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deposits of bacterial colonies on metal parts causing
their surfaces to corrode and pit. Additionally, systems
are adversely affected by microbial growth by reduced
efficiency in heat exchangers and fouling which impedes
the functionality of the system.

The conventional method of controlling microbial
growth is through the use of biocides. Biocides are
chemicals that inhibit microbial growth by destroying the
cell wall or cellular constituents of microorganisms.
Physical conditions such as temperature, radiation, or
assimilation with treatment chemicals contained within a
system can have a negative impact on the effectiveness of
the biocide. To compensate for the reduced effect,
biocides can either be added continuously or judiciously
on an as required basis. Judicious use of biocides is
encouraged since biocides are both expensive and toxic.
Thus, to prevent waste, constant monitoring and testing
of the water system is required to determine the proper

quantity of biocide for controlling microbial growth.
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gi ving resul psesence of microorganisms and, where appropriate, the
organisms are counted by manual or video means. A
variation of this method consists of withdrawing a sample
and culturing it for a predetermined time, and then
observing the culture medium by nephelometry or
turbidimetry. In other words, the presence of
microorganisms is revealed by the opacity of the culture
medium.

A significant problem associated with grab sampling
is the time-lag between withdrawing the sample and
completing the analysis to determine the level of
microbiological activity in the sample. This time lag
can be exacerbated when the samples have to be
transported off-site for analysis; further delaying
obtaining the results.

In addition to grab sampling, other on-site sampling
techniques are available, such as Dip slide and Adenosine
Triphosphate (ATP) tests. Unfoftunately, such tests are
not conducive to instantaneous field readings, given that
Dip slides require 24 to 48 hours for test results to

develop. ATP tests, although capable of giving results

in a short (<2 minutes) time, require reagents needing
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is a process for nonitoring of planktonic and sessile m crobiol ogical

popul ati ons iSYs&em-nddstneiglafiaror thesttapm “sessile” refer to
populations of microorganisms that are alive, but

immobile. It is possible to get an industry-acceptable
measurement of planktonic populations by grab sampling
gsince planktonic microorganisms are suspended within the
water sample that is removed and tested for microorganism
concentrations. In contrast, sessile populations are
permanently attached to the structures within the system
and their presence is not easily measured by removing a
sample of water and testing this sample for
microorganisms.

Thus, there is a need for a real-time method capable
of monitoring both the planktonic and sessile microbial
populations in an industrial water system and using that
measurement to control the amount of biocide being added
to said industrial water system.

Summary of the Invention

The first aspect of the instant claimed invention is
a process for monitoring of planktonic and sessile
microbiological populations in an industrial water system
comprising:

a) adding a fluorogenic dye directly into said

industrial water system and allowing said



conprising: a) adding a fluorogenic dye directly into said industrial
wat er system and all owi ng said WO 01/ 49876 PCT/ US00/ 42495 4 fl uorogenic
dye to ree@vi/wisth any pl anktonic or sessile m crobiol ogi Bal/useigamess s
present; b) providing nmeans for neasurenent of the fluorescent signals of
said fluorogenic dye in said industrial 4water system wth the first
fluorescent signal fbasuogerirt deengotihedcofwitie dhyopbgehieniyecand the
second fl uorescent signallneasuregeni beé%g O%hat.é)fsthe reagted
fl uorogeni c dye; c) i1 ?%b Sal o AN Tor W TR of 53T £ 1 uor escent
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dye, while di stardi ni Ry feasurelt §IUGHaeelhy Gonih Vaf det BFoin a
Plredet ermned noi isew?teaﬁl syﬁﬁemagﬁﬂ:ﬂtﬂi\@ f:h&stgafi@oﬁéiédaﬂif: lrreﬁgmued

uorescent signal of the reacted, fluarogenjc e_fo the ugQr escent

7 Prok (e TR §
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Ratio from step d) tl@e_dgé@dsminﬁlﬁbﬁegé@ﬁwssQc]f;néhem@é@@i(é@@h@ baimgsessil e
m crobi ol ogi cal populations in the industrial water sgstenl The second

aspect of the instantheFaPhetfnteeren £1eoredetei 74t he process of the

first aspect of the usDsGaphigl ReaRe foH¥YentdORréhehbesr coaPAI sing: f)
determ ning the optinmal anmount of biocide to be delivered to the
i ndustrial water sysftwpvpesenh signalep?f nedidnblinereeepasSedyepbd t he

magni tude of said RaLiQupt tHE FahsrOic&hangegRil sakdeket EPuorogenic
dye and the fluorescent signal of the reacted
fluorogenic dye, while discarding any measured
fluorescent signal values below a predetermined
noise level;

d) calculating the Ratio of the measured fluorescent
signal of the reacted fluorogenic dye to the
fluorescent signal of the fluorogenic dye; and

e) monitoring the change in calculated Ratio from
step d) to determine the status of the planktonic
and sessile microbiological populations in the
industrial water system.

The second aspect of the instant claimed invention
is conducting the process of the first aspect of the
instant claimed invention further comprising:

f) determining the optimal amount of biocide to be
delivered to the industrial water system wherein
said optimal amount is based upon the magnitude of
said Ratio or the rate of change of said Ratio;
and

g) delivering said optimal amount of biocide to the
water system.

The third aspect of the instant claimed invention

is a process for monitoring of planktonic and sessile



and g) delivering said optimal anobunt of biocide to the water system The
third aspect of the instant clained invention is a process for nonitoring
of pl anktvodbo4®ne sessile WO 01/49876 PCT/ US00/ 42495 5 npPcT/obiooi2ewi cal
popul ations in an industrial water system conprising: a) premxing a
predet erm ned anount of an inert fluorescent tracer material with a
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tracer naterbgk g% ephggenic dye nmixture; b) adding said inert fluorescent
tracer materral - uo ogenlc dye mixture directly into said industrial
wat er system and al Iwmigiisnd (@ Hredstogarinedypaqunt exttami itterny

pl ankt oni ¢ or sess%ﬁ#g?c#)%fl%cc&l t%%aﬁngﬂlpcreseggr&&& ng
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fluorogenic dye to react with any planktonic or
sessile microbiological organisms present;

c¢) providing means for measurement of the fluorescent
signals of said inert fluorescent tracer and said
fluorogenic dye in said industrial water system,
with the first fluorescent signal measurement
being that of the fluorogenic dye, the second
fluorescent signal measurement being that of the
reacted fluorogenic dye and the third fluorescent
signal being that of said inert fluorescent
tracer;

d) using said means for measurement of said
fluorescent signals of said fluorogenic dye to
measure the fluorescent signal of the fluorogenic
dye, the fluorescent signal of the reacted
fluorogenic dye, and the fluorescent signal of the
inert fluorescent tracer, while discarding any
measured fluorescent signal values below a
predetermined noise level;

e) calculating the Ratio of the measured fluorescent
signal of the reacted fluorogenic dye to the
fluorescent signal of the fluorogenic dye;

f) monitoring the change in calculated Ratio from

step d) to determine the status of the planktonic



measured fluorescent signal values below a predeterm ned noise |evel; e)
calculating the Ratio of the neasured fluorescent signal of the reacted
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m cr obi ol ogi cal pop@ igEEFile tHerdmlegiical werarl ahismsming)thssi ng t he

fl uorescent signal q‘néﬂ'tqfﬂa;?rv} tdd WIRSGENt tracer material to determne
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said Ratio; and j) delivering.-said opt.i amuunt of bjocide to, the water
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The fourth aspect of the instant claimed invention

is the process of the third aspect further comprising:

i) determining the optimal amount of biocide to
be delivered to the water system wherein said
optimal amount is based upon the magnitude of said
Ratio or the rate of change of said Ratio; and

3) delivering said optimal amount of biocide to

the water system.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows a plot of Relative Intensity vs.
Wavelength (in nm, which stands for nanometers) for a
sample of water in a cooling tower. Relative Intensity
is a unitless number calculated by dividing each measured
fluorescent signal by the measured fluorescent signal at
a particular wavelength. In Figure 1, the particular
wavelength chosen was 634 nanometers (hereinafter “nm”).
634 nanometers was chosen because it is the fluorescence
emission maxima for Resazurin. Resazurin was added to
the water at time zero and allowed to react for 24 hours

with any microbiological organisms present. A



a particular wavelength. In Figure 1, the particular wavel ength chosen was
634 nanoneters (hereinafter "nnm'). 634 nanoneters was chosen because it is
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i ndustrial walep spstededconpthsi Agguak.adding a fl uorogenic dye directly
into said industrial water systemand allow ng said fluorogenic dye to
react wth any planktonic or sessile mcrobiological organisns present; b)
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dye, while discarding any neasured fluorescent signal val ues bel ow a
pr edet er m ned a) adding a fluorogenic dye directly into said

industrial water system and allowing said
fluorogenic dye to react with any planktonic or
sessile microbiological organisms present;

b) providing means for measurement of the fluorescent
signals of said fluorogenic dye in said industrial
water system, with the first fluorescent signal
measurement being that of the fluorogenic dye and
the second fluorescent signal measurement being
that of the reacted fluorogenic dye;

c) using said means for measurement of said
fluorescent signals of said fluorogenic dye to
measure the fluorescent signal of the fluorogenic
dye and the fluorescent signal of the reacted
fluorogenic dye, while discarding any measured
fluorescent signal values below a predetermined
noise level;

d) calculating the Ratio of the measured fluorescent
signal of the reacted dye to the fluorescent
signal of the unreacted dye; and

e) monitoring the change in calculated Ratio from

step d) to determine the status of the planktonic



noi se level; d) calculating the Ratio of the neasured fluorescent signal
of the reacted dye to the fluorescent signal of the unreacted dye; and e)
noni t ori mgOvhesehange in calculated Ratio from step d) tpCOES@v4rit9%e t he
status of the planktonic WO 01/49876 PCT/ US0O0/ 42495 8 and sessile

mi crobi ol ogi cal populations jin the industrjal water system lInitially, a
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ground wat er Tyehepmlddl, phecesdustarépd; wphbp szatiepapentmakengopeotygps

streanms; water- D 1.G tre S hO reans; and
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there are egpetewd tiochBedeol bntesref notcilomibkdgtoal copdanygsiewens

different ar - IEB vel _of m.grobial ;activity-in.each f these areas is
a function o?ﬁgi?ggggkg’fggggrghai%gP% 9n§gFﬁFF¥%FgﬁgﬁuFXF?SWSOf
m cr obi ol ogi ¢akludiggni bk, naer dtimdhedt enpevaenr enceathtrobbawsythems;

presence of m crobial nutriegts and t he renoval gf Eigrobial waste. Even

in a single Y8BFFoRToFUSPGf PEREaPRe $8YsPRYaREEr SEFRFCICFRVPES iwi |1 vary
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el water- d c

response of f*Er BBPELOHF 90P§8ﬁﬁ§%§5|ﬁe ms ; ase emica

process streams; fermentation streams; and other non-
potable water systems.

In each of these industrial water systems there are
expected to be colonies of microbiological organisms in
different areas. The level of microbial activity in each
of these areas is a function of different factors
including initial population of microbiological
organisms, aeration, temperature, water flow, the
presence of microbial nutrients and the removal of
microbial waste. Even in a single section of biofilm
the sessile microbial activity will vary across and down
the cross-section depending upon the previousgly available
factors. The measured fluorogenic dye response will be a
sum total of the response of microbiological organisms in
the entire system which are in contact with the flowing
water containing the fluorogenic dye. Therefore, even if
the level of microbial activity is unusually high in a
small section of the heat exchange tube but low
everywhere else the fluorogenic dye response may be low.
The process of the instant claimed invention measures the

averaged microbiological organism activity of the system.



the entire systemwhich are in contact with the flowng water containing
the fluorogenic dye. Therefore, even if the level of mcrobial activity is
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fluorogenic d ound adde 0 the industrial, water system must be a
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Therefore, fl icd i table. f .in the nstant. clai ned
oracess. mist MAVE SCHLPRLEAbhe® PToH oaUBALS S ORaP JFHSROBROLFERTaT cact i ng

with mcroorgagasizasd arsersfstehavelaododéri €ndyés UOHEEEBTE £61 JRS:
after they hayve reacted with T%crorganisns. Sui tabl e fluorogenic_dyes,

i ncl ude, but HFethotIPFFAREeGlebmed R PECSRi BUREt RIVRFa pyFkRgtable

3,6,8-trisul forierastdnt §aghaXyhrueres6ethe O ac84dt Bng with
3-carboxyunbel | iferyl (3-D galactopyranoside; 3-carboxyunbelliferyl
(3-D—g|ucurodPﬂ%?ooégﬁéi?@-%F@h?%?%-@?%tdh%%?h?l%k?f%?%%tzf%W%r¢S9¢WF
D- gl ucur oni degi @ik { 1a 8t 8- ChheyondvE- deaBt by Acth dhic2ophenank); Resorufin
(3-D-gal act opyranosi de; fluorescein di-(3 -D gal act opyranosi de;
fluorescein di-(3 S®lgphtar bhraeogemes odvies n (BebHige uchitona®e; ok | uorescein
di phosphat e; 17m{ydg0oxy; 3H phenoxazi n- 3-one 10-oxi de (hereinafter
"Resazurin");

acetic acid ester of pyrene 3,6,8-trisulfonic acid;

carboxyfluorescein diacetate,

3-carboxyumbelliferyl B-D-galactopyranoside;

3-carboxyumbelliferyl B-D-glucuronide;

9H- (1,3-dichloro-9,0-dimethylacridine-2-one-7-yl),
D-glucuronide;

9H- (1,3-dichloro-9, 9-dimethylacridin-2-one-7-yl) ;

Resorufin P-D-galactopyranoside;

fluorescein di-B -D-galactopyranoside;

fluorescein di-p -D-glucuronide;

Resorufin P-D-glucuronide;

fluorescein diphosphate;

7-hydroxy-3H-phenoxazin-3-one 10-oxide (hereinafter
“Resazurin”) ;

7-hydroxy-3H-phenoxazin-3-one 10-oxide, sodium salt
(hereinafter

“Resazurin, sodium salt”);

methylene blue;

4-methylumbelliferyl phosphate (hereinafter 4MUP);

4-methylumbelliferyl PB-D-glucuronide;

pyranine phosphate; and

pyrene 3,6,8-trisulfonic acid l-phosphate.
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(her ei naWwepr/498P) ; 4- et hyl unbel i feryl (3-D- gl ucur oni deCT/pge0L2IHITe
phosphat e; and pyrene 3,6,8-trisulfonic acid 1-phosphate. WO 01/ 49876

PCT/ US00/ 42495 10 The preferred fluorogéni c dyes are Resazurin, 4-

met hyl unbel | i f er yChphpselfatrecfd KMlEpragenpyr dyese argh@ephatieinThé -nost

preferred fl uar ni e s -.Resazurin. Al f these_ fluorogenic dyes are
bl ther  comiBERaII RS At EEre PRoPPaRtfol 4 UBds 200 PYPEI Ryal | abl & as
Resazurin, sptiogphaskt, MThemAlksbRpCHEerreB ©luoBexyedit, dWel waukee, W
53201, USA, %%%e%hone nunbers (414) 273-3850 or (900) 962-9591)), or, as
is the case fRYpyFani ne phosphate, these fluorogenic dyes are capable
of being synthesi 28d 43S nhepeocadivregenepodied bfte BA&hkrt erature.

Fl uorogeni c dye is agiid to Lge i.nd ztrial water _system.in,an effective
anmount such CRAPSTCiRd l¥agaBLdable d&Csr FFAIRG Smi EESBE LT ¢Fty. An

effective a . f Luo icadye J-s:bet a ; pm and about
e raitighe el e el vaoh ot GughcoeT 10

pref erabl y b&owe8sSabdiitl vauB4eppimland3albdut USAL ppiephame thebeost highly

preferable a . .f Lu@r.ogeni e, ad s 0.05 ppm. Wien the salt form
of the dye, g%?HS 2g3R§§§§uthf%§§ i&é?sgsg})ﬁg gdde %téstﬁeeiﬁgﬁgtrial

wat er syst enwitche pyalacuinat phosphapemn ithelsas €d uoroplkea i cadyiese aawount of t he
‘;;gor ogeni ¢ dy2 R85 8 nedha® Whie iR PRI, LIS AMYRL ot eseqgn ©
the literature.

Fluorogenic dye is added to the industrial water
system in an effective amount such that it is capable of
determining microbe activity. An effective amount of
fluorogenic dye is between about 0.005 ppm and about 1.0
ppm, preferably between about 0.02 ppm and about 0.5 ppm,
most preferably between about 0.04 ppm and about 0.1 ppm,
and the most highly preferable amount of fluorogenic dye
added is 0.05 ppm. When the salt form of the dye, such
as Resazurin, sodium salt, is added to the industrial
water system, the calculation of ppm is based on the
active amount of the fluorogenic dye present.

Of course, the amount the amount of fluorogenic dye
used may be greater than these preferred amounts. 1In
fact, the amount of fluorogenic dye added may be up to
about 10% of the volume of liquid within the water
system. It is believed without intending to be bound
thereby that amounts greater than 1.0 ppm will waste
fluorogenic dye without providing a commensurate benefit
to the system. The prices of the fluorogenic dye also
place a practical upper limit on the amount of dye added
to the system. Additional factors influencing dye

addition to the system include the type of dye, the



used may be greater than these preferred anounts. In fact, the anount of
fl uorogeni c dye added may be up to about 10% of the volune of liquid
Wi thin tveowasmsre system It is believed wthout intendi ngp€DUB®/42a25nd
t hereby that amounts greater than 1.0 ppmw ||l waste fluorogenic dye
wi t hout providing a commensurate benefitlfto the system The prices of the
fl uor ogeni ¢ dyeuaksof pliguedacpnidnucalslyppest! amd remplend stueountl thfindy e

added to the,system Additional, factors infl uencing d .additi.on.to the
System i ncl udbSt R TtypE ot oty ant FESWHYBE: 59674 PET] GEH0AAESS " Hh i punt
of |iquid comhenwately slyesiemand repl eni shed within the water system and
the type of fluids,contained within the ter, stem ,The .fl uoraqgeni c dye
is fed either by &P?e%ﬁu8Foﬁﬁn1€oﬁgﬁn&Figg%wﬁﬁﬁ%éﬁ %ﬁéﬁgsﬁﬂ§ofgé& t tracer
materi al or comb¢asalhisat wdrthMahh ineter flieakrerhtagenicert hdi-eaial ogpically
fed into a cqoli n%Pmt r, syst.(re#;nst‘é‘%‘r‘\e as, el%gt not Iim'teg1 to, scale and
corrosi on i nARHFPBPLIEFRE AN FAGE Tt & SPEMTRL REFPLS &0 s herein i s
that an inertyblivanescerd tihtech icdolahcampites alisyeal susignis,i ekt |y

af fected by an% it,her chem stry_in the system aqr bﬁt he ot her system

par anet ers stk adMifeCaltCur FCdr AP ESHEOSH CPnitdisOgFi-cal acti vity,

bi oci de concentrathenmel@ahChanges ergveraldriheatys cRrieMerela gyantify
what is neant b{ "not, appreciably or significantly affected”, this

stat ement ne&hett Bat &Y ddiONESEEEs fERCECoRFoINY FRPLRS IRy Ran a 10%

change in it3qhlivarastant «HrgRdled WYdehCondicd RS YRRl lih eRcount ered
in industrial water systéns. Conditions "normally encountered in industrial
wat er syst enSY&CtEm. k et & hse @fherorysitdm Payragigtiors pudhe agrt  of

industrial walen 9381 composition, microbiological activity,
biocide concentration, heat changes or overall heat
content. To quantify what is meant by “not appreciably
or significantly affected”, this statement means that an
inert fluorescent compound has no more than a 10% change
in its fluorescent signal, under conditions normally
encountered in industrial water systems. Conditions
normally encountered in industrial water systems are
known to people of ordinary skill in the art of
industrial water systems.

Inert fluorescent tracer materials suitable for use
with the fluorogenic dyes that are used in the instant
claimed invention must have the property of having their
unique fluorescent signal be detectably different than
the fluorescent signals of the fluorogenic dye. This
means that the fluorescent signal of the fluorogenic dye
and the fluorescent signal of the reacted fluorogenic dye
must both be detectably different than that of the inert
fluorescent tracer material.

Suitable inert fluorescent tracer materials are the
mono-, di- and tri-sulfonated naphthalenes, including

their known water-soluble salts; and the known sulfonated



Inert fluorescent tracer materials suitable for use wth the fluorogenic
dyes that are used in the instant clained invention nust have the property
of havi ngw® h&#9876 uni que fl uorescent signal be detectably BCTAS0NH95 han

the fluorescent signals of the fluorogenlc dye. This neans that the
fluorescent signal of the fluorogenic dy2 and the fluorescent signal of
the reacted $fGbVabiNPpe @fePyraBe. bsughbasdeétacfaBry different than that of

the inert fhypceseentaklagehiARbeshal alSubtable LRETknblHongeEeDt (1 acer

materials are nmono-, di- and tri-sulfonated naphthal enes, I ncluding
their known salebleosabte eil adl aAdthreckmatArsalsonanddAwDi0lLde76

PCTI US00! 42495 (it BE1 {LEVES 0! SBYGERE. RSUEDCRS dunBe®aaon-g:

pyrenet etrasu nirc acid er- soluble salté of al
of these naté@ralE Band(chd1¥eﬁhmmplineeﬁeautébnﬁbsacadt Seamiine- Regi stry

Nunber 2391- 0 e ),Lsoquipolin [ m no-
2, 3-di hydr o- lh&8£§ ?oﬁé%gs %Dﬁogg%ggnfsg?ﬁ %ﬁ%ﬁ?ﬁ gﬁggpq8C§¥?

ordi nary skiII nPebplarbfknmddnheytyhﬁ&al1ndbhagertakaswfbhestypecal

i nhi bitors apd corros‘éias inhib iors ed. without intending to

%
be bound th ?3%?? th eﬁ?ynﬁga ?n%ﬂg% %Earﬁya?ﬁ cﬂ?%?%%lgloglcal

organi sms w thhhbiherwat er system act upon the quorogenlc dyes. This
activity causes a_change in the fluprescen nal sajd dye and by
noni tori ng said FﬁubﬁeEEZﬁFvgﬁgngFgﬁPE obf F88888|t8CPFVFPynéH sai d wat er
can be nonitehedebyhethathedz9mekheyhohtankeal Biymete nhvedbiehogscaapabl e
of nnnitoringrnicrobiolo cal _activity fromboth ﬁlankt nlc and sessile

popul ati ons, OFHeNE8REr Y4LLLE FBEhYASSKnEWACER BRE 4PPR APReans for
nmeasur enent ef ubbegkhtier agegnt sheBakstivity causes a change in the

fluorescent signal of said dye and by monitoring said
fluorescent signal microbiological activity in said water
can be monitored. The method of the instant claimed
invention is capable of monitoring microbiological
activity from both planktonic and sessile populations, in
contrast to methods known in the art.

A means for measurement of the fluorescent signals
of the fluorogenic dye, the reacted fluorogenic dye and
the inert fluorescent tracer material in said industrial
water system, includes commercially available
fluorometers. A sufficient number of sample means and
fluorometers must be used in order to monitor the
fluorescent signal of the signal of the fluorogenic dye
before it reacts with any microorganisms, the fluorescent
signal of the fluorescent dye after it reacts with any
microorganisms present, and the fluorescent signal of the
inert fluorescent tracer material (if an inert
fluorescent tracer material is present).

Measuring the fluorescent signal of both the
fluorogenic dye and the reacted dye is a known procedure

to someone skilled in the art of fluorometry. For



of the fluorogenic dye, the reacted fluorogenic dye and the inert
fluorescent tracer material in said industrial water system includes
comer ci aVOy1/#82é | abl e fl uoroneters. A sufficient nunber PETHsMpI2¢95EANS
and fluoroneters nust be used in order to nonitor the fluorescent signal
of the signal of the fluorogenic dye befidre it reacts wth any

m cr oor gani sexamphe,f ither €dcewescengnalroperthesf bliofésocengedye dfter it

reacts with an m _cr.oorgani resent.,.and t fl rescent . signal .of the
ot 1 hor o Eebar iR BRI KRCRRC Bhv oA (RS LpugLERaRit aldnghaol 1o
i s present). ikkasur regctteel f'Resoesddént’ signal. of Ibotis hhghlfl uor ogeni c dye

and the reacted_dye is kn procedure to sqneo skilled in the art of
T tor onet 1y DESFoNGe0r FRady 8 MR POR00/ Bo 6571 S0 Aif: & L UPRETFERF Bes cont
properties okrkl Goreged widydn Resazuduetatielwebkeknewstkat Buch ithat
unreacted state.and in its reacted "Resgru in' Stabﬁénlé i s hi

t

. |_
oreferrod t hEFaPhaBRSE G MOmEars: SonBe FASFBe ng” FRERLAH% ¢ hi n

thE i nd\lﬁ]t ri alﬁamt Eblesy‘.&feelﬂlﬁ'dﬁﬁ;ri‘e]t@trﬁ gfkléb 19aapkas wd@ha@llt th@vedt 0 bﬁ ]
t aken. en the sanmpl i n means for the uoroneters_are |l ocateq w in the
i ndustrial wabEMssydedmieen: Py teM SRRpIEYRE PE ??HP&&PEylSrQVPFF@&HFO as

i n-1ine neasye@Bied A gk 11N iRaskEeERhens .One that is taken w t hout
interrupting the flow of the system bei ng neasured.  Because the_sanple

means for the flubPoddrdif® MEREULSHEIE dfe @en R ke Ifh R EHINHIELPHE an

in-line measypneReRlptilg $MPIA LN ahe FERRLkar bld ndcaehateky. reflects
the entire industrial water system and, as such, thé information gl eaned

fr om conduct Pegalkies ther IedP Lec a\pease fprr hice ELsiopeme terd spl a4kt oni ¢ and

sessile m cLRi;@liogictRli NI SMRORINALIRASy bR NG ine
measurement, the sample they are monitoring accurately
reflects the entire industrial water system and, as such,
the information gleaned from conducting this method
accurately reflects both the planktonic and sessile
microbiological organism populations. In-line
measurement overcomes the problems associated with grab
sampling and the need to remove a sample from the aqueous
stream for later testing. Also, the reacted and
unreacted forms of the dye are tested on a real time
basis, wherein an almost instantaneous reading of the
Ratio of the two dye populations will provide an
indication of microbial activity. Thus, the Ratio’s
measured rate of change is proportional to the activity
of the microorganisms within the system.

Notwithstanding the fact that in-line measurement is
the highly preferred way of conducting the method of the
instant claimed invention, it is possible to conduct the
method of the instant claimed invention using a grab
sampling technique suitable to secure samples of the
industrial water system. If a grab sampling technique is

used, means should be provided to convey the grab sample



measur enent overcones the problens associated with grab sanpling and the
need to renove a sanple fromthe aqueous streamfor |later testing. Al so,

t he reactved oams76 unreacted forns of the dye are tested onrar/usal42895me

basi s, wherein an al nbst instantaneous reading of the Ratio of the two dye
popul ations will provide an indication @& mcrobial activity. Thus, the
Rati 0's neasor éther dfllacaoneltangan s peaponkibdeall engthhefadtime tspuchof t he

m croorgani s ithin the system t Wi t hst andi the fact th iho-1i ne
measur enent i%z"a\@tﬁ? ehidé‘ﬁlay%rcéaflé’rerde r\ﬁglyto ggh%%gﬂe%‘gert ﬁgc%%g&gfof t he

i nstant cl ai med lle¢@ntihen curtrent paatiuel eft aheodddoistidial mettlead of the
instant clained, invention using a grab sanpling technique suitable to
secure sanpl &¥55fMhe industrial water system If a grab sanpling

techni que i s usedhemeans s hkdultheb & lplodeisdethtt @icmadeft hegr ab sanpl e WO
01/ 49876 PCT/_US00/ 42495 4 to the fluoroneter in a reasonable | ength of
time such tHaHRISFICa d%’@c&i“\/&&lef IMEEE Ao PdPReer e FEatr@AF t 5%t | ect s
the current shaldiesehildeindystrial water system The Ratio of the
fluorescent signal of the fluorogenic dye to the fluorescent signal of the
reacted fluorogenic dye is: Ratio = fluorescent signal of reacted
fluorogenic dye. fluorescentsisbgiséetf shibHOL 0geNGEKE £IrIgRMEE dPe @
uni tl ess nunber. The Ratio Can be calculated manually or wih a cal cul ator
or with a conputer program Forfbasesekntiseignal of pledeorgeylie dhat the
Rati o be cal cul ated using an appropriate conputer program such that a
record of the Ratio can be continuously calculated at set intervals. The
rate of change offHeh&®aRdtd d scan urhier]l dpes ums@dbetro ddther Mateid mn be

calculated manually or with a calculator or with a

computer program. For ease of use, it is preferable that
the Ratio be calculated using an appropriate computer
program such that a record of the Ratio can be
continuously calculated at set intervals. The rate of
change of the Ratio can then be used to determine the
level of microbiological activity in the system.

Computer programs can be written to automatically
calculate the Ratio. A person with ordinary skill in the
art of writing computer programs would know how to write
a computer program that would automatically calculate the
Ratio.

Regardless of how the Ratio is being calculated, an
operating system can be created out of commercially
available components that can be programmed to process
the Ratio. Thig operating system can use the Ratio to
operate the controls that physically add biocide to the
industrial water system. The computing means within the
operating system can be any digital computer such as, but
not limited to, a Programmable Logic Controller (PLC),
personal computer or other computing device. The biocide

feeder can be a simple container for holding a liquefied



| evel of m crobiological activity in the system Conputer prograns can be

witten to automatically calculate the Ratio. A person with ordinary skil
in the avooo#Ismsiting conputer prograns woul d know how t BCWMUS0224%5

conput er programthat would automatically calculate the Ratio. Regardless
of how the Ratio is being calculated, an 1®perating system can be created

out of comerltiatide avadi 4 ablirep conpoetatsblnathe goulie s ogapain®el oD process
the Rati o. Th{%l operating s stgm an use thf Riatio to o&grate tlhe controls
t hat physi cal <??Ljacﬁl’“olil%c FEEFTIERHE AUt PT LU AT & st WAHe conput i ng

means Wt hin gpetempetidt ¢ag sy sdenicanedemamya tl gi dal bg oapsigrasuthoms, but
not limted t a Programabl e. Logi c troller (PLC rsonal , conput er
or ot her conp‘_(c}ql? n%o%'gif%%g ‘g‘fﬂél%‘? oc? o%gfjf‘é‘ge]aﬁucé nm%%é%rgﬁgn?)‘f‘%u@bnt ai ner
for holding a |iqueddeddiify 0dhd 98d6e RET/ dITNG4 2495t hd SRt D6 det angl a punp.

Preferably the punp s capable of delivering a neasured anmount of biocide
to the water % etfﬁ%?ld“gawebealé%‘?‘?%t%ﬁ PEATEEe y bf Bye B2 HRal from the

conputing devigeréfsde| i veénstied TeasUrefl aiebdhioRegasdl nget beieqt esof
change of the Ratio,. it is_ known that in the absence of biocide, if the
Rati 0 i ncreasesreafiehdt helFell %]Ps%ﬁl%*Fo%fo}Pbﬁ?%%? h%t?k}‘?t]@a%o

i ncreasi ng. ldedhCagdsence péaRsochsde ddaibeoial i @ye dESTBASES alillcHELHS
that additional dye_is being added to the industrial water System When

the nethod ofthfhelReshhiat| uaked $YE®Mion is conducted in the presence

of biocides certaiyp,ad] tat ROt Boa Na¥ et besPRde. -Peonbe Ohvendisarysskill
in the art know what biocides are used in industrial water systens.

Bi oci des adde@ondueesdormethe Draserpe adf ebievifes oferhnéroptinsbmentsty
incl ude oxi digipg @degoﬂéﬁéld'ﬁéggle of ordinary skill in the art

know what biocides are used in industrial water systems.
Biocides added in response to unacceptable levels of
microbial activity include oxidizing and non-oxidizing
biocides.

Oxidizing biocides include, but are not limited to:
BCDMH (92.5%, 93.5%, 98%), which is either 1,3-
dichloro-5,5- -

dimethylhydantoin and l-bromo-3-chloro-5,5-dimethyl
hydantoin (CAS

Registry # 16079-88-2) or a mixture thereof;

bleaches, including stabilized bleaches;

bromine, including stabilized bromine;

calcium hypochlorite (CAS Registry # 7778-54-3)
“Cal Hypo” (68%);

chlorine, including stabilized chlorine (8.34%);

H,0,/PAA (21.7%/5.1%) which is hydrogen peroxide

(CAS Registry # 7722-84-1)/ peracetic acid (CAS
Registry # 79-21-0);

hypobromite;

hypobromous acid;

iodine;



bi oci des. Oxi di zi ng bi ocides include, but are not limted to: BCDVH
(92.5% 93.5% 98%, which is either 1,3- dichloro-5,5 dinethyl hydantoi n
and 1- br w8498 or o- 5, 5- di net hyl  hydantoi n (CAS Regi st r pCHUS@0R2988- 2) or
a mxture thereof; bleaches, including stabilized bl eaches; brom ne,

i ncludi ng stabili zed br oni ne; cal cium hypbchlorite (CAS Registry #
7778-54-3) "Cal PWE@HOPGQWGnesahIorlne i ncluding stabilized chlorine

(8.34%; H202/P 1¢ 1% 82 1% s whi OgENg S Registry #
7722-84-1)/ pera?ﬁ??% ac%ﬁg( = Reg?skry %g§99§ ?Eaﬁy ?%%? fe;

hypobr onous aci d; Napgdi rﬁéO’V\Olelﬁ&98‘?61PETLBJSSOdZLQmQEprGhlQrgaﬁobr oni nes;
NaBr (42.8% 43% 46% which é gogéggégggn% z 8 10@6 12.5% which
81-£5%%

i s sodium hypochlorite (CAS egls "m xtures thereof.
Non- oxi di zi ng bi oehdemikholredethbueodire not |imi ted to ADBAC Quat (10%

Cg?EngeReg::grinﬁmgBSQﬁog °§191§95§5§§E§éﬂggk?ﬁé?%%%?éﬁ?%i?ﬁ ty?£$FL oxi de
5% ; ADBAC(12m3%@ATBdO (2.5% , (ADBAC Quat/bis tributyl tin oxide) (CAS
Registry # 56-35-9):  apmac Quat (10%, 40%(CAS Registry # 68391-0-
5), 80%)-~--alkyl dimethyl
benzyl ammonium chloride, also known
as “quat”;
ADBAC quat (15%) /TBTO (tributyl tin oxide 5%);
ADBAC(12.5%) /TBTO (2.5%), (ADBAC Quat/bis tributyl
tin oxide) (CAS Registry # 56-35-9);
carbamates (30%), of formula T,NCO,H, where T, is a
C1-Cyo alkyl group;
copper sulfate (80%);
DBNPA (20%, 40%), which is 2,2-dibromo-3-
nitrilopropionamide
(CAS Registry # 10222-01-2);
DDAC Quat (50%) which is didecyl dimethyl ammonium
chloride quat;
DPEEDBAC Quat (1%) which is (2-(2-p-
(diisobutyl)phenoxy) ethoxy) ethyl
dimethyl , dimethyl benzyl;
glutaraldehyde (15%, 45%), CAS Registry # 111-30-8;
glutaraldehyde (14%)/ADBAC quat (2.5%);
HHTHT - - hexahydro-1,3,5-tris (2-hydroxyethyl) -5-
triazine (78.5%);
isothiazolones (1.5%, 5.6%)--a mixture of 5-chloro-
2-methyl-4-isothiazoline-3-
one (CAS Registry # 26172-55-4) and 2-methy;-4-
isothiazoline-

3-one (CAS Registry # 2682-20-4);



carbamates (30%, of fornmula T2NCO2H, where T2 is a d-Cl0 al kyl group;
copper sulfate (80% ; DBNPA (20% 40%, which is 2,2-dibrono-3-
nitrilopvopoowsn de (CAS Registry # 10222-01-2); DDAC QURCT/US@Mp4ashi ch is
di decyl dinethyl anmonium chloride quat DPEEDBAC Quat (1% which is (2-

(2-p- (diisobutyl)phenoxy)ethox th , di nethyl benzyl;

gl ut ar al dehyde (1%g? 2 y CﬁSF%%S % Plﬁ gﬁioéﬁaﬁa eglutaraldehyde (14%
/ ADBAC quat (2. 5%01 qutﬁHT zo%,heaahydaopélgmériélQuéeebﬁgwxyet hyl) - 5-
triazine (78.5%; |soth|azolones (1.5% --a mxture of 5-chloro-

2- et hyl - 4- |EBIPRPa%r|Helza6ﬁae%c¢BdR%§i§%ry # 26172-55-4) and 2- et hy; - 4-

i sothi azol i ne 3- OfReEAS- ReOL$he¥iE gﬁggezgoﬁiQuﬂgg01/49876 PCT/ US00/ 42495
17 MBT (109 --net hyl ene bi s thiocyanate; | yquat (ZOW 60% , a polyneric

quaternary conpoliR@PUBBL3aRTRed4aNd44al )L~ t%eKE@?t bétyﬁémiéohnﬁne

conpounds; tenbytylazipayi4%indds1% --2-(tert-butyl am no)-4-
chl oro-6-ethylam no-5 triazine (CAS Registry # 5915-41-3); TMIT

(249% - - t et r amet hyFEhpELBA (FBREI Regéstrantl BPXPutes3t hereof. Any conbi nation
of the above bi ocies ggx P@-Hgggamefﬂ iﬁh Hﬁémb&9§h95§d§ay al so be used.

These addi ti onal | oci des wou I nc ose known to a person of
and mixtures thereof.

Any combination of the above biocides may be used.
Additional biocides may also be used. These additional
biocides would include those known to a person of
ordinary skill in the art of biocides. The only
restriction on choice of biocide is that if the biocide
reacts with the fluorogenic dye faster that it reacts
with (destroys) the microbes, then it would be
unacceptable.

It has been found that all of the fluorogenic dyes
suitable for use in the instant claimed invention are
susceptible to degradation of varying degrees in the
presence of oxidizing biocides. When the method of the
instant claimed invention is used in an industrial water
system where these oxidizing biocides are present it is
important to add the fluorogenic dye to the industrial
water system at a point that is as far as possible away
from the point where the oxidizing biocide is added to
the industrial water system. Even when the fluorogenic
dye and the oxidizing biocide are added to the industrial
water system at points as far apart as possible it is
known that the oxidizing biocide will quench the
fluorescent signal of both the fluorogenic dye and the
reacted fluorogenic dye. The guenched fluorescent
signals cannot accurately reflect the current status of

the microbiological activity in the industrial water
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fluorescent signals. Of course, once additiomal
fluorogenic dye is fed and the signal from that
fluorogenic dye is measured, the method regains its
viability.

Typical non-oxidizing biocides do not guench the
fluorescent signal of fluorogenic dyes and reacted
fluorogenic dyes. Therefore, if only non-oxidizing
biocides are present in an industrial water system it is
believed that the fluorescent signals will always
accurately reflect the current status of microbiological
activity in the industrial water system. Nevertheless,
in conducting the method of the instant claimed invention
in industrial water systems containing only non-oxidizing
biocides, the method must be conducted by also not
considering any fluorescent signals, unless they
quantified above a certain minimum “noise” level. Again,
this minimum “noise” level can be determined with
reasonable certainty, for every aqueous system where the
method of the instant claimed invention can be practiced,

by a person of ordinary skill in the art of fluorometry.



kill the m crobiol ogical organisns present, leaving little or no excess
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fluorogenic dye (the product).

Microbiological organisms commonly found within
industrial water systems which thus far have been
detectable by and responding to the detection methods of
the present process include, but are not limited to,
Pseudomonas, Bacillus, Klebsiella, Enterobac,
Escherichia, Sphaerotilus, Haliscomenobacter. As
mentioned previously this listing is not exhaustive,
noting that other bacteria and/or microorganisms may be
detectable by the process using said apparatus.

In an alternative embodiment the method of this
invention involves measuring the fluorescent signal
emitted from an inert fluorescent tracer material as well
as the fluoroscent signals of the unreacted and reacted
flourogenic dye. The inert fluorescent tracer material is
used to determine the concentration of fluorogenic dye
present and by knowing that concentration it is possible

to operate the system so that a desired level of



activity. The sensitivity is due to the fact that the m crobiol ogical
organi sns convert fluorogenic reagent dye to reacted fluorogenic reagent
dye withwdel/Raré o i ncrease being due to both the decr eaBeTURIN42¢95
fluorescent signal of the unreacted fluorogenlc dye and increase in the
fl uorescent gggnal of . th reacteﬁ fluor ggnlc dge (t.he product).

M cr obi ol ogi EARCEPYERLSNEY BohRoALY2YSURESREER n SPRdUsEri BREGRENOs} St ens

whi ch thus far7hayeibeen, 9d§§ggbabbeo@y aaé reapendhpg herthe detection
met hods of the present process i nclude, but are not limted to,

Pseudononas, 1B§€FPPE§teﬁIQBSF@ﬁFﬁeHEﬁte?BBaé thexenghi dhFgusshARePBLti | us,

Hal i sconenobagbenseAss mﬁektoeegce£§Vt9ungoﬁﬁtsfbksthpsraalﬂet exhaustive,
noting that other bacteria and/or mcroorgani sns may be detectable by the

process usi n§o8&ra” apphhranusndpgtyhad) vaEast fyetembodi nent the met hod of

this invention '@M@'&QEegﬁaéﬁﬁb”aekﬂédf6§0ﬁ§§ﬁ§”5n5h98§£ £eAbLEgdehiEOM an
inert fluorescent tracer naterial as wel | uor oscent signal s of

the unreact efrafdrreatesdali rearogeni thayeonthetrabions| abr éseeht tracer
material is E%ﬁEQeEBeﬂﬁtEEHEQ§ ﬁQEeE@QEeQE&aﬁygnbgfmQE#EQQEEQ'Endye

present and now ng that concentration it TS possi to operate the
syst em so t haropodbispnedol each ofhep @itR9878 PCIIUS00/ 2488 £@0 into

f 1 uor ogeni c g%glhéggkm%% ﬁese@hergggpy §1oﬁa%ﬁg% %Qbmgln 2{83434dcn

4,992,380, 5 are I 'ncor porate erence, Tor a
thorough dISChSEIDheDE ighe nséeuéncaeusedraoedsteumaneouhe Ebangbyilnaul i c

o3ses; el BANELT LA oYL BLcBELATR,  J0E,BLAET AL TELRRIBL, 1 10
fl uorescent thacénemat endaklandodgeibedpaintai ned in

A real time determination of the Ratio enables
immediate evaluation of the microbial activity as well as
the efficiency of the current biocide dosage and any
increase as needed. Real-time determination of
biological activity enables the process to add biocide on
an as needed basis. Adding excess biocide, greater than
what is needed to control the microbial activity is
avoided when such dosages can be accessed on a real-time
basis. Thus, the use of biocide can be administered at
determined effective levels, which results in the correct
amount of biocide being used. Additionally, the
effectiveness of a biocide feed can be evaluated on a
real-time basis and the dosage can be increased or
decreased depending upon the real-time reading.

The following examples are presented to be
illustrative of the present invention and to teach one of
ordinary skill how to make and use the invention. These
examples are not intended to limit the invention or its

protection in any way.



proportion to each other within a solution being fed into the water system
The proportion nust be naintained such that there is a reference used to
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fl uorogeni c dye aResagsrin| uspésuvensastgnaf prepbablesfizemt ABDRIUBr ogeni c
dye reacts yith.nigrabLoleghgal (groani smg,  ExappLe |8zl ygstigation of
fluorescent Sign propertres’of "ReSazurin RésazUfin, sodrumsSalt, is
avai | abl e frRes@aRDRiGCHAs a known fluorogenic dye that can react with

the respiratory enzyme, dehydrogenase, present in the
membrane of many microbiological organisms. Because of
this reaction with dehydrogenase, Resazurin is reduced to
3H-phenoxazin-3-one, 7-hydroxy- , also known as
Resorufin. Resazurin and Resorufin have different
fluorescent signals. The chemical structure formulas for

Resazurin and Resorufin can be found in Figure 1.

Resazurin has a known fluorescent emission signal
maximum at 634 nm while Resorufin has a known fluorescent
emission signal maximum at 583 nm. The fluorescence
emission spectra of a cooling water sample containing
0.2 ppm Resazurin is shown in Figure 1. These spectra
were obtained using a SPEX fluorometer available from
Jobin Yvon Spex, 3880 Park Avenue, Edison NJ 08820. The
fluorometer was setup as follows: Bandwidth was set at
2.5 nm for both excitation and emission, the excitation
wavelength was set at 550 nm and the emission was scanned
between 570 and 650 nm at 1 nm step intervals with 0.2

second integration time at each step.

In Figure 1, the time zero spectra is shown as the
line with triangles. The spectra taken after 24 hours is

shown, as the smooth line, in Figure 1. The time zero
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spectrum is relative to the intensity at a particular
wavelength. The spectra were normalized at 634 nm,
because this spectra was chosen to demonstrate the
difference in the form of the spectra and the sample
chosen was predominantly Resazurin, which has a
fluorescence emission peak at 634 nm. It would also have
been possible to normalize these spectra at 583 nm for

purposes of this invention.

The change in spectra over the 24-hour time period
was due to the interaction of Resazurin with
microbiological organisms present in the cooling tower
water. Microbial action on the Resazurin converted the
Resazurin to Resorufin. Resazurin is reduced by the
membrane-bound dehydrogenases present in micro-organisms.
Dehydrogenases are a class of electron transfer enzymes
present in all microbiological organisms. Without the
interaction with the microbioclogical organisms, Resazurin
does not by itself, in real-time, convert to Resorufin,

in the absence of reducing agents.



The two spectra in Figure 1 have each been nornalized to the intensity at
634 nm Normalized neans the fluorescence counts (i.e. fluorescence

i nt ensi t yYyoat/49seach wavel engt h have been divided by the cPOMISO&L24%
particul ar wavel ength. Thus, the intensi g of the spectrumis relative to
the intensity at a particular., wavel engtfi” The specira_were nornalized at
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el ectron trahsféeter®yred. present in all microbiol ogical organisms.
Wthout the interaction with the m crobiological organisns, Resazurin
does not by itsel Exappl -giggusgdnpep arRdookdmifis: in the absence of
reduci ng agents. WO 01/49876 PCT/ US00/ 42495 23 The ongoing interaction
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intensity c¢ 6 lculating th ti of the
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peak (fl uorogeactedyElpeakpenhe dgrt bat odfimitdingbiellagscalinactpicty within

the systenlcggtegeo gggﬁghn%gmeéagggfikg_ggaggsﬁkﬁnogfaﬁ%&ggihgggﬁ§:
9.0), the two peaks at 583 nm and 634 nm are similar in
intensity for Resazurin. After interaction with the
microbiological organisms the Ratio steadily increases.
This increase continues proportionately with microbial
activity until the value saturates. The value at which
the Ratio saturates depends on the sensitivity and
calibration of the fluorometer. This is because not all
detectors are equally sensitive at 583 nm and 634 nm.
For a well calibrated system (The Spex fluorometer) the
calculated Ratio saturates at 5. By saturates it is
meant that this is the maximum measurable value of the
Ratio. The microbial activity may continue unabated for a
long period afterwards, and the value would not change.
The spectrum of Resorufin (pure) has a Ratio of 5 in its
spectrum between the intensity at 583 nm and the
intensity at 634 nm. Hence if the concentration of
Resazurin is very small, Resorufin’s spectra dominates.
This is because one molecule of Resorufin has a greater
quantum yield of fluorescence compared to one molecule of

Resazurin.
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Example 2

This example shows that the change in Ratio is
proportional to biofilm (sessile) growth in the system.

The fluorescent dye used was Resazurin. Water held
in a reservoir was continuously recirculated through 10
feet of tubing (hereinafter “the biofilm reactor”) using
a Cole-Parmer (625 E. Bunker Court, Vernon Hills, IL
60061, phone (800) 323-4340) variable flow gear pump
model 74011-10. The pressure-drop across this tubing was
measured using a —-7354 Series Pressure Transducer (0-15
PSI) also obtained from Cole-Parmer) .

Water containing a dilute (less than 1 gram/L)
amount of Tryptic Soy Broth (available from Difco, 1
Becton Drive, Franklin Lakes, New Jersey, 07417-1883) was
continuously added to the reservoir, while excess water
was drained. The holding time for the system was about
30 minutes. The biofilm reactor was inoculated with
microbiological organisms while biofilm growth was being

continuously monitored by monitoring the pressure drop



Resorufin far exceeds that from Resazurin). As a result, when nost of the
Resazurin has been converted to Resorufin by the m crobiol ogical
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t he Resorufin peak alone. Exanple 2 This xanple shows that the change in
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which is a gaEﬂ mgt,hod koL sdgt erm ning fouling. Resazurin was then
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o 2,0 D0 oL UAUPURTLAK! 81-A0d SHLPRLCRyhACSRICLE Lagugehepgt e

step intervapsenptine0d2opecgrdtstime. At time 0, the system was
inoculated with microorganism and the system is thought
to be free of biofilm. As microbes proliferated over
time in the constant supply of nutrients and water, they
adhered to the tube walls and formed biofilm mass. As
time passed, this biofilm mass grew in thickness. This
thickening biomass increased the resistance to water flow
in the tubing resulting in an increase in the pressure
drop measured. The Resazurin ratio also registered a
continuous increase during this time. This
correspondence between the results from the pressure drop
transducer and the Resazurin ratio shows that we are able
to monitor biofilm activity using the method of the

instant claimed invention.
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Exanpl e 3 The fl uorogen oRse—t at-H-ens—of
and sessile mcrobiol ogical organisnms. Se sile m cr obi ol ogi cal organi sm

popul ations are grown as a biofilmin a relatively | ong piece of plastic
t ubi ng t hrough whi ch wat er containin%:a di_l ute anmount (less than 0.1
gram L) of Tryptic Soy Broth, is xample 3

The fluorogenic dye’s response to populations of both

S

planktonic and sessile microbiological organisms.

Sessile microbiological organism populations are
grown as a biofilm in a relatively long piece of plastic
tubing through which water containing a dilute amount
(less than 0.1 gram/L) of Tryptic Soy Broth, is
continuously pumped from a reservoir. The holding time
The

fluorogenic dye is fed and mixed with the water, after

for the water in the system is about 30 minutes.

which a sample is quickly extracted of the water/dye mix.
of

water is removed from the tubing and taken to measure

An initial sample (hereinafter SAMPLE PRIME)
the initial fluorescent signal of Resazurin and the

fluorescent signal of Resorufin. The fluorometer used to

measure the

SAMPLE

fluorescent signal is a SPEX fluorometer.
PRIME is then kept and periodically the

fluorescent signals of Resazurin and Resorufin are
remeasured in this sample.

SAMPLE PRIME

A change in fluorescence in
is indicative of the planktonic
microbiological activity in the system because SAMPLE
PRIME was removed from the tubing and is no longer in
The time

evolution of the Ratio of the fluorescent signal of

contact with sessile microbiological organisms.



continuously punped froma reservoir. The holding tinme for the water in
the systemis about 30 mnutes. The fluorogenic dye is fed and m xed with
t he wat ewoaf/4mre which a sanple is quickly extracted of popUSNerdsdye m X.
An initial sanple (hereinafter SAVPLE PR&PE) of mater is removed fromthe
t ubi ng and tgken t%. rﬁ %Ee initia . uor nt signal, of Re5ﬁzurin
and the fluBPESEBRENsFGnLPeof BREGFERPR. STHB I8 r BRER PrﬁgeéoFo freasure
t he fluoresceﬁ&t&agmgleksracSBEXshMngopatﬁE sBAMBLEnBRyMEWS blien kept and
periodically fluorgscent S|gnals of Resazurin_and Resorufin are

remeasured iR Fﬁ#gogéﬁp BCtRTeRaRGESPRLT LHoFBECERCEIH LONRPLEAPRENE i s

indicative of theppkapktieangy aua&e@bﬁbggbaﬁblégtayetﬁakent@%oﬁyéhen1
because SAMPLE PRI ME was renoved fromthe tubin is no longer in

contact wit ht8Bd8H| 8nfi ER6HLANEEFPESENEr §ARNIAE. ogheheuﬁereevéeétﬂwﬁ of the
Ratio of theaﬁaueheseeaeteagagla QEeV@eQéﬁf@é?§np%égéogﬁﬂgﬂ%5sa glgesor ufin

to the fluorescent si esazurin for the initial exXtracted SAMPLE
PRI ME shows ?ﬁet§ﬁ§wﬁhRé$1OpP§th§ﬁ?cSbﬁ@@éﬁlQaprb§eﬁﬁ1pﬁlﬁhédcooﬁhﬁg t ower

water. Periogheabl ¥rafablbbonabnaaap, eslﬁaﬁcggkege FOpLLRe cptulLag; aad the

fl uorescent signals of e unfeacte reacted dye are neasured
in these tubﬁﬁg @éﬁpk§9n1§oppﬁaﬂa§lRatpgmbﬁnaﬁese signal s can be

calcutated. The Pabiaceb (H83e(RLoRaEs 1S hadLERLLYBL0EAALNLRE TEFS!! @

and pl ankt oni ¢ population co termne

nlcroblologlcaltyeasystemy addltﬁenayssampleddKBAMBaE sanpla™PLBANPLE 30,

SAMPLE 60) are %ﬁ%ramn fron1§ge Ei nlreacg r ang %ge fluorescent

signal s of bBfR YAE GAFAYECEET dTESa &OFé &t EG2CGYE ar Ssured within

t hose sanpl eslulrBsteati sidatdenbiiedotar thachngetcekdf byer apgenrtacted
dye are measured within those samples.

A Ratio is determined for each set of fluorescent
signal measurements, with said Ratio indicating the
microbiological activity.

Each Ratio is linked to either planktonic activity
(from Sample Prime) or the sum of the sessile and
planktonic activity from the aliquots taken from the
biofilm reactor.

However, the large change in the fluorescence ratio
observed in the aliquots taken subsequently from the
biofilm reactor compared to SAMPLE PRIME indicate the
dominance of the biofilm activity over the planktonic
activity. Therefore, it has been demonstrated that the
Resazurin dye is able to penetrate into the biofilm and
respond. The magnitude of the response may be ascribed
to the much larger population of active microbes in the
biofilm.



signal measurenments, with said Ratio indicating the m crobiological
activity. Each Ratio is linked to either planktonic activity (from Sanple
Prime) orwigw@ussiy of the sessile and planktonic activity gagmamobheesl | quot s
taken fromthe biofilmreactor. However the | arge change in the
fluorescence ratio observed in the | uots taken subsequently fromthe

bi ofi | mreactor conmpared to SENPIRE BIfti cate the domi nance of the
biofil mactivity Quflwd r@lglmm Cof a&[dlylé%eril’r}lg@g ore, it has been
denonstrated that the Resazurin dye is able to penetrate into the biofilm
and respond. The magni tude of the response nmay be ascribed to the much

| ar ger popul ati on of active mcrobes in the biofilm WO 01/49876
PCT/USOO/42495 28 EXAMPLE 3 TABLE shows the results of each experinent.

Exanpl e Gonegdthplat | 0CohtsHF@BAMNI CFidordBemat ||Orim@ Rat Ratib th  Of |dyfidiapm Dye
(m n) SANPLE bi of i | Mot gk MBpmeact or py2anpl & (SAMPLES sAMBLENKt Onisfilm
(planktonic only, [no and sessifle sessile [popul at| pAfIE poluhggagp) 3A(0. 2
Resazurin 0 1.07 1.37 3A 0.2 Resazurin 30 {1.23 5. 2g,4Be ‘yg ppgEs O
0. 146 0. 146 Phosphﬂte 3B 0.2 Ryranine 60 Q.195 1. aﬁ“a 8§9hq(gl &l e 4
only, no and sessile
sessile populations)
polulation)
3A 0.2 Resazurin 0 1.07 1.37
3A 0.2 Resazurin 30 1.23 5.2
3B 0.2 Pyranine 0 0.146 0.146
Phosphate
3B 0.2 Pyranine 60 0.195 1.54
Phosphate
Example 4

This example shows the effectiveness of the in-line
real-time method of evaluating a sessile microbiological
organism population (also known as a “biofilm”) presence
and corresponding treatment with biocide was tested.

EXAMPLE 4 Table illustrates a control scheme for
controlling biocide feed to the tower using the method of
determining a Ratio with Resazurin as the fluorogenic
dye. Fluorogenic dye is continuously added at a
threshold level of detection to maintain the overall
concentration of unreacted dye and its reacted dye
product constant in the water. The resultant Ratio of
fluorescent signals was monitored and calculated about
every 3 minutes. When the increase in the Ratio exceeded
a preset Ratio threshold, biocide was released into the
system by the action of turning on the biocide pump. The
biocide pump remained on until the increase in the

calculated Ratio of fluorescent signals stopped. The



Thi s exanpl e shows the effectiveness of the in-line
eval uating a sessile m crobiol ogical
"bi of i | MWO pr/eseance
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real -time nmet hod of
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and correspondi ng treatnent with bi orCTDESWAR495eSt ed.
control ling biocide feed

5€ﬁ|gaﬁ§8 1§ gBﬁtF %ﬁEFgﬁéage

n as the

ACHLVAEY AREshol d

| evel of det@ﬁé'@@cf@aﬁ@'ﬂbaiﬂ t8epemeeatb teensestiaki p8e@f unreacted dye
and its reacted dye product constant in the water. The resultant Ratio of

fluorescent signals was nonitored and cal cul ated about every 3 m nutes.
Wien the increase in the Ratio exegedfdr a Rxggat Ratio threshol d, biocide

was released into the systemby the action of turning on the biocide punp.
The bioci de punp refinadatoon unt i Ratiche|i Pumpaiatei n t heCoromleotd at ed Rati o
of fluorescent signatesinamped. [The WO 01/ 49876 PCT/ US00/ 42495 29|i ncrease
inthe Ratio is |d@eod® n crobial| ageeei { yffand t he |ERedi@apEmMbSs off [ esponse
to the biocide flerds:00EXAMPLE 4 [TABRE5 T g& I nto Ratjio Punp State Cpbmments
experiment 00: 007013.g3B38 Of T BiofEge pygp s off |0 35700 1. 88I5 of f
1:10: 00 1.52 offié &40, 00 1.7 q = l618% ?A909;9 :f#vptde—punp——"urned on
2:55:00 2.159 o 145002220 Zﬁoag O jqT66 ot i oeh s P —t ur ned of f
turned on
2:55:00 2.159 on
3:24:00 2.22 on
3:52:00 2.166 off Biocide pump
turned off
4:27:00 2.054 off
4:55:00 2.027 off

During this test aliquots were taken at regular
intervals and plated to determine the actual amount of
planktonic microbiological contamination. The average

value, measured using the standard “plate” test, was 3.2

x 10°® colony forming units (abbreviated “cfu”/ml. This
value is low enough to indicate overall control of

microorganisms in effect throughout this test.

Example 5—Computer Control

Throughout this example the fluorogenic dye used is
Resazurin.

These rules are applied in establishing computer control.
In this example, the industrial water system selected was

a cooling tower.

The parameters used in setting up the computer program

are as follows:



4:27:00 2.054 off 4:55:00 2.027 off During this test aliquots were taken at
regular intervals and plated to determ ne the actual anount of planktonic
m cr obi olvo@oo#s7€ont am nati on. The average val ue, neasurPRdT/wSimmg44she
standard "plate" test, was 3.2 x 103 co gny form ng units (abbreviated

e BickBbUgl] ScLovsepouan La LR cateoous’ ahb cantral of

m croorgani sns In e rou
Thr oughout t hescexagpiwéthhBethaorogeni ¢ dye used is Resazurin. These rules

are applied | st abli shing..¢ rocontrol. . ln-thi xanple,. the
i ndustrial wa 8§ é%% éﬁ%?glg% ggaégsklgﬂcgé FﬁBlP%a%%§a$h8g§%P%ﬁ@Fers used
in setting uputhdocooputektepaogr afithatheadytobhdwsau¥® Ghe488%6o to
PCT/USOO/4249§g §§.M crobial activity causes the ratio to increase by
reacting wt i'n. Non-oxidizing biocides kill m crobiol ogi ca

organi sns  buExdespobxidieiagt bibthdeheedyesandthanrseoirh€inathd to

stabilize. Excess oghdizigg bio&hde reﬁcts with Resorufin and causes the
rati o val ue F88EEr Ed8er2BIrBWiBwH of Ot HECEEREF results in feeding fresh dye

to the systepleadsiwngod daer eaweri Bebhetbati hofbgdingr e@ebhgdytheo _
concentration of Resazurin. The product of the reaction of Resazurin with

mi cobi ol ogi c&P®oFYaRFEnEPE1REsBr cafRelRe5b6r 8L 1PaPYoIPSTERELPGt i 0 of
the fl uorescent sbgpahtebttiBa oRegerHRuURiho the fluorescent signal of the

Resazurin. The control algorithm described bel ow controls a punp
The product of the reaction of Resazurin with
micobiological organisms is Resorufin. The measured
ratio is the ratio of the fluorescent signal of the
Resorufin to the fluorescent signal of the Resazurin.
The control algorithm described below controls a pump
duty cycle proportionally based on the measured ratio
with respect to user defined ratio control limits, with
consideration of the historical trend in the ratio
measurements.
The fluorescent signals at 583 nm (Resorufin) and

634 nm (Resazurin) are measured regularly at a finite
user defined measurement interval. These readings are
stored in an historical data structure (FIFO list). If
the Resorufin and Resazurin measured fluorescent signal
intensities are both above user defined threshold values
for a user defined minimum number of consecutive
measurements, the ratios of these values are used to
determine a trend by fitting them to a second order
polynomial. If either of the intensities are not above
the threshold value for the minimum number of consecutive
measurements, no control operation occurs until the next
measurement. (This takes care of fluorescent signals

that must be discarded due to interaction between the



duty cycle proportionally based on the neasured ratio wth respect to user
defined ratio control limts, with consideration of the historical trend
in the ravdor49se@surenments. The fluorescent signals at 58BCTVES¢0R23% uf i n)
and 634 nm (Resazurin) are neasured regybarly at a finite wuser defined
measur enent h d S r cal a
structure (FFE%§%¥§%?}EI?§gthﬁaRgg g ?§1§%§8R§§8§3??% ﬁ%%ggbgd?flgg%escent
signal integsiliey afetb@tﬁlabosedaSermdaédnbg ahsEathddvahmesquhme a
user defined | m.nu r ens RY urenents e ratios of

t hese val ues gkg %ge n?% tgerﬁfﬁe%égﬁreﬁ ﬁ? ﬁlng tﬁg fong second

or der poIynoanakollbperaheonobcthesinnEmﬁlthesnaxe maebsabementt heIf
threshol d value for the m ni num,nunber of consecutive neasurenents, no
control oper §PFofilepeuPrs thei P'therAext fikeayalbabae. atThhe £akssngare of
fluorescent gigaais pEhal Buskebeadisaandadndiin galnker ae! keAckgineen the
WO 01/ 49876 PCT/ USO0/ 42495 31 fl uorogeni c dye and any oxi di zi ng bi oci des
present.) Th@peqaénpﬂy06ﬁuﬁﬁeuﬂt@1|§h§enéxh1m@QSByemegtandard Chl-square
criterion. If the fl%hfal S the are gest 8 nt r ol E |on
occurs until the héxFPRed Bpgnﬁﬁt th8r PopEl fmFﬁ S2RY GFHEFCF

eval uat ed at thBeugsir aetflnbdmmsmlaml owlaeysebndebined msﬁtaﬁmribhéaug%/
control operation occuri%untll t he ngxt measurenent. |f the slope of the

ond order fiEPehEeRs bRecPiecdse PHEP,SEEYISYFhEJERI Ai fiALTaPReOEcEhErol i s

establ i shed Rrassebhiend theckivagi gecpurpidubY eY¥CkBet Reasli-aat ikaRish st he
measurenent interval proportional to the neasured ratiqQ s position

relative to B@@Ptééplﬁ@éaﬁﬁﬁ@rt&nHSF6m€?fF§?ﬁouPP?ﬁl?néaﬂ9@§r FetiRe
neasured rath@miis Rghowst he rlrowde meakhieell Fhtiot Ae BeoekdenRUNBESMRI NS

off. If the
ratio limit, the biocide pump remains off. IEf the
measured ratio is above the upper ratio limit, the
biocide pump duty cycle is set to its maximum value. At
no time does the biocide pump duty cycle exceed the
measurement interval.

The present method has been described in an
illustrative manner. Many modifications and variations
are possible in light of the above teachings. It is,
therefore, to be understood that within the scope of the
appended claims the invention may be practiced otherwise

than as specifically described.



measured ratio is above the upper ratio |limt, the biocide punp duty cycle
is set toits maximumvalue. At no tinme does the biocide punp duty cycle
exceed t veo omem3ur enent interval. The present nethod has berusdesess bed in

an illustrative manner. Many nodificatiohs and variations are possible in
i ght of the above teachings. It is, &Eg ore, to be understood that
within the scope of the appended cl ai i nvention may be practiced

ot herwi se than as.speni piroakky descmohetor ¥y 03f 49816k PERLYSENA42495 32
CLAIMS 1. A grocgss for Eon':Lt or i n? of ﬂanktoni ¢ _and ,sgssi | e

mi cr obi ol ogi EaFShOPulACTBRSCTRIARAE nBEBREF A Ot Br 2By LREHFESHDI si ng: a)
addi ng a fl ueabgensgsdya dompetibyngnto said industrial water system and

allowing said fluprogenic dye to react wth an |.ankt onic or. sessile
m cr obi ol ogi cal 0?8 r?re@é’rﬂr,oaﬂnlﬁr edierrg}y s EC st enent  of

the fluorescent signahsstofisaivhddtgegen ar@yalilivbwaigd ddigustrial  water
system with the first fluorescent signal neasurenent _being that of the

fiuorogeni ¢ dye and FYURFIEHR FUGeLESHRE WA e KB FEHEMLIDEANg  t hat

of the reacted fl uorRoeni e WRrdDiHINGSIHA-gRAKNd YrdRagur enent of said
fluorescent signals of said fluorogenic dye to neasure the fluorescent

signal of the fluBt@FAWIding aeanf ther massesmant afyidie Fludresasidt ed
el ot e RS S 00 e IS, Uokeseen Sl s
measur ed fl uorescentwater system, with the first fluorescent signal

measurement being that of the fluorogenic dye and

the second fluorescent signal measurement being

that of the reacted fluorogenic dye;

c) using said means for measurement of said
fluorescent signals of said fluorogenic dye to
measure the fluorescent signal of the fluorogenic
dye and the fluorescent signal of the reacted
fluorogenic dye, while discarding any measured
fluorescent signal values below a predetermined
noise level;

d) calculating the Ratio of the measured fluorescent
signal of the reacted fluorogenic dye to the
fluorescent signal of the fluorogenic dye; and

e) monitoring the change in calculated Ratio from
step d) to determine the status of the planktonic
and sessile microbiological populations in the
industrial water system.

2. The process of claim 1, further comprising:

f) determining the optimal amount of biocide to be
delivered to the industrial water system wherein
said optimal amount is based upon the magnitude of
said Ratio or the rate of change of said Ratio;

and



signal of the reacted fluorogenic dye to the fluorescent signal of the

fluorogenic dye; and e) nonitoring the change in calculated Ratio from

step d) twode¥wren ne the status of the planktonic and seBETAS00/42495

m crobi ol ogi cal populations in the indusirial water system 2. The process
q

of claim11, furth ? &*eqrgg;é'tlziiﬁésa}%%l?%tetti rj] \%ﬁ@nﬁﬁf%f Idearg%)uq:theof

bi ocide to be defivere i a stem whierein said
opti mal anount is badssthaipomlt hatemgmvtsidm.of said Ratio or the rate of

change of said Ratio; nd 149876, PCT/ US00/ 42495 _33.9) delivering
sai d opti mal annu%f ofT§FOE¥%%g%% ?ﬁegl?ﬁ%uétrgé?rﬁé e?aégsten1 3. The
process of cihuordgenherdiya s$ai delétuedofeonctiygegreupetenteédtingnofhe

roup consisiing of. Resazurin,. 4: byl unbel Jife p te MUP), and
e i ne phoRBRAFEEIR: A PPELRLuTpaTL R PhG B ben bRl c ahd obssiie
m cr obi ol ogi pgrapdpeal phoephate.an i ndustrial water system conprising: a)
prem xi ng a predeterm pned amount _.of an ipert flyorescent tracer, materi al
with a predeternified anBGRESEP FPEOWB@%E?Elﬁ9eO oP 8P§F8ﬂan%Pg

fluorescent sesselenmierbbliolbyoeaiepbpulliieionbXidr en bhaaddirngisai d inert
fluorescent tracer material - flugrogenic dye mxture directly into said
i ndustrial WARBRTs§¥BERTMaREMBFI8WHG said fluorogenic dye to react with

any pl anktonic ora) s8ssi:eidy & Qe AH GRln GAMEEE ¥ egeMrer® Providing
means for neasurenent. of the fluorescent ,

, fluorescent tracer material with a predetermined
amount of fluorogenic dye to form an inert
fluorescent tracer material-fluorogenic dye
mixture;

b) adding said inert fluorescent tracer material-
fluorogenic dye mixture directly into said
industrial water system and allowing said
fluorogenic dye to react with any planktonic or
sessile microbiological organisms present;

c¢) providing means for measurement of the fluorescent
signals of said inert fluorescent tracer and said
fluorogenic dye in said industrial water system,
with the first fluorescent signal measurement
being that of the fluorogenic dye, the second
fluorescent signal measurement being that of the
reacted fluorogenic dye and the third fluorescent
signal being that of said inert fluorescent
tracer;

d) using said means for measurement of said
fluorescent signals of said fluorogenic dye to
measure the fluorescent signal of the fluorogenic
dye, the fluorescent signal of the reacted
fluorogenic dye, and the fluorescent signal of the

inert fluorescent tracer, while discarding any



signals of said inert fluorescent tracer and said fluorogenic dye in said
i ndustrial water system wth the first fluorescent signal neasurenent
bei ng thavoofiashe fluorogenic dye, the second fl uorescenPCHUGIEL2495
neasurement being that of the reacted flyor ogenl c dye and the third

fl uorescent signal rpeeéagﬁé&aéhpgrdessa%qlﬂ nselsct qpe{que rbe Jracer; d) using

sai d neans for neasurenent of ‘sal uore sai d fluorogenic
dye to neasure tkmaﬁﬁaﬁﬂuﬁnmwnednqpuﬁe(ﬁeuéﬁ?'quorogenlc dye, the

fl uorescent si gnal of_ - he r.eac f r o dye,_and fluorescent
signal of the i ne? J% c‘%raetslcgetq"t rar%:agcr -0 \%?1 g“dlnéécaasf%% %PW%CE%?G
PCT/ US00/ 42495 34 W]ecbﬁ | tuhoer asazmﬁe@@n&iro@nm ded ovo ache

pr edet er mi ned n0|se:gevel calculalu qg t.he tio of thgineasured
fluorescent signal of* ?%ééscf TP udst e “¥Siuor escent
signal of the flu6)ogenitoiriye; Hhe rmmﬂgﬂrnrrg ctamemﬂrsafm Rartmlﬂzxtdnat ed Ratio

from step d) to det the status, of the nkt onj SSI|e

m cr obi ol ogi cal popuﬁe‘%ﬁl? cfﬁs HETH RS a?pt%d‘l éfsl’t q.%?’rfg t he
fluorescent signal stnc:tsae;@lssumear tmi dddi SIseeida 1 rga&;ﬂnamaitcﬁ{e aln ttﬂledet erm ne
whet her the desired a unt of fI uorogenic dye is present in said

i ndustrial water syst HFEUSTIHF T he amount of fluorescent tracer

material - fluoroge@om% ind Lme;@mﬁﬂaﬂ@ Sdrth] idusdid alnayat er system
based on the rreasured uorescent signal of said inert fluorescent tracer
mat eri al . fluorescent tracer material to determine whether

the desired amount of fluorogenic dye is present
in said industrial water system; and

h) adjusting the amount of fluorescent tracer
material-fluorogenic dye mixture added to said
industrial water system based on the measured
fluorescent signal of said inert fluorescent
tracer material.

5. The process of Claim 4 further comprising:

i) determining the optimal amount of biocide to
be delivered to the water system wherein said
optimal amount is based upon the magnitude of said
Ratio or the rate of change of said Ratio; and

3) delivering said optimal amount of biocide to

the water system.

6. The process of Claim 2 wherein said biocide is
an oxidizing biocide.

7. The process of Claim 2 wherein said biocide is
an non-oxidizing biocide.

8. The process of Claim 2 wherein said biocide is
a mixture of oxidizing and non-oxidizing biocide.

9. The process of Claim 1 wherein said fluorogenic

dye is Resazurin.



5. The process of Caim4 further conprising: i) determning the optinal
anmount of biocide to be delivered to the water system wherein said
opti mal av@uny9sre based upon the magnitude of said Rati oPOT/USév&t2n%st e of
change of said Ratio; and j) delivering gaid optimal anount of biocide to
the water system .§. The_p of -Cl ai .0. sald. higcpde i an
oxi di zi ng biocide?§7. ?ﬁ% ?égéég éF C?%?%ﬁzwcﬁégggﬁﬁs%gﬁgbg%%% el$s an
non- oxi di zi ngabtotatded 8sifgeaprovpstenfpbgiram? wherein said biocide is a
m xture of oxidizing a ngn- oxi.di zi.ng- bi. oci.de, 9. .The_progess.of Claiml
wherein said fl uoErL?)gen?ge §§8 T gR‘é%sEag% i .g\/%hﬁﬁfhﬁsﬁ%ggcﬁ’}ﬂ%bg?&igs 35
10. The processogfidChanm bhivhédein said Ratio is calculated using a
conput er program . 11. € process 0 aim erein sai iocide is an
oxi di zi ng biocide?%12.¥gﬁegﬁ?88§§so%fgﬁ?éwn?5w Ereftn®83 dBBPSﬁ Be'fs a
non- oxi di zi ng honeb’ediz3ngTheéopiaeess of Claim5 wherein said biocide is
a mxture of an oxLdi zj and non-oxi di zi.ng_bi ocide. 14, The process of
Claim 1 wherein sé?d ngggspF8Fesﬁea upgﬁéﬂt5owh?ﬁ%1?lﬁﬁfgsgéﬂglg?gﬁﬁl is
positioned ia-mikBtrelds Fheopiacesaqohndl ﬁbméxi\ﬂﬁﬁﬁh? pabdigeans for
nmeasur enment of the fluogescent si gha is,gositioned of f- _line.
14. The process of Claim 1 wherein said means for
measurement of the fluorescent signal is positioned in-

line.
15. The process of Claim 1 wherein said means for

measurement of the fluorescent signal is positioned off-

line.



