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(54) Title: A RAPID METHOD FOR THE ASSESSMENT OF THE INHIBITION AND KILL OF ANAEROBIC BACTERIA BY TOXIC
COMPOUNDS

(57) Abstract

_A rapid method for determining the minimum inhibitory concentration of biocides or biocidal agents for use in anaerobically
contaminated aqueous systems is disclosed. This rapid technique provides for an opportunity to determine the minimum amount of
antimicrobial agents, or biocides either singularly or combination, to control anaerobic growth in aqueous streams contaminated by
microorganisms. The test involves the use of pH indicator dye systems which respond to the environmental changes caused by the
production of byproducts of carbohydrate metabolism by anaerobes.




2 in industrial processes, waters being discharged as effluent waters both
before or after treatment to nmeet specified water quality standards,
process waters used in the manufacture of various products, for exanple of
paper or texgbbgwgpgpucts, and ot her process waters such as HQ%ﬁEw@@ﬁﬁzs-
used in recovery of crude oil or in the processing of hydrocarbon

chem cal s. In each of the uses of industrial waters, biocides have
been and are being used presently to reduce, prevent, and control the

presence of nicroorgani spERAPID WEETHOD FOR THE AYSEYSMENTS! M | ar growi ng
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extrenes in gootarhinptezlaquecus systerasiis disclosdd! HThig RapiditeshhigRegani sns are
killed. In the rocg%s of test i,ng and determ ning the efficiency and type
of biocide t BFPAILRIRN an,PPRArtURILY to detarming the miRimum ameynt efst for from 24

to about 48 BRHteroBlM ageARL idi"%?oé‘ H@‘e%g : r nore to
determ ne the efficaci gés use o é&%sa%'tti cu gﬁ%ﬁ'%@f%@@ﬁﬁﬁ'ttﬁcul arly to
det er mi ne t heoatroLanaerbbichgrowthdniataeohs streamsreareaminated by each static

control or total elimnatign of the particul ar,n crqorgani snms being treated
in the parti EUFRCTHURIEr i-g'fe st dpvalyrs the veeef g}” 'ﬂﬁicé f e BYSIPGENi s1E
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det er m nat i oRYRAodugts pf epohydrate daetabdlismdbysanasrgbés.and concentrati on of

optimal use to

The technique provides an answer within a time period of from
about 30 minutes to about 8-10 hours as opposed to normal testing
procedure that can require up to 1-2 weeks. The test procedures use
muitiple columns of multiple sample wells on a microtitration plate and
techniques for transferring prescribed aliquots of contaminated agueous
systems, nutrients, pH indicator dyes, and incremental and serially diluted
concentrations of anti-microbial agents.
Background of the Invention

In many areas of industrial water use, biocides must be used to
control bacterial growth to avoid, prevent or control microbiological
accumulation of bacterial deposits and accumulation of the byproducts
derived therefrom. The presence of these bacterial and other
microbiological organisms often interfere with water processing or
manufacturing of various products where these various industrial waters
are being used. Industrial waters may include various waters such as
those circulating in once through cooling water systems, waters
recirculating in a closed loop cooling water system with or without a blow

down feature, waters used and collected for processing prior to their use
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3 mai ntain mcrobiol ogical control of a particular contam nated industri al

source. * M crobi oci des are added to aqueous systems in a variety of
i ndustrial and recreational applications. Sone of these applications

i ncl ude the %d§9§h‘g‘g of m crobiocides to control the growth ?&n@gﬁﬁgsﬂ

bacteria, fu protozoa in industrial cooling water syste
recreational -water systens such as pools and spas, the addition of
m crobi oci des to control bacteria in the manufacture of paper, the use of

m cr obi oci des; t terd - ; | ' raw
sugar, and ﬁlggﬁs&@a #ﬁge%%\%ég\ﬁtgts %ﬁ%@%‘?%aig ﬁﬁr‘;q&%@{ﬁgoﬁipl I cation
of bi oci des beferé droaftamtreatmenmtvter mebt spexified evater ggalitytstandardsm ted to

zebra nussel s, bl ue nussel aaﬁng Asi gtic cl ?m; in industrial and nuni ci pal

wat er i nt ak @TSRSSfATELR YIse P MANYRCHUrS QT YAriaYS BlRquAts. Tafemple
particul arl v apkt sal@éﬂua%ra&me;gn&m&%cé&ewa%@dc%msa' so find

utility in non-aqueous systens. used herein, the terns "m crobiocide"
and "bi oci davatarsuseckih recoyechahgrmlel oil anih thecpnosessing of ihydracirboheni cal s
used to control ."pests” as defined under the Federal Insecticides Fungicide
and Rodentic?F‘ﬂE’"‘A@?‘ (FIFRA) in both aqueous and non-aqueous fluid systens.

Current methods fPeaéhefdRs eibs BRINABLHE WhRr& BUBies haVbWeRhi difd SR Present

ina fluid systemtend to be time consum ng neasurenents of the anount of
bacteri al gbeithugechptesentiydo reduce revent; apd opptrohthe prasenchafi cal

anal ysi s of sanpl for active. mcrobiqgci.d di.rect nethod)..The indirect
met hod i ncl 8r?ogﬁ?rl):ﬁmsnﬂ'ncgdgﬁm?rgtafgir&ﬁn?fﬂfﬂafnﬁgfar BIPY, QAN B det er i ne
bacterial gNpttdhly db thasé grdbwths ad Foufing) BaEtHeir Precened AidPAISE ISR | S

generally fed into the systemuntil a culture shows ‘a steady or decreasing

amount of nit@ CepFPsiavyPLEIetel Bikfaces\gn whinhhthese raigeobialiogiont chlomiesaare ti me
consum ng, Idgpﬁéiitéd“emi ve and subject to great error when conducted in the
field rather than a well equipped |aboratory. Until the tine of making this
invention there Watheussbédarious biocides, a process is involved which includes

the addition of a biocide into the industrial water being treated in such
strength so as to control the growth of these microbiological organisms.
By controlling the growth we mean to inciude not only total elimination of
biological growth and elimination of the microorganism, but also static
control of microorganism population so that extremes in growth population
are controiled though not all organisms are killed. In the process of testing
and determining the efficiency and type of biocide to be used, often
procedures are required which last for from 24 to about 48 hours, and
sometimes for 1 week and up to 2 weeks or more to determine the
efficacious use of a particular biocide and particularly to determine the
amount of that biocide which is necessary to reach static control or total
elimination of the particular microorganisms being treated in the particular
industrial water environment in which these organisms occur.
These long test periods are not only time consuming but wasteful of
resources and the tests are expensive in regard to the determination of the

proper biocide and its strength and concentration of optimal use to
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4 convenient field method to rapidly and accurately determ ne how nmuch
bi oci de ‘an ahaer obe-cont ami nated systemrequires by an indirect nethod.
The use of tracer materials to nonitor the effect of treatment chem cals

such as corr@sy d scale inhibitors in industrial water SH, /6§9%f2k 4
wel | - known. ﬁ@os%}”‘ﬁg S. 4,783,314 discloses the use of inert ﬁanm t?%on

nmetal tracer materials for nonitoring the concentration of corrosion and
scale inhibitors using fluoronetry. HooBs et- al U S. 4,966,711 and U. S

5,041, 386 t eadiR&sin MhiBrdbidiogical E6ritroll dfp paRicRiir coilarninatsd Wdydtriar € added in
direct proportion to the anount of a corrosion and/or scale inhibitor to

noni tor theSeYi€entrati on of a corrosion and/or scale inhibitor in a given

i ndustrial water . . 9 380. 5 .1, 5,132,096

di scl ose net hods “@éﬁd’tbi%gd?%%@% a‘ﬁ?%ﬂ??ﬁ"% %%?%@%é%ta @geé‘ér" used in

i ndustrial Wwaiustridlrsff reeréatitinal applidatiohs. Some of thése Bpplidatibh8 indldde
5,171,450 di scl ose water sol ubl e polyners having fluorescent npieties that

are used t oth®Aaddiion efemicrebigsides tatdantral the gaewth phialaes: dacterisat ment
appl i cati ong,,Japan : .S atonic
adsor ption Zlﬂ)% 't ros'g%g?/f%e?ﬁhgb?to"ra ?%ﬁﬁ%%a&%ﬁ%& 3é94(:°3§1§%%'?ér7§7 %‘i?ﬁs by
addi ng and spetemis sgch s ipools arid bpae) ttheialditidroof Aicrobiddidesifs eomirbe t he
concentr at :ng of ., mi crobi oci des. This nethod requires the separate addition

of tracer eteria indhg madfiactgeiPapse e ugeodd Mikabiocidassie entrel oscopy
o ! ! ; . :
conpar ad t 0 P} toriel afWR BuARG IR bloaeSRISTr AT SGar, SndanBUIEE he PN ¢

conpared to fluoroffetry an age that atomc
adsor pti on #pentioosoepplsosfind utitibaih the aupdichtibh ef thiodided dsed ¢o doatrlop t he

conpl ex equi pnent inval ve s well as en flame and fl ammabl e gas
cuppl s " rSFtRratas TociGdina Rerionaed 8o 2R0m THiseaie) B PUB Al ety
techni que t AgfERY élQFns”iH'ihﬂﬂétﬁal"@ﬁfhdﬁi&?&ﬁ%&eﬁﬂf%%%m\% i et hod

i nvol ves the use of expensive anal ytical equi pment conput er
har dwar e haindvgtriglexioding ywater systenssof Wiksitecparticuladyti applicablecoi aayumoiusnust  be

calibrated gD, e RIS maThso AR Utfitiin RbRHa00olE by LR cagsary 1f

used herein, the terms "microbiocide" and "biocide" are used
interchangeably and are meant to include chemicals used to control
"pests” as defined under the Federal Insecticides Fungicide and
Rodenticide Act (FIFRA)} in both agueous and non-aqueous fluid systems.

Current methods for the determination of the amount of
microbiocide present in a fluid system tend to be time consuming
measurements of the amount of bacterial growth {an indirect method) in
the system or wet-chemical analysis of samples for active microbiocide (a
direct method). The indirect method includes culturing a sample taken
from the fluid system to determine bacterial growth. If bacterial growth is
present, more microbiocide is generally fed into the system until a culture
shows a steady or decreasing amount of microbioiogical growth. Wet
chemical ahalysis methods are time consuming, labor intensive and subject
to great error when conducted in the field rather than a well equipped

laboratory. Until the time of 'making this invention there has existed no
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5 condltlons in the water change. European Patent Application 466303

di scl osés a hethod involving the addition of a substance to treated water
and how it reacts with the m crobiocide. The substance reacting with the
M crobi oci de e %ﬂ@ltl nuously measured and the concentration périResnsses

m crobi ocide Is term ned by | oss of the substance. The nethod is

cunber sone, requires special equipnent, and two separate chem cal feeds.

Bi oci des and .m crobi oci des are used to apntrol or elimnate bacteri al

growt h in a duHlertifigh Métheattoirapiahi ahdlaceueay det@Mine HeW PuctPNe
bi ocide or mcrobiocide is insufficient to control all bacterial growth in

t he aqueous hieeidgrarbanggyobe-santaminated §Y§§§h@@ludﬁs ipycareinidirect methhdr

et ers. bei ng.tr ool BAUKR A iaef Eigfels th b MerkiTa e drmidie v 11

equi pnent th&terhn&aisﬂsmﬂésiebrruslbh dn’d%tﬁléiﬁﬂ'ﬁﬁfﬂrﬁaﬁ astusti SR ater U. S
Pat. No. 5,206,151, the disclosure of which is incorporated herein by

reference, dHEEEHEds welkiknpowa: theotad By 4 BB Bilthrliselnsesthiecuss obinart Ofd
et > AR el FaobrimbRindly fol AHREANG tnd BbRESEMiG BED 3 £ o0

screeni ng technique takes nmul'tiple sa a con ted aqueous
medi um cont atorrexjomiand coiald inbibttors usg@nﬂlmmadﬂsbewetsl an indicator dye,

d [ i_ndi bl f t th
ey ar ogenadd Snavaet T amd L' Sb.bAd. 586 Ronshie dhpoime o igar Searesaant 1 hon
adds a nut {1 QkgEL AT LRY added Fedikdch 8 HoRiihito RS RBRELRNO LN S

oxi dati on-reducti on 1 ndi cator e treat e sanpl es are contai ned on a
titration plmreosmm Ianel/txeacnaw muhuidruomoummm adncantratibhrafcr edirésiopgent ,

oper at  onal TlFerGE iBubEer e S IoaHFiE RAEotE eyt Uns. ORI SH0A e
m cr obi ol oglmloanawnhﬁms £323396 diichosEBhBabdsaResqIbMEhE 18 Mofitse! er at es
m cr obi ol ogi cal or gani sm acti vi .ty which produces an increased concentration
of reduci ng fitpreaeentiracas used in industrial water treatment applications.
U. S. 5,128,419 and 5,171,450 disclose water soluble polymers

having fluorescent moisties that are used to monitor their concentration in

industrial water treatment applications. Japanese Patent No. 55003668

(1980) discloses an atomic adsorption spectroscopy method for

monitoring biocide concentrations by adding and measuring lithium salt

materials to indirectly determine the concentration of microbiocides. This

method requires the separate addition of tracer material and requires the

use of atomic adsorption spectroscopy to obtain results. Atomic

adsorption spectroscopy is relatively expensive compared to fluorometry

and has the additional disadvantage that atomic adsorption spectroscopy

is not readily adaptable to field use due to the complex equipment

“involved, as well as open flame and flammable gas supplies. .

U. S. 4,242,602 discloses an ultraviolet spectroscopy technique to

monitor multiple water treatment components. The method involves the

use of expensive analytical equipment along with computer hardware

having speciaily written software. In addition, equipment must be

calibrated on a site specific basis and recalibration may be necessary if
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5 conditions in the water change. European Patent Application 466303

di scl os€s a frethod invol ving the addition of a substance to treated water
and how it reacts with the m crobiocide. The substance reacting with the
m crobi oci de 4@ o884k Nuousl y neasured and the.concentration qlcrivk9snssss

m crobi ocide is determ ned by | oss of the substance. The nethod is
cunbersone, requires special equipnent, and two separate chem cal feeds.
Bi oci des and m crobi ocides are used to cgntrol or elimnate bacterial

growth in a pyRdgiongfin dhé f\,@_&eﬂbhémsEﬁ.ioﬂeaam&@:htSAHFﬁBa%ionqesQosone _
bi ocide or mcrobiocide is insufficient to control all bacterial growth in
t he aqueous fisglasesisemeghed invobdng The agdisioprefea sibstaoce to Areased ovater

m cr obi ol ogi rgani s interferes with t raocessing of.industrial
Naters bei ngaty SRVEN veRfTs uit tieiolipriiss | Trd BASARRE Fedftinb WD thel
equi prent _t hadiciobiddidé WESRtinydusly MeasaredosiPtReddrfsbntRitRnSef the U S.
Pat. No. 5,206, 151, the disclosure of which is incorporated herein by

reference, dmierlobieoide is,detesmines by jsiss|of thetsubstanse: hEhemeatbodeness of

ccr ooni ng 1 SREERnRrE; ffbied sbBbaP iR, nd twbBeRblaroriMER G 2qbeous
medi um cont afeddsg m cr obi ol ogi cal organi sns; adds thereto an indicator dye,

preferably an oxidation-reduction indicator dye capable of reacting with
dehydr ogenase enz¥iRsides apd, mierobiocidas sresed 1o eriteal or pligiinatekactarial t hen

adds a nutri gFHwﬁFﬁPé“ﬁr Hr &f%}@f&&#ﬁﬁ&%&ﬂaﬁ%&iﬁgﬁe&gm@thﬂgné hi s

oxi dati on-reducti on 1 ndi cat or reat €s are contal ned on a
titrati on pl hiceide bhrmicrebiacide is idsUiflciahtaomaoritrod fall dbacsterial yrowahiimlth@gent |
and the titration I.ncubat ed at tenperatuyres equivalent to the

| ate i
operational B8 'F\aff’ggk G TRttt sThe Bresence Al Lactartalie athefuni ch the
m o1 obi ol 00! fkroBIAIaEbANSrcaHlh intoirareBehAAUNE P5EMPY htthgoce] er at es

m cr obi ol ogi cal organi smactivity which produces an I ncreased concentration
of reduci ng watgrsekeingitegated and may lead to corrosion and other problems with
equipment that is in contact with these contaminated waters.

U.S. Pat. No. 5,206,151, the disclosure of which is incorporated
herein by reference, discloses a method to rapidly determine the
effectiveness of biocides and microbiocides in various industrial waters by
using a rapid screening technique which takes multiple samples of a
contaminated aqueous medium containing microbiological organisms; adds
thereto an indicator dye, preferably an oxidation-reduction indicator dye
capable of reacting with dehydrogenase enzymes produced by the
microbiological organisms; and then adds a nutrient accelerator to the
treated solutions containing this oxidation-reduction indicator dye. The
treated samples are contained on a titration plate with a serially diluted
amount of an antimicrobial agent, and the titration plate is incubated at
temperatures equivalent to the operational temperatures of the industrial
agueous systems in which the microbiological organisms exist. This
method causes growth and accelerates microbiological organism activity

which produces an increased concentration of reducing enzymes which
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6 react wth the oxidation-reduction indicator dye to cause a change in
color. The change in color is then noted. By conparing the first
change in colors in the dyes relative to untreated colums, it is possible

to determ n&é}%ﬂzni mum i nhi bitor concentration (MI.C. ) ofcpikégisggsobi al
|

agents which the grom h of the m crobiol ogical organisns contained
I n the contam nated aqueous system In the reduced environnent
necessary to support anaerobic bacteriaghe redox indicator dyes such as

ind ; ' ' t.
erator o, Gt FARERAEA dlrd, FHPIST Pk ededicA g oo

Ther ef or e, _ _ not anaer obes were
present, as dibeloses armethaadt involvirdg thecaddition of @ sudisyameestd treatadcwaltér.

The ' 151 reference descri bes a, met hod whi.ch y be utilized to test water
Lhat i not HNGAPY € ERRSE: Wb 26 FICIPDIRFIESo J06 SHATTANRe: BRGHES Ut thet  have

a pre-existi | . | Isflatians ' potential,
as neasured r{ﬂg:rb . c‘ﬁ%:ig?régtrﬁﬁ%'og@gcT%éb?r?ﬂéotﬁa dé’?’BFPﬁgfsiH‘g%ﬂH% and col .
6, |ines 67 miarobiocide isrdetdrmingd iy loss bff tkel substanaé.udthe methddrisr i | y

facul tative popul ation. Such facyltative populations primarily respire
aer obi cal | y SUMBREOME reqifes SPRls! eRIReRt, DA MYE SERAAM FAREISRy Ut i1 i ze
anaer obi c regRyggation/fernmentation. For this reason, a test which
effectively uses a redox dye to nonitor facultative bacteria under mld
anaer obi ¢ condi t i Binsidegiand minrobiogisiearara cisad 40 ontrolipr eliminatahasterinlic

popul ation ar .he nptored.under. npder at ] rohi c

condi tions. %gv‘%ﬁdgraaﬁg"\bg ? Fbﬁ%feﬂf]g@(?ﬁi' a%g%ﬁy%%e%@gwﬂ}?g a‘{l}be an effect
on the redoxvidyideBrinitgoBiotidesie inadfiiRat tEYoAtral alkbhcteriat greaitwih thescl osed
herein is to be used when anaerobes (obligate and facultative) are the

predoni nant 3RREUSIMBAYM REINgHERated. presenedef bagierigl gepthar changes in
ot abl | ¢ 5L b1 HEABEMEhE ntortores ki bR eabtg O RAedag O Scl oses
el ec Fapld et o or T He

a product s rontest ror etermnati presence of
syner gi sti c Wwatard beirig trieatdd and dsayolead to corrosion and other problems with
equipment that is in contact with these contaminated waters.

U.S. Pat. No. 5,206,151, the disclosure of which is incorporated
herein by reference, discloses a method to rapidly determine the
effectiveness of biocides and microbiocides in various industrial waters by
using a rapid screening technique which takes multiple samples of a
contaminated aqueous medium containing microbiological organisms; adds
thereto an indicator dye, preferably an oxidation-reduction indicator dye
capable of reacting with dehydrogenase enzymes produced by the
microbiological organisms; and then adds a nutrient accelerator to the
treated solutions containing this oxidation-reduction indicator dye. The
treated samples are contained on a titration plate with a serially diluted
amount of an antimicrobial agent, and the titration plate is incubated at
temperatures equivalent to the operational temperatures of the industrial
aqueous systems in which the microbiological organisms exist. This
method causes growth and accelerates microbiological organism activity

which produces an increased concentration of reducing enzymes which

SUBSTITUTE SHEET ( rule 26 )



7 the presence of biocide blends in contanminated waters. The nmethod uses a
reducti®n oXidation dye system supplied nutrients, admi xtures of one or
nore bi oci des or bl ends thereof and incubation tinmes and tenperatures

provi ding fqg,3eNahd ation of color changes of the dye systemcrusesnsséol or
change to det ec? m crobi ol ogi cal fouling of felts is disclosed in U S
Patent No. 5,413,680. lodonitrotetrazoliumis utilized as the indicator

t herei n. . An Autoreader for rapid@1 C testing is disclosed in the

Journal of (dactivith thd exidlatiohagductiiindicdiér dye td cdusdiavehenge ibhi s met hod
I's inconvenient for field use, as it requires.costly.equi pnment which-is not

readi |y trae@gor Theichangsiaselar is then petathi que described utilizes an

artificial brothyf | Ve . ' ith a high
protei n content Bﬁé@%‘%&“ Sgﬁe}fs Bgte‘&?%é ?‘e%%l##gﬂv&h;ghmfe\?g{ b R‘ieheg‘l nmost
commonl y useetréatedi cbsmng, ithe ppssidle todetstmihe theuniriimuthe intdbitend

i sothiazolin, since they are inactivated by proteins, Furthernore, this
test only weenaentration (i d.Glpf gptimicspbigl gaentswhicy; inhibithe gropvthadful at i on

''s normal | yypy ﬁé&ﬂf»@l%@é\ﬁ&ba Hﬂsccﬁg?&tﬁﬁ'ih r{ﬂethY\?émHa‘éé&'ggBQ%&? tested,

this techni que wou eTuse € purposes 1 nten erein.
Lum nescenceystermutil i zed to count the nunber of Iiving m croorgani sns of

test solutions in U S. Patent No. 5,627, 042. PCT Agg)l{plc tion WO
92/ 19764 descri bsthgedured enviconpent BesRSPapatL3URRYL aRaetabic Pacterta) j zed to

detect m cr gl lgoit!iRdicBtdrdyed é&%té‘«edrégag-hﬂwd{:é \WGd cHan erc%i@rriﬁnce
descri bes how the presence or absence of mcrobial growh may be detected.
The met hod tspohse ¢al the reducedesnvitonmentt hdhefeffers, icotareshmnge aruld obt oci des

on anaer obes. . The subject inyention solves of . t he probl ens
et a | ed anBEieay YHISBELPhoh AnasrBher wale Srsat, PALE BYRPITEBhS | nd! r ect
met hod for {iagid Rlaartd 2 ahiseN sYsitiiarbitoci de concentration needed to
control mcrobial growth in fluid systens, particularly industrial water
syst ens. The '151 reference describes a method which may be utilized to .
test water that is not highly contaminated with anaerobes and therefore
does not have a pre-existing low (negative) ORP. ORP is oxidation-
reduction potential, as measured in mV. The method disclosed in col. 6,
lines 52 - 57 and col. 6, lines 67 - col. 7 line 4 may be utilized to evaluate
a primarily facultative population. Such facultative populations primarily
respire aerobically in the test water, yet under anaerobic conditions may
utilize anaerobic respiration/fermentation. For this reason, a test which
effectively uses a redox dye to monitor facultative bacteria under mild
anaerobic conditions, will not give an accurate resuit when anaerobic
population are to be monitored under moderate to strong anaerobic
conditions. As moderate to strong anaerobic conditions will have an
effect on the redox dye giving a false reading. By contrast, the method
disclosed herein is to be used when anaerobes (obligate and facultative)
are the predominant populations and wherein ORPs are too low to detect
changes in metabolic activity by resazurin.
U.S. Patent No. 5,374,536 discioses a product selection test for

rapid determination of the presence of synergistic blends of the biocide or
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8 It is therefore an object of this invention to provide for a quick
met hod to séreen various and nultiple mcrobiocides and/or toxicants useful
in treating industrial waters to provide mcrobiological control and
especially Hpogggﬁﬁ%ng those industrial waters used in the RCOAEs25364
paper maki ng t further is an object of this invention to provide for
a quick visual screening procedure to screen and test toxicants and

bi oci des useful in control of mcroorgami smgrowh and provide for contro
or elim nat yadpRisefike 't Hidaas mrﬂrsqm&bm&niﬁaﬁiie@waﬁa&s WtHY fetisd Lisés!! arl y

i n the process of manuf act uri ng paper. I's further an object of

t hi s i nvent eorduction exidationave smiemprsupam autr@ats.@dmlmnemfmeoms (often

|l ed pH i ndicat | t h
Crnt o Bt MR T eHe B i erd R PRl BRI S e tPhegtBRERE M o o
particul ar mmah@rﬁblaasbarmmtoﬂ ¢blNcREHHRUSE ﬁu)ésam\fs@aham nat ed by

m cr obi ol ogi cal ani sns can be nade. I's an object of this

i nven'lt3 i on Ei o pr o¢| changede d@emmtqrgbnmwﬁpu@g/af feltssiscdigclosediiml e )
flel . ratngrS: hare NEra R Sotl Spbubig R iliBhigsRng'S P10 e, '

" obj ect of thicﬁcéﬂ&VQﬁérieﬁﬂ to provide for an eaS| |y handled mcrotitration
pl ate containing multiple sanple cells, (o nple well's) each cell being

capabl e of hol di ﬁg‘éutfl!?éﬁ’?ﬁfﬁédamél'm%t‘%ﬁt"m rﬁqh%ﬁh%ﬁd inthecdpirapt ohit ed
k d
aqueous SySt%mcatm.gmb%mg'bng@rg: af% rs“%ei"’ﬁ 5 o Ofe!rsth‘ié‘ﬁ(étﬁgg“r‘éj a Kxnown an

prescribed anoun e capa ‘reacti ng
envi ronnent acorivenipns fduﬁeﬂmsmrdsohyeumﬁes dustlatmimnment‘ whiatdisoyot ncr eased

nmet abolic rates of mcro i cal systens. A chem reacti on between the
car bohydr at ée?ﬁé't‘/a%ﬁ'i’*’fﬂ egyer, he dechniayg AgsRI| eE' YYltze8 ahg t he pH

I ndi cat or dx&, m'%,tQE m%w%%tﬂ,ecnaageme&m ARG 1Aght NI s

i ndi cat or dye |s a freasure of

protem content would preciude use in testing with two of the most
commonly used biocides in the paper industry, glutaraldehyde and
isothiazolin, since they are inactivated by proteins. Furthermore, this test
only works with pure cultures of organisms. Since a mixed population is
normally present in paper mills or cooling tower fiuids to be tested, this
technique would not be useful for the purposes intended herein.

Luminescence is utilized to count the number of living
microorganisms of test solutions in U.S. Patent No. 5,627,042.

PCT Application WO 92/19764 describes pH sensitive absorbency
based dyes which are utilized to detect microbial growth in collected
bodily fluids. This reference describes how the presence or absence of
microbial growth may be detected. The method disclosed herein
determines the effectiveness of microbiocides on anaerobes.

The subject invention solves many of the problems detailed above
by providing an easy to use, accurate, continuous indirect method for the
determination of microbiocide concentration needed to control microbial

growth in fluid systems, particularly industrial water systems.
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9 the increased m crobiol ogi cal netabolismcaused by adding nutrients to

t he aquéous ‘ali.quot contained in the sanples wells of the mcrotitration

pl ates. These nultiple aliquots then are tested (visually observed) for

col or change\g 93}9&119131 ect of the invention al so includes prGggadibosasses
designed to g Tat ne, through a series of controlled dilutions giving
various concentrations of antimcrobial agents to determ ne the m ni nal

i nhi bitory concentrations of a particula antimcrobial agent or biocide or
any conbi nation qf id f?&oR8 ah Brié A thiHBhEioR o Hrédiid ¥8r hiyulcar ti cul ar
cont am nat ed aqueous system for exanple, a certain paper furnish, or

wat er s used rhathdeetarseregastatious @ahdpaplsiple Suenehiogides andfor rdeantsn A

i d nethod for, .deternini he mi.ni i nhi bt ory. trati f
bi bci des or WneSth arssiisnradptia v e pialds PP RS B0 g ueous
systems is igpebRfi9dn trdting tABLE InARBMIAIONELS Qebd @s thdpradassfortunity to

determ ne the m ni rum anmount of antim crobial agents, or biocides either
si ngul arly drapesmgkingti on, to control anaerobic growth in agqueous streans

' db ' ' . The t i_nvol f. pH. i ndi
Gontam nated b Tk e B By BB AR o
product i on ofcréemng Precsduré 16 achad shicdhtastrlokirants and biociduwensstasin The

techni que provides an answer within a time period of from about 30 m nutes
to about 8- 1Pl micreggasism SEWHY ard pravde for spirdqrrdinipatios &% require

up to 1-2 V‘ﬁﬁl&?eo@%ﬁisﬂ#?ﬁ&iﬁﬁ?ﬁ%ﬁgﬁ&W&gp%’lgf:dnrﬁélﬂa lil???@{)%c l&fi _pI e

sanple wells on a Ccro ratio e an ni que ransterring
prescri bed ahangufacturiig papérani nat ed aqueous systens, nutrients, pH
i ndi cat or dyes, and increnental, a?ﬂ(% erially diluted concentrations of
anti- nicrobial ag‘e'ﬁtfé'.’thBEEErq Gt "gfs yentioR & Use i the Vistphe nethod is a
means of det b i | FYaTo W] hatl i Lmal for
Use i n paper SasRueg cHReflof IAHLHET, AN call ot bPl NGRSt WARGh

change color in the visual spectrum such that a determination of the

minimal inhibitory concentration (or MIC) of a particular antimicrobial agent
in an agueous system contaminated by microbiological organisms can be
made. '

It is an object of this invention to provide a quick method for
screéning various and muitiple microbiocides and/or toxicants useful in
treating industrial waters in the field, rather than in the laboratory
environment. |

It is a further object of this invention to provide for an easily
handled microtitration plate containing multipie sample cells, (or sample
wells) each cell being capable of holding a determined volume or aliquot of
the contaminated aqueous system. To this aliquot of aqueous sample is
then added a known and prescribed amount of a pH indicator dye capabie
of reacting to environmental changes due to carbohydraté metabolites
formed by increased metabolic rates of microbiological systems. A
chemical reaction between the carbohydrate metabolites formed at
increased metabolic rates and the pH indicator dye compounds then

produces a change in the color of this indicator dye which is a measure of
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10 m croorgani sns. The uncontrolled growh of mcroorgani sns can cause
unsi ghtfy deposits that can cause paper breaks or holes that result in
costly downtine. Wien testing for optinmal agents, it is inportant to test
agai nst the %tJ 4 1Qopul ation in the popul ation's environnmenperasydnsdsat he
actual {1 ui ds_of9 t(he dynam c systemin which the popul ati on exi sts. Both of
these factors will influence the efficacy of the biocide/antim crobial
agent. Because the antim crobial agentsgare very costly and can only be
applied to : : i : | b Weol for a
systemis. eiﬁ% g'?n‘%ggs‘?adng@% g‘:’fﬁ#&%'erﬂtg ’éﬁ?‘%@t %ﬁ&P?@g&@éﬁdﬁléﬁg@{}’a amll
site. This nhy ahaesay aligliot tuntamed inithe safmpben wells lof the micostitrativor at or y

designed for testing paper. machi ne f]Juids. During shjpnent, the m xed
popul ati on ®iat&fcr r@aﬁ'p&ha §fagn Pf?rée,s_t%‘i’ (‘3%;“ pPsarve eﬁ’é’el ves may
change chemegl ahanEBeS THAGHRES of Bid FyBRIiD BV HeRERs HiBcatlregT™ Of the

testing and result "n a poor-: | OCl

THE BI OCl DEdesigned tohdeteeminehitimiudb & seridscai ¢ontaaifednditutiomstdieingrt as any
type of antimcrobial agent that j.s.capable of producing kill. in biological
Syotens. TheaigumaBGenatpes of eptiTiabEh 2R 4Pt T ERhe BInel n or obi al
agents (a syhsiBitoRf cOh&HtFitionsid¥ed paftRuld inkintierobialddén of pieE8s ot hat
prevent biol ogical’ growth or biological systems fromactively nmetabolizing.
The anti nmi cranlyi cdmbigetioniaf these aptimicrobiahegentisay kincides im atpastidulef one or
nore biocides. In.general, an antim.crobial,agent i.s mcrocidal or

T cr st at | o CORPRSTAS ARupRlY alel: {6h PRaRpisr 3ot mBbeh A o ng

“cidal " (ki Watess us@dinstie MdNubaditaresyEpgp@r. or m crobi oci dal, neani ng
"cidal" agai nst mcrobial systens, a subgroup of biological systens. These
terns are usBHMNGN:OF SRS MNQIUON n | ndustry and are understood to be

I nt er changeabl e )Lyl | e | : : rative biocides
are listed in Ta%?/é%}.‘,? "ft‘)%t{ﬁothhfi%g d%%ﬂ‘rll{uﬁ ntﬂlésm'r%rpuﬂ '%hlde'gﬁ{’o only those

bi oci des | i Slondenirbtion®if iscidé ot Biosidak agehts fonyuskiina@nderobically

contaminated aqueous systems is disclosed. This rapid technique

provides for an opportunity to determine the minimum amount of
antimicrobial agents, or biocides either éinguiarly or combination, to
control anaerobic growth in agqueous streams contaminated by
microorganisms. The test involves the use of pH indicator dye systems
which respond to the environmental changes caused by the production of
byproducts of carbohydrate metabolism by anaerobes. The technique
provides an answer within a time period of from about 30 minutes to
about 8-10 hours as opposed to normal testing procedure that can require
up to 1-2 weeks. The test procedures uses multiple columns of multiple
sample wells on a microtitration plate and techniques for transferring
prescribed aliquots of contaminated aqueous systems, nutrients, pH
indicator dyes, and incremental and serially diluted concentrations of anti-
microbial agents.
D ipti f the | "

The method is a means of determining which biocides/antimicrobial

agents are optimal for use in paper machine fluids tc control the growth of
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11 TABLE 1

Bl OCI DE Bi ocf de Acti ves Typi cal Use
A 3,5 Dinethyl-tetrahydro-2H1 , 3, 5- Preservative for

t hi adi azi ne- gd Q08 starch and clay p8rmusoddaéday! ene
bi st hi ocyanat e Slimcide C 1

-ALkyl (Cerr]- C[err])am'no-3-am'nopropane Slimcide acetate &

Bi s(trichloronethyl) sulfone D Gppor o- 2- net hyl - 4-i sot hi azol i n- 3-one
& 2- Slim ;

Preservati Vgﬁﬁ?oorganﬂnksy:\#h?&{: ﬁ? ’ag‘%\‘?? aﬁgﬁﬁ‘dﬁa&?"o"r‘? gcan ca sFm’ ci de

Di al kyl et hyisigiatyz¢e¢ponitsotiiatican idaase gaper Breaks or holes that result in

2,2-Di brono-3 il o- nan de NPA i m.ci

2- (Thi ocyancﬁ’t‘ﬁ?ﬂ“ qvﬁnﬁﬁ‘ebe hﬁea%é SB Pﬁ?%rﬁﬁ' 1% lmportant to test

Bi s(trichl oraasﬁ{s*ﬂxhé n%ﬁk,a%ulatlén in t’ﬁad;sdm&idm& BAUHbAMERE ARAIPIHR &

Disodium Slimcid | ene bi's-dithi ocarbamate

d ut ar al dehyaséygal, fBJl@%nf ahedlvoamnc system lnSWhmi'ciMepoPulalﬂtm e:hism oBobklyl )-3 ,5
7-triazoni

N- 4- Di hydr O?qugﬁﬁ?]in%?%&ﬂ@ gﬁ@r X (#F ggflcacysﬂ ﬁae ?’88“’9/ ar[amncr%all um

hypochl ori t eigent.MBecads&titk &htidictobial ag&hismrev%maast LH’ahH can only be
Decyt hi oet hyl ami ne The

nutrients n@ppliedite selagsed arepsdseleation of ansinarllyi antive; bIOGIdGSdN aas anyt hi ng
P e s B4l HobBEAE R B8 o a1t "
assi m | at es siteodT hls may béhsbvierd] thoudaridermile® Frdih alf&lI&eMéﬂéﬁorafdr Obt ai ned,
for exanple, fromthe DI FCO manual and specified by the American Publ i C
Heal t h 'designed for testing paper machine fluids. During shipment, the mixed

population of microbes can change over time, or the fluids themselves

may change chemically. These factors could both influence the outcome

of the testing and resuit in a poor match of biocides.

THE BIOCIDES
The term biocide is clearly defined in the art as any type of

antimicrobial agent that is capable of producing kill in biological systems.

The term biocide is also used in the art to refer to antimicrobial agents (a

subset of biocides) that are inhibitory, and are agents that prevent

biological growth or biological systems from actively metabolizing. The

antimicrobial agent is defined as containing one or a blend of one or more

biocides. In general, an antimicrobial agent is microcidal or microstatic,

although microcidal can also refer to biocidal, meaning "cidal" (killing)

against biologic systems or microbiocidal, meaning "cidal" against

microbial systems, a subgroup of biological systems. These terms are

used interchangeably in industry and are understood to be interchangeable

by one familiar with the art.

lllustrative biocides are listed in Table i, but this invention is not
limited to only those biocides listed. The method should work with any

biocide.
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12 Association in "Standard Methods for the Exam nation of \Water
a single exanple of a nutrient,
such as DI FCO or
ired by "Standard Methods",
ightly controlled by public health and nedical
I ndustries so the termnutrient broth is not a generic term but

Wat er".
fromeither
same fornul
speci ficati

"Nut i ent broth,

comer

oHOdY Y

cial supplier,

above.

may be obt ai

S

and \Waste

ned

BBL and is normally the
The frerRydon 25084

understood to nean a m xture of dehydrated powders containing a ratio of
three parts beef extract to five partyaggpgone as normal ly used. Nutrient
broth is a nutrient that is a food wWyggggecel erates activity and growt h of

m crobi ol ogical organisns. Nutrjent broth is a specific tvpe of nutrient.
d ucose and Rioaidg |hal f and half Aatwemm zed crearmer areTaApmlhlsErl erts.
d ucose i s fakse—kHawa N pe - ry hal f
and hal f, acc;§d| r? Section
131.180 is|a food r{h.gdra’gmalz.{q-"@m cream cont ai ni ng t@tmamna(h@,% anc 18%
mlk fat. Wtra pasteurized is a termdefined by tha Pasteurized M1k
Or di nance (QodeB as |MetRyiepaibisthiorwanate at a tine and t%'mié'ﬂature m ni{mum of
280[ err] F [forstw _W " trTen fTTed-perm t s
and i s desilgned tqd PSR e gro %ghmpg?f)épﬂéoduce_ ar%ﬂﬁydrate
met abol i t eg whi ch |reeetste &i Bis(ttibidorbreathyliisuifese t he grovvt h is term natjed or
|S rrade StffLC Ja_y tJ}n add_llt:c:n af thao ~Anti M ~r Al Ncn%s J313|41n g_d \,d.
The functign d? t & GhERr2rmethykddisothiszelin- ?‘r?&eeggge 1B et abolli sm i n
order to aljfl ow t hg MathyPAsSARIaSH-3@hebY - Product s prigesgdative t he
organi sns, [ta reagt w.th the pH dye This reaction ils indicated by col or
change in thhe Bl uildkyitdimgthvifesaylammiesium chioside %Cﬁélmla«igr in the |met hod
descri bed herein i | @rhi%lls h . Al nost jany
nutrient or_food cz?ﬁélgg caﬁ%ggg?iip‘ %@%ﬁb ga{ljm or agar, if agar-ggar is
added, to rakeFa @, 2/DibdonicmB-nitsidd- ptdpmnamudelﬂnBNPAI | @limitidear i ous
m cr oor ganirshe—Fe—pat-er-ak-s—-oune—n—t h% acEel-eratgr—are—correRlyHused in
agar growtH medi a |(GSAIRRYaNEeHHihig)hengothigzgia® 4 Slimicide
Bis(trichloromethyl) suifone
H Sodium dimethyldithiocarbamate & Disodium | Slimicide
ethylene bis-dithiocarbamate
i Glutaraldehyde(1,5 pentanediol) Slimicide
J 1-(3-Chloroaliyl)-3,5,7-triazoniaadamatane Preservative
chloride
K N-4-Dihydroxy-alpha oxobenzene chloride Slimicide
L Sodium hypochlorite
M 4,5-dichloro-1,2-dithio-3-one
N Decythioethylamine

THE NUTRIENTS

The nutrients named are simply foods, which are defined in the art

as anything nutritious. Nutritious is further defined as providing nutrition.

Nutrition is further defined as the process by which an organism takes in

and assimilates food.

The term nutrient broth is a term of art obtained, for exampie, from

the DIFCO manual and specified by the American Public Health
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13 food source can serve as a nutrient in a growh nedium Sonme of these
i nclude 'V-8 Juice and corn neal, comonly used in environnental
m cr obi ol ogi cal agars. The concentrations of nutrients used in a

nutrient accglerator are different than those used in a growhrgsmibeE
BBy,

Again, the p the nutrients is different. In the accelerator, one
attenpts to increase mcrobial netabolism and at the sane tine not to
grossly change the conditions of the cogpercial fluid. The design of the

accel erator : | k&S that :!%? j: t he
concentrati oél%#lé)ét}ir)\d(]‘ {nn aggbgfoolc\:'%%ﬁ?n lieorrfé(g'rgeE W hﬁ'ﬂgbgc&,’?%\%%bdof certain
bi oci de and Wagtelwater'vaNeatridntrbroth)ea singhd exarhpie ofd nitriemt \amydsesi gned to
mnim ze this problemwhile still pronoting rapid mcrobial netabolism

One of the RAteiedsirem eithericommpatcialfiprliet suc asiAFCer BBhkrandiis
requi rement %era@ttgtwan@ffar%unafaggég&igécfbgg%gwars MgHREY! SOV set forth

for sterilization erilization 0 one so ere 1S no’
requi renent The fahanlalandaspesifidatibns aretightiy eontrolled i gubdic ldalthuamd ent s.

Moreover, the sterijljzation procedures, that are normally, attendant with the
'abor at of y prEAEALINdUETEs B theteriedisht Proty st & BRBScTeRRbE Bd i n t he
field. undidpstdod! 8 $e8hid r‘n?:&MéJBLBéh&ci}%téw&éwlﬁ,gi?s%orﬁglrdg?%Q tio of

materials, etc. 1s not required in the nmethod outli ned I'nce the
popul ati on ithrespasheef extractita éve ipartsegpeptone as unoentaliy used hdutrientre peri od

1-8 hours), it is_ the.native.populatian of the water. that will prqvide the
gn'crobi ;I Zactfr:o\%!i’ Iﬁ/aé‘b’gﬂ?@e a?r']é) Pﬁ8°§a¥*ﬂ8'a.a°?ﬁ'|*’§af§ﬁ8ﬁ“’ Yﬁﬁdﬂpl‘“ﬁg “?Qfs one of
the bi g advanicresipidticdiRgambhed NiGient brotdich SpasiicityecbeAlitrht. _

t echni ques. Typically, the popul ation in a test sanple of comerci al

wat er wi |l cont ai®lusose epd-diary and hald|pasteurizediongamer aee @lsou) bacteria
per ni. If trnftrigﬁg lfl é‘dc%@e'ié aLs%Vﬁ%%vgn%Qgc%qgﬁo%goanﬂiﬁéa"%gﬁqqg &%‘%Dtta nts of the

test wells w react wtnin our he met hod
and, nore i rquyaramadisy halhant dwlf, wicbordigy to tisy Cdde af (Fedpfdl Rpuldtisiae to the

biocides. It_is very easy to kill |ow nunbers of bacteria with al nost any
Chapter 21, Section 131.180 is a food mix of milk and cream containing
between 10.5% and 18% milk fat. Ultra pasteurized is a term defined by
the Pasteurized Milk Ordinance Code as milk fluids treated at a time and
temperature minimum of 280° F for two seconds. The addition of
nutrients as defined permits and is designed to accelerate growth, which
produces carbohydrate metabolites which react with the dyes, unless the
growth is terminated or is made static by the addition of the antimicrobial
agents being added.

The function of the added nutrients is to increase microbial
metabolism in order to allow the microorganisms, or by-products produced
by the organisms, to react with the pH dye. This reaction is indicated by
a color change in the fluid. The purpose of the nutrient accelerator in the
method described herein is to increase microbial metabolism..

Almost any nutrient or food can be calied a growth medium or an
agar, if agar-agar is added, to make a material for isolation or enumeration

of various microorganisms. The materials found in the accelerator are

commonly used in agar growth media (except for the cream). Almost any
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14 comrercial antim crobial agent. The chall enge cones when trying to
control ‘the popul ati on when there are nmllions of organisns per nL of
fluid. This challenge has been nmet by in the nethod di sclosed herein.

Al though it is not necessary to performthe test under steril @945 j ons,
it is necessﬂ?%’%“ﬁse cl ean, non-spoiled materials. Any nmat EE?@S h%“t

show si gns of contam nation nmust not be used in the test. The
nutrients which my be added to the alig t sanples treated with the pH

I ndi d | bed ab i_ncl ud ' N | ut i
Suspensi on WO SATEP GBI SRS BeLNIERT BT6 oAb ARl cBoffe.otoinGessc.

sucrose, frugchaR VieRiiceuhd a6ém Meal eBmmokiPuseaThiditiroRmepkalbeelf extract
and peptone is often called "nutrient broth") tryptone, mlk, half and half

cream yeast Misfopidegicalragass. ni xt ure of the above. The specific nutrients

to be preferred i L our.rapid nethod to deternmne the nmninum
I nhi bitory concenﬁr‘%tgzagﬁé nosoﬁf 3'?18’3”? 8&?“@!" 311?[‘1?“? r e .ra e is a
m xture of ghiftepent tham! tHosBtusetah a growthahbdiantl Adfain, ahelrposd Bethe! une
ratio of approximately 1 to 8 to 10. However these nutrients may be bl ended

in any reasof4Bients i difterente tnothemrccstaratoraaue stiempistalingregeeci er at e

m cr obi ol ogi | Iyl ' LN tur t tabol i sm
rates and fo’?ﬁéﬁ?lafdaﬂﬂ?#éggr ohélgc? )aé{\gmn%%‘ggg}ﬁ#&%t\ﬁ?gghsﬁgfﬂlgﬂéggvgereact

wi th the pH cortition®of dyesonimencia fiuid.eMhe desigiyofthd actdldratotridolingsi s t o
the solutions directly on the mcrotitration plate, mcrobial activity or

m crobi al r SR APT0RCGUNt ABALREtBING nUSeR AR ENA FaRRanttations forad Aol i ¢
f ! crea: For | |
processes of agdig, Bis 'ir?c_@FfQ?é‘}nﬁﬁ]{Hbcé o1|‘ Qerl?érﬂ‘fil?ﬁd% %@dgﬁﬁy rcl%lgga R

Therefore the interaction o ese netabolites w or dyes
provi des fortheomi {Tiwei angetarhtordoiiitidri twas\designiee tor minimdsesthis plobiem el ectron
transfer syst E.ﬂ‘l il . . . M | TRATI ON PLATES The
mcrotitrati o st é’§°ﬁ‘§’étﬁ‘9a'ra8'dp%?f_8P?br"fteP HWMpl astic plates which
contain nul tipl e oaé eiMAe Yendfily 66PMStartahléticARTthet WedrkSaraHd Mul tiple
well's in each colum. Mst preferably the mcrotitration plate

requirements for sterilization, therefore there are no provisions set forth

for sterilization. Sterilization need not be done so there is no requirement

for sterilization before or after the addition of nutrients. Moreover, the

sterilization procedures that are normally attendant with the laboratory

procedure are neither necessary nor can they be achieved in the field.

Sterility/sterilization of the nutrients, solutions, materials, etc. is not

required in the method outlined herein. Since the population in the

commercial water is being measured in a short time period (1-8 hours), it

is the native population of the water that will provide the microbial activity

observed in the method. This short time period is one of the big

advantages of the method over standard biocide selection techniques.

Typically, the population in a test sample of commercial water will

contain 500,000-10,000,000 colony forming units {cfu) bacteria per mL.

if the population is lower than 500,000 cfu/mi the contents of the test

welis will not react within the eight hour time period of the method and,

more importantly, the test will not provide a proper challenge to the

biocides. It is very easy to kill low numbers of bacteria with almost any

SUBSTITUTE SHEET ( rule 26 )



15 contains at |least two colums of at |east three sanples wells in each
colum.* Preferably the microtitration plate contains fromabout 6 to about
12 colums, each columm containing fromabout 6 to 12 sanple wells.

However, the‘iﬁég) %&gs may al so be, for exanple, white ceram gomiiseR5864 O
any other pl o8 construction of proper background to provide easy

readi ng or visualization of color changes. These plates nmay be obtai ned
from Co-star Corporation, Canbridge, Nagg. Into an upper series of

sampl e vel | S oABldig ARG aCAderlC TR CAdIRnGY ol whBh g dh (he

mcrotitrations p e are added ‘equal umes - of al 1 quot t he aqueous
syst em bei ngdnesi eble pbpulatiopewheanthearerare snilffonsarfpdrganishisper mLaafded a

i bed at | f pH jndicator dye, i ent d antim bi al
Doent . The dMoictoshalenas iR pesn 3Rt BY.in e corttiod disiPand PRfRnG 11 om
about 0.1 parts pQindlig # 3¢ nbf nECE¥saR} E@bbﬁBrr&l&PFQeépﬁH&eﬁsﬁﬂ% parts per

mllion. Then by using nmultiple pipettes, serially diluted anbunts of

anti mi cr obi adonditionsy itisnmenessaryi tongseoéleamt non-spoitédimaterials s Arangi ng from
about 0.1 parts r.omllion to alout 5,000, parts, per, mlli,on. ar dded to
eooh of " tho Taatasf tih sho,sighsibt onemomidion hust REY bR yisatif o6 il am) ¢

wel I's cont ai ni ng tHenbirhed Wihith Ynayobe addédte ehé aﬁ&u&ﬁé@ﬁﬁegﬁﬁba@e&er ially

di l uted anmount of antim crobial agent in each of the sanple wells in each

col utm. Ei t heithpbe gtbinsticaipt dyes Heseriadnabavstingludg gyt nutrient im selwbiont of a

it rient e epelpe il oeEREr ah BeR Rtipp O DutatIIB88 Hholhs

col um, of saiEpbes, MRkdtoseObdeti a¥itrigt psiona) (the dombingtic® 9t @aeferfracgual
aliquots of the.contam nated aqueous systemto which ever decreasing

amounts of AN ReRtEDBiiBCTiegerAlleHanuliant braded tryRiPEesEiikebalifanddraibasi ng
amount s of at%{anﬁ‘é e ’anxgnﬁﬁ%epéfe@%@beov%f ‘E‘\‘% Eggéﬁi?.rﬂﬂ eftsPH
10 of mefabol ¢ activity

i ndi cat or dye neasures’ ' m cr 0gi ca

refl ecting itodsepeefdrradtinthé ysefof tdue rapiganethod toeddterminecthecmiromunt ansf er

system Eac hmﬁi Iit%;ry cgggér?trgtigrjn EI\flIFCg)eoq‘ta gi':r%ﬁ:iu?a% a%%%iré?gbial agent is a
mixture of glucose, nutrient broth and half and half cream in the volume
ratio of approximately 1 to 8 to 10. However these nutrients may be
blended in any reasonable ratios one to the other and successfully
accelerate microbiological organism activity which in turn accelerates the .
metabolism rates and formation of carbohydrate metabolites which may in
turn react with the pH indicator dyes of this invention. By adding the
nutrients to the solutions directly on the microtitration plate, microbial
activity or microbial respiration is increased and metabolism rates or
metabolic processes of the microorganism increases to provide the results
above. Therefore the interaction of these metabolites with the pH
indicator dyes provides for monitoring cell viability via the organisms
cellular electron transfer system.

MICROTITRATION PLATES
The microtitration plates used are preferably clear plastic plates

which contain multiple 'coiumns of depressions, called sample wells and

multiple wells in each column. Most preferably the microtitration plate
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16 the m crobiol ogi cal organisns contained in the aliquot sanple of
nutrient tréated nedia. This titration plate containing separate
colums of multiple sanple wells, which sanple wells in turn contain

serially dec‘&ﬁg%@gs concentrations of antimcrobial agent inpcqgsaknassh quots
of m croorga d equal amounts of nutrient and pH indicator dye is then

i ncubated at tenperatures which may be essentially equivalent to the
tenperature of the contam nated aqueousigystem from which the

m cr obi ol ogidAkaiRs %”éééﬁmf&@élﬁmr{%aéﬁ& fRasPiRge ‘é@l‘ﬂ%lé%r WelIE M bictobt ai ned.

Essentially equivalent tenperatures is nmeant to include actual environnent
t enper at ure qmﬂumnorPrBfe'rablyauir@umcI@tlttsi[lm p]até:coﬂimas;fﬂom abaut 6rtotabmdr at ur es

t | t t || t 90 . C. Thi
houbati on i POfms,dacB Foup ot BPEHEB0G GEd dRtPORE Rlge 1 n ¢ he
7 Dot o kb, <o BHdbed it 5 LD et ittty e

envi ronnent al changes caused by the productlon of the byproducts ‘of -
car bohydr at eanyevthien pfatelike sonstraction of thropen backgrundateoprovide eas\y in the

Pack Syst om'PPORBNTLteAoR s lor Fhedsto Yy B et Beisbraittnncod
t hr ough Renttoreyo-gearcDiipay&tibr, Carhbidge, Udass. Thi s lncubator tine
period may be as little as approximately 30 m nutes and may be as |ong as

from 8-10 hours. !a 8nupper Aeries pksarppler wells rynning dansversebhecross theurs, is
consi der abl Xnaﬁ fpid ﬁ{)luﬁ%bfﬁ'\ean\%rgﬂﬂﬁp §%ch¥ g?%ad Qﬁh&l’ fn stde

presence of ory concen rons I'm CI’O agents t han

previ ous t e&ms;ubﬂi froni thd aqudiual syatémvivdinig tésteds 'Emﬂquprsame 8édes BEubat i ng
time of between apprOX| mately 30 m nutes and 8-10 h?EB fhe titration
I

plate is rerfdiRie e %/?’?Lﬁﬂqes‘?‘ 2 REaRCHBRD coNgRAEFHIME iBAicaker@eY whi ch
have occurr %th@n@?ﬁé‘ aﬂ{mﬁ&%bﬁi’iﬁa V\ﬁt h%n‘ﬂ%:@%‘i‘al %fgehfrs &@delREa0f the
en t wel ['s e

titration plate tes are rea untreate turn t

appr opri at e aovicentratiepeanging frgroraboiuit €h1 dyaetsieess’ ratllidn echncEimération upim
| nhi bitory Co acb%rllJttrBa bbg paor{s per million. Then by using multiple pipettes, serially
diluted amounts of antimicrobial having concentrations of antimicrobial
agents ranging from about 0.1 parts per million to about 5,000 parts per
million are added to each of the sample wells in each of the columns
thereby achieving sample wells containing the biclogically contaminated
test waters and a serially diluted amount of antimicrobial agent in each of
the sample wells in each column. Either béfore or after the antimicrobial
agent a known amount of a pH indicator dye is added to each sampie well
and a known amount of a nutrient media is also added thereto. This
obtains a series, in each column, of sample wells containing a serially
diluted sequence of equal aliquots of the contaminated aqueous system to
which ever decreasing amounts of antimicrobial agent has been added.
This series of decreasing amounts of antimicrobial agent, in the presence
of nutrients and a pH indicator dye then measures microbiological or
metabolic activity reflecting increased activity of the organisms ceilular

electron transfer system. Each column tests a different biocide against
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17 antim crobi al agent contained in each colum is determ ned at that |evel
of concentration where the first color change is observed going froma
| ower to a higher concentration of antimcrobial agent in that colum. O

cour se, eachw(r)%%?ﬁgcont ains a separate antim crobial agent ﬁ@fm?és&ﬁ#ﬁ?e) .or

separate m X r eof . The process nmay be repeated using er ent
initial concentrations of antimcrobial agent until repeated experinents
confirmthe m ni muminhibitor concentragjgon which will control and maintain

control of e RRkSBIBRHS JoFTal ' ?(ng ge=Tely i treated
with the anﬁwmr@% |'gﬁigg‘géér??§ §%&é}n%£ﬁ]ggé'§ ét er n@ﬁi%?\g'{%'%ﬁﬁum
i nhi bitory doeatedtmediaon of antimicrobial agents is particularly found

ful wh th t am nat \ t bei t est . t ock
Fur ni sh vt or s obil A GHERP Ay ACDEAIN NG SHARERRe SRR OF SRl BPe.

manuf act ur | ngefd,\WhicH Carfitle iGN ) i cBhediA s8Rkl BBGREAGT oM nut 1| ent

broth, glucose, dairy ha and ultra pasteurized créaner, and m xtures
t her eof , whicancentrations od yantimicrobia lagdnt irhequal diguotst of midreorganismbed

above. The mcrotitration pl.ate .contajns .at.|east three, .preferagbly four
col ums of &t" gggql %?H"qﬁrﬁf rﬂﬁﬂ?’étraa’ﬁﬁaa‘f'qc@ggté‘@ ﬁtﬁegdﬁ’_ﬁ)‘i’e@tﬁglqts each.
The m croti tlepide?Qturb& whidh ehd|PbéBbéehtiElY L RivAEMSD, theSlefiPdtaturblofar €
preferably clear plastic or any other nedia ich may tolerate the

i ncubat i on ttsrardaninated aquedus systeiofromambicth thehmicrobialegigak easonabl e
background o j ol.ars can he gbserved and.i nterpreted. The treated
titration p|%9§'nﬁs§bsn§??ém‘93ﬁeﬁcﬁ?ﬂﬁ8% Wils & W%’MIQ ailéfgt gﬁjﬁ?&PﬁPW es ranging
from about HYuivdlbntenhseratirgs iSRieant ko incllids astuakehvifortheht M rangi ng from
about 30 mnutes to about 4 to 6 hours. In addition, the incubation

may be conpltemRerawraplyser minisabeutothrd S Sudhessingwhetialmospher e
Phe" nesnot Ry UF BBheE200T SASRINS LRGS0 S, her
w | | be obt arhisdhoubiationvisIfbr a period of time sufficient to develop the change in
the indicator dye color through the reaction of the indicator dye with the
environmental changes caused by the production of the byproducts of
carbohydrate metabolism produced by nutrient accelerated activity in the
test media. The sample plates must be incubated anaerobically. The
Anaero Pack System from Mitsubishi Gas Chemical Company which can
be purchased through Remel may be employed for field use.

This incubator time period may be as little as approximately 30
minutes and may be as long as from 8-10 hours. This testing time,
preferably about 4 to about 8 hours, is considerably shorter in time and
considerably more sensitive to the presence of minimum inhibitory
concentrations of antimicrobial agents than previous tests for antimicrobial
activity. After an appropriate incubating time of between approximately
30 minutes and 8-10 hours, the titration plate is removed and visually
examined to determine color changes which have occurred in each of the
sample wells in each of the columns of the titration plate. Plates are read
when the untreated wells turn the appropriate color, depending upon

which dye was utilized. The minimum inhibitory concentration of
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18 give the operator information in regard to the response of organisnms to
bi oci de§ under anaerobic conditions contaninated agueous systens. The
invention is a nethod of determ ning the mninmuminhibitory concentration

of an antim rogi agent in an anaerobe contam nated aqueoUs~HysdsBiEes -
conprising t 2% PZ‘{J% : a) obtaining a sanple of sai dﬁ%:!ont am nat ed

of
agueous system b) adding a pH indicator dye to said sanple which
reacts with environnental changes causegds by carbohydrate nmetabolites of

ac vi ron ges cause b |
T eat od nut ArApergbial sfknt cBABTEN Riddch i, 3 HeloniRg B el UM 61 OVE

treat ed nut cbreénteatitaowhesy sheffirst color clegnge ip abiservedgoinglftomlelovesr al
dilutions of an .antim crobial agent.to be testeqd form ng ?ixtures of
e

L d
sai d al i quof® adtighsfecengentralion ?ﬂH’F‘icé?R'?'a%ﬂFé’GQ%%E%?‘é'Hmﬂ'tﬂ ach of the
sai d serial djldat i.QBR ;cofumn co}ﬁairls la%#%?éttﬁ%tﬁﬁb%ﬁ%l%??ofﬁ@@fd&?'o?a! ly at

a tenperature essentially equival ent e tenperature o cont am nat ed
aqueous sysiseparfate naixpaeithdrenf. ti me sufficient to devel op the change in the

dye color by the_reaction of the dye with said enyirgnmental changes caused
by car bohydtat o TEPABOFPTLavRrepeated yging GfleBR iR onsentaoRam

i nhi bitory eeRmERliE@bidhgeht anti FApeaflY ekpatiRénts deMfirm M Hmimimmaer obes
contained in said contam hat ed aqueous system by observing a change in

col or. intfpitoheomendrationewhichewibeontoeltant maindginacprdmloisyst ens may be

paper 111" AUFIRESpISHAALPEEpRPeI™ e P B RERRERS sARRE 3L diat or o

paper m || @htildigrdbiab@digens., open recircul ating cooling waters, closed

recirculating cooling waters, boiler feed waters, sugar m |l _ processing

Our method of determining minimum inhibitory concentration of
antimicrobial agents is particularly found useful where th'e contaminated
aqueous systems being tested are stock or furnish waters obtained from
various locations in a pulp and paper manufacturing mill. The nutrients are
preferably chosen from nutrient broth, glucose, dairy half and half ultra
pasteurized creamer, and mixtures thereof, which mixture may also
include the other nutrients described above. The microtitration plate
contains at least three, preferably four columns of at least four and
preferably at least eight sample wells each. The microtitration plate are
normally made of glass, ceramic, but are preferably clear plastic or any
other media which may tolerate the incubation temperatures and time
periods and which provide a reasonable background on which colors can
be observed and interpreted. The treated titration plate is normaliy
incubated anaerobically at temperatures ranging from about 30° C. to
about 50° C. for a period of time ranging from about 30 minutes to about
4 to 6 hours.
In addition, the incubation may be completed in an inert gas

atmosphere such as that atmosphere provided by nitrogen, helium, argon,
and carbon dioxide among others. When the incubation is performed

under inert gas atmosphere additional results will be obtained which wiill
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19 waterss, chem cal process streanms, fermentation streams food processing
wat er s, and petrol eum and refinery processing and effluent waters.
Addi ti onal | y, the nutrient may be selected fromthe group consi stl ng of
hal f and hal fy&lgd 445 eaner, yeast extract, glucose, sucroseg ,%gg;,
gl ycerol, beetr extract, peptone, tryptone, mlk and m xtures t ereo

The serial dilutions may be perforned so that the final concentrations of

said antimcrobial agents | n the serial 4gi |l uti ons conprise concentrations
rangi ng fromiade JSgr million,
on the basi ;Blof ’t’%ggtegattg rngﬁoﬂA H‘cr%pdttgtﬁ%e O}'geg’&trgsel'ﬁ\%ﬁ} r©at ed
aqueous systhiocides undEhanpﬁobmjctmdmonsd;zentm}inbtedsaﬂtwb‘ue(kyfsté?ﬁst he group

consi sting of br cresol, bro reso] .green, bronmothynol bl ue,
Thes

chl or ophenol red Iny¥enHR '%Ed'@e'a‘?p erThiging, the: ayinigim pb’h'@htfpf‘rf ed.
The serial didnébhfasioR ofSa Qnﬁssecras.sﬁa t1Hi Giderth BBHmTHALRT Y be

i ncubated on a mcro titration plate ¢ taln I ng at col ut€mms of at
| east ei ght amlebgséalstﬁmammnrim’ ﬂwbmplsmf is perforned at a tenperature

wi thin the range of fr about 25 rrg t 0 _about gogerr C. and for a
tinme period withi théJ gryw staf’{pg‘?ﬁ’ g carsaminated 0Hgous, 5V$tedY hour s.
Vor eover , dur i ng §)ncubaigiria HM MAEESNEYE 16 QBiAMBIE WARAIERERN an | nert

gas is maintained over the treated titration plat I nert gas may
be sel ected Wd’ﬁﬂm%‘tgr@lqnmmugedhgQﬁrbﬂmrammuﬁahoi]tes of saidFor t he
practice of th bﬁ He@sventlon step b) is delayed from30 mnutes to 20 hours.
To provide furt f nformati on about our method for determ ning m ninum

i nhi bi tor concentc)ati addiig Avtrient ¢6 @BidéarAgietoSform & 86 Frdated adtrfgHteous
systens, the foll owi ng exanpl es are given.

EXAMPLES ~ 8Queous sysleMmt el y 100 m . of filtered paper furnish either from
stock furnish, tiggsue bRy aliflot b e GYE Q*e%?e%ﬁtr?e%ttaaqr&%gus

system;

e) performing multiple serial dilutions of an antimicrobial agent
to be tested and forming mixtures of said aliquots of the dye treated
nutrient aqueous system with each of the said serial dilutions:

f) incubating said mixtures anaerobically at a temperature
essentially equivalent to the temperature of the contaminated aqueous
system for a period of time sufficient to develop the change in the dye
color by the reaction of the dye with said environmental changes caused
by carbohydrate metabolites; and

g) determining the minimum inhibitory concentration of

- antimicrobial égent that inhibits anaerobes contained in said contaminated
agueous system by observing a change in color.

Furthermore, the anaerobe contaminated aqueous systems may be
selected from the group consisting of pulp and paper processing waters,
paper mill furnish waters, paper mill white waters, brown stock waters,
paper mill effluent waters, open recirculating cooling waters, closed

recirculating cooling waters, boiler feed waters, sugar mill processing
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20 These filtered solutions, which are filtered through a coarse
filter,'suct as through tissue paper or a filter having a nesh size of
about US Std Sieve Series No. 90, then have approximately 5 m. of a

nutrient solyhi@R.pand 1 mb of pHindicator dye solution addgeidiensied The
nutrient solution contains 0.4 dry powder froma BBL or Difco nutrient

broth and 1 g dextrose in 100 nL water. To this nutrient solution is added
0.5 m of ultra pasteurized half and hglg creanmer which nay be obtained at

a local gro S : eTall | ' : dye
in 100 m? oﬁélﬁik%ﬁgﬁzﬁ ‘pépérs oﬁfgﬁﬁﬁ%ﬁ%r@égtaﬁn%t%rﬁ?gfg%‘?bﬁﬁ%sﬂ" eatg edy
filtered watvaterfs, andgetsdéurniamad refineheprquepsingaond effluentigratefs.t he

mcrotitration s e |1s using a nulti-channel nmcropipette, . such as
Suppl | ed by Pl owAABOnEIy eruRrharay &6 SRR Tafiie GiobR APt e as
there are bipRbRR RAPLATY BRSarhét, Y8abakipabt BicBsbCkudrdsd, frGtctkered
Trademar k of Fl ow Laboratories One mL."of a 1 %solution of biocide

was added t gly¢erdl, béefextractnpepltomef tnypitesie, ovitk andimiytwespthereod. f or m a

I : | ut.i f bioci ' h | e. . h i al
or test bi oci dal TaBaATE Dibord manee Asttoraied RO a0ednd |y 1 m tea to,

pol yam nes, coaédritrRidis 6¥sai@ affiffsrobldl agentiinl thesdridl dilitié¥s comprise
or ganobr om nes, carbanmates, nethyl ene bis thiocyanate, or conbi nations

t hereof , or cangerdratiansaanpinigofiom ahasdiQal parteepesmillienvto about 10,0@@edi at el y
2o ot o BE D R BB A S PR LA 4 e bR (oL

solution ar mCcro sa the first

test col umnofrigr@rddted @gubovd spstepl.ate. One colum is left untreated by
bi oci de. The solution forned in the mcrotitration sanple well is then
drawn up into théhpinbbindicateedve may be selectad trom the gupstensigingot o 3

Coroti ana. PhASRGCIEH pUrie) thBmobii SREH, Srtifioty hiPORRY cRlokbiteddte -

sol utions. m XI m cro er of the xtureis re
first sanpl eedyghétheshehedbleparideritia, methyheechand phemedrredanpl e wel | in the sane
colum.  Again t hs?,hgi s)éiriglgdipl.!rt%%esdo rseaig %(\}g r'c?eaatltra]éi n%tlfiénr%aa{qure%ggvs%gteontl may

be incubated on a micro titration plate containing at least four columns of

at least eight wells each, and the incubation is performed at a temperature

within the range of from about 25° C. to about 60° C. and for a time

period within the range of from about 60 minutes to about 24 hours.

Moreover, during incubation an atmosphere containing
predominantly an inert gas is maintained over the treated titration plate.

The inert gas may be selected from the group consisting of CO, and
N,.

For the practice of this invention, step b) is delayed from 30
minutes to 20 hours.

To provide further information about our method for determining
minimum inhibitor concentration of antimicrobial agents in contaminated
aqueous systems, the following examples are given.

| EXAMPLES
Approximately 100 ml. of filtered paper furnish either from stock

furnish, tissue furnish, or other furnish was obtained.
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21 150 microliter of this second sanple well solution is renmoved by using
the nicto pi"pette, This second aliquot in this series is placed in a third
sanple well (in the same colum) on the mcrotitration plate. This

procedur e iswéﬁif’?ﬁ%fd until all of the sanple wells in a si pghRisosisgedn
cont ai ns seri y diluted concentrations of antim crobial agent (biocide)

added thereto and m xed therewith. The last 150 mcroliter aliquot taken
fromthe last of the sanple wells in tiggcolumm is discarded. Thi s

procedure is rep?ﬂ%ﬁ?ﬁit@r&f‘& uﬁehy,rmhfcwa.@'ﬁnté}iaeqh.%aglté)casrsqueﬂfg- One

colum of sanple wells is left untreated to act as a blank, that Is, a test
col um cont such g thesughstissie paperrmuta fiket haying dymesh sizevdtt ahaut WSy addi ti on

of biocidal or anti g crobj al nts. The mcrotitration plates

cont ai ni ng MPt '5‘{%@88?% sgﬁqﬁﬁ??’ﬁﬁ?@p%%mt%ﬁ@r"a?{ea g’r\e cubat ed.
The terfperafsunﬁiafrpra_naefh_ﬂ.raaFHQnefcatm\;eeganﬁeH@duéd RhéYe®s.alThg those
tenperatures occurring with the process stream being tested, plus or m nus

from about hotrigry salufiorCcomtaingOi4 Ape pavvgies from aBBLy or Bifge nutientibout

20[err] C. to_about .80[.er C, a al fr t err]-30[err]

C. to appro&f %’I"i/.IBQ) 8#'}’%51 ipg]mkgv%%ﬁ'cjozwsﬁ%&i‘?%ﬂ"ﬁﬁn&ﬁ plate is to
be i ncubat eddasa®.sbhraf Libtrd pasteciidiPhalf lafdiHhEf raumie® WWIFIBh may Be, the plate
is placed in an anaerobic environnment such as provided, for exanple, by an

Anaer o Pack objainedhat a/lgcakanosery siere Thent indicgior dye solitionceentaing bef ore

I ncubati on. AThis I Gl Y, lalo, y Lde : rs4§ on of
oxygen in t r?é?giqag%1t6 PZ'I“Eé’r‘Fpa‘?('QH"cha?@r%b%'ﬁl O&F’%éb&n?é{%mﬁﬂg%g&b@i

provi di ng f @hisarésued]filtdred wdter €urnish solufioh iothengpipbtted imocegutoefthe es, t he
concentration gradient, i.e., the serially diluted concentration of

anti m crobi AMCERFBFAtON GATPlE Wielle UPINGH AUtichenne rpicreRIPBER. RPN @8n in t he
first high %Bﬂpﬁégi Pgtm&n SHIPAEOrIEE ds thBiraﬁH{rEGBfé V\glﬁafrﬁ' ih £ PRkl cdihng! | |1 on

(or below) in west concentration sanp I'n the presence of
dyes, the wasltherdhashbidoideqireparations te e testexht Titartekiic aobgisteragent change

to a second £o onark of Blow L3boratories
One mL of a 1% solution of biocide was added to 4 mL of
nutrient-dye-furnish containing sampie to form a result 2,000 ppm solution
of biocide in the sample.

These commercial or test biocidal agents can include, but are not
necessarily limited to, polyamines, isothiazolins, organosulfurs, quaternary
amines, organobromines, carbamates, methylene bis thiocyanate, or '
combinations thereof, or any other additional biocidal agents known.

Immediately after forming this 2000 ppm solution, 150 microliters
of this freatment solution are removed and placed in a first micro sample
well of the first test column of the microtitration plate. One column is left
untreated by biocide. The solution formed in the microtitration sampie
well is then drawn up into the pipette used to transfer the biocide solution
2 to 3 times and placed back into the same sample well, thereby mixing
the solutions. After mixing, 150 microliter of the mixture is removed from
this first sample well and dispensed into the next lower sample well in the

same column. Again the mixing procedure occurs and a final removal of
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23 nL of 1 % (based on wei ght) biocide solution was added i nto each beaker
and mi xed. IPnmedi ately, 150[err]L was withdrawn and a serial dilution down
t he col umm was begun . At the end of the colum, the 150 [err]L was

di scar ded. &*ﬁ B{ngedure was repeated for all of the bioci qeenioshdskser st .
One row of P2 not treated with biocide, to act as the control.

The tray was next sealed with transparent tape to prevent evaporation and
i ncubat ed anaerobically until the contrg{ wells turn yellow, with no

agitation at ; Eogdl ; hange
Fromred to S Mhciolisr SHEERER Jorhp ool R pirEed by g ing "o
conpl et el y ywictopipettey THis $ecand elipuaitiinthisrsepidsiis ptateddn edthind sdmpie
fermentative bll -.ﬁrgduct s of Hﬁ an:i_\‘erobi c bacter ‘ al p@_gul ations present in
the sanpl e. W¢ll {ifdpe same,golymuyicaathedpicsptivration Platsy JUg Brosedure i 1 1o 24

hours, depenghitalRfh 'l of! K8 SaMpl8 WlAR! £ IRBR GHhirf cdrtainacsstRly - ! f

t he biocide was effective in elaﬁf’e iting or killing Et"ﬁese cteria, a
col or changdlilwtéd conceriteatioirscofvatimidrobialuageant Hbiocide) wdded dhatetatandns ar e

read once all. of, the control wells_ have turned yel]ow, Th C.i ead as

t he concent FB?‘PS&LPWVV\@?'CHQH’@S%SP "B'@F‘EMF'haéq”t rtﬁtﬁp Jram gﬂ?waﬁ’h@ t[’f"ldi cates
that at thatsapfdiéividllstih thel dBlumiab dfearddy. bi oci de was added to have an
effect. Thus a g_ual itative determi nation nay be nade as to effectiveness

of a biocide tredihienrocedure is repestasiinceachagolume foolallbietideg to has due to

actual pH chan n ue.to other external  .in n a eri ment
was set-up 3%1‘“%? ?ﬁge&%&ﬁaffmﬁﬁ;W%ﬁd,g??fﬁgmﬁrﬁa%d;ﬁégéﬁ? 33"5‘? ‘er the MC
was read. Thhat &5l test BRI cbAHInIAY t8yCEcIGEonk, Neutteht, A diyagbaer r esponded
to a significant drop in pH between the concentrations. See Table |IX for

resul ts. withquf st additiea offbippidaber amimigsohiakagriest o ni crobial growt h
and not trapped her. | . | shy. Layed for 30
mnutes at o1 A ElerBliBatioh Bt RERFaiphdTmltEN Pl SteRfuALS

t ranspar ent saajde vesliseare thea inelbated. ihecteayperature fior perfomparecedobditse of

paraffin Wa)scechnique is preferably those temperatures occurring with the process
stream being tested, plus or minus from about 10°-15° C. These
temperatures usually range from about 20° C. to about 80° C. and are
usually from about 25°-30° C. to approximately 50°-60° C. Since the
microtitration plate is to be incubated anaerobically in a carbon dioxide
environment, i.e., the plate is placed in an anaerobic environment such as
provided, for example, by an Anaero Pack System, available from
Mitsubishi Gas Chemical Company, before incubation. This commercially
available system provides for conversion of oxygen in the air over the
sample to carbon dioxide and H,0O thereby providing for a CO,
atmosphere.

Following the above procedures, the concentration gradient, i.e., the
serially diluted concentration of antimicrobial agents, will range from about
1000 parts per million in the first high concentration sample well to
approximately 8 parts per million {(or below) in the lowest concentration
sample well. [n the presence of dyes, the wells which do not contain

sufficient antimicrobial agent change to a second color. Those that
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24 vvas'.;used in each well. The test was run side by side with unautoclaved
furni sh. Parfaffin was al so used to seal the wells. The M C s showed nor nal
variation as far as biocide efficacy is concerned in the unautoclaved

sanpl e. The %S%L@Qat was run with the sterilized furnish dp&ppedsnseaw
|

col or change a 21 hour tinme period. The test was term nated at that
poi nt . This test procedure nay also be utilized to quantitatively
determ ne how nmany m croorgani sns are vpgble after the biocide has been

added. Ali THL D! BaB8d bAKEBIght)BbERE sohiB (raviddedanth 84cHBaAKeP! ati ng

met hods wou be utilized to déterm ne the bacterial counts. It is
i mport ant t andomixadhatmmediatelyt 169 pluwasndtithdravere eodiacserahdilutioms. The

m crobial grpwh that is referred to,jpncludes_abligate a es and
facul tati ye_%ﬁ%#@%&&!“"ﬂﬁlw*?fa{’%g%ae%ﬂ&e Faf ?’h%&‘g'%m'b?"ﬁﬁgi‘ﬁé’iﬁ’ﬁa%i ch
cannot uti | iggcHY¥de THS Brdcteiild Wds\repaarel foP R o¥'the iEi8es b it@FdddNi SB
that can grow with or w thout oxygen.. Thi s procedure can be run

usi ng any ofOnéeowofi wellsyvas-notiiteatadonvish biocide, to act as the control.
Table 11 Tr ade-,Na . ] Naﬁe

Suppl i er Bronocr gfsqu H%ﬁrvﬁ?sen%’,‘%§ecﬂl%dr 8"&8’- g-a%}g%ﬁﬁﬁppo p%rtexgﬁ‘tei n Baker
Bronocresol dvaperatich 4nd tholibdtak afserdbichlly uptinBxeditrsll walls turnEMllow,
ylidene) bis [2, 6-di brono-3-npethyl-nmno  Science sodi um
sal t] BronotWithdic agitatiorsab3d’br Setpdicatly 3be teMpMenghesked for color  Baker

Chl or ophenol %@%ﬁ frékvné'&[y]’taa I\)&eﬂhg{(;gge %ﬁ'ﬁbgeropllleﬁa ¢4 X BbipRtaly red ¥ B

yl i dene) bi s| or o-

Phenot hi azi r6.8i and S8omplatelydyetismvh gt phil 51.d). - A reBdtfibn o pHds achieved by chl ori de
(9c) i ) Sci ence thyl Re . :
{o-[[p-(di néf‘ﬁiﬁ"ﬁﬁ'i‘?%ﬁ"ﬁr@ﬂv?‘]“é%l%éﬁfaf@eﬂlﬁﬂ %CWEQEBPPWHBHBF Prgsent

Phenol sul f onphhBaafigle. $PHESAbbiocide, color cRAHGY may oceur in from 1 to
24 hours, depending upon the type of anaerobic population in the sample.
If the biocide was effective in either inhibiting or killing these bacteria, a
color change will not be observed. Minimum inhibitory concentrations are
read once all of the controi wells have turned yellow. The MIC is read as
the doncentration in which the well below has turned yellow. This
indicates that at that particular point, not enough biocide was added to
have an effect. Thus a qualitative determination may be made as to
effectiveness of a biocide treatment.

To ensure that the color change was due to actual pH change and
not due to other external influences, an experiment was set-up using the
AnnaTox method; and, the pH was measured after the MIC was read.

The results showed that on average the MIC reading corresponded to a
significant drop in pH between the concentrations. See Table IX for
results.

To determine if the pH change was due to microbial growth and not
trapped CO, or other influences, the furnish was autoclaved for 30
minutes at 121°C prior to running the assay. Instead of using transparent

tape to seal the wells from evaporation, a couple drops of paraffin wax
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25 . The_ benefits of usi ng different indicators is that the pH of the
. sanpl e bei ng’tested won't have to be drastically adjusted, but rather may
be chosen in view of the inherent pH of the particular systemin question

to be tested The experinental procedure described abo I I zed
to determ ne %9640133 n Table Il for a stock obtained from a out Eeas% ern
pulp and paper mll. TABLE |11
Bi oci de MuC (ppm Alerr]
[1000] was used in ea8R well. The test was rug side by side with unautor.lav%j

err
8 furnish. Parpffin jvas also used to seal the wells. The MIC's shov@eiﬂ ]
F6 err

16 1 = Tet r SARY\grigtign as fay as Kipgide. egf"f"?ﬁ‘/a'aichFﬁE‘eﬂ iPthgne, avail abl e
f 1 om Buck ManuRautoSRN BafdlB! THb askd oy 3 SR ﬁnﬁm\edétgﬂﬁiéblmﬁhﬂh' ene

bi sdi t hi ocarbamate, available from Al co Chem cal pent andi al
(gl ut ar aI dehgfide)ot shewy |aamler ¢hangeUwitbin €2 bhoer ime geriddpeTihenest wias and

N-al kyl | um chl oride, available from Union Carbide 5 =
1-al kyl rTE‘)tsprmnoace PQPEB‘& bis(trichloronethyl) sulfone, available from
Akzo This test procedure may also be utilized to quantitatively determine

how many microorganisms are viable after the biocide has been added.

Aliquots would be taken from each sample well, and standard plating

methods would be utilized to determine the bacterial counts.

It is important to note that the test is run under anaerobic

conditions. The microbial growth that is referred to includes obligate

anaerobes and facultative anaerobes. Obligate anaerobes are those

microorgansims which cannot utilize oxygen and facultative anaerobes are

those microorganisms that can grow with or without oxygen..

This procedure can be run using any of the following pH indicators:

Table Il
Trade Name Chemical Name Supplier
Bromocresol Purple 5,5-dibromo-o-cresolsulfonphthalein Baker
Bromocresol Green  4,4-(2,2-dioxido-3H-1,2-benzoxathiol-3- EM
ylidene} bis [2,6-dibromo-3-methyl-mono Science
sodium salt]
Bromothymol! Blue 3,3-dibromothymolsulfonphthalein Baker
Chlorophenol Red 4,4-(1,1-dioxido-3H-2, 1-benzoxathiol-3- Acros
ylidene)bis{2-chioro-9Cl]
Methylene Blue Phenothiazin-6ium, 3, 7-bis(dimethylamino)- EM
Chloride chloride {9C)) Science
Methyl Red {o-[[p-(dimethyl amino}phenyilazolbenzoic acid Baker
Phenol Red Phenolsuifonphthalein, sodium salt Baker
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6 = 5- chloro 2-met hyl - 4-i sot hi azol i n-3-one and net hyl -4-i sot hi azol i n- 3- one,
avallable frdm Rohm & Haas 7 = N-al kyl di met hyl benzyl - amoni um chl ori de
and N-di al kyl nethyl benzene ammoni um chl ori de, avail able from Mason

26 Exanple 2 The results of Table IV were obtained u |-zl he.
pr ocedure d&PAYd in Exanple | by testing a stock froma %tﬂlédrs@%?ﬁt"
Sout heastern pul p and paper mll.

TABLE 1V Bi oci de 25 M C
I(ngm The benefits Ofpi.[lsﬁlrlé ]different indicaéors is that the pH of the Cl é??]O
32 sample being tedde@won't have to be drlaggcally adjusted, but rather ma 64
E[err

3[2 ] be chosen in v:e@[ gf ithe inherent pH of the particular system in question125 1 =
Tet rahydro -2H 1, 3, 5-thi adi azi ne-2-thi one, available from
Buckman 2 od| um | rret hyl dithiocarbamate and di sodi um et hyl ene

bi sdi t hi ocar bamat Ehe axperirabhtal prasedire desivibddcabove was utilized to

determine MIC's in Table Ill for a stock obtained from a Southeastern pulp

and paper mitl.

TABLE il
Biocide ' MIC (ppm)
A’ 1000
B? 8
c? 8
D* 8
E® - 32
8 8
G’ 16

1 = Tetrahydro-3,5-dimethyi-2H-1,3,5-thiadiazine-2-thione, availahle from Buckman
2 = Scodium dimethyl dithiocarbamate and disodium ethylene bisdithiocarbamate,
availabie from Alco Chemical

3 = 1,3 pentandial {glutaraldehyde), available from Union Carbide

4 = 1,3 pentanedial and N-alkyl dimethyl benzyt ammonium chloride, available from
Union Carbide

5 = 1-alkyl (C4-C4g}3-amino-3-aminopropane monoacetate and bis{trichloromethyi)
sulfone, available from Akzo

6 = b-chloro-2-methyl-4-isothiazolin-3-one and methyl-4-isothiazolin-3-one, available
from Rohm & Haas

7 = N-alkyl dimethyl benzyl-ammonium chloride and N-diatkyl methyl benzene

ammonium chloride, available from Mason
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3 =13 pentandlal (gl utaral dehyde), available from Union Carbide 4 = 1,3

pentanedlal And N-al kyl di met hyl benzyl amoni um chl ori de, available from

Union Carbide 5 = 1-alkyl (([err]-(err]8)3-am no-3-ani nopropane

nonoacet at e and blsgtrlchloronethyl) sul fone, available fromAkzo 6 =

5- chl or o- 2- MXMSH34L3} 5ot hi azol i n- 3-one and net hyl - 4- i sot hi azBETESI5R,

avai l abl e fron1Rohn1& Haas 7 = N-al kyl di nmethyl benzyl ammoni um chl ori de and

N-di al kyl net hyl benzene annoniun1ch|orig availablg fronhwgso? y

27 Exanpl e The results of Tabl'e V were obtained by testing a
Bramole 2

different s m anot her sout heastern pul p and paper mll, utilizing
the experinental Tivs eexediisr&f 'dsmé NVbheérel sbtairRdnitflizing the procedure
TABLE V Bi oci de MC (ppm
Al described in Example I by testing a stogkdpm a different Southeasterg?
8 r 8
D [err] pulp and papérliil’ 8 Herr]
16 TABLE IV
Biocide | MIC (ppm)

A 1000

B? 8

c® 32

p* 64

E° 125

Fe 32

G’ 125

1

Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione, available from Buckman
2 = Sodium dimethyl dithiocarbamate and disodium ethylene bisdithiocarbamate,
available from Alco Chemical

3 = 1,3 pentandial (glutaraldehyde), available from Union Carbide

4 = 1,3 pentanedial and N-alky! dimethyl benzyl ammonium chloride, available from
Union Carbide

5 = 1-alkyl {C4-C44}3-amino-3-aminopropane monoacetate and bis{trichioromethy!)
sulfone, available from Akzo .

6 = B-chloro-2-methyl-4-isothiazolin-3-one and methyl-4-isothiazolin-3-one, available
from Rohm & Haas

7 = N-alkyl dimethylbenzylammonium chioride and N-dialkylmethyibenzene ammonium
chloride, available from Mason

SUBSTITUTE SHEET ( rule 26 )



E[err] - - 8 Flerr]
8 ) ° Glerr] _ 81 =
Tet r ahydr o- 3, 5-di net hyl - 2H 1, 3, 5-t hi adi azi ne-2-t hi one, available from
Buckman 2 = Sodi um d| met hyl di t hi ocar bamate and d| sodi um et h%;é_ie/g, 5864

bi sdi t hi ocar Bah&{*8"avail abl e from Al co Cheni cal = 1,3 pen

(gl utaral dehyde), avail able from Uni on Carbi de 4 = 1, 3 pentanedi al and

N-al kyl di methyl benzyl anmmoni um chlorige, avail abI e from Union Carbide 5 =
1-al kyl [er r%amg?et ate and bis(trichloronethyl) sulfone, avail able from
Akzo 6 = 5-chloro-Z2-nethyl -4-isothiazolin-3-one and

met hyl - 4- i sot hi aZlhe resBite rod, Tablea M waaaobta‘nmnd?bh rteﬂinma:diﬂemnt stock

N-al kyl di rret | ben | anmoni um chl ori de, and N- aI K J | benzene
rmons um oI BIPRCHREPPUDRESTer b Alh Pber il siigng. e SRS ERATaL 1

, 3-di o (brq:neeeaare &éé%hbé@lueekaﬁmﬂgus _ o

28 Exanpl e4 he results of Table VI were obtained by utilizing the

procedure descri bed in Exanple 1 forTABSE Mhg yet another Southeastern pul p

gingCi ggper mll stock. Biocide M C (ppr MIC (ppm'gABLE Vi
Al 1000
B? 8
c? 8
p* 8
H® 16
E® 8
F® 8
G’ 8

1 = Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione, available from Buckman
2 = Sodium dimethyl dithiocarbamate and disodium ethylene bisdithiccarbamate,
available from Alco Chemical

3 = 1,3 pentandial (glutaraldehyde), available from Union Carbide

4 = 1,3 pentanedial and N-alkyl dimethyl benzyl ammonium chloride, available from
Union Carbide

5 = 1-alkyl (CB-C,B)S-amino-S-aminopropane-monoacetate and bis(trichloromethyl)
sulfone, available from Akzo

6 = b-chloro-2-methyl-4-isothiazolin-3-one and methyl-4-isothiazolin-3-one, available
from Rohm & Haas

7 = N-alkyldimethylbenzylammonium chloride and N-dialkyl methyl benzene ammonium
chioride, available from Mason

8 = 2-bromo-2-nitropropane-1,3-diol {bronopol), available from Angus
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Alerr] 1000 B2

16 o C3 8
D[err] - _ _ 8 b8
32 F5

Gerr] - WO9/34013 32 1 = PCT/US§§125864

Tetrahydro- 3, 5-di net hyl -2H 1 |, 3, 5-t hi adi azi ne-2-t hi one, avail able from
Buckman 2 = Sodi um di met hyl dithiocarbggate and di sodi um et hyl ene

bi sdi t hi oc e, available fromAlco Chemcal 3 = 1,3 pentandi al

(gl utaral d%,&%vai | abl e from Union Carbide 4 = 1,3 pentanedi at and

N-al kyl di met hyIle@re's;dltsaoﬂTDah'lelMImhémrdhtagred\m h’leiltdmg fth@ﬁtdﬂf&dlwe Carbide 5 =
5-chl oro- 2-npet hyl - 4-i sot hi a i n-3-one and net -4-isot hi azol i n-3-one,

avai | abl e f%ﬁwﬁﬁédn@w‘m% FEstRg el a-a%ﬁh\fyg%amﬁ?ﬁmrmﬂpanﬂde and

N-di al kyl n&; lmidedtggRe amoni um chloride, available from Rohm & Haas 8 =
2- brono- 2-ni tropropane-1, 3-di ol (bronopol), avail able from Angus

29 Exanmpl e 5 The procedure 'EAB!EE(MhpI e 1 was utilized to obtain the
results of Table VII, é)g(t:ig‘i;ned by testing still anmlp:e(rpquUt heastern pul p

and paper mll stock. MITABLE VI |
Al 1000
B? 16
c? 8
p* 8
H® 32
F° 32
G°® 32

1
2

available from Alcoc Chemical

]

Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione, available from Buckman

Sodium dimethyl dithiocarbamate and disodium ethylene bisdithiocarbamate,

3 = 1,3 pentandial (giutaraldehyde), available from Union Carbide

4 = 1,3 pentanedial and N-alkyl dimethy! benzyl ammonium chioride, availabie from
Union Carbide

5 = 5-chloro-2-methyi-4-isothiazolin-3-one and methyl-4-isothiazolin-3-one, available
from Akzo

6 = N-alkyl dimethyl benzyl-ammonium chloride and N-dialkyl methyl benzene
ammonium chloride, available from Rohm & Haas

8 = 2-bromo-2-nitropropane-1,3-diol {bronopol}, available from Angus
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Bi oci de MC (ppm B2
64 ) ® Clerr] ' 32

H3 32 E5

64 ' Ferr] = .
Sodi um di net WP99@#41Rj ocar banat e and di sodi um et hyl ene bi sdi t%‘f%8§§g3%§t e,
avai lable from Al co Chemical 3 = 1,3 pentandi al (glutaral dehyde), avail able

from Union Carbide 5 = 1 -al kyl ([err]-4&i no-3-am nopropane nonoacet ate and
bi s(trichl oromet hyl) sul fone, available Trom Akzo 7 = N-al kyl dinet hyl
benzyl - ammo ride and N-dial kyl methyl benzene anmmoni um chl ori de,
avai | abl e from MasReNprdceddreddOERampiel T Wiy Gtilied-tb obtaih the fgsuRe @pol ) ,
avai |l able from Angus i i 30
Exanpl e 6 Table Yie optajped thyctegting still apotheriSeuipeasternpyulpang paeer t o obt ai n
the resul tq?mf togpl e VI, testing still another Southeastern pulp and
paper m |l sSPock - TABLE VI 1 |
Bi oci de TABLEIGI (ppm)
A 1000
1%er ] Biocide MIC (ppm)

B? 64

c? 32

H® 32

E° 64

G’ 64

2 = Sodium dimethyl dithiocarbamate and disodium ethylene bisdithiocarbamate,
available from Alco Chemical

3 = 1,3 pentandial (giutaraldehyde), available from Union Carbide

5 = 1-alkyl {C4-C4g)3-amino-3-aminopropane monoacetate and bis{trichloromethyl}
sulfone, available from Akzo

7 = N-alkyl dimethyl benzyl-ammonium chloride and N-dialkyl methyl benzene
ammonium chloride, available from Mason

8 = 2-bromo-2-nitropropane-1,3-diol {bronopoi), available from Angus
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[err] . 250 [err]

250 Glerr] 32 1 =

Tet r ahydr o- 3, 5-di net hyl - 2H 1, 3, 5-t hi adi azi ne-2-t hi one, available from
Buckman 2 = Sodi um di met hyl dithiocarbamate and di sodi um et hyl.eng :

bi sdi t hi ocarB2M8e®> avai |l able from Alco Chenical 7 = N-al kylméél met ﬁ’;fsb%nzyl
ammoni um chl ori de and N-di al kyl net hyl benzene anmmoni um chl ori de, avail abl e
from Mason 9 = nethyl ene bis (thiocyanagg), available from Rohm and Haas 10
= 1-(3-chlor, 3,5, 7-triaza- 1- azoni aadanant ane, avail abl e from Dow
Chem cal Co. and, M chigan Exampl e 7 Table I X illustrates
that a pH change Toecprosedarebdestirithed iiis Exdntarie tl owab ertilized ¢onobtainaheous
concentrations. In_each che, the hreak poinpt pHis in@i cated wi th,_bol d
orint. For tReulsot Tahle ik theting st anotHer shutheastrm pulPaNshPRRErARIl pH
change is evidgpt in the system It is this pH change which the indicator
dyes follow 1 n the nethod of this invention.

31 TABLEABLUE | X
pH change with addition_of .hiocide concentration Nﬁ% ”}n Blerr]
Cerr] [err] B['%‘PST F [err] gPP ) (ppm
A 1000
B? 16
® 250
J'e 250
G’ 32
1 = Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione, available from Buckman
2 = Sodium dimethy! dithiocarbamate and disodium ethylene bisdithiocarbamate,

available from Alco Chemical

7 = N-alkyldimethylbenzyl ammonium chloride and N-dialkylmethylbenzene ammonium
chloride, available from Mason

9 = methylene bis (thiocyanate}, available from Rohm and Haas

10 = 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane, available from Dow Chemical
Co. of Midland, Michigan

- Example 7
Table IX illustrates that a pH change occurs as biocide is added to
the system at various concentrations. In each case, the break point pH is
indicated with bold print. For the case wherein no biocide is added (H}, no
significant pH_change is evident in the system. It is this pH change which

the indicator dyes follow in the method of this invention.
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1000 4.66 6.95 6.34 6.59 7.08 6.87 6.87 5.19 500
4.71 '6.89° 6.70 6.70 6.82 6.94 6.92 4.76 250 5. 20
7.01 6.76 6.80 6.82 6.99 6.85 4.72 125 4.67 7.21
6.80 6.80 6.93 6.95 6.85 4.92 64 4.86  6.97  6.70
6.70 7.06 WOB9B4013 6. 12 -- 32 4. RETIUNBEEB64 o g1
6.60 6.50 4.87 5.79 16 4.67 5.91 5.76 5.33 4.56
4.88 4.62 8 4.87 4.4331 5.64 5.52 4.47 4.82 4.83
Initial pH - 7.21 6.95 6.95 7.20 7.16 6.81 6.97 1 =

Tetrahydro-3, 5-di nethyl -2H 1 , 3, 5-t hi adi azi ne-2-thi one, avail able from
Buckman 2 = Sodi um di net hyl d| t hi ocxppppaie and di SOdI um et hyl ene
bi sdi t hi ocar bamat e, ava

(gl utaral dehyde) avai [ abl e frornHJnhamgt{:mﬂti'l ddzdltldnﬂflblmmql di et hyI benzyl
ammoni um c -e++de—anpd—N—dhaklerrerRrhenrzene aT'EB‘B'F chtaf gva | abl e
from I\/ason oncenigatign, [ > Ani tl o8 opafe- 1 8- d (Hr onoppl P, avaliabl e from
Angus 6 = %-chliggmy 2- mpt hyl -{4-i sot hi azdl i n- 3t one gnd

met hyl - 4- i ot hi aJ_nIJ n-B-one [ available from Rohm & Haas = conbihati on

of N al kyl |di nekqgﬂ be124y55anﬁ1?rﬁ 11621 [0BiBFe | @8 N- 818l qﬁ 8%dt By19 benzene

ammoni um clytor ava TG T AR Taedar 9]
(gl ut ar al dghyde oaval I eig?ll ftrsogg Jrﬁd?)g Cgrytgnl jesj'%f: o8 %igzrlod'b?%c de
added 250 5.20 | 7.01 | 6.76 | 6.80 | 6.82 | 6.3B | 6.85 |{CHafiges can be

n‘ade|nth oconpocit i oh anaratiaoh ~And oy vy andanentl Af +t ha ~tlbhnd Af the

present in eﬁwaégc ﬁbé@ hz;%i 16?§6 6.8076.93 6.95 | '6.85 | 492
486 | 6.97 16,70} 6.70 | 7.06 | 5.61 | 6.12 -

32 479 | 5,95 | 6.61 | 6.60 | 6.50 | 4.87 | 5.79 --
16 4.67 | 5.97 | 5.76 | 5.33 | 4.566 | 4.88 | 4.62 --
8 487 | 448 | 5.64 | 5.52 | 4.47 | 4.82 | 4.83 -~

Initial pH 7.21 | 685 | 6,95 | 6.89 | 7.20 | 7.16 | 6.81 | 6.97

1 = Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione, available from Buckman

2 = Sodium dimethy! dithiocarbamate and disodium ethylene bisdithiocarbamate,
ava_ilable from Alco Chemical

3 = 1,3 pentandial (glutaraldehyde), available from Union Carbide

4 = N-alkyldimethylbenzyl ammonium chloride and N-dialkylmethytbenzene ammonium
chloride, available from Mason

B = 2-bromo-2-nitropropane-1,3-diol {bronopol), available from Angus

6 = B-chloro-2-methyl-4-isothiazolin-3-one and methyl-4-isothiazolin-3-one, availabie
from Rohm & Haas |

7 = a combination of N-alkyl dimethyl benzyl-ammonium chloride and N-diaikyl methyl
benzene ammonium chloride, available from Mason and 1,3 pentandial (glutaraldehyds),

available from Union Carbide
8 = control, no biocide added
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wi t hout departing fromthe concept and scope of the invention as defined in

the fol'l owing clains: 33

Cl ai s 1. A met hod of determ ning the m ni muminhibitory
concentration of an antim crobial agent in an anaerobe contann F/g ueous
syst em conprw@p¥ttthe steps of: a) obt ai ni ng 3 Q‘gﬁg sai d
cont am nat ed aqueous system b) adding a pH indicator dye to
sai d sanpl e which reacts with environmental changes caused by carbohydrate
met abol i tes of said anaerobes; 32 c) adding nutrient to said
sanpl e to form aChpeges cande made inthe §@|'i!|1@§§§'°§y§P§l’ﬁt'°" and d)

obt ai ni ng ag;,gug%@eﬁ{ o'f*fﬁewgthfuﬁgﬁ ? preddrt SRV et Qbktribs tﬁn’agent ‘o be

e) per form ng serila ions of ‘an antrmcro

tested and mthnutgiepaxtmlg éronoithe abncepti andbscope of the idyentior asalbfimetr i ent
aqueous system w t&each of the said serial dilutions; f)

i ncubat i ng ¥t FRlAWIngLlaimser obical Iy at a tenperature essentially

equi valent to the tenperature of the contam nated aqueous systemfor a
period of time sufficient to develop the change in the dye color by the
reaction of the dye with said environnmental changes caused by carbohydrate

net abol ites; and g) determ ning the m nimuminhibitory
concentration of antim crobial agent that inhibits anaerobes contained in
sai d contaninated aqueous system by observing a change in color. 2.

The nethod of claim1 wherein said anaerobe contam nated aqueous systens
are selected fromthe group consisting of pulp and paper processing waters,
paper mll furnish waters, paper mll white waters, brown stock waters,
paper mll effluent waters, open recirculating cooling waters,
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closed recirculating cooling waters, boiler feed waters, sugar mll
processing * 34 waters,

chem cal process streams, fer ' food processing waters, and
petrol eum and refinery pr ocesgﬂﬂmmEmﬁﬁﬂﬁE wat er s :
met hod of cI¥¥PAYMOkherei n sai M ected fromthé’cgfuosa%ﬁia

consisting of half and half dairy creaner, yeast extract, glucose, sucrose,
fructose, glycerol, beef extract, pepton 3 tryptone, mlk and m xtures

t her eof . 4. The met hod of cl ai wherein said serial dilutions are
performed so that the final concentratt f said antimcrobial agents in
the serial dilutions ‘lpm%"th&?o‘F%@?&Hﬁﬁsﬂb'tﬂ@ﬁnfnﬂHGhﬂﬁlhfﬂlfHW%ﬂ%nﬁaﬁoﬂartS
per mllion to about 10,000 parts per mllion, on the basis of the total
vol ume of treéanymummomal agentrinean anaegobe dontpminatedsgguenus system 5. The
met hod of claim1.wher sal pH I ndicator dye is selected fromthe group
consi sting cﬂon'ﬂﬁrb"i‘t?ﬁ:%é {'e br onocr esol green, bronot hynol bl ue,

chl or ophenol red, met lyl en@bm.ﬂmgwgmp@eafsaaamhta.ﬁmmaaum smem,

6. The method of claim1 wherein said serial dilutions of said

treated nutrient aque&hs spdding apH indicataitdye tmsadmamRJewmpbtremsm at e

ncubat on (et ERPlphRiEnati iR Bpufil b7 RRludHy R eteheTaie ot A bou

25[err] C. tamaelsbés; 60[err] C. and for a tine perlod Wlthln t he range of

from about 60 m nutes to about 24 hours. The nmethod of claim®6
wher ei n duri ng | ncubatcl)on aAdingrEpRRY to EG‘Htsﬁmﬁlﬁg’oﬂPEﬁ(ﬁﬁMﬁﬁﬁe%n i nert
gas i s nai n\t,{ﬁt h&stt&gat ed titration plate. 8. The net hod
of claim?7 erei n e Inert gas is selected fromthe group consisting of
CO2 and N2. 9. d)The obmtaihing aliquotsaofitte diee treiateds hetridnk aguedas ayed
from30 mnutes to 20 hours.
system;
e) performing muitiple serial dilutions of an antimicrobial

agent to be tested and forming mixtures of said aliquots of the dye treated
nutrient aqueous system with each of the said serial dilutions;

f) incubating said mixtures anaerobically at a temperature
essentially equivalent to the temperature of the contaminated aqueous
s;,'stem for a period of time sufficient to develop the change in the dye color
by the reaction of the dye with said environmental changes caused by
carbohydrate metabolites; and _

g) determining the minimum inhibitory concentration of
antimicrobial agent that inhibits anaerobes contained in said contaminated
aqueous system by observing a change in color.

2. The method of claim 1 wherein said anaerobe contaminated
aqueous systems are selected from the group consisting of pulp and paper
processing waters, paper mill furnish waters, paper mill white waters, brown
stock waters, paper mill effluent waters, open recirculating cooling waters,

closed recirculating cooling waters, boiler feed waters, sugar mill processing
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waters, chemical process streams, fermentation streams food processing
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waters, and petrdleum and refinery processing and effluent waters.

3. The method of claim 1 wherein said nutrient is selected from the
group consisting of half and half dairy creamer, yeast extract, glucose,
sucrose, fructose, glycerol, beef extract, peptone, tryptone, milk and’
mixtures thereof.

4, The method of claim 1 wherein said serial dilutions are
performed so that the final concentrations of said antimicrobial agents in the
serial dilutions comprise concentrations ranging from about 0.1 parts per
million to about 10,000 parts per million, on the basis of the total volume of
the dye treated, nutrient treated agueous system.

5. The method of claim 1 wherein said pH indicator dye is selected
from the group consisting of bromocresol purple, bromocresol green,
bromothymol blue, chlorophenol red, methylene blue chloride, methyl red and
phenol red.

6. The method of claim 1 wherein said serial dilutions of said dye
treated nutrient aqueous system are incubated on a micro titration plate
containing -at least four columns of at least eight wells each, and the
incubation is performed at a temperature within the range of from about 25°
C. to about 60° C. and for a time period within the range of from about 80
minutes to about 24 hours.

7. The method of claim 6 wherein duriﬁg incubation an atmosphere
containing predominantly an inert gas is maintained over the treated titration
plate.

8. The method of claim 7 wherein the inert gas is selected from the
group consisting of CO, and N,.

9. The method of claim 1 wherein step b) is delayed from 30

minutes to 20 hours.
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