; e3ehddeg. JgPh6hTh+10 July 2003 A BI OFOULI NG MONI TOR NETHCD'EFLUO MONI TOR
OR DETECT Bl OFOULI NG BACKGROUND OF THE | NVENTI ON The present 49N
relates to the biofouling of various systens containing aqueous sol utions
and nore particularly relates to nonitors to detect or record by i N

and et hods of nonitoring or detecting biofouling. Biological W@MMM[’M’M
surfaces is a serious econom c problemin many commercial and in

aqueous process and water handling systens. The fouling is caused Bifsres~

bi omass which is the bui Ig l-CBUL. I r[gaﬂiA N@ﬂ% g_T%xtrace!I | ar
porstances ane by 1 or SRR Shciann T e A

or gani snms Wi ek PR viinTdoRi omess. If not controlled, the *Gooos

bi of oul i ng can interfere with process operations)
lover the efficCiAROYeRft iNRERSTERSs VNS IRFEMRE BY varRRdsysRAN CBnelhRE UGdeous
quality. Cooling water systens used in power-generating plants, refineries,
chemi cal pl @Nteds @b lmorOputichia@Nichighs Y MbRIE (8 QEled® bNREorE BISTAAlIAE #Hd nfodds of

i ndustrial operations frequently encounter biofilmproblens. Biofilmis the
bui | dup of ayierieg afdetedtigabibfenting. Cool i ng wat er systens are conmonly

contam nated with airborne organisns entrained by air/water contact in
cooling towers aBiokgikdl faudingvan ewrfacas nea aergantwonamié pehlenha mang tcemmenrak adp

wat er supply. The water in such systens is generally an excellent growh
medi um f or inHestrial aqpepynpragess andvaterdpndtioggystens: g&s fopling ivsiapset byra biowass which i
resulting fromsuch growth can Pl ug towers, bl ock Ei pelines) and coat heat
transfer sufteuildep of mierqompaisras e9rlos pxtpgeflularsybstaqess and b fish @rrlebisy thggdrecome
operation and reduce equi pnent efficiency., Industrial processes subject to
probl ems wi Faveel 8 Bebiaggss nBactrga Ppreds¥eats cliptamsy and protozen grea el semo et Jii p,

paper, paperboard, ,and texti]es articylarl ter | aid nonwov fabrics.
For exanpl e?'gﬂ‘ésﬂ'érch‘ﬁ?Sﬁg’g'll‘%&HEf’g"o{}‘éﬁsy% ﬁ?tgfé“t\(lf\’@f‘ﬁr%sb'?fg“'\ﬂétcﬁmfﬁ these

r eCi r CU| at I (I;]rg ? 3! grrlstccfgrle |we'$ '["Ovéhlstoe rglt\agse[ow%y§£ %%lnenc -EEel‘O\é@Si CtSeWaS Ct ?IEI‘
contains a PEIP i spersion TRETurfish to a paper nachine typl callye”
contai ns on 9 fi brous and non fibrous paper making solids,
whi ch mans@ﬁ%@%ﬁ?ﬁggg/ﬂq on of paper. alnobst 200 tons of water pass

t hrough the papetoollRC WitkiCsystbRSlise®in pdwelBinB@lideCRhdtS WrabR4d, émamichepiM, be wWat er
system 10 July 2003 -2 These water systens provide an excellent growh
medi um f or EBn@itieseO3Rtddd ol dhme@nl dndSaduttridl PpéritRnd MéquBitly @Rcoited Bisi@bI al
slinme in headboxes, water |ines, and papermaki ng equi pnent. Such slinme
masses not @ablymsC aBiofilit i€ ke isddupiof hysim besrgaaizols.s Codlag fla@wsysteb tareddamotipey
break | oose, can cause spots or holes in the paper as well as web breaks

t hat cause co&tingted iwith ajtiononsganismpanpanedriacitivwaer opercainicositg (dwees sordlrasl  of
m crobial activity has traditionally been the province of toxic chem cals.
U.S. Pat. Nazgferb@nOsQa@as)from O8sydepB makeup WatagBpiip5 The evalef [inysuch gyitems ©f t he
met hods that rel y on killing the offending m croorgani sns with toxic

cheni cal s. ®eRmseksienserayid medivaiferdhigse gantsas- of mtyorgfﬁ"ctdh@c piellavbiofaulisg f or t
because of the logic of elimnating the problemby elimnating the |

of f endi ng ofeyHBdivmasieh Favhsabrlps topers Ylog @@e’ﬂﬁwﬁ cogk heal, transtanuefaqss §ithi ¢ and
inorganic chemcals that will kill m croorggni sns.  Several attenpts to
control t helafreyplphing andithesby preysnt nsongy QpgRion and ety pquipmenteffigienck; oi d t he use of

st ance. U5, -l EOcEEy seiisbie RanSn: < Voradite i Yo PerERd U6 a1
bactorial AU o AR SR RITar EreL e o SR PP Bh thual |y
made to Coné{al?l!)lc,%rz.iperr) 'r‘ngt\;‘ueng's[ ha?cillg ]:lé)r)l(‘l Iairg@ %lm%ll%fW?tEﬁF‘ re%%c%a%ng $yst%(p\g called "white

water systems”. The white water contains a pulp dispersion The furnish to a paper machine

typically contains only about 0.5% of fibcous and non fibrous paper making solids, which means

that for each ton of paper. almost 200 tons of water pass through the paper machine, most of it being

recirculated in the white water system.



especially the industrial water systens) still need to be sha%?i é?
cl eaning or renoval of the biofouling that has built up and not
prevented by the introduction of biofouling control conpositions. Although
the introduction of mcrobicidal or anti-fouling conmpositions reduces the
nunber of tinmes a systemhas to be shut down for cleaning, it would be
beneficial to have a biofouling nDnltorln? system whi ch enabl es the users
to determ ne when biofouling has reached fevels mhlch require a shut down

and cl eaning. O i f users, 0 are not a of t he
bi of oul i ng bui | dug‘l‘;es%hv%t r ste sd)u(rwde ang)écr?ﬁ?ngaulvv%h IIII%(]S OOI‘ mlCl’O(r‘%afllSmpr a4 %

bei ng made Su&tm ASthPRRE t.o.hawa..@.gb.§npsﬂh§,.pﬁea 5 wer ﬁh Ul sa\es.la\am%@ ﬁmnt

detri nment al SUC as a Cl ogglng ot varl ous Inés used to su St ock to

the wvater sys\§imd hisies rof onlyTad M iferd Witk GhteCfld bOc WS, b@ﬂwtﬁ:ﬁ'&dey bARR! 1BdsB Gan
system which informs the users of the water systens of a potentlally

bi of oul i ng sichdd@bpodNorHales i the Paler BOWEIRES et bRhshRdt cRide khily idRtpRsHY GA p&pr Of
nore chem cals or a shut down. If the users of the 10 July 2003 -3 water
syst enms knowgplathisbperaoms.t hat a shutdown is necessary) then plans can be
made ahead of tinme to finish, for instance, a paper run or to increase the
anount of chem callk ¢ontrdl o€ miadbinl agiysy b tradit@wably hegohe pouatd dfytoyic osbdddaks. or
darmage to equi pment in the water systens. SUMVARY OF THE | NVENTI ON A
feature of tRES. Paedont3.AIMHI0HSRsandot,.IB5F0 des iHustritiyt ofi Hiermethodn thabrelyaerd

met hods to detect or nonitor biofouling. , Another feature of the present

i nvention i s kilingpthe effepding rwpre«rrwtsmgwwﬁm Ghemaicaly. o fychhyagthadi shpvegreecined thy
noni t or bi of ouling ahead of tinme in aorder for corrective neasures to be
taken. Addi t R 9t & aruch ofive badvsan f5desior! ¢ Hunapetbe AP by ﬁl"i“tﬁ‘i’f"‘ﬁn"l‘q be

set forth in in the descrip |o mhlc fo | o and i r

appar ent froﬁﬁ?ﬂ@gﬂﬁgﬁﬁvﬁ¥ﬂﬁﬁywd# ﬁﬁ@gabﬁ ﬁ?%ﬂﬁl@ﬁgﬁF ﬂ@“‘
present inve t le %Fctlves and other advantages of the present

i nvention wi [MaEE KL ?m?é “Hd obtalned by the disclosure particularly
pOI nted out in t h {a&l&rﬁ;ﬂs tg)%g Qrol tRé ggﬁectts %b%ﬁo@icﬂ aglv?lTy hrtgsavolaftlél tﬁtl’, oefv €

these and ot her advantages an in ac ance Wt oses

present i nverfdiiimidss &rma eqqe.@ng obm,aalox tsLees\crranh.%&l fr%r ﬁ.lstg'ncet@@ I RNt
invention relates to a ouling monitor which has a col unm 'havi ng an

inlet and an3aw éBtand 31,@21, l@Ptbblﬁ'&ai{itc}heaetlaE&ElhtB@o Y SlcMiRRadyh@ IR Mfblasd e

noni tor al so has a mcroorganismnutrient feed |ine | ocated upstream of the
inlet and al sénbbhe @rotatibidf bpteasiSlihEinI@INSGd waeegsass. upst ream of the inl et

for neasuring flow pressure and a second pressure sensor |ocated downstream
of the outlet forwWhitadtrs orgcdutialiypmats seicatrolTdn repene Bielotling Mue niteransténsy ddder
relates to a biofouline nonitor which has the above conponents, nanely the
col urm) i cr epegdlyitenindutrinli verrr syseael still meeddn e e dowr B slemggros Jenmsalwélitte as a
recirculation system connected to the inlet. This recirculation is |ocated
downst r eam obiofottingrthas fas utlirup aphwhiriswas nebprevsRisd by B intigduckien of pidfasing epntrol

mai ntaining a pressure feed through the colum In this enmbodinent, the

bi of oul i ng~ metaCEHHona) ddhayels the ntpdiitian of Arsphigidatar et fanting eemogitons fedpgge the
colum. The anmount of inert packing material in _the colum is present in an
amount to st rw"@bepef Hies & Wé‘e'ﬁa{% oy B¢ fuicn cletteal il brateaf ca! ta kv dgh

t he col umm. ~~~Yy ddition) the esent invention rel s to
a nmethod to h’am"k'wrm%vwra'ét%%ef" g f"'ffn&e 4fEaY dfstff'tt'?erfé"ef' r?"’g‘h"‘%ﬁqlfédii’g"e?’

| ut Th d I t. t f th
Sol ut | on’ t hoiFgf AMEL A SH40 i A e gﬁ%fs%agal?ﬁrfﬁf"t“erﬁ@w RGBS o

solution is g»%ar}eertz%l]xe fgu?' bquu S &Qb.%%lnm can res tmtpoorqug(?)n Y ulélt(s?gem b(%‘ases .
mcroorganlsmnu rlen(f Ipb I NTO I on O IZIZ)PI us soluti on

at a point u St He?%mm()fs gtsh%er holeI o?%d TJ}QH l]; ln? We Egtﬁrﬁe%ﬁs §ieh Qs (ﬁog?mg&r Vt.a}l(%@ I(ﬁ) t he

aqueous sol u passi hroug e b e M e e B 'St 'poi nt

before the 'niesfm g%p,siy ?&dsg,césqmtm;s% aﬂ&g it i& R sd s g{gase e&%ﬂy QHQHE ©r

non- cont i nuous bas he pressure erenti al on these

measur ement s of @ mARHAT iffoRRdne &6Q B B GRS RYsEARLE Hiehidafy @m%dumg TRARH AR nts,
t he amount of” biofoul ing occurring can be nonitored and plotted and a

det er m nat i ORecgAbP& B WNRL RsdubtioR o HbicNYerhiSalO&GUR i d3Gn OFf LR SF taNY
bi of ouling that exists is i'ncreasing in the aqueous system The

m croorgani smnutrients being fed into the solution prior to the inlet
serves as a way to expedite the biofouling of the aqueous system and thus
serves as an early warning nechani smsince such expediting of the

bi of oul i ng serves as a predictor of the biofouling which will occur in the
overall aqueous system It is to be understood that both the forgoing
general descrlptlon and the follomnng detalled descrlptlon are exenplary

e .



the present invention, as clainmed. The acconpanying draw ngs) which are
incorporated in and constitute a part of this application) il 8duly2088
several enbodi nents of the present invention and together with the
description, serve to explain the principles of sone of the enbodi nents of
t he present invention. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
schemati c drawi ng of an enbodi nent of thedbiofouling nonitor of the present
invention. Figure 2 is a schematic drawi ng of anot her enbodi nent of the

bi of oul i ng nW#FtsHCRsTkoow & adravsceifint ajshydaye ipAecessary,ghey plags cag bamads: hipagpf €mg- 6
are graphs depicting the recordation of pr ssure over time fromthe

Exanpl e, sholfifighafobindrise| 3 1ger st Pro‘ﬂd“"\ﬂﬁ‘i‘f“’c e ampypbafl chemigals mathe walst ggie@ttp on
for biofouli ng whi ch lWl | | OCCUJ t hr oughout oyeral | aqueous system
Figure 7 is % 15'??8?’(5'@? %‘?fo%\“s ag‘,%“a.%é“ﬁ‘fe“‘o‘f‘ $ VEET ¥5'&Bht ai ned bi of oul i ng
nonitor of the present invention. DETAILED DESCRI PTI ON OF THE PRESENT

| NVENTI ON The present invention relates to a biofouling nonitor and a

nmet hod to d%@ﬁ[\r{ﬂi\{ﬁ?‘l‘ﬂﬁNﬁlﬂfIBN' ing in an aqgueous system such as a water
system For PpUrpoSES Of | present application, the agueous or water

system can be anys gHGR o3} pRbant Mednkish R0 poHUSE slb@bumwoﬁ&m%x&ﬁlaﬁ&s gasep! es
of water systens or aqueous systens include, but are not limted to, water
systens usedor\MohitorB@RAlIngTBKI Ng processes, cooling towers, and netal -worKking
fluids. These various systens generally have surfaces whi ch are subseptabl e
to bi of oul i Ng Suchotks: B@t of thagtesein@titidods @provitic Rdidfdull@S modias skAXRE wand
paper meki ng equi pnment, and |liquid storage tanks and reaction vessels. For
pur poses of delvet go mesienbiofontitgnbdad ni tinp io bolud fon@rreaivenssiees 16 bexakeng caused by
bi omass which is the buil dup of m croorgani sns and/ or extracel |l utar

subst ances and by\dditiptal Eatucte brd advankaaes digleconresentigopd vilhbe fee fdoth ampstia the
Bacteria, fungi, yeast, diatoms) protozoa. conbinations thereof and other
m cr oor gani sdeecription dvighyfolloseang fo raftevith beyapmpswdropHe frseiation augey balepgeddy of a
bi omass. Wth respect to the biofouling nonitor of the present_invention)
the bi of oul .mtf"?ﬁﬂf |"t°d’f°5ﬂ'é§“’%{‘f'°‘l eH'gtﬂbJa“Bfaﬂl wteAd g Rf F"ﬁ PEsgenb iguengan Btk | et
The noni tor baI sg B |smn Il’ll ?nt ft ed |ine ] ocated uPstream of
the inlet of *tfHe™ 3f“b a"‘ 3’/ {ﬁ Yscog’t"ﬁé’ DI oi"'ng OHGR e Sy deserinfip and

pressure sensor whi.ch is |ocated upstream of the inlet for nmeasuring a
first flow pf’ress%re and a second pressure sensor |ocated downstream of the
outlet of the Colmrx&Jv%leme;awhkmvgu@&cm%zécsmsnpmaﬁmaﬁ epds Dseofqﬁ%kﬁzow and

having an inlet and au outlet can be any type of colum Which |'s

permts the .LJemwnOIS ABAUIRR URadly RECHTBRH BEde@! tht PreQ@rGilvehlish deRlctd Pbioffuidshe
col um. The col um can be any shape and size. For instance, the colum can

be circul ar,mcafstaitfioh Ha® & CARGN hVing dnihiB AN bR bdtle® andBfionally a heating system on the

column. The monitor also has a microorganism nutrient feed line located upstream of the inlet and

also has a first pressure sensor located upstream of the inlet for measuring flow pressure and a second

pressure sensor located downstream of the outlet for measuring flow pressure.

The present invention fucther relates to a biofouling moaitor wluch has the above
components, namely the column, microorganism nutrient feed line and pressure sensors, as well as a
recirculation system connected to the infet. This recirculation is located downstream of the feed (ine
and is also connected to the outlet for maintaining a pressuce feed through the column Ia this
embodiment, the biofouliug monitor also has an inert packing material located in the column. The
amount of inect packing material in the columa is present ia an amount to still permit the passiag of

liquid containing material through the column.



10 July 2003 -6 other geonetrical shape as long as it is hoq(?‘\é\(ﬂa?@i%:ﬁermts
t he passi ng of aqueous-type material. Preferably, the colum t | ar.
Further) the length of the columm can be any |length. For instance, the
colum can be fromabout 2 emto about 200 cm Preferably, the |ength of
the colum is fromabout S cmto about 100 cm nore preferably from about S
cmto about 30 cm and nost preferably) fromabout |5 cmto about 2S cm

Al so, the colum can have any inner dianfter or inner cross-sectional area.

Preferably, this dianeter or inner cross-sectiagnal heSect 6iOfU1RRQHdad O. |
cni to about | 00 Ircaudition therpesent jgvenfien celgfey ory B "gg‘c’)ﬁ‘f"ﬁﬁ’?gr Jc’:"?ﬁC to ag%ut 20

cnZ, and nost preferably from ahqut | c¢cnP to Lot Feast BporliheH thyy aqubdie
|l ength and dif simetiepo aguedus geluticdia ck d'?f&ogé?cgjgeﬁ ps%psg <h'to have a smal punp

mai ntain a pressure through the colum h k&us lsatl@faris génadary passdor
crosssect i orsalutiony thepgh a gefuft payuie af'é"r‘legta?ldsﬁ‘g(?’ﬂ%:tbﬁﬁ%@ woul d rqufiL re hi gher
volunetric flow rates which ac is. P fhsm hitient sahtfodoantias apationoddi | e
moni t ori ng Uhfush the oypmg 14 2 &%rgusrr!)ggelgae{jﬁc?}&ﬁgﬁcol um can be nade fqrog]é?hny
non-corrosive materi gl .. . bl 6F: thedinRE S TheC Adva PessuB o€ thie glortiop e

bor osi | i cat e‘ﬁﬁf“ﬁ'g%“sﬁ%gt' 3‘,%%?@@‘ prr‘%?%l whi ch is not corrosl;ée ;U%Qma;bﬂa

stai nl ess steel. £ al nl L dhEhe QNAMCE asiredtat s poind befarathe @ .
Cenerally. t‘f%’ﬂ"ﬂ%@ﬁ%gggio lh"(tai éri‘e wal | of the colunm as neasured by one-hal f
the di ffere”&ﬁonﬁ%&"ﬂ?ﬁﬁr b @@ Yk & Cordinene braxron gerdinedye bisisnand. e greeverdilegitly pe
sufficient to avoid rupturing in view of the pressure _of the Iiguiq assi ng
through the gRldeNhesPnihsafeabityis dteinsnedhiFedonthess regidng dftprant? BREUSHENY 6.1 cm
to about 1 cmand nore preferably from about 0. 2 cmtod %ba‘u}t.og.cang de
General |y) abhduaughbiofutins orrutring sarebes megjtoref and plotted and a defrpeation 8, 56 AT,

wi || have the sanme inner dianeter or cross-sectional are I e
col urm. Furt kvéther bioulingrie pocaiiringret wheths any bipfeuling. fhat cxis '%'r"grggso q"tﬂﬁgqﬁéﬁog{] and
the outlet are preferably the sane i_nlblordert t%mm%!r}'

t hr oughout t kystego [Themicropigatisny wrfsats peipgfed [ G SOMERGEN I sm nut ri ent f eed
line, which is |ocated upstreamof the inl ing @¥haidd lsineNt
whi ch pr onot expediteshedriefoiting efftheAPYLY %W‘lfmsdr%@}ségirl]estgg&u%g%gg%org exanpl e, the
m cr oorgani sm nutri ent ed. can b I TP iAW As g wilah alill 6ant @i ths
wat er and gl a%scéped‘ﬂ%Pé‘ﬁgﬁ'ﬁf}’?‘"{gh"g”gﬁ %gggﬁg} ot her nul?ér]i ent feed is
present at a coqgelr}éorsat Lon of fromabout 0.5 ppmto about |000 ppm nore
preferably fP8Hf outs 8 ppm to about SO0 ppm and npst 10 July 2003
preferably from aﬁgy{o b;gn&g[&,& MadRhe RBQinp peneralids@iptifresd thegfollawipgdetaited
certainly be used depending on the specific system being used. General ky,
the m croor ggﬁgcﬁmonqreréxamar& 2R xplsaapieadnindiar isteivod Wi nreyideafiitheqp@laten thi s
nutrient feed 1s fed by a punp into the |line containing the aqueous

sol ution bei nge f&ehiitdtiod, Acldimbet of the colum. The anount of

m croorgani smnutrient feed which is introduced into the monitoring.system
is generally an amueftcompdifing identngs,owtpetopstierctasted it B1styte f £35t™ one

m croorganismin or on the surfaces of tire column.or any inert MaL&r el
that may be |gpkiatsh, iilustde swialnambodimentyof ghss BEP {HEH Y'oor'gani sm
nutrient feed is to create an optinmal enviropnment .for f ion.

i cr oor gani s naes@iptianseas teeplpia thepeegines "E’;?"‘ﬁf’gtﬁ%"t"?q’r‘l’dg'm?ﬁ?: tgér,l\gr%?gélgfltug&
growm h, biofouling will occur at a faster rate in the columm conpared to
the overall biofouling rate occurring in the overall water system By
nmonitoring this expedited L croorgani sns and therefore expedited
m cr of oul i ng, BRIER BESERIFEIDNEIR 15 Wt h respect to the biofouling that
wi Il occur in the overall aqueous or ter, s j o inbnildt off (RipcksdG.
Accordingly, the b‘fi@ff‘%)hlsiaﬁﬂ“"ﬁ"&fﬁiqwq%ogg%ﬁ%ﬁogﬁ%gﬁﬂtﬁg%‘?gi%nt inventlibon can
be set up to have an early-warning system which can predict accurately the
bi of outi ng t h&we®¥Bdul d occur in tire overall water system or aqueous i
system |f |arge agounts of . m cr [ Ui ditoindentadt @hef okouling ondnhig of the
nonitoring system F‘E‘H‘é bt 76U 'fgsg%\?\n‘gl%r%?(tzﬂgur much faster in the nonitoring
systemthan in the overall aqueous systemthat is being nonitored. If snall
amount s of ni EFEBHYENTISim nutrient are being fed into the nonitoring system
then | ess advanced notice will be acconplished since the m crofouling
buildup will be only slightly faster than the overall biofouling buildup in
the water system For purposes of the present invention, each aqueous or
wat er system being nonitored will have a period of orientation to determ ne
the type of advanced notice desired and a determnation will also need to
be made with respect to correlating the biofouling buildup in the colum
with the actual biofouling occurring in the agqueous system Thus, when the
bi ofouling nonitor is used for the first tinme in an aqueous system it is

I Y T M .y ' I Y 1 o 1 1 - - — & g =
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nmonitoring system The first pressure sensor is |located at the inlet of the
colum to nonitor the pressure of the aqueous sol ution enterint) Jdpg20sd um
and a second pressure sensor is |located at the outlet or near the outlet of
the columm to nonitor the pressure of the aqueous solution exiting the
colum. These two pressure readings can then be conpared to nonitor any
pressure drop occurring. By nonitoring the pressure difference between the
two sensors, and plotting these neasurenefits, a pattern of changing
pressure differentials can be seen which represents biofouiing buildup. In
ot her words, as t Keui¥§ ar emels epictinedhsisFaditing pherswwe oyqiding fb the iHagmple,

buil dup is ingreasipg.in the colu since the biofouli bui | dup i

i ncreasi ng t H&°V&st 5'22%@'@ bt"gd"f’lwd\ﬁﬂg?” THé a'él&ﬂ@d’lﬁ“sd?cé‘fi‘f ﬁ’flgg’ﬁ’“ﬂ?ﬁ ‘ﬁlﬂéhwﬁlﬁ’éc“r

colum and t igtincrggﬁ%ag the.pressure at the inlet to the colum
exit'.

relative to t é“%o Sﬁﬁv ﬁvwnnﬁltoring the pressure differential based

on these pressure pgaRsOk oI RAGHAMDE a@e,mLo@menu&dae;eﬁlca,ngnequaéfmmg;ngﬁa&v lof 9
buil dup in the overall aqd%ous system can be seen. The pressufe sensors
that can be yg&thtiWedibe Present invention can be any pressure sensor
capabl e of recording water flow pressures such as el ectronmechani ca
transducers. Typically, the pressure of the agueous solution entering the
inlet of the colum can be any pressure which can be adjustable by using at
| east one PUMETAILEDOESORIPTIONOF SHEPRBSENTINVENTYONt he pressure, if a
recirculation systemis not used will be fromabout 0.1 nbar to about 1000
nmbar 10 July 2008e p@seatidventimarelptee foar bibfoylinfragmiterbandta riethvidats détect abowdbitor 00
nmbar. Qther pressure rates can certainly be used dependi ng upon the

speci fi ¢ aqueurienlisgisap pqupess sigtemsyhagt watef systam. FFoppuspasesioé the erebrotiippkicationothe t he
present invention) a recirculation sxsten1js used. The recircul ation system
essential |y ra8teopcyvaiee &ysien satbp sy such system Refidinpaadysia! wate syspmst Fsanglgs e)F/m.
This recircul ati on system has at | east two purpqgses. First, the

recircul ati oraey SYSERT 98 ARFQUS SEHFmS Hl?ﬁé%\?&‘ Uh téﬁ‘g‘{"zf"n SAHPGHET U5 Qdh BRRET of

t he aqueous sol ution throygh the colu i ch .can_ be adj ustabl e dependi n

e e Ohe o oabthe prrestsenf e oW e B P BoE P HAE S ke REERE Bos6el B { re
i | ati t t d i L i | at h

o Ut s on t hr QuFR e £2uBERMOBSHARGY Sich hOrdPielfi Lo R, RlEELS

vol unes of fraﬁéﬁap@rqmmgéquﬁmemunewaamgehﬁ.kpmmuton@&ya&us system t hat
woul d ot herw se be needed to sustain the necessary pressure. The

introduction of | gsQRpYRs bRSprbat idvaEibn, BHERARS ekl bl Fduldil dalbed PBIGESs which
suspended debris that can clog the colum and in addition, can flush

M Cr 0or gani snsthetiildef oft tiCroG@nifiB akiddr @iteacéliaRy substinced ol bpliyt debris #as Gechbhe

bi of ouling. Typically) the recirculation systemw || have an entry point
prior to the uapgedin thé bichassC Bhaeria, fangl, yeps tdiagan pbtotdaecambonoas gerpband ntter | ent
feed line and wilt have an exiting point after the outlet of the colum. As
i ndi cat ed, t hgcrp@ginisos hrabilpsong pEtheorgaesms whishtan cayry builde obd bigwaser pressure
across the colum such as from about 0.1 nbar to about |1000 nbar, nore
preferably from aMabtrespecstothsehiofoudingiiponitor 0Ok privgat invgpripnnthe biofoplinganaaltonpas r om
about (nbar to about i00 nmbar. Any punp that can sustain such pressures can
be used such ahlsasha gabmadrying andalpfgrgdhan qufiett flg ponigeatsoivygisrogrepnen puttigagiepdn
systemis being used, the overall nonitoring systemstill _ permts the

exi ting of athinflogied upstsep pf tbwn'afroffﬂﬁéda'aﬁe%uﬂgefs f bicfodlinsipanier hasa Fst oSy t he
outlet of the colum.. This exitin f at least a portion of the aqgueou

sol ution wi | IS5 ish 'FH‘&“‘F%PFFS‘G’H'C% ‘g‘h "@"f f‘f%‘%"é‘ﬁ““ﬁéde%ﬁ ZoMEFIDBAT f 6Pt he

overal | aqueous systemin order to intain accurate representation of
the water 1 QUG FRPbIHed pRwsrar 4t theailieboc e waimin torcms e dosesoico

accurate biof%%u%ng i ndi cation. The anmount of the aqueous sol ution which
exits the ov@ra‘f‘nnnitoring systeminto a holding tank or downstream of

the intake point i, {?Fu%‘ﬂ h%QQLF‘SJatnSiglfetllﬁnﬁ Qu 8RR t%gg&} nrg,%e{ ({chlhmﬁa\%l%rl W QALY and N€

i ntroduction of fresh aqueo fon 1nto oring system occurs

with the use of;@uBREE ot abdeDR- Wil WL A Gl doPBBhe AAHEOHRe SlnthldaPil | NLO

t he nnnitoriﬁg system at a point before or after the recirculalon entry
point. ~o al%::!hypezag@§ze'. |FQr il 422 R etkm®PEan bl Sirdulaf SHuaRILERES 128 AlaidiR b RR) NY
entered into the nonitoring system!raving a recirculation systemcan be
any anount such as fromabout 0.1 ml/mn to about 2000 m/mn, nore
preferably fromabout 0.5 m/mn) to about 10 M/ mn, and nost preferably
fromabout ( mM/mn to about 3 m/mn. Another option of the present
invention which is preferred, is including inert packing material within
the columm. The anount of this inert packing material should not exceed an
amount which will prevent the passing of any liquid containing material

T o o




10 July 2003 material can be included inside the colum. This second

bi of ouling nonitoring systemcan serve a variety of purposes.10F’|UW32fQ03t he
bi of oul i ng nonitoring systemcan sinply be a control which nerely passes
aqueous solution fromthe aqueous systemthrough the colum w thout any
m cronutrient being feed. Alternatively, the second nonitoring system can
be used as a check on the first nonitoring systemto obtain an accurate
average of the advanced bi of ouli ng that % occurri ng should nutrient Feed
|l i nes be used in both nonitoring _systﬁms. {itﬁure 2 showsf an enbodi msn‘ of a
two col unm sfker gspmetria! shapp ag lopspsfhds holey AePHBEhE BRsTEE HgusOU P ateral.
described with respect to Figure | d the n | s ,depict, the .sa arts
and their | desfeey. iy ﬁ°"é{'él'(jlst‘igr8ﬂart opﬁﬁ?rskﬁg%@lﬁ tﬁ%g(’hé 'g\‘/:\%' b ilf;"&gg gr a
second col ung, 63 12 HBERLED: REhUERD: Allid b oPLES BUEGOH INSReyPH @UAR ©XI 1

pressure sen®¥P% econd recirculation punp ocated as shown in
Figure 2 to LeghlGdk 3tado FHIERN TS RoblgrQBatiicoR 26500 s QRL QBRI 30/cr, AR Rlbf
nutrients or can sinple recirculate the sane anount of aqueous sol ution as
recircul ati ReWIP R 4b8utQrs ARV to laBoulBS B AiANsoR the 61k ddnchaCORMyT ifiler didmérerka- UP
punp 65 is located to introduce fresh aqueous solution. A and A represent
t he poi nts Wagd erofsiiectiadhll el SPrefadably,i thin didsettSortifrer aadswettiosly stacisfroh @bdwe 0.1
re-introduced into the aqueous system as descri bed above. In view of the
above) the pae@seitouti 100 ent bamoré prefehably froal abbws 9.% a’ o abputA0 dmb aindwest profieiably or
detecting biofouling ahead of tine in an aqueous system This nethod

i nvol ves t hefransgboatfl cxrleo aboutdemé Keadly st fenagh andrdiamsier ergprosyseciéons! ages isduddlei bed
above. In nore detail, the nethod to nonitor or detect biofouling ahead of
time invol vekavpagsillpympmainainet pressusothropginthe polumpand dheesdiz laegst diameds Q5 gross-

conti nuous basis through a col um havi ng iam inlet anq an_.oytlet. The nethod
further i nvotegtiosaljassesyand isaenignathspf coloypps yaadldarquirg hiehes xolumsisio o ies whish are
solution to be passed through the.colum at .a paint upstream of the inlet
of the col unﬁ‘Ptﬂ‘ﬁ@"‘H’egHB“d‘r“‘Ql“ 'Bedi'?fg’ﬂf Ve AN ‘2’6 e'ﬁdé’\r/vpeﬁéeéis,‘sur es through the
colum at the inlet and at .the.outlet on t - [ S
basis. The pressﬁ'@c‘gi"?‘f ‘éar"ebﬁtﬂl‘agTH %5%9%‘6%" ﬁgge&'%gg%rc‘g%eﬂ%gc’ aaﬁ}tc ﬁgﬁgbe

det er m ned aﬁglfrﬁ\xM G 6&&%&:9@1&8&% ,eorrw.@tlat QAR i EE T B st D Such Y BARRss steel.

bi of ouling t occur in the overall aqueous system To further
provi de an e@éﬂafn@?@fﬁgtnoﬁ-gorl%m/é mit&@als_t&lﬁ bb'u%.oldeh&ﬂlypthb lttdkResk Bf thb &all GF theM, _
heating units can be used to maintain a tenperature of the aqueous sol ution
passi ng t hougifunta8 ne@MutédBy Bic-talf thelddifoldaky/ badOQR thei cltet Ginfp@Erahd e imbf fidnadteent t 0
pronote the grow h of mcroorganisns. Typically, the tenperature of the
aqueous sol uiho@d b agtdidng tol 4vbid Ughturtnhdn gi@lvLimhe Bespure bethakitiid paseing tivogh th2 7C
(80F) to about 60C ( |140F), and nore preferably from about 32C (90F) to
about 38C ( ¢dMidn) Prefenablyh thistthickyess should bg $mah abeyt 0 @metp yooeltrit arg mané prefeablabl e
of maintaining a desired tenperature of aqueous solutions. Such units

i ncl ude but &oeabooet0.]dmp eyt @ peaheat i ng t apes or mantles. For purposes of
the present invention, the various parts _of the biofouling npnitor of the
present inventi orGeaerallybalthoushricie pefchegisery. Edt retrsrbihatpie sofrn Wil dagithaiape ng
network such_as flexible or rigid PVC tubing or glghﬁr Eonvthi onal Pqif)\fi ng.
The manner offngsdBRPEPT GEFstHrions prey heoughput e fglumpr, Fugheodpg inagr JRBRET B Wt h

the piping network is the sane as_ any hook-up of a piping.network. An
advant age of seetwalgrea gbihe infepand freiofdpt P’)é pfeﬁ"‘é’{i"yt(ﬁ%saﬁ‘leb'\‘(gm? °n'8a' ige '(')'E”"(‘:@?lwbe a
sel f - cont ai ned unliﬁ;;j which is extrenely nobile and thus can be taken to
various sit eBetorpM 6O bf oul i ng bui | dup. Figure 7 shows a depiction of

such a self contgined nonitoring unit i ip this e i ize
of 56cmw x 46¢cm 'r&kr“f’écéfﬂ‘he f‘ff’% w5 g'ﬁ@enipe%ﬂ'he) wgﬁ%'sﬁﬁaﬁﬁ%g&? ﬁ'ﬁg’“ig
LOO I'bs). As.shown in Figur | ' i 1sNGaq LdgOr i

Gree 755 ST YO8 oy S GOPAAP GRS S w09

a nutrient f Q&ﬂalg,qn@mﬁgarggrp \ ﬂﬁrlJnV\Qecf &ngeg%l&géemlaﬁ& \('ltiwcoﬁlraﬁs &Md
ou a

t hough one c be use one), tenperature control panel 70 for

control I'ing Lia&sd SFREHEAT, WeSiRbscloh 8th@ H@RMSFc QIO Pleteniar RRGELAG T RIGMbbIIE
columm(s)) punp speed controllers 71, pressure gauges 72, nmake-up punp 73,

and a recircyk %Fénqa aBSHER006ppHl tfdrd Bre@BIY ftom hive: 5Ippmandbad senpagasd bst
introducing at [east one mcroorganismnutrient into a biofouling nonitor
system anot her enbodi ment of the present invention relates to a nethod to
detect biofouling ahead of time or on an expedited basis. The net hod

i nvol ves at least the step of introducing at | east one m croorgani sm
nutrient as described above into at |east a portion of an aqueous sol ution
whi ch is passing through a biofouling nonitor system Typically, the

m croorganismnutrient will be introduced prior to a point wherein any

- e A I Y Y T T T



bi of oul i ng. The biofouling nonitor systemwhich is useful for this

enbodi ment can be any biofouling nonitor system Another enbodiOndubt 2003 t he
present invention relates to a nethod to expedite the biofouling rate
occurring in a biofouling nonitor system which involves introducing at

| east one m croorgani smnutrient as described above, into a test sanple.
The test sanple is typically a sanple of the aqueous sol ution or aqueous
sanple which is used in the residential, é€emrercial, or industrial agueous
process and water handling systenms. The anmount of m croorgani smnutrient
that is intr quefereldy Gom abrat ¥ pparty abawbi9tppma fithep feed aafeatrnirertagnlinbe userbdenendini ch
pronotes an expedited growth of nicroorqanisns conpared to the aqueous or
wat er syst emashihe perific sestanybaingsysed). Grpeaallynthe Mrigoasganish yutsistofasd & rpresent ne @nt
can be determ ned based gn the particul ar aqueous, or water system being
moni t or ed f orbolusraRl Yhrgeie fenyieat e 1S fod dtd Bpvipe) the bines optainiie the agueews ed

by the foll ow xampl.es, which.are intended to be purely exenplary of the
pr esent inverff’{‘]‘g?f‘. © %W%@eﬁ'ﬁ'jf’fcfﬁ?‘f%‘wﬂt hr ough porous medi a generates a

pressure differ em’ljh? %m(%ﬁ‘{?o .ngcrg(; a%?)ﬁsnuirﬂﬁﬁgeg%%cﬁri} IQ&%}{@E’ nltottneemgn%éiirgqgs ];tlgr}il i d

and the surface of e nedi e surface area for viscous In ction

i ncreases) fri gé.&.%% ISk ShARESR t@@ggg& ffeSr et bk 1 ERIMESorbAEERSE on dBE

magni t ude of the pressure differenti is effected by fluid density,
viscosity, flQuhdeddrile BRIADE by incifhedriabindt qu? BORSEedG the BtunifE it pirghsk R€ e ( O
according to Darcy's Law. Pressure = C,~ x [viscosih~ / (density +
porosity)] X dikQufgirdnendr@at fedd is BLERCHA JPRRAZhDUELIE Ror gBWHN dFnitb@panials lof and
t he associated debris found in biofifns can increase the nedia roughness
resul ting i n aarxpedigtasddase Hyprgpoassiuciean drpealitaigravth, biofanfidghell otancatedsedragsnt he
deposits begin to significantly occlude the fluid flow path, causing a
decrease in pbe cadunm-compaed do dif: fogeral binfoglingomtroturing e therdvenalk vaten systemo uBy
media filtration where biofouling can significantly degrade filter

per f or mance. maitodingr dist dxpeddedreroptty al missqosgapignyrandhberpfass axpeshitedy migsefaylingy @
detector to nonitor biological fouling. 10 July 2003 -i4 In this exanple,
a differenti atredintignean be mpdegridyespesytortisriafoyting that wilh ereug imthgRyest agqueguraratater
columm of netal beads provides a large surfac rea for foulin O Create a
Sensi tive, rePRamFIehL PoiRitE: * PReRRLt i Ribe e RetiinseSERE Akl SR hi gh

flow velocit iievsengiocr)l cgi%: ll)y sgty = toa h Ve Sel'zllFla—Rlar%in is%P:a'w icﬁ‘cczpeclzdlic?n&&aticp tl%%iior} 1R cked
col um technoFogy 8" Troni For br of ouf ng rs e tende ncy fOr “Rdn"bIc ogr cal

matertal and (g obdle il RbuldiPufl it &ueblsich? @il kb @S¢ RlcRbRBGR

signal. This 1s particularly true in paper ite water circuits where

| arge anmount syRfensSRENARLE rﬁ@tit&fn'g§+steﬁ{ Ere bSO AN willldtur MM G MBhiRYiag
design features to avoid this problem and i ncorporates technology to

di scrim nate $ih QRnCAl thé rREAIN QflrebitsOLyaigin Cihe & Welnfz NGonicdBE abishbft Yaniued e

bi of ouling nmonitor to handle high | evels of suspended solids is achieved by
usi Ng a reci rgiloddsacim RUTER IrObgRITel iddothe radnitclidglspwnt, heolghdidadaolidmwill vhi | e
using a separate make-up punp to introduce fresh process water into the
system at a Sdeavspflishedifigee themisro@pliizdaidup vall b alyntiglaly ¢t thavutbeisvesall hipifyuliog
process water w thout the need to punp |large volunes of fresh solution with
at t endant soltiutdduptidtho wglar $yistem s Yart impose lobthe pmbent irehtipreeadf aqueays erswatsusygem can
be readily filtered upstream of the biofouling nmonitor permtting high

sol i ds sour cdwing grohitaet il dave-alpoag! afieri¢néatipm toedetermineithe yreead adyanded npfece destred
instrunent. The retention tine of fluid in the system can be adjusted using
t he make-up pradp dettravinatisn wil@e dicd ¢ bermeade ith eseeptdp corslanrg thobigl@yplingtbutigyg in
sensitivity of the instrunment. Instrunent sensitivity is of key inportance
in correl ati riae whenvdthshapstaldiofenling eceming ingheagrrorow st Fhusrdhep thetbifoline e of
the industrial process bei nrg nonitored. In alnmost all cases, the purpose of
the nonitor i%eoNly igutedfor e frsHEME MY SA4eQUSFETEH d 1§ femmeadsd thab the aquepusisyigm

degrades produc ality. To do_sQ, the itor should generate a

measur abl e sibﬁr‘f{iﬂ"‘%ﬁﬁ' %{wéawtgﬁ g'ﬁ"ﬂ‘é‘fﬁd&?‘ﬁ"@%iﬂf"ﬂﬁ”ﬁf”" ‘??1%“"8‘%? PEKE i Lsipag the

i ncor por at es s(gvc?.r al neans {}o controtl et(rpe rate: QJulilp‘jo(gggyAiipg]eianeng (e

i nstrunment enBPYAGTEHE" RSP OALHEUPRLBENEY e TR TR ‘L O PRIAESE ' ¢
process quality. JThe vice allaws the.r 0 rpC ) ) t e
adjusted to ivﬁ%lrjseﬂéegb emtg(fqmﬁg%lrd‘épa'g ghet%oé'n%ﬁlég)fs% mi)]]:O“?erde?es %ﬁ"’;‘%‘mﬁ %ﬁtrﬁﬁ&t%&egl
nmonitor. This in turn influences the mcrobial growh rate by increasing or
decreasing the supply of nutrients available for growth. A second neans to
control instrunent sensitivity is by adjusting the recirculation flowrate
Hi gher flow rates anplify the



10 July 2003 -15 pressure changes caused by changes in nedia roughness,
fluid viscosity) density, and porosity according to eq. | . TH@J@VZQO%nd
shape of the material used to pack the columms can al so be used to adj ust
sensitivity. As an exanple, colums packed with snmall dianeter beads w |
respond quickly to biofouling since little deposit is needed to occlude the
voi ds between the beads (i.e. the porosit% decreases quickly as fouling
devel ops). The above adjustnents can all be used to nodify the sensitivity

Of the 0N { GloclWRY i SORSNEE alIRSs SARMlcl §lat 0 oRESIRSeclin® i P

free paper machine operation are n followed by abrupt 1 nCreases in

foul i ng that cHedh, nd &erd&gﬁ@-ﬂ&li@ﬁf%e{ystgﬂam thdh dpPredisiee |tlictl?|;lceof3a3vﬁcéc fobcdMm: |t
is highly desirable to have an advance warni ng of such sline build-up which
woul d al | ow pheidePsr @t Bbnitoting et abea Backlon RiChetiRadd e 1O incidcaAMORIvinaEd a
tinmely shutdown for preenptive cleanup. In this exanple) the present device
I ncor por at es nbtiwo octh dpun@besthe gingcalfnotidei bated us the amoumtigfhigmapdnisim muriend leig fédeed
punp to introduce nutrients that accelerate mcrobial growh in that

channel . Usi indo thireoduma Sithsn fattors thaecamepnirel dhetament pitiefepliod ogenaing iy thesslumnaeey er al
day advance warni ng of biofouling conpared to the channel supplied wth
process wat ethegisp gnd shepejo§ thg packing matedd) dhirecifcylatioadiomgpte thagpeh shecceluamaand dhe of
the fouling signal by nutrient addition confirms that the fouling is at

| east part |y 2BPust efgiapears solytionsftom the wquepudsystem Stirgentesid fromhariaka Vo ater
response to the addition of mcrobial nutrients. | NSTRUVENTATI ON The

bi of oul i ng Aol & Freirpation syt & REiLe 'ﬁe‘gtt@%h?eélt h 83&g BaerL OF dire Bhoteo
oo TSR B BRSO S RS !
tenperature : L : . 56 cmw x
76 cmh (| 8"38[‘(};t ﬁ@ég%&ﬁ?vm%@%%g%s@%% a?lggagtf)i ﬁ%?ﬁg%h[ﬁ%fé&gggaé@?%t altic punp

(Col e- Far mer | nst {tReehecCoTRR PYesiiROhsols; Q7 RRB 139 brebsiret 2EsofDAE: t1Qhted AP HREL
delivered water fromthe industrial process at 2-3 mM/mn into dual |.5 cm

i nsi de di anet@fito¥ing &s@i) 1108 GirsE presdiice B¥Sor GOt St thi: lidl@ Gf WHetcBiuha 20 Mdhithe @i¥EL €r
302 stainless steel beads that served as a substratumfor biofilm
attachment. presepar ait aqupassisditidh tataring t¥Rok@E hidCieding drewateatnsbd 1§ Roght 4t e
colums at 250 ml/mn to generate a baseline pressure drop between 20 and
30nmbar. 4 ucogkt ¢r3RarGBOoydptf thamsludie b adniteipe pxriswreabethy ag@ous|splntion dxitiogta 1
liter reservoir to the second of the two channels (chancel 2) by a separate
punp (Col e Fegtwrer Thowddo Fesqiré @add@y can thipg bejgpmparodig Fonitdr afy pyesouteidsiop orcmming.
approxi mately 600 ppm gl ucose addition to stinulate mcrobial growh. The
bead col utms pitosiagibp pregpure diflesgrse Yefivest hegivp &wsort ARbrIYtigegthese Bspute@pita denent

and the entire biaqgfouling nonitor liquid flo ath co i ses PYC and

stai nl ess st B‘ﬁﬁc“'f"i?f'{af‘ﬂ‘bgspr%fﬁﬁe ‘if&"é?ﬁ“&'éf 7€ FEY ?”EI‘Fl frpresere g‘gé’ﬁ@‘éﬁ‘l‘ﬁ(}/"?ygfbﬁh‘?ubi ng
to allow cl eanin olution to be punped through the, system for. Ieguu . The
bead col urmsw\‘/’\féj?'g’s EAt'EE FiE e ‘g%%(s:es’rr%erl{"f’ég'm@égﬁ%'pIfsa'r"rcrree?smﬁdﬁ&e lik

E- 03125- 20 i 76000 t j i
CL09125120) ARLTH, RS, ENHECOSLSMAL SR LB TN
One CN375 L o) 1 i t ol at
Crege 575 AT o oS 0 PHALSP LTRELA vy

mel ting of the.; ' A1 inkar
£ 07354- C5) W T 4 S0 Gl DL s Gha o P ot tached LA Dalg gt

0.635 cm od {hkhBfoulidh Qﬁil&lp‘}; thOGNera V@G RbusTs)stehfdn by QAN THe PlBGre LnsEN¥ Ghat LM be
fittings located at either end of the colums. The pressure gauges neasured

di fferential ufd RSBIIpBseRGEHRE DN tdrBeADASleshirt beRshr CHhMBIScRRfhgAl3R Y @tsfufe dat a
on digital and bar graph neters (Cole Farner nodel E-94712-00) |ocated on

t he cabi net fuchidelp@in@ichanibil@addu’@s M out put from the pressure 'gauges was
passed through a 100 ohmresistor to produce a 0.4 - 2 Vdc signal
proportional to prpRsiyl te pieliat ohs aquedsl sekitiof Bntering tliednletrf @fe\calutin 'cliybesdny Ons et
Conmput er HOBO 8 data | ogger located within the cabinet. The entire

bi of oul i ng uptetsurabict ednf becdindtabierty disiogal lcagPpué peb io theymdnRringagstesn. Nntp&alhphase
el ectrical power and a continuous source of process water for operation. To
initiate a nthaiptespicni a periuiston sybtemfs nobtsehnidl bgiom abeis 0 | rhteagl toj ahpuy 19¢lembar

bi of oul i ng nonitor and process water was punped into the systemwth the
crake-up punp, the recirculation punp and nutrient feed punp were started,
and the data | oggers were |launched. (n many applications, a baseline period
w Il ensue during which pressure remains constant followed by a rapid
-typically exponential- increase in pressure. The baseline and exponenti al
peri ods denoted the induction and grow h phases respectively. The

bi of oul i ng nonitor was experinentally deployed at a Kraft pul p, al kaline

. "



Al bany screen. The water was additionally processed through a snal
clacifier and a 20 ~mfilter to further |ower suspended soli d$0guly 8003 o
entering the biofouling nonitor. These steps mnimzed fouling from
suspended material to allow the response to biological fouling to be
eval uated. In norrmal operation, rapid solution turnover in the clarifier
ensured that stagnant growth conditions wgre avoi ded. Make-up to the

bi of ouling unit was continuous at 2-3 m/mn giving a residence time of

approxi mat el y,.4 me\fka% rénmaamt hﬁbarre&stroetuioetrmn bmaqm;ruem@g AleRai bé he

i nfluent solution | 20- | . Suppl enental gl ucose was

to the second.séafde,sen&ngmn me qa‘caﬁéaqnams:gaana&ﬁg héni@hive a final solution
concentration of 600 ppm The nonitor, outfitted with clean fouling

col ums, was pl aceda ﬁrﬂfel-rbd'lﬁnlﬁdlﬂ@lurdf@Iﬁtdrf}éedMu'i\JanﬁOHEa paRpRlatihSlleMds Gdedr ttup at
conpl etion of a wet-end boilout. This tim ng all owed the fouling response
to be ref er eneirthidtion syseimesentiathClatinelaey tht aqued\istsaintiad phssilg ydough ke cbionih.i Tigs
colums for both channels were replaced and after 44 days the colum for
channel two wercugian systempisagdast (W eurpesper Firsh ¢livi rn‘ércwetioeﬁustmeerbiﬁ dngiderenst  at
dad 38 during a schedul ed mai nt enance operation Figures 3 and 4 stow the
data record fant susiigeddigheqipessurejeffhcoamyeons Solutip trepgh g celymp which canisadiystale day
31 were visually exam ned foc the presence of sline by renoving the
stainl ess st dErndjusipen npeed olihs SRICH TRUOTIIE SFGh G BRI PUIROs oh R Fpoirhions ¢

| Ox. The beads were al so aI zed for m crobiol ogical activ

extracting tH¥ %ﬁf)g\e'fté"" PR lfr‘Pa[E‘i'rﬁlﬂTte oaqéﬁ?é{fg V‘W@ taeygh ‘h"t \F/Qi'if%/ fherehyy a

comerci al ATP noved by

it ason 1§ oAV TONE Hh ST S SRR St e u%pslrrﬁravkﬁr«?veﬁaﬁ R
Sct ef 9y~ SPEISk APt ol ofikURL BEGERGS, ANEL YR d,a?ssagﬂp%% Vi3 uclidhofRg! t S

The data reco an inrti ourteen during

signals for b,emescmmqaeau@@mm%%ﬁ@m SashdddUeBt dRRhn cBEINRERMHINY in
fourteen and day twenty, an excursion to 30 to 40 nbar and a subsequent

return to bas@difidde cACHE nidock@hisObi of iRNERlnE: bobbre iRy chiVRIditPIyOsRE ) cadsB @he
signal for the glucose channel (channel 2) began to iIncrease exponentially
to a limtingioalinge Dipicll, Mo accicaditive spemivillchatOart breéryrpakt flibn s dgrialkt dfalie t he
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i nduction period) often observed in biofouling. The simlarity in baseline
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The pressure excursion beginning at day 14 is not clearly expl ained,
however the event coincided with formation of a clogged |ine ity 2003pped
flowto the clarifier. The signal increases at day 22 for channel two and
day 25 for channel one illustrated the two to three day advance warni ng
given by the glucose channel This result is consistent with the increase in
i nduction tinme expected for the higher nutrient concentration. Conparing
the signals for channels one and two af t'8 installi ng new col unms (day 3 i
) agai n showed the ﬁ} H}c&seh channeli Lo Lve ?édv\zo tg t hree, da%/ adyance
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10 July 200 I ng moni t or conprising a) a colum

having an inl et @ReAlhBithb'of ) prselll GLAREHRILRA'Mbd ProdiRE hoRiFiak OCAL &

upstream of sai

system which can run in parallel with the first monitoring system. Thus, a second column having an
inlet and an outlet with an optional microorganism autrient feed line located upstream of the inlet of
- the second column can be used. This second column like the first column described above will also

have at least two pressure sensors and optionally a second recirculation system. Also, inert packing



c) a Frst pressure sensor |ocated upstreamof said inlet for neasuring flow
pressure and a second pressure sensor |ocated downstream of Wiy élet et for
measuring flow pressure; and d) optionally, a heating systemon the col um;
and further conprising an inert packing nmaterial |ocated within said colum
and is an anount to permt the passing of a liquid containing materi al

t hrough said colum. 2. The biofouling npnitor of claiml, wherein said
colum is a colum made from plastic, gFHSs“ a ceramc material, or a

tal. 1. The hiofouyl.i i t f claiml ' id m '
i ent.” 1 odtertiat Botaien ey B it Ffoo BB i gt 4
nutri ent fedHTRHE SIS B GEABE, "Byrivace” _ o
compri ses.r GRS/ Jhlrles CHnE R el REHEL: SR ki RO LR IR ey

Ponbi nat i On%astsgedﬁgé?)tls soﬁr_tior-\r Iﬂ'@mbﬁé)zfqgwuk Q}Qteﬁplmotléhr thQEol&Jnaj.vml&t an Waﬂltﬁen?ai d
I nert packing material 1s at |east one stainless steel ball é’ . A bi of ouhng

NDNi t or CONMBEinS ifddd Mltematlyli i s8dhd Mghaddting tyRdm ddubedibe®dé b @heck bh e first
m crooreani smnutrient feed lure | ocated upstream of said inlet, 10 July

2003 - 22 C) nenitdring bysRmas shkiR atR060¢ alegadfak: ddpmtdddifbubifg thatiitbctunigt shdudd
measuring flow pressure and a second pressure sensor |ocated downstream of
sai d out | et nfupieat fredbaes bengedmibokh frionitoripg sysews.e; d) a re-circul ati on system
connected to the inlet do~~~nstream of said feed line, and connected to the
outl et for mai nt Bigwe Aghawspn emtodimentiaf a dva defusagistesn Tt firssicolrmn angl)its hoakeup is
packing material |ocated in said colum in an anmount to permt the passing
of a liquid ﬂm@gpﬁﬁleﬁ@bpﬁhwgﬁl regjpect tgfdgure | and the numerals depict the same parts and their

location. In addition to this hook-up, as shown in Figure 2, a second column 63 is located between
an inlet pressure sensor 62 and an exit pressure sensor 61. A second recirculation pump 64 is
located as shown in Figure 2 to recirculated aqueous solution which can optionally contain nutrients
or can simple recirculate the same amount of aqueous solution as recirculation pump 52 in order to
maintain an accurate control. A make-up pump 65 is located to introduce fresh aqueous solution. A
and A’ represeat the points where the aqueous solution exits the column systems to be re-introduced
into the aqueous system as described above.

In view of the above, the present invention further relates to a method of monitoring or
detecting biofouling ahead of time in an aqueous system. This method involves the use of one or
more biofouling monitoring systems as described above. In more detail, the method to moaitor or
detect biofouling ahead of time involves passing at least a portion of the aqueous solution on a
continuous basis through a column having an inlet and an outlet. The method further involves
introducing a microorganism nutrient into the aqueous solution to be passed through the columa at a
poiat upstream of the inlet of the column The method also involves measuring flow pressures
through the column at the inlet and at the outlet on a continuous or non-continuous basis. The
pressure differential based on these measurements can then be determined and a correlation can be
made to determine the advance biofouling that will occur in the overall aqueous system.

To fucther provide an environmeat to optimize the biofouling buildup in the column, heating

units can be used to maintain a temperature of the aqueous solution passing though the cotumn at a



f) optionally, a heating system|located on said colum. 7. The biofouling
nonitor of claim®6, wherein said colum is a colum made froﬁpﬂpﬁégpé,
glass, a ceramic material, or a netal. 8. The biofouling nonitor of claim
6, wherein said mcroorganismnutrient feed |ine contains a gl ucose,
pyruvate or starch formulation. 9. The bigfouling nonitor of claimb§6,
further conprising an inert packing nate??al | ocated within said colum and

in an anmount_to perm#t .t assi of .a li.qguid containi terial through
o " col am ARt § PRGBS aRkafor s HEiRe. Tiakele i e e
packi ng nat eghdals &NPA pacifg HRGKS theGbRES )is rbambly Comnbout COTT BOTR) @0 Awiaé0°C

ceranmic materi , or combi nations. ther, okl Theobi |40 nnj t. f
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steel ball. can BannJ hibayin® @G3apabB of Painfiin@g bidesiroltmppravyn piagreops solutigrisp§ugh units

further compri oiRg o RiRRGANkafR) diloiAkidg an inlet and an outlet; h)
optionally a mcroorganismnutrient teed |1 ne | ocated upstream of said

inlet of the second columm; i) a third pressure sensor |ocated upstream of
said inlet of the second colum for neasuring flow pressure and a fourth

pressure sensor FQCRIRAesRWRSIEeRMhwfitichdind vavitub irtsQr e Goo @@ NEbaft& i f OF
measuring said flow pressure; j) a second recircul ation system connected to

the inlet OpréddiCinSRGONE BOLIARTR)cd damBsh bthadByQhy §pd of plpagdetwioRGuchal HeBlIDRECt ed
to the outlet of the second colum for maintaining a pressure feed through

sai d- secondrigid| Avtheubiagde dther icoraeidtiopd lpinggTieab@ndr af hdoking up thei variGdiparsseraend
colum in an anount to permt the
present invention with the piping network is the same as any hook-up of a piping network.
An advantage of the present inveation is that the biofouling monitor can be a self-contained

unit which is extremely mabile and thus can be taken to various sites to monitor biofouling buildup.

Figure 7 shows a depictian of such a self contained monitoring unit which ia this embodiment has a

size of 56cm w x 46cm d x 76cm h (22w x 187d x 30"h) and weighs about 45 kg (100 lbs). As
shown ia Figure 7, a self-contained biofouling monitoring unit 75 is shown. The unit 75 has data
loggers 66, a nutrient reservoir 67, a nutrient feed pump 68, one or two fouling columns 69 (two are
shown though oae could be used alone), temperatuce coatrol panel 70 for controlling the temperature
of the aqueous solution passing through the column(s), pump speed controllers 71, pressure gauges

72, make-up pump 73, and a recirculation pump 74

With respect to the use and advantages of introducing at least one microorganism nutrient
into a biofouling monitor system, another embodiment of the present invention relates to a method
to detect biofouling ahead of time or on an expedited basis. The method involves at least the step of
introducing at least one microorganism nutrient as described above into at least a portion of an
aqueous solution which is passing through a biofouling monitor system  Typically, the
microorganism nutrient will be introduced prior to a poiat wherein any monitoring of any biofouling
is occurring. Also, preferably the aqueous sotution in which the at least one microorganism nutrieat

is being introduced will have a sufficient enviroument for the growth of microorganisms to promote



passing of a liquid containing material. |13. The biofouling nonitor of
claim6, wherein said outlet is connected to a hol ding tank. [18July2903

bi of oul i ng nonitor of claim®6, wherein said inlet draws an aqueous sol ution
from an aqueous containing systemand said outlet exits at (east a portion
of said aqueous solution back into said aqueous system at a point
downstream of where said inlet is drawing from said aqueous system L 5. A
met hod to nonitor or detect biofouiing ahtkd of time in an aqueous sol ution
conprising: a) passin at least a portion of said aqgueous solution on a
cont i nuous badpfeuting ohigbicfouting Mepitds yteTy vaieh| if Jugafl fprgthigemydiment; capbe any

i ntroduci ng A ] Groorganismnutrient into said portion of said aqueous

sol ution at a'%%fﬂgmﬁ O Y& of said inlet, c) measuring flow pressures of

sai d port Lon of S%n%ﬁ%%“%Q&i'l%ﬁn?Q}tgé Irgsgnttinmt i’(l)g rrlsla%c',as!t(ga Gt e)?tedi?c tll:elbri%guliROI nt
before said inlet ‘8nd at a Secon %0|nt arter said outtet “di'a tontinudbus

or non-cont i ngu&a‘prﬁﬁé Sn a b:lu(?ou}l“% ymchgg)r?’ sis%f]h q)hjcqein%lms ninﬁ%ig&é%%% Ukt one

differential based on nmeasurenents fromsaid fist polnt id second

point.; and elicBrphdinfriutitet 23 AdselivdB DWW, R st sdnfpled ThEleTsMIALHBRAR a sample
brofouling occurring in said agqueous solution. 16. The nethod of "claim 15,

wherein sai d FegHeaguesusSotititnl o iqubdus EamPROvahichiid\eetbih ke ddsidodbS Eontilerdidli ok indbstrial The
met hod of claiml|5, wherein said aqueous solution is froma paper naking
wat er Ccircui taqueous process and water handling systems. The amouat of microorganism nutrient that is
introduced can be of any amount, and preferably is an amount which promotes an expedited growth
of microorganisms compared to the aqueous or water system which is being tested. The amounts of
microorganism nautrient can be determined based on the particular aqueous or water system being
monitored for biofouling.

The present invention will be further clarified by the following examples, which are

intended to be purely exemplary of the present invention.

EXAMPLES

Fluid flow through porous media generates a pressure differential due to viscous interaction
between the moving fluid and the surface of the media. As the surface area for viscous interaction
increases, frictional resistance and differential pressure increase. The magaitude of the pressure
differential is effected by fluid density, viscosity, flow rate, porosity, and the roughness of the media
surface (Cy,) according to Darcy's Law:

Pressure = Cq, x [viscosity / (density + poresity)] x flow rate (eq. 1)

Surface deposits such as microbial cells and the associated debris found in biofilms can
increase the media roughness resulting in an increase in pressure. Pressure is further increased as
the deposits begin to significantly occlude the fluid flow path, causing a decrease in porosity. These

i effects are commonly encountered in porous media filtration where biofouling can significantly
degrade filter performance. yet here the same principals form the basis of a sensitive detector to

monitor biological fouling.



| 8. The met hod of claim 15, wherein said colum is a colum Wel EE)
pl astic, glass, a ceramic, or a netal. 19. The nethod of cla Yy gﬁerei n
said mcroorganismnutrient feed |line contains a glucose, pyruvate, or
starch fornul ation. 20. The nmethod of claim1G further conprising an inert
packing material |located within said colum and in an anmount to permt the
passing of a liquid containing material_j§.hrough said colum 21. The net hod
of claiml S, wherein said inert packing material conprises rocks, glass,
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make-up pump to introduce fresh process water into the system at a slower rate. This approach
maintains a continuous supply of process water without the need to pump large volumes of fresh
solution with attendant solids through the system. The small volume of process water can be readily
filtered upstream of the biofouling monitor permitting high solids sources such as short-loop white
water to be used with the instrument. The retention time of fluid in the system can be adjusted using
the make-up pump thereby providing one of several means to adjust the sensitivity of the instrument.

Instrument sensitivity is of key importance in correlating the response of a biofouling
monitor with the performance of the industrial process being monitored. In almost all cases, the
purpose of the monitor is to detect slime deposits before they reach a level that degrades product
quality. To do so, the monitor should generate a measurable signal in advance of damaging build-
up. The current device incorporates several means to control the rate of biofouling in the instrument
enabling the instrument response to be readily correlated with process quality.

The device allows the rate of process water feed to be adjusted to increase or decrease the
supply of fresh solution to the monitor. This in turn influences the microbial growth rate by
increasing or decreasing the supply of nutrients available for growth. A second means to control

instrument sensitivity is by adjusting the recirculation flow rate Higher flow rates amplify the
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pressure changes caused by changes in media roughness, fluid viscosity, deasity, and porosity
according to eq. 1. The size and shape of the material used to pack the columns can also be used to
adjust sensitivity. As an example, columas packed with small diameter beads will respond quickly
to biofouling since little deposit is needed to occlude the voids between the beads (i.e. the porosity
decreases quickly as fouling develops).

The above adjustments can all be used to modify the sensitivity of the moaitor, however
experience has shown that long periods of slime free paper machine operation are often followed by
abrupt increases in fouling that begin to degrade paper quality in as little as a few days. It is highly
desirable to have an advance warning of such slime build-up which would aliow the operator to
increase microbicide dosage or amrange for a timely shutdown for preemptive cleanup. In this
example, the preseat device incorporates two channels, one of which uses a supplemental nutrient
feed pump to iatroduce nutrients that accelerate microbial growth in that channel. Using this
approach, the nutrient enriched channel gives a several day advance waming of biofouling compared
to the chanael supplied with process water only. It is an advantage of the design that acceleration of
the fouling signal by nutrieat addition confirms that the fouling is at least partly bialogical in natuce
since abiotic fouling would show no response to the addition of micrabial nutrients.
INSTRUMENTATION

The biofouling monitor in this example was a stand-alone system designed to monitor slime

and deposit build-up in paper machine and other industrial water circuits The system comprised

multiple pumps, pressuce transducers, temperatuce controllers, and data loggers housed ina 46 cm d x
56 cmw x 76 cm b (18" d x 22” w x 30” h) metal cabinet. An intake peristaltic pump (Cole-Parmer
[nstrument Company model E-07553-80) in the moaitor cabinet delivered water from the industrial
process at 2-3 ml/min into dual 1.5 cm inside diameter x 20 cm long clear PVC columas filled with
1.5 mm diameter 302 stainless steel beads that served as a substratum for biofilm attachment. A
separate peristaltic pump recirculated water through the columns at 250 ml/min to generate a baseline
pressure drop between 20 and 30mbar. Glucose (30,000 ppm) was fed at approximately 50 ul/mia
from a [ liter reservoir to the second of the two channels (channel 2) by a separate pump (Cole

Parmer model E-7710-30)
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producing an approximately 600 ppm glucose addition to stimulate microbial growth. The bead
columns were cemeated to PVC quick conaect unions for easy replacement and the eatire biofouling
monitor liquid flow path comprises PVC and stainless steel fittings and chemically resistant
Norprene and Tygon tubiag to allow cleaning solution to be pumped through the system for cleanup.

The bead columas were heated with electric mantles (Cole Parmer model E-03 125-20) using Omega

CN76000 temperature controllers to maintain a desirable temperatuce such as 38°C (100° F). to
stimulate miccobial growth. Omega CN375 thermal limit controllers monitored the surface
temperature between the heating mantle and the cleac PVC bead columas to prevent melting of the
PVC. Differential pressure gauges (Cole Parmer model E-07354-05) with 4-20 mA output signals
were attached with 0.318 cm id x 0.635 cm od (1/8” id x 1/4” od) water filled tygon tubing to PVC
‘tee’ fittings located at either end of the columns. The pressure gauges measured differential
pressure across the bead filled columns and displayed the data on digital aad bar graph meters

(Cole Parmer model E-94712-00) located on the cabinet front panel. The 4-20 mA output from the

pressure ‘gauges was passed through a 100 ohm resistor to produce a 0.4 - 2 Vdc signal proportional

10 10

to pressure, that was read at {0 minute intervals by an Oaset Computer HOBO § data logger lacated

within the cabinet. The entire biofouling unit was self-contained and required only (20 Vac single

phase electrical power and a continuous source of process water for operation.

To initiate a monitoring period, clean columns were instatled into the biofouling monitor
and process water was pumped into the system with the make-up pump, the recirculation pump and
nutrient feed pump were started, and the data loggers were launched. In many applications, a
baseline period will ensue during which pressure remains constant followed by a rapd -typically
exponential- increase in pressure. The baseline and exponential periods deunoted the induction and
growth phases respectively.

The biofouling monitor was expecimentally deployed at a Kraft pulp, alkaline fine paper
mill to evaluate the instrument performance and to examiae the effect of supplemental nutrients on
the fouling response. The mill chosen produced 600-1000 tons per day of coated fine paper on a

single machine using a muture of hardwood, pine, and broke from an off-lne coater. Slime
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107 vWvXi X%-ll‘_(lmal'dedb\l/olg eg however pressure to decrease biocide dosage made the milf an excelleat site for

the moaitor trial. Ducing the initial tests described here, a baseline fouling response was established

against which future efforts to reduce biocide usage can be compared.

Solution for the biofouling tests was drawn from clarified white water that had passed aa

Albany screen. The water was additionally processed through a small clacifier and a 20 pm filter to

further lower suspended solids prior to entering the biofouling wonitor. These steps minimized

fouling from suspended material to allow the response to biological fouling to be evaluated. In

normal operation, rapid solution turnover in the clarifier ensured that stagnant growth conditions

were avoided. Make-up to the biofouling unit was coatiauous at 2-3 ml/min giving a residence time

of approximately two hours within the recirculation loop. Temperature of the influent solution was

49°C-54°C (120-130° F). Supplewmental glucose was fed to the second of the two biofouling
chanaels to give a final solution concentration of 600 ppm.

The monitor, outfitted with clean fouling columas, was placed on-line concurrently with the
paper machine startup at completion of a wet-end boilout. This timing allowed the fouling response
to be referenced to a clean machine state. After 31 days, the fouling columus for both channels were
replaced aad after 44 days the column for chanunel two was again replaced. The paper machine wet-
end was boiled out at day 38 during a scheduled maintenance operation Figures 3 and 4 show the
data record for. the 51 day deployment.

The fouled calumas removed at day 31 wece visually examined for the presence of slime by
removing the stainless steel beads and examining the bead surface with a haad lens at [0x. The
beads were also analyzed for microbiological activity by extracting the deposits with surfactant and
analyzing the extract using a commercial ATP analyzer. Sepacate samples of the deposits were
removed by ultrasonification and examined for elemental content using energy-dispersive x-ray

fluorescence analysis.
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Results
The data record showed an initial fourteen day period during which the signals for both
channels remained stable at 10-20 mbar. Between day fourteen and day tweaty, an excursion to 30
to 40 mbar and a subsequent return to baseline occurred for both channels. At day tweanty one, the
signal for the glucose channel (channel 2) began to increase exponentially to a limiting value of 80
mbar corres;;onding to the maximum signal for the pressure transducers. Two to three days later,
the signal for channel one showed a similar exponential increase. Clean new fouling columns were
installed at day 31 causing the signals to retum to a low baseline level.
The next fouling event for channel two occurred three to four days after the new columns
were installed, and was agaia followed approximately three days later by what appears to be the start
of an exponential shift for channel one. The later increase was truncated when the paper machine
was boiled out at day 38, then recurred after six to seven days reaching a limiting value at day 46. A
few days later, the signal for channel one dropped to approximately 50 mbar. A new fouling column
installed on channel two at day 44 resulted in a response very similar to the behavior at days 32-36.
Visual examination of deposits on the stainless steel beads was made at day 31 prior to
installing new columans. Pale yellow to amber slime streamers within the columas were visible by
eye and examination of the deposits at 10x showed a web-like matrix of biofilm spanaing the voids
between beads. ATP analvsis showed the presence of heavy microbiological activity in material
extracted from the bead surface. Elemental analysis of the deposits showed peaks for aluminum,
silica, and calcium, indicating that clay and calcium cacbonate fines were also present in the
material.
The appearance of a baseline region on installation of new columns corresponded to the
period of slow, initial microbial attachmeat (the induction period) often observed in biofouling. The
similarity in baseline data for the two channels indicated both respond uniformly to small

fluctuations in signal that may have been caused by variations in suspended solids and fines that

enter the system. Such material will alter the viscosity and density of the solution and by Darcy's
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The pressure excursion beginning at day 14 is not clearly explained, however the event
coincided with formation of a clogged line that stopped flow to the clarifier. The signal increases at
day 22 for channel two and day 25 for chaanel one illustrated the two to three day advance warning
given by the glucose chanael This result is consistent with the increase in induction time expected
for the higher nutrieat conceatration. Comparing the signals for channels one and two after installing
new columns (day 31) again showed the glucose channel to give a two to three day advance warning
of biofouling (here the response for channel one is truncated by the paper machine boilout).

[astallation of new fouling columns in channel two (days 32 and 44) resulted in an
exponential increase similar to the one described above but which began much sooner. In both
cases, the more rapid increase started 3-4 days after the columns were installed and may have been
promoted by an inoculum of microorganisms within the monitor that was not cleaned out whea the
fouling columns were replaced. The decrease in signal for channel one at day 38 coincides with the
wet-end boilout and further illustrates the instruments response to factors influencing microbial
growth. The drop in signal for chaanel one at day 47 may be aa incident of sloughing in which
pressure changes as part of the slime layer detaches or shifts within the fouling columa.

The exponential form of the fouling signal at day 22 and day 25 is consistent with biological
fouling and fucther illustrates the effect of glucose addition on the instrument response. Figure 5
shows an exponential curve fit to data in these regions and Figure 6 shows a plot of the logarithm of
pressuce versus time. The slope of the later cucves gives a specific fouling rate of 03 day' and
day'l for chaanels one and two respectively. These values correspond to 16 and 13 hours recpectively
as the time required for the fouling signal to double. Analysis of the fouling signals at day 36
(channel 2) and day 45 (chaaael oue) also shows a higher specific fouling rate for the glucose
chanael

The paper mill evaluation demoastrates that microbial activity and slime formation in paper

mill white water can be measured using the on-line monitor. ATP and elemental analysis indicate
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that the fouling deposits comprise both microbial and inorganic materials as is typical of the slime
and trapped debris found in paper machine deposits. The wet end chemistry of paper produced
during the mouaitor evaluation did not show slime related problems indicating that the monitor is
able to discern microbial activity before it begins to degrade paper quality. The response to
microbial activity is accelerated by supplemental nutrient addition which provides an advanced
warning of the biofouling. Under normal operation, the signal on the nutrient augmented channel
can be used to predict that fouling will occur in a few days time, giving mill operators the
opportunity to supplement the biocide addition, for example to extend production through a crucial
product run, or to arrange a timely shut down for preemptive cleanup.
Other embodiments will be apparent to those skilled in the art from consideration of the
present application and practice of the present invention disclosed herein. It is intended that the

specification and examples be considered as exemplary only, with the true scope and spirit of the

invention being indicated by the following claims.
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CLAIMS
L. A biofouling moaitor comprisiag
a) a columa having aa inlet and aa outlet;
b) a microorganism nutcicat feed lune located upstream of said inlet;
c) a fiest pressuce seasor focated upsteceam of said wnlet for measucing flow pressure

and a secoad pressure seasac focated dowasteceam of said outlet foc measucing flow pressure; aad

d) optionally, a heatiag system oa the columa; and
fucther compeising aa inert packing material located withia said columa and ia an amount to pecmit

the passing of a liquid coataiaing material thcough said columa.

2. The biofouling moaitor of claim 1, wherein said columa s a columa made from plastic,

glass, a cecamic material, or 2 metal.

1. The biofouling moaitoc of claim 1, whereia said microorganism autcieat feed line coataias a

glucose, pyruvate, or starch focmulation.

4- The biofouliag monitor of claim {, wherein said inert packiag matecial comprises rocks,

glass, plastic, aoa-corrosive metal, ceramic matecial, oc combiaatioas theceof.

5. The biofouliag moaitor of clatm t, wheretn said tnect packiag wnatecial is at least one stainless

steet ball

6. A biofouling moaitor comprising
a) a columa haviag an ialet aad an outlet;

b) a microorganism nutcicat feed line located upstream of said ialet,
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c) a first pressure seansor located upstream of said inlet for measuring flow pressure
and a second pressure sensor located downstream of said outlet for measuring said flow pressure;
d) a re-circulation system connected to the inlet downstream of said feed line, and
connected to the outlet for maintaining a pressure feed through said columa;
e) inert packing material located in said column in an amount to permit the passing of

a liquid containing material; and

f) optionally, a heating system located on said column.

7. The biofouling monitor of claim 6, wherein said column is a columa made from plastic, glass,

a ceramic material, or a metal.

8. The biofouling monitor of claim 6, wherein said microorganism nutrient feed line contains a

glucose, pyruvate or starch formulation.

9. The biofouling monitor of claim 6, further comprisiag an inert packing material located
within said column and in an amount to permit the passing of a liquid containing material through

said column.

10. The biofouling monitor of claim 6, wherein said inert packing material comprises rocks,

glass, plastic, non-corrosive metal, ceramic material, or combinations thereof.

. The biofouling monitor of claim 6, wherein said inert packing material is at least one stainless

steel ball.
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12. The biofouling monitor of claim 6, further comprising
g) a second column having an inlet and aa outlet;
h) optionally a microorganism nutrient feed line located upstream of said inlet of the
second column;
i) a third pressure seasor located upstream of said inlet of the second columna for

measuring flow pressure and a fourth pressure sensor located downstream of said outlet of the

second column for measuring said flow pressure;

j) a second recirculation system connected to the inlet of the second column,
downstream of said feed line, and connected to the outlet of the second column for maintaining a

pressure feed through said second column; and

k) inert packiag material located in said secoud columa in an amouat to permit the

passing of a liquid containing material.

13. The biofouling monitor of claim 6, wherein said outlet is connected to a holding tank.

14. The biofouling monitor of claim 6, wherein said inlet draws an aqueous solution from an
aqueous containing system and said outlet exits at least a portion of said aqueous solution back into

said aqueous system at a point downstream of where said inlet is drawing from said aqueous system.

15. A method to monitor or detect biofouling ahead of time in an aqueous solution comprising:

a) passing at least a portion of said aqueous solution on a continuous basis through a

column haviag an inlet and an outlet;

b) introducing a microorganism nutrient iato said portion of said aqueous solution at a

point upsteeam of said ialet,

c) measuring flow pressures of said portion of said aqueous solution through said
columa at a first poiat before said inlet and at a second point after said outlet on a continuous or

non-continuous basis;
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16. The method of claim 15, wherein said aqueous solution is from an industrial water circuit.
17. The method of claim 15, wherein said aqueous solution is from a paper making water circuit.
18. The method of claim 15, wherein said columa is a columa made from plastic, glass, a

ceramic, or a metal.

19. The method of claim 15, wherein said microorganism nutrient feed line contains a glucose,

pyruvate, or starch formulation.

20. The method of claim 16, further comprising an inert packing material located within said

columa and in an amouat to pecmit the passing of a liquid containing material through said column

21. The method of claim IS5, wherein said inert packing material comprises rocks, glass, non-

corrosive metal, ceramic material, or combinations thereof.

22 The method of claim 16, wherein said inert packing material is at least one stainless steel ball.



