0.25)025| 0.50 1:15

6.25 | 405 | 156 | 203 |0.25/050] 0.75 1.3:1

625 | 405 | 078 | 203 jo012[050]| 0.63 2.6:1

6.25 [ 405 | 0.39 | 203 [(0.06|050| 056 5.2:1

6.25 | 406 | 0.19 | 2.03 |0.03]050| 0.53 11:1

1 MBC2| 625 | 405 | 313 | 101 |050]|0.25 0.75 1:3.1

625 | 405 | 156 | 2.03 [025lo50| 075 1.3:1

6.25 | 405 | 156 | 101 [025]025| 0.0 1:15

6.25 | 405 | 0.78 | 203 [012|050]| 0.63 2.6:1

6.25 | 405 | 0.39 | 2.03 [006|050| 056 52:1

625 [ 400 | 156 | 050 [0.25]013| 0.37 1:3.1

6.25 | 4.00 | 156 | 270 {0.25|068]| 0.92 1.7:1

6.25 | 4.00 | 078 | 270 {0.12{068| 0.80 35:1

625 | 400 | 078 | 330 [012{083| 0.95 42:1

6.26 | 400 | 039 | 270 |0.06]068| 0.74 6.9:1

625 | 400! 039 | 3.30 {0.06|083| 0.89 85:1

6.25 1400 | 019 | 270 [0.03|068]| 0.71 1411

6.25 | 400 | 019 | 3.30 [0.03/083| 0.86 171

625 400 | 010 | 270 {0.02{068| 0.69 271

6.25 | 400 | 010 | 3.30 |0.02]|083| 084 33:1

6.25 | 400 | 005 | 3.30 |0.01]083| 0.83 66:1

Biocide concentrations for the stabilized hypochlorite and bromide biocide and
5 alsc BCDMH are reported as ppm total oxidant.
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6. 25

1 :

3. 30

0.19

0.78 2.70 0.12 0.82

2.70

01 0.50 0.25 0, 751

4.05 1.56 2.03 0.25 0.50 0.75 1.31 6.25 4.05 0.78 2.03

61 6.25 4.05 0.39 2.03 0.06 0.50 0.56 5.21. 6.25 4.05 0, 19
13 MC26.25 3.30 3.13 0.50 0.50 0.15 0.65 1:6.3

36 0.25 0,11 0.36 1:483 6.25 3.30 1.56 0.50 0.25 0.15 0.40
0.94 3.5 1 6.25 3.30 0.39 2.70 0.06

0. 03

3.1 6.25 4.05 1.56 1.01 0.25 0.25

0.82 0.85 141 6.25 3.30 0.10 2.70

33 0.32 §.50 0[83 1} 1 3 25 4.05 L.01]1.040.16 0.}23a9104)$ L1 6.25
.03 3 0.22.,0/5Q 0. 1._6/25 4 4..08 2. 03;0.32.0.50..0/83 11
05 983 3Bt 30 o.% b }f‘% B 3 B 3350 PR 0750 0. 0a
6.25 3 30 3!34ng)asgmepcemb.qcomb.n a5 116 1| 6 25 3 30 1 _56/0.26 0.25
3 186 6ME 3351 6% 0.58 0.95 908 |- Wo| 195 §. 25°8230}0.78 2. 70
2 0.94 3.51 §.625 340|389 |[21.90| 0:50 Gsgp 0.W8 §. 91°3.6. 25 3.30 0. 10
)2 0.82 (.83 2?ﬁ256.2$53.383q.2m1L?G5GJU$ 0. 8500. §6 1115 6|25 4. 05
)1 0. 25 gg. 25 05051 4B | B525 %05 0255608, 03 00525 |0. 58:0. 75 1. 31
)5 0.78 103 0. 12.43. 9o | 68722.|6403 6.042 |40.45| 0.033 2.[0328. 06 P 50 0. 56
{ 6.25 | 4.0b 0.39 2.03 ] 0.06 | 0.50 0.56 h.2:1
6.26 | 405 | 0.19 | 2.03 | 003 | 050 | 053 1:1
3 MIC 2| 6.25 | 330 | 313 | 050 | 0.50 | 0.15 0.65 1:6.3
6.25 | 3.30 1.56 0.36 0.25 | 0.11 0.36 1:43
625 | 330 | 156 | 050 | 025 | 0.15| 0.40 1:3.1
625 | 330 | 078 | 270 | 0.12 | 082 | 0.94 35: 1
6.25 | 3.30 0.39 2.70 0.06 | 0.82 0.88 69:1
6.256 | 3.30 0.19 290 | 0.03 | 0.82 0.85 14:1
6.25 | 3.30 0.10 2.70 | D.02 | 0.82 0.83 21:1
6.26 | 3.30 0.02 2.70 0.00 | 0.82 0.82 113:1
6.25 | 4.06 0.51 0.51 0.08 | 0.13 0.21 1:1
6.25 | 4.05 1.01 1.01 0.16 | 0.25 0.41 1:1
6.25 4.05 2.03 2.03 0.32 | 0.50 0.83 1:1
6.26 | 4.06 1.01 1.01 0.16 | 0.25 0.41 1:1
6.25 | 4.056 2.03 2.03 0.32 | 0.50 0.83 1:1
6.25 | 4.05 2.03 2.03 0.32 | 0.50 0.83 1°1
6.2 | 4.05 2.03 2.03 0.32 | 0.50 0.83 1:1
3 MBC 2 626 | 3.30 | 3.13 | 0.13 | 050 | 0.04 | 0.54 1:24
6.25 | 3.30 3.13 0.50 0.50 ] 0.15 0.65 1:6.1
6.25 1 3.30 1.56 Q.26 0.25 | 0.08 0.33 1:6
625 {330 | 156 | 050 | 025 [015] 040 1:3.1
6.25 | 330 | 078 | 2.70 | 012 | 082 | 0.94 35:1
625 330 | 039 | 270 | 0.06 { 082 | 0.88 6.9:1
6.25 | 3.30 0.10 2.70 06.02 1 0.82 0.83 261
6.25 | 330 | 024 | 270 | 0.04 [ 0821 0.86 11:1
6.25 | 4.05 1.56 1.01 | 0.25 | 0.25 0.50 1:1.56
6.26 | 4.05 1.56 2.03 0.25 | 0.50 0.75 1.3:1
6.25 | 4.06 0.78 2.03 0.12 | 0.50 0.63 261
6.25 | 4.05 0.39 2.03 | 0.06 | 0.50 0.56 52:1

Biocide concentrations for the stabilized hypochlorite and bromide biocide and
also BCDMH are reported as ppm total oxidant.



Bi oci de concentrations for the stabilized hypochlorite and brom de biocide
and 5 also BCDVH are reported as ppmtotal

oxi dant .
(A) and Stabilized Hypochlorite and Brom de (B) Ratio of

29 Table 9 cont.
Day Expt ABab

BCDIVH

1 6.25 4.05

0.25 0.15
0 0.39 2.70
6.25 3.30
.86 11 : 1
0.34 0.25
5 1.56 1.01
1 6.25
0.50 0.56
d brom de

a/l A b/B Sl Biocide b:a alone alone conb. comb. 5 MC 1 6.25 4.05 3.13 0.51
0.50 0.13 0.63 1 :6.1 6.25 4.05 3.1324.01 0.50 0.25 0.75 1 : 3.
1.56 1.01 0.25 0.25 0.501: 1.5 6.25 4.05 1.56 2.03 0.25 0.50 0.75 1.3 1.0
6.25 4.05 0.78 2.03 0.12 0.50 0.63 2.6 : 1.0 6.25 4.05 0.39 2.03 0.06 0.50
0.56 5.2 Trbl: 96c@s BCIBVIH. 19 and(B3abilizad ¢ygochiosite and BromédefR) 2 6. 25 3. 30
3.13 0.13 0.50 0.04 0.54 1 =24 6. 253303 130500500 15 0.65 1 6.3
6.253.30156)26025C 0.33]1 >33015163@05£)
0.40 1 3. 007E 00.1208 3
0.06 0.32 B85 6IB¥F § Ag 2? 3 30 p. 19 g’% gﬁ?):z 0.5 of Bl P
0.10 2.70. 0.02 0.82 0 aé@e' glone jpoml | epmbgy 3 2.70 0.p4 0.82
6.25 4.(05 2513 OMIC D| 835 (.40 p3.3%| .51 40@0 8.1QE 408% 2| 1318101
0.59 1 ] 2.1 6]25 4.bs2p 1352 93 0.134 [00.890} 0284 10151 | 6.25.14. (
0.25 0. jES 0.50 1 : 1.b6.26.|20064, 056 L.196 P0.23 0.2&3 0050 0| 751 1.3 :
4.05 0.78 2.03 (.12 0] 5050.68 P1.66] 2b3 [60.25| 4503 0039 2| 0330106
5.2: 1 Biocide ¢toncentgasijongs fors {hesstabi | bzed hypoch| okigt €gan
bi oci dejand al 30 BCDMgla81 € d5ePR5S £G.08S| P&T| 1864l @xbdant s 53Q
6.25 | 405 | 0.19 | 2.03 | 0.03 | 0.50 0.53 i1:1.0
5 MIC 2| 625|330 |313] 0.13 [ 0.50 | 0.04 0.54 1:24
6.25 | 3.30 | 3.13 | 050 | 0.50 | 0.15 0.65 1:6.3
6.25 | 3.30 | 1.56 | 0.26 | 0.25 | 0.08 0.33 1:6.0
6.25 | 330 | 1.56 | 0.50 | 0.25 | 0.15 0.40 1:3.1
625 [ 3.30 | 0.78 | 270 | 0.12 | 0.82 0.94 35:1
6.25 | 3.30 | 0.39 | 2.70 | 0.06 | 0.82 0.88 69:1
6.25 | 3.30 | 0.19 | 2.70 | 0.03 | 0.82 0.85 14:1
6.25 | 3.30 { 0.10 | 2.70 | 0.02 | 0.82 0.83 27:1
625 | 330 | 0.24 | 270 | 0.04 | 0.82 0.86 11:1
6.25 | 405 | 2.13 | 0.51 | 0.34 | 0.13 0.47 1:4.2
6.25 | 4.05 | 2.13 | 1.01 | 0.34 | 0.25 0.59 1:2.1
6.25 | 405 { 213 | 2.03 | 0.34 | 0.50 0.84 1:1.1
6.25 [ 405 | 1.56 | 1.01 | 0.25 | 0.25 0.50 1:1.5
6.26 | 4.05 | 1.56 | 2.03 { 0.25 | 0.50 0.75 13:1
6.25 | 405 | 0.78 | 2.03 | 0.12 | 0.50 0.63 2.6:1
6.25 | 4.05 | 0.39 | 2.03 | 0.06 | 0.50 0.56 5.2 1

Biocide concentrations for the stabilized hypochlorite and bromide biocide and

also BCDMH are reported as ppm total oxidant.



CLAIMS 1. A mcrobicidal conposition conprising: (a) a stabilized

hypochl orite and brom de conposition; and (b) at |east one m crobicide

sel ected from anong 2-net hyl -4- isothiazolin-3-one,

5-chol or o- 2- et hyl - 4-i sot hi azol i n-3-one, 4, 5-dichloro-2-N

octyl -4-isothiazolin-3-one, 1, 2-benziggot hi azolin-3-one,

3-brono-1-chl oro-5, 5- di net hyl hydant oi n, pol y( hexanet hyl enebi guani de
hydrochl ori de), al kyl - di et hyl - benzyl ammoni um chl ori de, pentane- 1, 5-dial,
5- br ono- 2ChAIMS- 1, 3- propane-di ol and 2, 2-di bronp-3-nitril opropi onam de. 2.
The conpositi;g of clainkl.i whi ch .a meight.ratio of the stabilized
hypochl orite and bfofHde 18’6’1?88%‘???86“0? E°BEI'E'"8t | east one microbicide is
from 1:400 to 30014 .a fabili?8d &9pEQIbilitcomPbrostidk BbRpbsitivhi &d t he stabili zed
hypochl orite and ?ronlde conposi tion conprises an al kali nmetal sulfamate.
4. The conposi ti onUfatdeasitions migrakptide selagtad from emwmgchmethdrdbi cide is  a
m xture of B5- | - 2- hyl -4- i spthj.azol.in-.3-gne a .

o ety ettERReSS B RS AmR RN R BV MG ajgbloro 2N

5- chol or cocZylreideyhiadolirs 8idhk AL atbehz3othigzdlth- 2onBES-Bydmé-1 el mzol i n- 3-one is
no nore than 4:1. e conposition of claim4 in which a weight ratio of

] 5. Th : :
the st abi fimeshyhdantomm qolxexmaethyinedisueaisoaydrogioridels allvli xt ure of
5- chol or 03:2- - j ' | i 3- Aoat hyl - 4] i azol i n-3-one
st om 108 qeRY Blsinftark Bk R EBlob e b AN 1S il B L 20 e
rati o of prophnt-dicd-a2d NBditybav-3-adtid@oplonamddane to
2-met hyl -4-isothiazolin-3-one is from4:1 to 1:1. 7. A nethod for treating
wat er by adding: (a) a stabilized hypochlorite and brom de conposition; and

(b) at least ane MeEQRBhGbERisIreHifd [ FMAPRGight rHFi_B RY Lise stabilized

4-isot hi azol i n-3-one, 5-choloro-2-nmethyl- 4-isothiazolin-3-one, 4,5 31

di chl or o- Ryiicblprite asdibsemidescominasitdrotesaid at lagboné suttobmrdd isfr@none,

3- br ono- LZ @qgg68-5,5-dinethylhydantoin, pol y( hexanet hyl enebi guani de
hydrochlo'|8 f, dﬂkyl-dinethyl-benzylannnniunlchloride, pent ane- 1, 5- di al
(gl utaral dehyde), 5- bronmpo-2-nitro-1, 3-propane -diol and

2,2-di brono-3-nitril opropi onam de, 8. The nmethod of claim7_ in which a

wei ght ratio of thdhstcapipepizien of lpsechinrhich hretahibaedibveshpuiieringh to said
at |east gng,fk EJSBBB&HQE cbxﬁpii‘é@ﬂn alkali metal sulfamate.

4, The composition of claim 3 in which said at least one microbicide is
a mixture of 5-choloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-
3-one, wherein a weight ratio of 5-choloro-2-methyl-4-isothiazolin-3-one to 2-

methyl-4-isothiazolin-3-one is no more than 4:1.

5. The composition of claim 4 in which a weight ratio of the stabilized
hypochlorite and bromide composition to said mixture of 5-choloro-2-methyl-4-

isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one is from 1:5 to 300:1.

6. The composition of claim 5 in which the weight ratio of 5-choloro-2-

methyl-4-isothiazolin-3-one to 2-methyl-4-isothiazolin-3-one is from 4:1 to 1:1.

7. A method for treating water by adding: (a) a stabilized hypochlorite
and bromide composition; and (b) at least one microbicide selected from among 2-

methyl-4-isothiazolin-3-one, 5-choloro-2-methyl-4-isothiazolin-3-one, 4,5-



1: 500 to 300:1. 9. The nethod of claim8 in which said at |east one

m crobicide is a mxture of 5-chol oro-2-nethyl-4-isothiazolin-3-one and
2-met hyl - 4-i sot hi azol i n-3- one, wherein a weight ratio of

5-chol or o- 2- net hyl - 4-i sot hi azol i n-3-one to 2- nethyl -4isothiazolin-3-one is
no nore than 4:1. 10. The nethod of clsgim7 in which the stabilized

hypochl orite and brom de conposition is added in an anobunt fromO.05 to 20
ppm and said at | east one mcrobicide is added in an anmount from0.5 to 500
ppm dichloro-2-N-octyl-4-isothiazolin-3-one, 1,2-benzisothiazolin-3-one, 3-bromo-1-

chloro-5,5-dimethylhydantoin, poly(hexamethylenebiguanide hydrochloride),
alkyl-dimethyl-benzylammonium chloride, pentane-1,5-dial (glutaraldehyde), 5-

bromo-2-nitro-1,3-propane-diol and 2,2-dibromo-3-nitrilopropionamide.

8. The method of claim 7 in which a weight ratio of the stabilized
hypochlorite and bromide composition to said at least one microbicide is from

1:500 to 300:1.

9. The method of claim 8 in which said at least one microbicide is a
mixture of 5-choloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-3-
one, wherein a weight ratio of 5-choloro-2-methyl-4-isothiazolin-3-one to 2-

methyl-4-isothiazolin-3-one 1s no more than 4:1.

10. The method of ¢claim 7 in which the stabilized hypochlorite and
bromide composition is added in an amount from 0.05 to 20 ppm and said at least

one microbicide is added in an amount from 0.5 to 500 ppm.





