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PROCESSES 5 FIELD OF THE I NVENTION This invention relates generally to
menbr ane wepanst44on and, nore particularly, to nethods f®@CTmsns/0066 ng

and/ or controlling nenbrane separation processes. BACKGROUND OF THE

| NVENTI ON Menbr ane separation, which uses a selective nenbrane, is a fairly
recent 10 addition to the industrial separation technology for processing
of liquid streams, such as water purification. In nmenbrane separation,
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sui tabl e fothrogh the niendusterdsad resvibobegliging force(s) in one effluent stream, thus

leaving behind some portion of the original constituents in a second stream. Membrane
separations commonly used for water purification or other liquid processing include
15  microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), reverse osmosis (RO),
electrodialysis, electrodeionization, pervaporation, membrane extraction, membrane
distillation, membrane stripping, membrane aeration, and other processes. The driving
force of the separation depends on the type of the membrane separation. Pressure-
driven membrane filtration, also known as membrane filtration, includes
20  microfiltration, ultl'aﬁitration, nanofiltration and reverse osmosis, and uses pressure as a
driving force, whereas the electrical driving force is used in electrodialysis and
electrodeionization. Historically, membrane separation processes or systems were not
considered cost effective for water treatment due to the adverse impacts that membrane
scaling, membrane fouling, membrane degradation and the like had on the efficiency of

25  removing solutes from aqueous water streams. However, advancements in technology



Furt hernore, nenbrane separati on processes have al so been made nore
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different diagnostic techniques for monitoring membrane separation processes have

been routinely used and are now understood and accepted as essential to its practicality
and viability for industrial use.

15 However, monitoring is typically conducted on an intermittent basis, for
example, once a work shift or at times less frequently. Known employed monitoring
techniques can also be labor and time intensive. Thus, adjustments made to membrane
separation processes in order to enhance performance based on typical monitoring may
not be made in an expeditious manner. In addition, the presently available monitoring

20 techniques often do not provide optimal sensitivity and selectivity with respect to
monitoring a variety of process parameters that are generally relied on as indicators to
evaluate and/or control membrane separation processes.

For example, monitoring techniques typically applied to reverse osmosis and

nanofiltration include conductivity measurements and flow measurements.



pass through the nenbrane. Since salts generally pass through the nmenbrane
as a 5 percentage of the total salt concentration, changes in |ocal
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determined as an average value based on values measured during all stages of the
membrane system.
Further, flow meters generally employed in such systems are subject to
calibration inaccuracies, thus requiring frequent calibration. ~Moreover, typical
15 monitoring of reverse osmosis and other membrane separations can routinely require
the additional and/or combined use of a number of different techniques, thus increasing
the complexity and expense of monitoring.
Accordingly, a need exists to monitor and/or control membrane separation
processes which can treat feed streams, such as aqueous feed streams, suitable for use
20 in industrial processes where conventional monitoring techniques are generally
complex and/or may lack the sensitivity and selectivity necessary to adequately monitor
one or more process parameters specific to membrane separation processes which are

important to the evaluation of the performance of membrane separation.



menbrane separation, such as operational paraneters, chem cal paraneters,
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processes. Examples of such optimized performance include longer times between

membrane cleanings, longer membrane life, verification of treatment chemical in the
system, ability to operate at optimal recovery, and decreased energy costs due to better

15  control of scaling, fouling

and other system parameters.

To this end, in an embodiment of the present invention, a method of monitoring

a membrane separation process including a membrane capable of separating a feed
stream into at least a first stream and a second siream is provided. The method includes

20 the steps of providing an inert fluorescent tracer; introducing the inert fluorescent tracer
into the feed stream; providing a fluorometer to detect the fluorescent signal of the

inert fluorescent tracer in at least one of the feed stream, the first stream and the second
stream; and using the fluorometer to determine an amount of the inert fluorescent tracer

in at least one of the feed stream, the first stream and the second stream.



in at |least one of the feed stream the perneate stream and the concentrate
stream and wusing the fluoroneter to neasure an anount of the inert tracer
in at | eawDoomne4ef the feed stream the perneate stream 200/USAE01756
concentrate stream 10 In yet another enbodi ment, a nmenbrane separation
system capabl e of purifying an aqueous feed stream suitable for use in an
i ndustrial process is provided. The nenbrane separation systemincludes a
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g
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feed membrane separation system includes a semi-permeable membrane capable of

separating the aqueous feed stream containing an inert tracer into a permeate stream

and a concentrate stream to remove one or more solutes from the aqueous feed stream;

15 a detection device capable of fluorometrically measuring an amount of the inert tracer

ranging from about 5 parts per trillion (“ppt”) to about 1000 parts per million (“ppm”)

in at least one of the aqueous feed stream, the permeate stream and the concentrate

stream wherein the detection device is capable of producing a signal indicative of the

amount of inert tracer that is measured; and a controller capable of processing the

20  signal to monitor and/or control the purification of the aqueous feed stream. Such
monitoring or control may include control of chemical dosing and checking the
accuracy/calibration of standard instruments (e.g. flow Sensors).

In still another embodiment, a method of monitoring and controlling a

membrane separation process including a membrane capable of removing solutes from



stream the first effluent streamand the second effluent stream and

eval uating one or nore process paraneters specific to nmenbrane separation
based on wbe3neasurable 10 anount of the inert tracer. | ®PCraiSovmgsef ore,
an advantage of the present invention to provide nmethods and systens that
utilize inert fluorescent tracers to nonitor and/or control nenbrane
separation processes or systens. Another advantage of the present invention
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present invention is to provide an inproved performance specific tto
menbr ane segpaeatand thepeand sERusnbitreays nangsthe FEprometer 1o, Mol amquitPa ng/ or
dead-end fl ow separation to renove solutes fromfeed streans. Additional
features ange atvancagesging fromebprtdsmito shewe HIO LRt ifagique BEHETFed 5 angd
wi |l be apparent in, the detailed description of the presently preferred
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The present invention provides nethods and systens for nonitoring and/or
more process parameters specific to membrane separation based on the measurable

10  amount of the inert tracer.

It is, therefore, an advantage of the present invention to provide methods and
systems that utilize inert fluorescent tracers to monitor and/or control membrane
separation processes or systems.

Another advantage of the present invention is to provide methods and systems

15  that utilize measurable amounts of inert tracers to improve the operational efficiency of
membrane separation processes or systems.

A further advantage of the present invention is to provide methods and systems
for monitoring parameters specific to membrane separation processes with selectivity
and specificity based on measurable amounts of inert tracers added to the membrane

20  separation system.

Yet another advantage of the present invention is to provide methods and

systems for monitoring and/or controlling membrane separation processes for purifying

aqueous feed streams suitable for use in industrial water systems.



10 control ling menbrane separation processes that are capable of renoving
solutes from feed streans, such as aqueous feed streans, which are

sui t abl e woro3sxm41 n a nunber of different industrial applPCTatSVDOSTS6 Mor e
specifically, the nmethods and systens of the present invention can nonitor
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of the separat IDETANH N Ot THEPREBSENEL Y BREFERRED . o1 on
processes, the feed stream can EMBOBEVIENTSh a flow direction that is
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general , the nerbegnesesteipserion pnovidescaebeds wd %ﬂ%@“‘ﬁer’éng‘lt?rWe?‘ﬁ ¥n are
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different industrial applications. More specifically, the methods and systems of the

present invention can monitor and/or control membrane separation processes based on

measurable amounts of inert fluorescent tracers which have been added to the
15  membrane separation process. In this regard, a number of different process parameters

specific to membrane separation; including, for example, operational parameters,

chemical parameters, mechanical parameters, like parameters and combinations

thereof, can be evaluated with a high degree of selectivity, specificity and accuracy

such that the performance of the membrane separation process can be effectively
20  optimized.

The methods and systems of the present invention can include a variety of
different and suitable components, process steps, operating conditions and the like, for
monitoring and/or controlling membrane separation processes or sysiems. In an
embodiment, the membrane separation process of the present invention includes cross

25  flow and dead-end flow processes. During cross flow processes, the feed stream can be



10 solids, suspended solids, the |ike or conbinations thereof. Upon
separation of the feed streaminto the perneate and the concentrate, in
menbr ane Wolos®s=4f or exanpl e, the perneate stream essent iPalIusopoITS@I NS a
substantially | ower concentration of dissolved and/or suspended sol utes as
conpared to the aqueous feed stream On the other hand, the concentrate
stream has a hi gher concentration of dissolved and/ or suspended sol utes 15
as conpared to the aquequs _.stream 1n tPi r h?e thepresent s
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el ectrodei oni zati on, pervaporation, nenbrane extraction, nenbrane

di still ati die sepasptionasigiest r i ppi ng, nmenbrane aeration and the like or

conbi nations thereof. Reverse osnosis, ultrafilt g{ei on {n crﬁ)d‘oinl &rgati on

and nanofiltrat lmgemera, thaemeplrkes ﬁf‘é’afaﬁ%%?o&ﬁ“éessgé ATER BrETEEEE 8 wo
03/ 082447 PCT/ US03/01756 |In reverse osnosjs,. the feed streamis ttypi cally
processed wagible afiteating browrifing feetl epms by divfgs rﬂéfg%?‘g,stretaﬂ"em eS8 r eam
flows substantially parallel to the nenbrane surface sth that only a
portion of stbend dednstbediment fhe desdsiredn srgprraipbiRF ARl o5& Meat e. The
cross flowrate is routinely high in order to provide_a scouring action 5

t hat | essengedientucane aspurfeate sfrgud pmha cPhdentraa fredso The dpeda¥e®@c#eent r at i on
pol ari zation effects (e.g., concentration of solutes in the

r educed- t ur Qa8NeAidAO BoRES Y such aygedissalived rganiesrdissalyed yRGTERIECs, fdissotedcan
increase the osnotic pressure at the nenbrane and thus can reduce perneate
flow. fhe &gaggﬁgpeﬁeh@md@pdhanikaaﬁdmiraﬁbmh@eofcéfponmmamtnonpﬁ@eff@éd stream
wat er from passing through the nmenbrane as perneate, thus 10 decreasing the

recovery T asttliegx)n iftcOthe ﬂeﬁﬁ‘eafeaiﬂdoth@fcoﬁlﬁ_ﬁmaf[ ie rhonlapys filets flecekamplee i A
recycle loop(s) nay be enployed to naintain a high flow rate across the
renbr ane permeate stream essentially contains a substantially lower concentration of dissolved
and/or suspended solutes as compared to the aqueous feed stream. On the other hand,
the concentrate stream has a higher concentration of dissolved and/or suspended solutes
15  as compared to the aqueous stream. In this regard, the permeate represents a purified
feed stream, such as a purified aqueous feed stream.
It should be appreciated that the present invention can be utilized with respect to
a number of different types of membrane separation processes including, for example,
cross flow processes, dead-end flow processes, reverse osmosis, ultrafiltration,
70  microfiltration, nanofiltration, electrodialysis, electrodeionization, pervaporation,
membrane extraction, membrane distillation, membrane stripping, membrane aeration

and the like or combinations thereof. Reverse osmosis, ultrafiltration, microfiltration

and nanofiltration are the preferred membrane separation processes.
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| ongi tudinal l'y along the menbrane nodul e and exjts the other nd as a

concent r at gayst reeahe nvhitiine suriceroubicl, calain@FasH ade e¥MOHP (ﬁi@sﬁmf’haz g‘%m’ - por ous

nmenbrane and is trapped in a perneate channel which flows to a entralo

col | ect i on mémtiagne ek dimsten sednestperingats flowis BietcogenialiRR YR EEAT atinel and

is collected. In practice, nenbrane nodul es are stacked together end to

end, With idahefhibittle fedseatowater fpim pasging HaoughrthemembianeasPanedis & st

nodul e to the perneate tube of the second nodule, and so on. These

menbr ang mMydylegsisd M6 kecores fatoise, the rptie e permeat i
, 4@ epplicd fopd piFeam;
vessel feed water passes into the first nodule in the st ackﬁt]E "¢ pressure
recycle loop(s) may be employed to maintain a high flow rate across the 'membrane

surface.
Reverse osmosis processes can employ a variety of different types of
membranes. Such commercial membrane element types include, without limitation,
15  hollow fiber membrane elements, tubular membrane elements, spiral-wound membrane
elements, plate and frame membrane elements, and the like, some of which are
described in more detail in “The Nalco Water Handbook,” Second Edition, Frank N.
Kemmer ed., McGraw-Hill Book Company, New York, N.Y., 1988, incorporated
hereinto, particularly Chapter 15 entitled "Membrane Separation". It should be
20  appreciated that a single membrane element may be used in a given membrane
filtration system, but a number of membrane elements can also be used depending on
the industrial application.
A typical reverse osmosis system is described as an example of membrane

filtration and more generally membrane separation. Reverse osmosis uses mainly spiral



whi ch renoves a portion of the water as perneate water. The concentrate
streamfrom the first nenbrane becones the feed stream of the second
menbr ane wod3MgR4en down 15 the stack. The perneate strean®Cirusas/ad7sé of t he
menbranes in the stack are collected in the joined perneate tubes. Only
the feed streamentering the first nodule, the conbined perneate stream
and the final concentrate streamfromthe |last nodule in the stack are

comonly monRjdual @fbmeWstdrinbdiRS twHiY &€ TEn2BoRE b wEYEAE IFers RE BSHUSRouseSSel s
are arranged in either 20 "stages" or "passes."” In a staged nenbrane

system the GO diHORGEHaERL EndherRBITS walel @iirsRAAd Af ceRASRHbBtMES Sl S
are directed to a second bank of pressure vessels where they becone the

feed st reamjeﬁﬁea@‘&ll%&fbﬂ%e?t fgglllﬁa{ymaﬁuyes%ye%ea%w@g%@e%na@ foerghages Wi th

successi vel ewer pressure v S I n each stage. r “exanp a system

nmay contain S i I . 0 I reans of
Wt ch fead 2 oRhERD 1058508 el Bably G siBUCw I GBI AR NG T 28T
stage, the C ] i i e e ssel in
The i r 8 st aaTe bR A8l UGN b hifiarlGibude o 638 WS

nmenbrane confi,quratio t he conrpi.ne r pea trea fr.0 | |. pressure
vessels in eéllfil%%tc %%Cgrgtraé(? Sgre%lgl I ef(t: %g{‘egﬁcﬁs Eavgte\%vp %Sgegu OP%hr ?l]ﬁe?mlﬁlgo N eur%aﬁe
treatnment. Ml t.i-stage. systens are used en. e volu 0 urified
water are r QiR EY a‘%ﬁ‘ﬂ@?é et P%Fleatﬁﬁﬁ?rg%?vg@h%{ﬁgiset?. cletr{‘gglpceolfnﬁé%’fle
streanms fromt he nemhrane, system he further rifjed, by ion exchange
or other me @%%ﬁﬂmgaﬁﬂﬁfF§%3§§w§§§¥%ﬁ?WFﬁé&ﬁaP %%&§%95$ng ;ronlgach gank
of pressure vessels are collected and used as the feed to the subsequent
banks of pressur &t PESHE, dempane @W‘@?ﬁr?&%ﬁfai’]‘a"gew%etﬂ?eé’aﬁ%d for igh Bt lﬁ'ieé'sgur e
vessel s are conbi ned wi thout further nenbrane treatnent of each individual
stream Wl tGonpretss ojung he psreeairsubesfidhe st podylgho ﬂmqﬂp?,atw@% ef the

required, for exanple in the mcroel ectronics or pharnmaceuti cal
i ndustri es. second module, and so on. These membrane module stacks are housed in pressure

vessels. Within the pressure vessel feed water passes into the first module in the stack,
which removes a portion of the water as permeate water. The concentrate stream from
the first membrane becomes the feed stream of the second membrane and so on down
15  the stack. The permeate streams from all of the membranes in the stack are collected in
the joined permeate tubes. Only the feed stream entering the first module, the
combined permeate stream and the final concentrate stream from the last module in the

stack are commonly monitored.
Within most reverse osmosis systems, pressure vessels are arranged in either
20  “stages” or “passes.” In a staged membrane system, the combined concentrate streams
from a bank of pressure vessels are directed to a second bank of pressure vessels where
they become the feed stream for the second stage. Commonly systems have 2 to 3
stages with successively fewer pressure vessels in each stage. For example, a system

may contain 4 pressure vessels in a first stage, the concentrate streams of which feed 2
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It should be clear fromthe above exanples that the concentrate stream of
one 15 stage of an RO system can be the feed stream of another stage.

Li kew se whaspsxweate stream of a single pass of a multi PPAASIFYIEE@M Nay
be the feed stream of a subsequent pass. A challenge in nonitoring systens
such as the reverse osnosis exanples cited above is that there are a
limted nunber of places where sanpling and nonitoring can occur, nanely

the feed, pernmeate and concentrate st I £ wWHidh RAotrtekd 120
systens "i rﬁr‘“'esrs‘-l@tvzfésgﬂ LAY SRS rtllat?esgogﬁ? or\/a\l/tesgrr?%]fa?%g/ moni tori ng of the

first stage concentrate/second stage. f oq. A1 ' 5d4aS S
sanpl e poi mrgsshlﬁweﬁsé{ ny Siﬂi‘lﬁjg*fqﬁget)n llstdl%-?lg%azésd’ %S;lé;%%;l} gsr%ehné ?(%%dapracti ce
it is possible to "probe"” the perneate collection tu ik bl .ngl e
pressure veugabrapgcedigpiation Hae i efﬁleatt%%reﬁgﬂs %anél% gﬁ ' }rléélggrunpéegleczs'ﬁels(s)%’n the
menbrane 11 WO 03/082447 PCT/ USQ3/, 17ngrt el erregts itrré thet Sf\/ﬁ'fﬁ(—sta t is a
time consurdlhgiagaeass pobiarpd; Hexuet WEPHo H?fdr.nF@ HOe TR ndtN AR i ed
except in troubl eshooting situations. Th,etjg IS no curre %Iy ac %QI ed

met hod of ewvaieimsiargyuseH avieaderge soludpt PRl r%ﬁ%&qq}“{"g}f T FREPVidual

menbrane elenments within a single pressure vessel. 5 1n conﬁrﬁi{h to
cross- f | ow bailet feetliverterneThsrperaeaicosieams oM e geaalrare sYSGMBR Porae”
filtration of suspended solids can be conducted by passing a feed fluid

t hrough a f purtfeed bynedéxahange peetheraneans.n a substantial |y perpendi cul ar
direction. This effectively creates one exit streamdurjng the se[r Vi ce
cycl e. Peri odi calnlaymultifpesssybtemy the perpgetk wiesrsdrasy each hank Hfpressue €558 | uid in
a direction opposite to the feed, generating a backwash effluent_10

cont ai ni ng speapilesed hat udad e thecfeed tocthaswesdquspt banks of pPresyure Yessads- c SR ent i onal
filtration produces a feed stream a purified streamand a backwash

st ream 1Fhi Sorcypeatoftreante fhonasie pesparasiebrare somlinedwithgpt fsther megbiage a5
dead-end fl ow separation and is typically limted to the separation of
suspended pasitnehest edchahéividuilasreaho Wulinmsssystenrs arerpsed den very high

purity water is required, for example in the microelectronics or pharmaceutical
industries.

Tt should be clear from the above examples that the concentrate stream of one

15 stage of an RO system can be the feed stream of another stage. Likewise the permeate

stream of a single pass of a multi-pass system may be the feed stream of a subsequent

pass. A challenge in monitoring systems such as the reverse osmosis examples cited

above is that there are a limited number of places where sampling and monitoring can

occur, namely the feed, permeate and concentrate streams. In some, but not all,

20 systems “inter-stage” sampling points allow sampling/monitoring of the first stage

concentrate/second stage feed stream. Similar inter-pass sample points may be

available on multi-pass systems as well.

In practice it is possible to “probe” the permeate collection tube within a single

pressure vessel to sample the quality of the permeate from each of the membrane

11



15 Cross-flow filtration techni ques, on the other hand, can be used for
renmoving snaller particles (generally about one mcron in size or |ess),
col | oi ds wpd3d8xsDl ved solutes. Such types of cross-fl owPCeEMSOHMTS6
separation systens can include, for exanple, reverse osnosis,
mcrofiltration, ultrafiltration, nanofiltration, electrodialysis or the
| i ke. Reverse osnpbsis can renove even | ow nol ecul ar wei ght di ssol ved

speci es 20 that, are, at.Leagt, ahou! 00001 1AMt AkuithGh@RPnin i ni mum

di anet er, iy Hd ronrc~an oni oni ¢ species, |ow

mol ecul ar wei ght nol ecul es,. water-sol ubl e.nacr l.ecul REYEr'S,
suspended sEPHMY 2npHed BYGR né’%‘ggf}}?ﬂtmgsﬂ %Kglﬁ‘cgglg}a%slggg&ﬁ%?@g and viruses.

12 WD 03/082447 PCT/US03/01756 ,In this regard. ..reverse . is is often
used commer@fthed ¢f EErpnEg tj["\‘?vaff%q/c"t“ﬁ%{‘[mﬁa egmrr%%gba%ég nfd?(;wﬁl?agﬁﬁ é(“z[’r%’fe 500 ppm
or greater) total dissolved solids ("TDS") content. Typically on order of
from about ¢lempentcwiiin g singlsPrssuge ES"eSFPclent of the TDS of a feed streamwill

pass through the nmenbrane. Thus, in general the perneate ma%n nr%ongle 5
entirelysfree oflnsentasis crasprilowifdirgtiog Megnbrang SCPAFEOBPTCEREY SEGEIRDS| s

perneates may be too high for sonme industrial applications, su as use as
nmakeup wat efiltfagon ¢ sybpepdesksolidscandsi qoadusted Py et ,fe"&@\‘f@rtg@h%% ﬁglil?rs syst ens
and other |ike nenbrane separation systens are fre uently,u?ed rior to
and in conbingditoomembtane &ma substanti@lynsmendipuaiectioy THEhHEFCLYR'Y 678 process
to reduce the TDS | oading on the resin and to decrease the 10 anount of
hazar dous meseeiinbtreasedurindths tsovied dyole. rResipdicalbigdirefilier i PaclAsiFdaY aci ds
and sodi um hydroxi de. As discussed above, the performance of nenbrane
separati on pysihgaRleaAulany diredtion oppesiiest the &eed, grnanBEng backiasheridypnt
operational conditions specific to nenbrane separation, such _as

t enper ayyre Coﬂ@;ﬁlﬂin? kfesosIthat haes beeatretafnedy tizcfilteri tThusiconveatienskAtralon and/ or

cl eaning agents, fouling activity and the |ike. Wen devel ogi ng and/ or

i npl enent i NgrAEN tRE MPaaNd/ iifiedntrend and agbakwhdsgtbamn fThis et €€tion of

i ner
o membrane separation is typically referred to as dead-end flow separation and is
typically limited to the separation of suspended particles greater than about one micron
in size.

15 Cross-flow filtration techniques, on the other hand, can be used for removing
smaller particles (generally about one micron in size or less), colloids and dissolved
solutes. Such types of cross-flow membrane separation systems can include, for
example, reverse 0Smosis, microfiltration, ultrafiltration, nanofiltration, electrodialysis
or the like. Reverse osmosis can remove even low molecular weight dissolved species

20  that are at least about 0.0001 to about 0.001 microns in minimum diameter, including,
for example, ionic and nonionic species, low molecular weight molecules,

water-soluble macromolecules or polymers, suspended solids, colloids, and such

substances as bacteria and viruses.

12



fluorescent tracers, the effects of the operational conditions specific to
menbrane separation nust necessarily be taken into consideration. As

previ ouslwodBsgadssed, the operational conditions of watePCIrESat/mond
processes can vary greatly from process to 20 process. In this regard, the
nonitoring techniques as applied to each process can vary greatly.

Menbr ane separation processes and the nonitoring thereof are uni que because

0 o e L sl ol

are constructed X1 yin e nonitoring may

be done and/or where_ s | e be col l.e . D ion
systens i nd @ﬂ@ﬁrﬁe6‘6?11532?3'&39@3%3&&?‘?%“ i%g)a‘r?](a}szsaégerdws% %ﬁqﬁgrﬁs&ﬁg@gmt er is
perneated through the barrier. This is not. present | 5

treat ment SUxpicah onouder of fopioph pﬁﬁ?‘g;}(’ﬂ?@ftgﬁ%ﬁf%ﬁ Qﬁ\@trerbhlﬁzsngpég%gr ation
systenms operate at significantly |ower _tenperatuyres than in nj.al
processes wiveam WithigssHragh by miemprage- g(]il}l%ggsge‘?eéhéﬁepp%me%t&mgy cg\/l%/@?\(/:’er, in

t he case of nenbrane separation systens_s 0{1 as reverse 0osnmsi s r&d

nanof i | t aténtirely finé of $obwiest dipbleip aq&ﬁlfdetheﬁo VLSRG S AFBRTA e&lr%aga‘i hat are
less likely to be 10 problematic in higher tenperature cesses (such as
silica and ®bhighdbrsoswlindyytrial applintiens, puch4p Bse 3 PR WS 9‘?12:1% G We&nbr ane
separation operations (for exanple RO and NF) occur at about 75F. 4.
Because it balessdhtiefolre, traeerset hemasisr $yateEsofndt pEe Bl MEAY 8 PH N ean, a
relatively small amount of fine precipitate can cause a significant

per f or mancesyseas.are &ty yed poemtarioé il esebingiion VAR HIaH EXGHENESRFESS npr e
sensitive to precipitate deposition as conpared to cooling water treatnent.
In this regarethermitiisie proes tb osics thed DSrivadinama tharpsiscandrto decrgase ithey

t hi ckness appreciably lower than that required for heat transfer |oss to
occur impa e@ekdtdghaaidets mystidmsed and stored for resin regeneration, such as acids and

sodium hydroxide.

As discussed above, the performance of membrane separation systems can vary
with respect to a number of different operational conditions specific to membrane
separation, such as temperature, pH, pressure, permeate flow, activity of treatment

15 andlor cleaning agents, fouling activity and the like. When developing and/or
implementing a monitoring and/or control program based on the detection of inert
fluorescent tracers, the effects of the operational conditions specific to membrane
separation must necessarily be taken into consideration. As previously discussed, the
operational conditions of water treatment processes can vary greatly from process to

20  process. In this regard, the monitoring techniques as applied to each process can vary
greatly.

Membrane separation processes and the monitoring thereof are unique because

of the following considerations.
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5. Water loss in nenbrane filtration is due to "perneation" or passage 20
t hrough the nmenbrane barrier. Danaged or otherw se inperfect nenbranes are
suscept i bWe ososuntlesi rabl e | eakage of sol utes through thePagEmisoaoEgse Thus it
is critical to nonitor |eakage through the nenbrane to keep it operating
at maxi mum efficiency. 6. The thin, sem -perneable filns (polyneric,
organic or inorganic) are sensitive to degradation by chem cal species.
Products which contact the nmenbran : 3 447 456
surface nust belconpa¥sfPse i ?%Stf%ge%n%ngrﬁﬁ@é&cﬂ%gnagﬁr;ng(g{ng\?g?ﬁ%anagi ng
the surface and thereby degradin erformance,.. 7. .Chem cal treatnents used
in nenbranén@yt@ﬂ%ah%%%é‘g@%%ﬁgﬁ ?8‘5{1’ Yo mat"é’eg%uec?f)"r‘%pati ble with the
menbrane material prior _to use. Damage fr i nco I q i.cal s can
result in imedate Msgdrage sgparafigh ?Pﬁ%&”él ‘ﬁ@epae?oﬂg%lgr%@g&éﬁgﬁg%ﬁ% t he
menbr ane surface. Such inmmedi ate, irreversjble .damages from i cal
treat ment itkat fermsts yaies iopprBertsd gt ﬁ’ﬁg’amf'efhl§§fsr{° o SR rgxtr%&!tphese
di fferences, a nunber of different factors and consi derations must
necessars | yirepemangkystenisnsugh acoolitg WHAEHSEHBY el opi ng and/or inpl ementing 10
nmoni toring and/or controlling prograns with respect taq nbrane separation
systens as conpd ed Mendriner sgpareifont r WALCHEntOoPRA e%tseggnqg?f@ Y as®Bol i ng
water treatnment processes. For exanple, both the cost of the nbrane and
the energy tempsutes tnindstriak prgeassas dhete BpETeI0MYRYitE 65 tOlYEE 8PP hci fic to
a nmenbrane separation process. In this 15 regard, deposits of  scale and
foul ant's onHéwevenentthanese ofmentsangl separatitnesysierp SHely aF E¥PRC PHPAEE: *he
per f ormance of menbrane separation systens by, in nmenbrane filtration for
exanpl e, degmeaBiafieh, tiie lqretemperard lealy t6 ovaling Gomemalteithptaradess Bredeto Yeower i ng
the perneate quality (purity), increasing energy consuned to maintain a
gi Ven pes megtBlefua@in higli Sémgrameraiprazpses @pttaaserientand silicaie suidc HethiA ed
downti ne for nenbrane

regard, typical day-to-day membrane separation operations (for example RO and NF)

occur at about 75°F,

4. Because it is essential that the surface of the membrane remain clean, a

relatively small amount of fine precipitate can cause a significant performance loss.

15 The performance loss in a membrane is, thus, more sensitive to precipitate deposition
as compared to cooling water treatment. In this regard, performance loss in a
membrane can occur at a film thickness appreciably lower than that required for heat

transfer loss to occur in a cooling water system.

5. Water loss in membrane filtration is due to “permeation” or passage
20  through the membrane barrier. Damaged or otherwise imperfect membranes are
susceptible to undesirable leakage of solutes through the membrane. Thus it is critical
to monitor leakage through the membrane to keep it operating at maximum efficiency.
6. The thin, semi-permeable films (polymeric, organic or inorganic) are

sensitive to degradation by chemical species. Products which contact the membranes
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20 repl acenment or cleaning/renovation, other |ike conditions and

conbi nations thereof. In this regard, the continuous nonitoring of process
par amet erwOgpegi#ii c to nenbrane filtration such as nornalPCTagoper’seat e
flow, driving force, differential pressure and percent rejection are
generally believed to be critical to the detection of fouling and/or
scaling and, thus, the inplenentation of renedial neasures when such

prObI oS ars 15, M0 031 0B2AAT AR WSOALAIERCLLeBhSS ethod RaBYEY B 0STOSI 5

about a ten cent Cchange 1 n any of these paraneters routinely

signals a sca{*ng@&%@g{gﬁg&&%kg&gﬂ g&i.ri ng a responsive action, such as

t he adj ust &t Feat ment agent. Thus, detection of these

probl enms at the earl |&?@%P§$Aug%%ah%¥qn%?n {n%\rlsgﬁ%%ﬁ%% £ Sratigndue

energy 5 consurrp%'i on, prematu rane replacenent and
the like. Ideally,  when an unfavorable or. questignabl e adi § or change
i s det ect edtd by gm@piitle ith embrang wate ad@ﬁlorgtg S Qﬁrg? efr%?%o%‘é&i}éeed to
notify an operator of the conditi jn org%gqange. gorrect' veada(i:('gni0 my:Y t hen
be t aken> asChemteadsenyesyit 1 fpmegiate dess of PEHIALGSAad RSThaPY IFEFRIATS! %' over ed
that the nonitoring and/or controlljing of 10 gﬁrﬁ cess }Par.arrft ers .S ecific
to nmenbr anemsebngsurfase-HRuEBIMBIEdiFEa LY B SAMARRS ST HFNCTHCH PPN escent
tracer is faster, nore sensitive, nore conprehensive, nore selective

and/ or nor ehigblyivabdremei lyroebea/E¥eT YFENS-t echni ques presently avail abl e,
particularly when the nonitoring nethods of the present invention are

enpl oyed on a suBssedon theseydifferenes, fuBinmben £§ idifferam dagiprs A8 (COPHILHOION has
enhanced di agnostic capabilities such that, 15 for exanple, |ack of
cheni cal tr eastmmatessaiyplbantaben jintor eecont) Wherplerelaping cang{ps Jplemeiipgased
passage of solutes, flowirregularities and scaling and/or fouling problens
uni que t10 nemhitene e cattidingprdgams wairremaet thimambaecEPAAPTHYSIESE ect ed
with reasonable certainty, with far greater sensitivity, and under a far
| ess el apseds tcofparbihan otlidnewgieresenmen pokdeabiush mst ¢roting Watert iagnenégar d,
tenporary system upsets or other 20 short-lived variations can be detected
during cont ipadeedsss. nonitori ng as the transient
For example, both the cost of the membrane and the energy consumed can be
significant operating cost factors specific to a membrane separation process. In this
15 regard, deposits of scale and foulants on the membrane, on a small scale, can adversely
impact the performance of membrane separation systems by, in membrane filtration for
example, decreasing the permeate flow for a given driving force, lowering the permeate
quality (purity), increasing energy consumed to maintain a given permeate flow,
causing membrane replacement and/or unscheduled downtime for membrane
20  replacement or cleaning/renovation, other like conditions and combinations thereof. In
this regard, the continuous monitoring of process parameters specific to membrane
filtration such as normalized permeate flow, driving force, differential pressure and

percent rejection are generally believed to be critical to the detection of fouling and/or

scaling and, thus, the implementation of remedial measures when such problems are
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conditions that they are, rather than as incorrect warning signs as
detected by sporadic nonitorings. As previously discussed, the nethods and
systens oWotohespresent invention enploy inert fluorescenPCrAsoy054¢ 0
nonitor and/or control the nmenbrane separation 16 WD 03/082447

PCT/ US03/ 01756 processes. By utilizing inert tracers, the present

i nvention can evaluate a nunber of different nenbrane separation process

t ith t | ectivit d (AYY t
Convent | ondbsit ¢ ek eumigiett /T I OBRSIRY Hnfys™, BRCEPEE 12

n measur abl e anount
of inert tracers can be effectivel tilized to 1l ol dok 5 the
per f or manc Pamelgie FPWipely spgals %al{lt{g{tﬁ?hl}gn%rp o rgglﬁlhfégg r%l%lg)el n éggélg’rs to an
inert fluorescent tracer that is not recj abl signific af fect ed
by any ot hefclkge ﬁliles{“ﬁ‘}ﬁtm?f‘ttﬁéh%égiaé‘?nd gﬁ%ﬁﬂﬂ‘?mt ?\ggné/o? h%sr’ dg%tgdél mg‘%glkéaérret ers
such as pH, tenperature, ionic strength, redox &%tenti all , ({aiecgn%p' ol ogi cal
activity orprobloms i e rrediesl RO U GHaRTPY Vaf* P Fre BN by *Hot 10

appreciably or significantly affected", this statenent a hat, an inert
fl uor escent conemnmmnlﬂ’%@fsprﬂ%lchm@mﬁméﬁneénblﬂ%r MagegEns ?Pdinfg% ﬂ?‘?'hg‘?"@g’cent

signal, under severe conditions encountered in industrjal water systens.
Sever e condivhénoamsundayorablel oy questioeabift WnGIHOR AT FHaBLSIE FAPIEFedh BPSEYsTR are
known to people of ordinary skill in the art of industrial water systens.
15 1t shoul theds, sppreai dtrwed wikhae vsedianpfyyenepergior plihg GenAiRr EFEMSI e i nert
tracers can be utilized in any suitable anmount, nunber and application.
For exanpl eCofecsiveigdtion nragdeen be ¢zkan benagessely 0bRIIAITE®t e a nunber of different
menbr ane separation process paraneters. However, the present inveption can
i ncl ude the use Applramsbderunifuelyi discovant that teenenitodag md/erropiralind g as
tracers for separate nonitoring applications. In an enbodi nent, 20 _inert
f1 uor esgent piob@s PhrafilRist Pedifigtoahenbrengsepsretien hasedor ngasutiag abenesh@fict ed on
a singular, intermttent or sem-continuous basis, and preferably the
concentrati Qs fluorescent tracer is faster, more sensitive, more comprehensive, more selective
and/or more reliable than conventional techniques presently available, particularly
when the monitoring methods of the present invention are employed on a substantially
| continuous basis. The present invention has enhanced diagnostic capabilities such that,
15 for example, lack of chemical treatment, unplanned increases in percent recovery,
increased passage of solutes, flow irregularities and scaling and/or fouling problems
unique to membrane separation and/or membrane filtration can be detected with
reasonable certainty, with far greater sensitivity, and under a far less elapsed time than
the presently available methods. In this regard, temporary system upsets or other
20  short-lived variations can be detected during continuous monitoring as the transient
conditions that they are, rather than as incorrect warming signs as detected by sporadic
monitorings.

As previously discussed, the methods and systems of the present invention

employ inert fluorescent tracers to monitor and/or control the membrane separation
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determnation of the tracer in the streamis conducted on-site to provide a
rapid real- time determnation. 17 WO 03/082447 PCT/US03/ 01756 An inert
tracer mmwO oBesaansportable with the water of the nmenbram€TaSpaOEISE ON
system and thus substantially, if not wholly, water-soluble therein at the
concentration it is used, under the tenperature and pressure conditions
specific and unique to the nenbrane separation system In other words, an

inert tracer displ a@’yﬁu@;ﬁ? e{n&i? %I%ce%' rﬁ'lé ﬁrefeﬁlt i{ﬁelg‘ir?%‘gé tealffte LNRNWENHY ane

separ ati on PPEEESs | § lsed iment, it is preferred

that the inert tracer, of the present inv LQn e f 1 iteria:
1. Not be atif6rBed9RPANeS Wﬁ?%l’i’éocleﬁ gaﬁjg/rg‘gatgr%rvé’giﬁa Igtreéagefmsgir?%; 5ngnl$:)':| crie

degrade the nenbrane or otherw se hinder its perf n ihe | £S
conposi t i onSenaivisy a‘B@"‘BB“F%‘QanB‘?IE(e‘bthgl @8?11%?%5%8%“2 uggge%?-t@gérrlt a{n(gg}tlfs basi s

and susceptible to conceptration neasur nts t.hat, are.. [ .
repeat abl e BERUERSBNANG P BT ITFoCTH 3% E‘f‘ ﬁ@ff lgﬂyfuilg PP :“%%g)ﬁg%%ﬁ%? e wat er,
perneate water or other suitable nedia or conbinations thereof; 4. Be

subst ant § al thy pederalagee efsuehwsieMeni cal species that are normally 15 present

in the water of the nmenbrane separation systens in which the. ipert
]E racer (s) ’ may bBI:)mt@m k'; ingrt," B usgqIsteah FieF I'9/20 WB@#{;‘P%?“{]WC’FE%F]{S&Q Ence
rom or biasing by, the chem cal species that are nornall resent in the
wat er of meafprenwbly epsigrificantly agfpeted RE apy O eerife Wntg? tsysffi’%/c"grbé' stge may be
used; 20 6. Be substantially inpervious to any of its own potenti.al
speci fi ¢ or otheelsgstdn \peramstese sudy fPh éenperasire.ofonige fiERIERe I ﬁaﬁoé‘i“in%n
systens, including selective perneation of the nmenbrane; 18

microbiological activity or biocide concentration. To quantify what is meant by "not

10  appreciably or significantly affected”, this statement means that an inert fluorescent
compound has no more than a 10% change in its fluorescent signal, under severe
conditions encountered in industrial water systems. Severe conditions normally
encountered in industrial water systems are known to people of ordinary skill in the art
of industrial water systems.

15 Tt should be appreciated that a variety of different and suitable inert tracers can
be utilized in any suitable amount, number and application. For example, a single tracer
can be used to evaluate a number of different membrane separation process parameters.
However, the present invention can include the use of a number of different tracers
each functioning as tracers for separate monitoring applications. In an embodiment,

20  inert fluorescent tracer monitoring of the present invention can be conducted on a
singular, intermittent or semi-continuous basis, and preferably the concentration
determination of the tracer in the stream is conducted on-site to provide a rapid real-

time determination.
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WO 03/ 082447 PCT/US03/ 01756 7. Be conpatible with all treatnment agents
enpl oyed in the water of the nenbrane separation systens in which the inert
tracer (s)woag/okm4used, and thus in no way reduce the effipcaasos/mgseof; 8.
Be conpatible with all conponents of its fornulation; and 5 9. Be
relatively nontoxic and environnmental ly safe, not only within the environs
of the water or the nenbrane separation process in which it may be used,

but also upon dj S'Chafrgﬁee{ﬁr@gtrb%%g%%ﬁl% %Eelﬁmﬁgvn%& ARRRY RGhRhRGepdaiont he

anmount of inert A%AEL rane separation process that
is effective wthqut bejng grossl XCeSS| Ve ; hiRukiRspect to a
vari ety of 9algrgne t@%éF&P&qﬂgﬁy’\)\f ?Cﬁﬂ(’ﬁ}”i n%tefrgsto ﬁgfé’tﬂ%&%ﬁ a}ma%ie'te%ri gg net hod

sel ected, the extent of background jinterference a i j e
sel ect ed nohilt B?eﬂn@“deﬁélieh@a‘,pgrta‘?fée ?‘FHjIgPﬁeTSH’ifeCOth%P %Segpzeg%égaﬁ‘gg’n.wh‘%? 1 H{ér acer (s)
concentration in the feedwater _ and/ or concentrate, the ni.t oLl node
(such as, amewhaps sFpa@boR IYREBUID ABRT YOS G MEFHET" dlsé’i%'s Bﬁg?geglgdr%ﬂ ar
factors. In an enbodi nent, the dosage of an jnert. tracer add dd.15tto t he
menbr anes sefvar wiitopf By SreEanA SPNIEFESN RIPCEHTHUFTICE Haf Ve 3‘9 4 8135? 18Ut i ci ent
to provide a neasurable concentration in, for exa l?" t he concentrate
stream at Btsmelprredthatthe wert fracer ehide P@B@ﬁtnv?)ntb’ﬁtr?eegﬁ‘ﬁ HoRng ABT at | east
about 1 ppb or about 5 ppb or higher, such as, up to about 100 ppm or
about 200 ppm of. eva¥pths adsogied A% theFrrmbragoRanyFRISCROEFE % hcent rat e or
ot her effluent stream In an enbodi nent, the anpount of 20 tracer ranges
from about 5 ppt2.to Abwuesadote membranesr efhapyise hipdsnhigmetiprmengihe A§" about
50 ppm nore preferably from about 5 ppb to about 50 ppb. In an enbodi nent,
the inert tracer can ibeomgdsibr 0 a menbrane separation systemas a
conponent of a fornulation, rather than as a separate conponent, such as a
dry solijg or neas. | i B detecTdbie omecdntinaser séuirepniiatous hashy angr yergeibleray
include an 19 WD 03/082447 PCT/ US03/ 01756 _

to concentration measurements that are accurate, repeatable and capable of being

performed on feedwater, concentrate water, permeate water or other suitable media or

combinations thereof;,

4. Be substantially foreign to the chemical species that are normally

15 present in the water of the membrane separation systems in which the inert tracer(s)

may be used;

5. Be substantially impervious to interference from, or biasing by, the
chemical species that are normally present in the water of membrane separation
systems in which the inert tracer(s) may be used;

20 6. Be substantially impervious to any of its own potential specific or
selective losses from the water of membrane separation systems, including selective

permeation of the membrane;
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aqueous sol ution or other substantially honbgeneous m xture that disperses
with reasonable rapidity in the nenbrane separation systemto which it is
added. | rwohB®s24negard, the inert tracer's concentration may/uses/ewse el at ed
to the concentration of a product. In an enbodi nent, the product or
formul ation can include a treatnent agent 5 which is added to treat
scaling and/or fouling. A variety of different and suitable types of

compounds can be jut| | bz enASieldGlih ol loalos G dnipSRh Sn dlewal: gniagdi ment,

the inert fluorescent conp can include,” for "'exanple, the follow ng

omncs, Sy SN Ml BT ggpgtasa o o

al so known as egl str

2-ant hracenesul foni¢c acid sodiumsalt (CAS Registry No. 16106-40-4),
1, 5-ant hr ace“ﬁaé’dF‘g‘ﬁthSr?’?%cacctl%are?jgbxs Regi stry No. 61736-91-2) and salts

t hereof, 2, 6-anthracgnedis h%on' c.acid (CAS Regi A 61736-95-6) and
salts thereof, 5 1, 98?'}?%% é’Y{g‘oﬁlg’SF’ﬁ’ Igﬁn}:s oafgg%%r%&kéo egr;ﬁist ry No.
61736-92-3) and salts thereoly, . . i
ant hra[ 9,1, 2- cde%benzgf’ FERTSBh R a0 eatrogmapialy g7 n 0k SRk mEiR the
bi s(hydrogen sulfate), disodiumsalt, also known as.Anthrasol n | BA
CCAS Regt ot repvRERS CABSaIG(oY Ghe TBOmIRLe CBIH G iy ey 56 becd! 61
bat hophenant hr ol i nedi sul foni ¢ acid di sodium salt (CAS Registry No.
52746- 49- 3) ,alsodyppp dischargeihsisfEtid di sul fonic acid (CAS Registry No.
41184-20-7), 2- &4- am nophenyl) - 6- net hyl benzot hi azol e (tCAS §3gd stry No.
92-36-4), 1H bedzphps]d bogparpritiechdiab the pmept ©f dpgrigtracer to be added fo the
6- am no- 2, 3-di hydr o- 2- ( 4- et hyl‘ghenyl ) 25 1, 3-di oxo-, nonosodiumsalt, also
known as Br imémbrate sspirationairpesss B is eiistiveyitheut peingigrosgg gacessirean yay
Li ssam ne Yellow FF, Acid Yellow 7), phenoxazin-5-i urr]1 o
1- (ani noar bwitlyteppert fodi vetitty 0 facters) induding i vitpapidinyitatiophempgigoringmgghodi nown  as
Cel estine Blue (CAS Registry No. 1562-90-9), benzo[a] phenoxazin-7-ium
5, 9- di ami no-seleated; tht exter|o§ badkgownd aserforensy hssodizedwith ghersgleated monitoring
method, the magnitude of the expected inert tracer(s) concentration in the feedwater
and/or concentrate, the monitoring mode (such as, an on-line continuous monitoring
mode), and other similar factors. In an embodiment, the dosage of an inert tracer added
15 to the membrane separation system includes an amount that is at least sufficient to
provide a measurable concentration in, for example, the concentrate stream, at steady
state of at least about 5 ppt, and preferably at least about 1 ppb or about 5 ppb or
higher, such as, up to about 100 ppm or about 200 ppm, or even as high as about 1000
ppm in the concentrate or other effluent stream. In an embodiment, the amount of
20  tracer ranges from about 5 ppt to about 1000 ppm, preferably from about 1 ppb to about
50 ppm, more preferably from about 5 ppb to about 50 ppb.
In an embodiment, the inert tracer can be added to a membrane separation

system as a component of a formulation, rather than as a separate component, such as a

dry solid or neat liquid. The inert tracer formulation or product may include an
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30 (CAS Registry No. 10510-54-0), 4-di benzofuransul fonic acid (CA i

No. 42137-76-8), 20 WO 03/082447 PCT/US03/01756 3-di benzof urgnsﬁl ]ng: it Y
aci d (CASvBagiostny No. 215189-98-3), 1-ethyl quinal di ni um iPoUIUSe3/(1TAS

Regi stry No. 606-53-3), fluorescein (CAS Registry No. 2321-07-5)
fluorescein, sodiumsalt (CAS Registry No. 518-47-8, aka Acid Yel I ow 73
Uranine), 5 Keyfluor Wiite ST (CAS Registry No. 144470-48-4, aka Flu 1
Bright 28), benzenesul fon ’ '

2,2, (1,2 ckHEMRAIIY )Y & Bl Sty homerusrae iy o Sp

ul Topnen am nQj - -tri i n-2- i - i

a5 Koyl vorsumil roudhcadindf iy sl e SRR gy (o
r .

68I424_ gg?g) gzezgr@n g}:@ﬁggixé ﬂ\(e)a\é\gﬁsgcsoaléq%%gt?&hr%ay %%%ogrgééd '?% %1? tcBXceH?ation :qu a

2,2'-(1, 2-ethenedi yl)bi s[5-[[4-][bi s(2-hydroxyet hyl )amnol.-6- -

sul f opheny| prdigiofia an smodipenfy thg PRAYPY cﬁyrfP’ﬁ‘E}])i%{fontcé’? %réfi{}g iahfﬁgg%eﬁq?ageg} so known
as Leucophor BMB (CAS Registry No. 16470-24-9, aka Leucophor U: Fl u.
Bright. 290yhichds @ldedfodeset wpkngand'or K919 - di net hyl -, dinitrate, also known
as Lucigenin (CAS Registry 15 No. 2315-97-1, aka bis-N-nethylacr.idinium
nitrate), 1-deoxj-variety(of different pydisiabic ngey PheeRRAUngs Qﬁnchedﬁls%eéﬁazsc}ner{

[g] pteridin-10(2H) -yl )-D-ribitol, also known as Riboflavin or Vitamn B2
(CAS Regi st ffiyodcent8Bace8. S, anranrhodimes, the igert ffupregggny %%Roéa‘lisn%?ﬂti %1 nes
including but not limted to 1,5-naphthal enedisul fonic acid, disodi um sal t
(hydrate) (€ASxiaplesthe follo@gNompdB8s5- 29- 4, aka 1, 5- NDSA hydr at e)

2-ami no- | - napht hal enesul foni ¢ acid (CAS Registry No. 81-16-3) ’

5- ani no- 2- naphididinediesitef NN, ¥ dbtchn(o0As, Renthyiophlngide, T knowiyps

4- ami no-18- hyghigy OramepOAR RegisepNbi@rile2)aci d (CAS Registry No. 90-

2-anthracenesulfonic acid sodium salt (CAS Registry No. 16106-40-4),

1,5-anthracenedisulfonic acid (CAS Registry No. 6173 6-91-2) and salts thereof,

2,6-anthracenedisulfonic acid (CAS Registry No. 61736-95-6) and salts thereof,

15
1,8-anthracenedisulfonic acid (CAS Registry No. 6173 6-92-3) and salts thereof,

anthra[9,1,2-cde]benzo[rst]pentaphene-5,10-diol, 16,17-dimethoxy-, bis(hydrogen
sulfate), disodium salt, also known as Anthrasol Green IBA (CAS Registry No. 2538~
20  84-3, aka Solubilized Vat Dye),
bathophenanthrolinedisulfonic acid disodium salt (CAS Registry No. 52746-49-3),
amino 2,5-benzene disulfonic acid (CAS Registry No. 41 184-20-7),
2-(4-aminophenyl)-6-methylbenzothiazole (CAS Registry No. 92-36-4),
1H-benz[de]isoquinoline-5-sulfonic acid, 6-amino-2,3-dihydro-2-(4-methylphenyl)-
25  1,3-dioxo-, monosodium salt, also known as Brilliant Acid Yellow 8G (CAS Registry
No. 2391-30-2, aka Lissamine Yellow FF, Acid Yellow 7),

phenoxazin-5-ium, 1-(aminocarbonyl)~7—(diethylamino)-3,4—dihydroxy-, chloride, also
known as Celestine Blue (CAS Registry No. 1562-90-9),

benzo[a]phenoxazin-7-ium, 5,9-diamino-, acetate, also known as cresyl violet acetate
30 (CAS Registry No. 10510-54-0),

4-dibenzofuransulfonic acid (CAS Registry No. 42137-76-8),

20



51-7), 25 6-am no-4-hydroxy-2-napht hal enesul fonic acid (CAS Registr

116- 63-2), 7-amino-1,3-naphthal enesul fonic acid, pot asgi um salgt SE CX\SNO.
Regi st ry wWh®3/08§3873- 35- 1), 4-am no-5- hydroxy- 2, 7- napht hal ecedisssf7e6i c aci d
(CAS Registry No. 30 90-20-0), 5-dinethylam no-I-naphthal enesul fonic acid
(CAS Registry No. 4272- 77-9), 21 WO 03/082447 PCT/ US03/ 01756

1- am no- 4- napht hal ene sul fonic acid (CAS Registry No. 84-86-6),

1- am no- 7- napht hal ene | foni i i ) - 28-

2,6 napht ?a%‘g&%eaz%fgaaagli@mcsmsiﬁs B R AT (cas Registry Mo,
-06-0), , -per vl e [ id [

81-32-3), C.lr?thyﬁ‘l‘?}’c??dé%’g‘r%@{%’r%ﬁ%ﬁ@%ﬁ@%ﬁ%ﬁ%omﬁi Phorwi 15 CL (CAS

Regi stry No-ﬂu{)%%%?n%ecggsltg%%ﬁ&i\h 2 ugrgscent Brightener 200, al so known as

Phorwi te BKL _ _ No. "61968-72-7), 10 benzenesul fonic acid,
2,2 - (1, 2- ethenediy Lépcﬁirﬁ E;éf(C%ﬂZ@g?@( N5 18-27-8- dkk iARZDV 1wy T3, Uranih),pot assi um
salt, also known a_é orwmte BHC 766 (CAS Registry No. 52237-03-3),
benzenesyl f qaiA.@8VHite ST (CAS Registry No. 144470-48-4, aka Flu. Bright 28),
5-(2H naphtho[ 1, 2-d] triazol - 2-yl )- 2- (2- phenyl et henyl ) -, sodium salt, also
known as Pylikleassulbiit gci§215M 8 CASnde)bs{5-p4Nais(264dHx§8hB)amino]-6-[(4-
1, 3, 6, 8- pyr epglpbiAmElidAN| L5-86EEh-2-}niacigdéttasodiah kalf, GASkRegi st ry No.
29572- 10 15 @y riufNVam OR (CASAGRagiNe! 16470104-9§358- 69- 6, aka 8- hydroxy-1, 3,

C.I. Fluorescent Brightener 230, also known as Leucophor BSB (CAS Registry No.

10  68444-86-0),

benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[bis(2-hydroxyethyl)amino]-6-[(4—
sulfophenyl)amino]-1,3,5-triazin-2-ylJamino]-, tetrasodium salt, also known as
Leucophor BMB (CAS Registry No. 16470-24-9, aka Leucophor U, Flu. Bright. 290),

9,9'-biacridinium, 10,10'-dimethyl-, dinitrate, also known as Lucigenin (CAS Registry
15 No. 2315-97-1, aka bis-N-methylacridinium nitrate),

1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-dioxobenzo[g] pteridin-10(2H)-yl)-D-ribitol,
also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5),

mono-, di-, or tri-sulfonated napthalenes, including but not limited to

1,5-naphthalenedisulfonic acid, disodium salt (hydrate) (CAS Registry
20 No. 1655-29-4, aka 1,5-NDSA hydrate),

2-amino-1-naphthalenesulfonic acid (CAS Registry No. 81-16-3),
5-amino-2-naphthalenesulfonic acid (CAS Registry No. 119-79-9),

4-amino-3-hydroxy-1-naphthalenesulfonic acid (CAS Registry No. 90-
51-7),

25 6-amino-4-hydroxy-2-naphthalenesulfonic acid (CAS Registry No. 116-
63-2),

7-amino-1,3-naphthalenesulfonic acid, potassium salt (CAS Registry
No. 79873-35-1),

4-amino-5-hydroxy-2,7-naphthalenedisulfonic acid (CAS Registry No.
30 90-20-0),

5-dimethylamino-1-naphthalenesulfonic acid (CAS Registry No. 4272-
77-9),
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pyrenetrisulfonic acid, trisodiumsalt), quinoline (CAS Registry No.
91-22-5), 3H phenoxazin-3-one, 7- hydroxy-? 10- oxi de,( al so Enownyas Rhodal ux
(CAS RegiwoOrog/082@ No. 550-82-3), xanthylium PCT/US03/01756

9- (2, 4-di car boxyphenyl ) -3, 6- bi s(di et hyl am no)-, chloride, disodiumsalt

al so known as Rhodami ne WI' (CAS Registry No. 37299-86-8), phenazinium ’

3, 7-di am no- 2, 8-di net hyl - 5-phenyl -, chloride, also known as Safranine 0

b Sandor ON ( CASSREGIRPI g ik g T IChS TRl REGNEBET 200 471 0 Kno
2,2'-(1,2-eth iylYbj S[52[L4- i s(2- i -
sul f ophenyl )aﬁ‘inﬁg“ia%ﬁo?f%&g trh %lg%? Jﬁllﬁl Qﬁlg%Tlgﬁé%g#g&?%b%:?g%%%sdgf :1 al so known

gzngggggﬁl ¢ (C):Ir:])i gc%%n%%%ia%n@éﬁcﬂ%xyﬁ@%Zﬁ: dthofssiek Aalf (UAS Bldelty N220) , 30
") bi

(Zpﬁem(/ll 2- et )heglne i ;§ y _)‘s[ 5- [([3(4-“2- hydr oxypr opyl ) am no] - 6-

am NQ)roly 3, 2ok LAt byt 03 RegifthypQ6li 813 53),t, al so known as

Sandoz T 48 (Icgz&éﬂeg stry Ng 3%4- 95-g4) , 22 WO 03j/ 082447 PCT/ US03/ 01756

xanthyl i um 3 frBlesdeti BitidhYdnai 910Mskdodunts PhEinife@INE@NAE RegistiyMer sal t,

sodi um sal t ggg_o)known as Sul f orhodami ne B (CAS Registry No. 3520-42-1

akal Acid Re ). benzenesul foni ¢ acid, ' ,

2,2'-(1, 2-etche @ﬁ%&éé&e)nb!a%%&eﬂe& 460 (iokrHdMmEssBHowWiR- BKL (CAS Registry

hydr oxyet hylN.a61 98817267 ( phenyl am no) - 1, 3, 5-tri azin-2-yl]am no] -, di sodi um

salt, also 5 known as Ti nopal 5BM GX (CAS Registry No. 169762-28-1),

Ti nopol 1BCS pEfASesREaHi6 ddid, 2090(1, 20maaaiyBBist)-(4-fhenyleib s 0l3Famiot-28)-d,

2,2 - ([1, 1" Riophatmishit, 4lsé knstyAsdinoyile BOG66 (T AS Rbistry Noli 223i-0dr85al t  al so

known as Tinopal CBS-X (CAS Registry No. 27344-41-8), benzenesulfonic acid

5- ( 2H napht hejzkndubbiic had aH2R-nabhthal (22d]pleeolyd-g)-Adyphinyletioenii) v pedium ’
salt, also known as Pylaklor White S-15A (CAS Registry No. 6416-68-8),

1,3,6,8-pyrenetetrasulfonic acid, tetrasodium salt (CAS Registry No. 59572-10-
15 0),

pyranine, (CAS Registry No. 6358-69-6, aka 8-hydroxy-1, 3, 6-
pyrenetrisulfonic acid, trisodium salt),

quinoline (CAS Registry No. 91-22-5),

3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide, also known as Rhodalux (CAS Registry
20  No. 550-82-3),

xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt,
also known as Rhodamine WT (CAS Registry No. 37299-86-8),

phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride, also known as Safranine O
(CAS Registry No. 477-73-6),

25  C.I Fluorescent Brightener 235, also known as Sandoz CW (CAS Registry No.
56509-06-9),

benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5 -[[4-[bis(2-hydroxyethyl)amino]-6-[(4-
sulfophenyl)amino]-1,3,5-triazin-2-ylJamino]-, tetrasodium salt, also known as Sandoz
CD (CAS Registry No. 16470-24-9, aka Flu. Bright. 220),

30  benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[(2-hydroxypropyl)amino]-6-

(phenylamino)-l,3,5-triazin-2-y1]amino]-, disodium salt, also known as Sandoz TH-40
(CAS Registry No. 32694-95-4),
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10 salt, also known as Tinopal RBS 200 CAS Regqi -
7- benzot hi azol esul fonic acid, - grstry . 6416-65-8),
2,2 -(1-twpazmesea47, 3-di yl di -4, 1- phenyl ene) bi s[ 6-net h ' i

R4, , _ - yl -, Pdirasdy/arseal t,
al so known as Titan Yellow (CAS Registry No. 1829-00-1, aka Thiazole
Yellow G, and all amoni um potassium and sodium salts thereof, and all
li ke agents and suitable 15 mi xt ures thereof Preferred tracers include:

1- deoxy- |- (3, 4-di hyd % Z

ribitol, dg‘ag@yk% §Zq'-lﬁ oy 2 d é(%pgg gllprs@(ﬁﬁﬂihsﬂf aB62H) -yl ) -D
83-88-5), flingypascrh WE?W (gé%% \{G %% 6&%uor escsloh sodi um
salt (CAS Regi str a1 § % drelretd \%rﬁ@’c ani ne) ,

2-ant hr acent? ﬁo 1°§8’i 2 e’the ﬁfé NG %éfodllﬁﬁ.%t‘ 406 4) ,

1, 5- ant hr ac¥i 3%‘% g {n\%
) 0 g0 - and salts
tsgﬂgoz herﬂ;’@wé‘gﬁﬁri‘ %Ens %e%@ l;?’f & SgI(CTArSyRNO 61736 95-6) and
c aci egi stry No.
61736- 92- 3) VAP i)g%@ﬁ% Ify m)ng- 3 (?P , or tri-sul fgnat eé napt hal enes,

I(R;:/lj:’]g_lt 2)9 l(DUt nOt {"olnm e}chfj bo ([l;(gg%ﬂaﬁpht’l%ﬁﬂﬁd'l%ﬁﬂe&éﬂlﬁl@o&?é{?ﬁeb)duﬂ% %eﬂ)ldl um sal t

g am no-i-n (h quaOHIC aC| S Regi stry No 81-16- 3)

am no-2-n &hé&% of;'ﬁcs -n%snt (%%lﬁmw Y- Mohendlbhed ). Kpdium

350 oW oushe e e e o Y anou fomi &
no- 4 hydroxy 2 napht hal enesul f oni c

acid (CAS R?-% E%o&kﬁa%sul%o]&c a’@?ﬁ' gk’-(l—trlazene 1,3-diyldi-4,1-phenylene)bis[6-methyl-,
disodium salt, also known as Titan Yellow (CAS Registry No. 1829-00-1, aka Thiazole

Yellow G), and

all ammonium, potassium and sodium salts thereof, and all like agents and suitable
15  mixtures thereof.

Preferred tracers include:

1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4- dioxobenzo[g]pteridin-10(2H)-yl)-D- ribitol,
also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5),

fluorescein (CAS Registry No. 2321-07-5),
20 fluorescein, sodium salt (CAS Registry No. 518-47-8, aka Acid Yellow 73, Uranine),
2 -anthracenesulfonic acid sodium salt (CAS Registry No. 16106-40-4),

1,5-anthracenedisulfonic acid (CAS Registry No. 61736-91-2) and salts thereof,

2,6-anthracenedisulfonic acid (CAS Registry No. 61736-95-6) and salts thereof,

» 1,8-anthracenedisulfonic acid (CAS Registry No. 61736-92-3) and salts thereof,
mono-, di-, or tri-sulfonated napthalenes, including but not limited to
1,5-naphthalenedisulfonic acid, disodium salt (hydrate) (CAS Registry
No. 1655-29-4, aka 1,5-NDSA hydrate),
30 2-amino-1-naphthalenesulfonic acid (CAS Registry No. 81-16-3),

5-amino-2-naphthalenesulfonic acid (CAS Registry No. 119-79-9),

4-amino-3-hydroxy-1-naphthalenesulfonic acid (CAS Registry No. 90-
51-7),
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7-am no-1, 3- napht hal enesul foni c acid, potassiumsalt (CAS Registr No
79873-35-1), 5 4-an1no-5-hydroxy-2,7-naphthalenedisul%onic agid (%ﬁs

Regi stry Wo.03/083420- 0), 5-di net hyl ani no- I - napht hal enesul f eeTawsapodsq¢ CAS
Regi stry No. 4272- 77-9), 1-am no-4-naphthal ene sulfonic acid (CAS Registry
No. 84-86-6), 10 1-am no-7-naphthal ene sulfonic acid (CAS Registry No.
119-28-8), and 2, 6-napht hal enedi carboxylic acid, dipotassiumsalt (CAS

Regi stry No. 2666-06-0),, 3 9 - ; } i

rogi sty No. a1-snay Aot PRI LT [EERIGN R B L1075

gggrmnfe Ct (CAéiﬁlestry 15 No. 12270-53-0), C.|. Fluorescent Brighiener
; @l S0 Known AS Phqﬂwnép%th%iékes(l%% %%%', %to{aXSiur{}bsaltG(:bgﬁ@'ﬁe%fs@’

benzenesulfonicrﬁﬂpgo'
2,2'-(1,2-ethené§Pi § '%T%L(4-phenyl-2F+1,2,3-triazol-2-y|)-, di pot assi um

salt, also gﬂ?‘é‘“%)as Phor v 1.6 PG #8814 GARIBRRT /1d CAD RBREFNAS-3), 20

10
5- (2H napht ho[ 1,2~ '?}iazoI-2-y|)-2-(2-pheny|ethenyl)-, sodiumsalt, also
known as Pyl ak| O%—di\ﬁ{]e'ttﬁ)ﬁaélh&g'ﬁlaﬁﬂ%ﬁﬁeﬂ%@ﬁfoﬂcr %icN@CA@ﬁle @B ND) 4272-

1,3,6,8-pyrenete,f Sul‘foni c ac tetrasodiumsalt (CAS Regi
S ) gistry No.
59572-10- 0), pyranrne, (CAS Registry No. 6358-69-6, aka 8-hydrgxy-1, 3, 6-

25 pyrenetrisul fonie ach ol ihs Qdimsal Ehs KgishpNong:-§6£65 Regi stry No
91-22-5), 3H—phenoxafﬁn- - one, 7-hydrox§-, fg%gggdg; alsoﬁknoan asthodaqu

(CAS Re bSt ry  NpamdR07-845hdalen¥ Silfdakl dcldNCAS Regi
! = 7- ; 1 gistry No. 119-28-8), and
9-(2,4-glcarboxyphenyl)-%ﬁG-bls(dlethylanino)-, chl oride, disodiumsalt,

2,6-naphthalenedicarboxylic acid, dipotassium salt (CAS Registry No.
2666-06-0),

3,4,9,10-perylenetetracarboxylic acid (CAS Registry No. 81-32-3),

C.1. Fluorescent Brightener 191, also known as, Phorwite CL (CAS Registry
15  No. 12270-53-0),

C.I Fluorescent Brightener 200, also known as Phorwite BKL (CAS Registry
No. 61968-72-7),

benzenesulfonic acid, 2,2‘—(1,2-ethenediyl)bis[5—(4-phenyl—2H—1,2,3—triazol-2-yl)-,
dipotassium salt, also known as Phorwite BHC 766 (CAS Registry No. 52237-03-3),

20  benzenesulfonic acid, 5-(2H—naphth0[l,2—d]triazol-2-y1)-2-(2—pheny1etheny1)-, sodium
salt, also known as Pylaklor White S-15A (CAS Registry No. 6416-68-8),

1,3,6,8-pyrenetetrasulfonic acid, tetrasodium salt (CAS Registry No. 59572-10-
0),

pyranine, (CAS Registry No. 6358-69-6, aka 8-hydroxy-1, 3, 6-
25  pyrenetrisulfonic acid, trisodium salt),

quinoline (CAS Registry No. 91-22-5),

3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide, also known as Rhodalux (CAS Registry
No. 550-82-3),

xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt,
30  also known as Rhodamine WT (CAS Registry No. 37299-86-8),

phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride, also known as Safranine O
(CAS Registry No. 477-73-6),
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30 al so known as Rhodam ne WI' (CAS Regi stry No. 37299-86-8) h i ni

SO | _ : - 86-8), enazini u
3, 7-di am no- 2, 8-di nmet hyl - 5- phenyl -, chloride, also known as ng rani ne 0m
(CAS RegiwOrog/o8da47 477-73-6), 24 WO 03/ 082447 PCT/ US03/ 017P6T/US03/01756

Fl uorescent Brightener 235, also known as Sandoz CW (CAS Regi
56509- 06-9), benzenesul fonic acid, ( gistry No.

ot oseasts grennggi yl)gé;[f [ 4-[ bi s(2- hydr oxyet hyl ) ami no] - 6- [ (4-
ri
as Sand glt also Hdoz CPEAS ek N8l t, al so known
2an22e§ﬁ|f§ﬁ§98 (g&) &P@P?f %‘2%%?%‘{ Cﬁﬁ ‘Eﬁg %rlght 220) ,
2' - (1, 2- et henedi ,[ % 2.0 ﬂ&f R %)&% 6
1-6-[(4-
(Sgﬂgggl -?—{_T_ 2%21 %%if?@g? 3@ '% %%} g gfn@% sa?éotlmo@rilggj&{ﬁ@%m as
3, 6- bi s(Mi eﬁ%ﬁg Y% iriht. 2 @5 yl'ium

ur?ophen hner sal t sodium salt, also

10 known as, Sul feor ogam n (%,?é L5y akfcAci d R d 52
benzenesul f?%:n 3 abé;fdéfzeqz Eﬁfgg ’\{Szﬁfgﬁf% oy P6 )(g- a

hydr oxyet hy{PREmi %3%@%& | azl n- yI ] am no] di sodi um
GX (CAS Regl stry No. 169762- 28 1), Tinopol

salt, al so ]

DCS (CAS Re i str 2 u
2,2'-([L 1 }‘r‘&‘ﬁgﬂ I;@%%ég é gb}éz it%mf& g@&{;‘b@%ﬁdﬁggﬂ i 1Sr%lsosalt al so

0
knovvn aé Ti 'St r benzenesul fonic acid,
8]?68

ﬁnéﬁﬁ 22'“?} glj §Y )1en%al 519 G[EW %ﬁ%ﬂ;}é (2-sod| um salt, also
7-benzot hi a &8 1n§c%%— ylAS ‘fHo? Zég7 égl]z%m?ﬁ) :nsodium salt, also
' ; as1igo
;i go- (kﬁofmzl ‘?‘He 5 % p& 1% G2 fg{eﬁ ﬁry ne) b ? )f hyl -, 20 di sodi um salt,
Yel | ow G | 1{@83% )L%ngt ngiétﬁygf)No 1829-00-1, aka Thiazole
pot assi um and sodi um sal ts t hereof, and all
ke agelgt S b@t%nc%ﬂif&ﬁpéffd 2,2'«([1,1"-biphenyl]-4,4'-diyldi-2,1- ethenediyl)bis-, dlsod1um
salt, also known as Tinopal CBS-X (CAS Registry No. 27344-41-8),

trla er

benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-y1)-2- (2-phenylethenyl)-, sodium
salt, also known as Tinopal RBS 200, (CAS Registry No. 6416-68-8),

7-benzothiazolesulfonic acid, 2,2'-(1-triazene-1,3-diyldi-4 ,1-phenylene)bis[6-methyl-,
20  disodium salt, also known as Titan Yellow (CAS Registry No. 1829-00-1, aka Thiazole
Yellow G), and

all ammonium, potassium and sodium salts thereof, and all like agents and suitable
mixtures thereof.

The most preferred fluorescent inert tracers of the present invention include

25  1,3,6,8-pyrenetetrasulfonic acid tetrasodium salt (CAS Registry No. 59572-10-0); 1,5-
naphthalenedisulfonic acid disodium salt (hydrate) (CAS Registry No. 1655-29-4, aka

1,5 — NDSA hydrate); xanthylium, 9-(2,4—dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt, also known as Rhodamine WT (CAS Registry No. 37299-86-

8); l-deoxy-l—(3,4-dihydro-7,8-dimethy1—2,4-dioxobenzo[g]pteridin—10(2H)—yl)-D-

30  ribitol, also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5);

fluorescein (CAS Registry No. 2321-07-5); fluorescein, sodium salt (CAS Registry No.
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m xtures thereof. The nost preferred fluorescent inert tracers of the
present invention include 25 1,3,6,8-pyrenetetrasulfonic acid tetrasodi um
salt (CASvBagiosxny No. 59572-10-0); 1,5- naphthal enedi sul Pomriusozei786

di sodium salt (hydrate) (CAS Registry No. 1655-29-4, aka 1,5 - NDSA
hydrate); xanthylium 9-(2,4-dicarboxyphenyl)- 3, 6-bi s(di et hyl am no) -,
chloride, disodiumsalt, also known as Rhodam ne WI' (CAS Regi stry No.
37299- 86-

8).; . . L :
1 Geoxy- | - CA¥ATdh ApAGiS Yelow e pinch, Zorassspuliont apidsotivm st (608 ) 1y
30 ribitol, also_known a i bofl avin qr Vitam. i No.
83-88-5); wa&wéi%éﬁwq@&@ ?zga}@{aﬁ}“ﬁ%‘.ﬂ %CZ?LCFB% ﬁgﬁ?ﬁ@?eggzﬁfdngl sodi um
salt (CAS Registry No. 25 03/ 082447 P 1017 - Gl aka Acid
Yel | ow 73, Aeasdh ﬁfﬂé)ﬂ}er%’- é?'r?ﬁxg?@%g‘ﬁliﬁfc’é’fﬁ %c%lézci%g’oég%%ﬁ'm Qs'aéﬁ {;B%( g@adnlgegi stry
No. 16106-40-4); 1,5-anthracenedi sulfonj id i ST 1736-91-
2) and sal tslty ﬁ@r@ﬁf1;,8-zr,ltbtaameﬁlﬁ‘&@é‘ﬁea&?‘{;{fr%%ﬁe%‘stg}écﬁg' E@@%e%iag? F‘g‘}gNo.
61736-95-6) and salts thereof; 1,8-ant hracenec&i s%{ fonic acid gc,chs Regi stry
No. 61736- 9kergdf; andi mixiires tsreofe e fluossniyiacetsr 5led: 38YS 8P COPRE™ ¥ Jor escent
tracers |isted above are comercially available froma variety of
di fferent cheilidafromapptisty obdiffarsrediemical sygply cPHRIES- t he tracers |isted
above, those skilled in the art will recognize that sal.hs usi.ng. al ternate
counter ions maynaldifomt the becersttisted abewsy thaseagiled in diiagnyid TEPREET Y2 whi ch
have Na+ as a counter ion could also be used in forns where the counter ion
is 10 choseslt nsng thendié seuntef ions Keay alspbe upgdq, Thop, for exgRRE. HHOHE HaeTS
appropriate counter ions. In the sane way, cationic tracers my have a
vari ety of @hishtheve Nohs, a donteeioarrphld:alsoibe, usedspufopms where the copgar 0 19ppo4 ;
03-2 ; HCO3-; or other appropriate counter ions. Mdifications of these
tracersiho EQRET Bbm thmisectitl KL LENEHT Cof, MY oi othbr appropriate Soupfer figns. &
desirabl e size range by, for exanple, affixing themto an inert polyneric
mol ecul e, i pROLRENHY BgidhlterackB tutyshalvt worestyeritcomiter vspHer eampleaddi ng
addi ti onal

S042, PO, HPO4?; H;PO4; COs™;
HCO5; or other appropriate counter ions.
Modifications of these tracers to control molecular weight or physical size
15  within a desirable size range by, for example, affixing them to an inert polymeric
molecule, incorporating them into a fluorescent microsphere or adding additional
chemical moieties in the side chains of the molecules should be obvious to those skilled
in the art. Such modifications are included herein.
As previously discussed, the inert tracer(s) is measured or detected to evaluate
20 the performance of the membrane separation process. A determination of the presence
of an inert fluorescent tracer and the concentration thereof in the influent/feedwater
and/or other process stream of a membrane separation process can be made when the

concentration of the inert tracer in the influent/feedwater and/or other stream of a
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chem cal noieties in the side chains of the nol ecules should be obvious to
those skilled in the art. Such nodifications are included herein. As
previ ouslwodBsgadssed, the inert tracer(s) is neasured or @ETASIFUTEO
evaluate 20 the performance of the nenbrane separation process. A

determ nation of the presence of an inert fluorescent tracer and the
concentration thereof in the influent/feedwater and/or other process

stream of a nmenbrane separation pro . entration
o the | ner B RO ATt SEeT PaT, Sl o T e R o Ay ofpRECRL LAt L0

WO 03/ 082447 PCT/ US03/ 01756, menprane separation systemis several parts
per milliorPepPillicacs ey SSYSY as parts per billion as previously

di scussed. At tines, it may he.desired to enpl oy.a r iy tracers.
In this regard, Atittmw%%aésﬁlﬁegéo ?Iﬁﬁﬁ%gn nﬁ?fr%é?e 0 a[(I“Jl‘g'lﬁ'erl thtlgra erErl’s to
nmonitor, for exanple, inert 5 tracer-specific |osses, .variances. .like
condi ti ons bmayobfilerines GpPse ePuERer °§L’1‘Eq% HRgsEY glogﬁcg, s )’i‘a%é)%’ ’ ?rhegrt
tracers can each be detected and quantified in a si n?xlle idsrféuent {ef eedwat er
and/ or of hetracst-speeific flosaest vasieneeslificrcenditens op PRBIFHAYS feF9oh SR SRR ¢ 1 acer s

provi ded that their respective wavel engths of em ssi onB_da not interfere
with one aauit hiéstinctThmest teoers uganersecharPal yeteeed ofdmgueRtiied et t*™&acers is

possi bl e by selection of 10 inert tracers that have approprjate spectral
char act er i shiflasnt/fEdwatenend/ot pthee stecan fradtien slearitenboth hggt ek fL“SWS‘I?E det ect ed
by utilizing a variety of different and suitable techniques. For exanple,
f 1 uor escenceacers mevidel thpehdir mspeolye wayeleagtby@fsmismiqnedq Vté’gﬁtfqrﬁwgﬁgn%asi s, at
| east over a given tinme period, is one of the preferred analytical

t echni ques agstier diThgs, tencanere mhaykiestm mudtiple inert praesseistpopsiie by pgFtion 8t one

met hod for the continuous on-stream neasuring of chem cal tracers by

f | uor esggnc@cRMasE: Bt Iepeapprogepypeantcataeerisizosal ysi s met hods i s descri bed
in US. Patent No. 4,992,380, B.E. Mriarty, J.J. H ckey, WH. Hoy, J.E

Hoots and D. A Jihs®macdrs sl pfesbit iraventichZan 1o Sietected by vEbriag @ HatRsY ei nt o by
reference.
of different and suitable techniques. For example, fluorescence emission spectroscopy
on a substantially continuous basis, at least over a given time period, is one of the
preferred analytical techniques according to an embodiment of the present invention.
15 One method for the continuous on-siream measuring of chemical tracers by
fluorescence emission spectroscopy and other analysis methods is described in U.S.
Patent No. 4,992,380, B.E. Moriarty, J.J. Hickey, W.H. Hoy, J.E. Hoots and D.A.
Johnson, issued February 12, 1991, incorporated hereinto by reference.
In general, for most fluorescence emission spectroscopy methods having a
20 reasonable degree of practicality, it is preferable to perform the analysis without
isolating in any manner the tracer(s). Thus, there may be some degree of background
fluorescence in the influent/feedwater and/or concentrate on which the fluorescence

analysis is conducted. This background fluorescence may come from chemical

compounds in the membrane separation system (including the influent/feedwater
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In general, for nost fluorescence em ssion spectroscopy nethods having a
20 reasonabl e degree of practicality, it is preferable to performthe

anal ysi s wDtobos2447 i sol ating in any manner the tracer(s). PomgaiSovhgse nay be
sone degree of background fluorescence in the influent/feedwater and/or
concentrate on which the fluorescence analysis is conducted. This
background fl uorescence may cone from chem cal conpounds in the nenbrane

separation system (inc¢ludin e, i nfluent/fee YO @3/ 98447
PCT/ US03/ 0 Fy$gm tg%f%‘t%ﬁﬁai W@r‘&ﬁ‘%‘;}eq t‘?a cArE bﬁlnnr%es?fg% gtetgﬁqtpég{aﬁe rrerrbp?%ne

separation process of the present invention. In instances where the
backgr ound RYeg8Pscence is low, the relative neasurable intensities

(measured agai nst a standard flugrescent conmpound a .

concentration afeinsaeeyyaErethe E?%ﬁfoyggﬁﬁ?rgwg%eﬁ owo&he?rﬁ%%l%%g&%&é of the
fluorescence of the inert tracer versus the background can be hi gh,
for instandetensitiest i(@easpredopgainst o  staygaydy AuoTRRER! %8?’?3’111}1 Enbi Sr%rf%%lns gf
excitation and em ssion wavel engths are enpl oyed eve at. | ow fl uor escent
conpound comoemtrten adgssimedts relatiyeoateps iy & prstanee Y ﬁgﬁ Hediuerracegre &
"relative fluorescence"” (under |ike conditions) of resgecii gb 6L0 and 10
50. In an etbadithent: vetshethe kedkerund pamce Vo5 Bah vRIVEIENG ﬁas‘floé)% %} ?he anount

of inert tracer enployed are selected to provide a relative f] uorescence

of at | east 5@yt wienocertagh gambibgtignsr of ﬁéCl’@Fi% Rng aRWETY TEVERPEP e 2% nce
antici pated. Exanples of fluoronmeters that may be used in the OE{S’r ctice of
this i nvent émployddnelenche lavh SuTRESAROGBO0A SpRFETRASAR( PCBEHOS £ Sret er s
(avail able from Ondeo 15 Nal co Conpany of Naperville, 1L); the .Htachi.
F- 4500 f | uofepreéative pAw tilatitd Budresornced (uadsuiike pondifigns)iaf rasptetivelnd® Pithent s
Inc. of San Jose, CA); the JOBIN YVON Fl uoroMax-3 "SPEX" fl uorgneter
(avai | abhe &@.0m -HQRAUNAN thenexcitatfonfediision, wadlpngthsand/ar Hee amquabetdnett yor o- | v
spectrophotoneter or the SFM 25 (avail able from Bio-tech Kontron through
Resear ch | nglhiciRRpioTed Ale@eRakd 6 plovidk aSahatiik fgaescOie. of 1at lesbioahodt Her
about 10 for the given background fluorescence anticipated.
Examples of fluorometers that may be used in the practice of this invention
include the TRASAR® 3000 and TRASAR® 8000 fluorometers (available from Ondeo
15 Nalco Company of Naperville, IL); the Hitachi F-4500 fluorometer (available from
Hitachi through Hitachi Instruments Inc. of San Jose, CA); the JOBIN YVON
FluoroMax-3 “SPEX” fluorometer (available from JOBIN YVON Inc. of Edison, NJ);
and the Gilford Fluoro-IV spectrophotometer or the SFM 25 (available from Bio-tech
Kontron through Research Instruments International of San Diego, CA). It should be
20  appreciated that the fluorometer list is not comprehensive and is intended only to show
examples of fluorometers.  Other commercially available fluorometers and
modifications thereof can also be used in this invention.

Tt should be appreciated that a variety of other suitable analytical techniques

may be utilized to measure the amount of inert tracers during the membrane separation

28



20 appreciated that the fluoroneter list is not conprehensive and is

i ntended only to show exanples of fluoroneters. Qther commercially

avai | abl ewDlogosamet ers and nodifications thereof can al seChasoyerisé n. this
invention. It should be appreciated that a variety of other suitable

anal ytical techniques nmay be utilized to nmeasure the amount of inert
tracers during the nenbrane separation 28 WO 03/082447 PCT/ US03/ 01756

process. Exanpl es_of such technigues. i : bE! ndel dhglyggcence
anal ysis, RBSY W@esaoge??&ﬁegf“ﬂﬁugilnggﬁ%g%lg&e 615@8515&%55 ys?s,
transition netal analysis an he . like. Eor. ex e ragoll i on of
hi gh- pr ess ufodeTINEY; e F}P’dﬂléﬁfg@f&%{f)ﬁ&?mqge(an HE "ﬁa}anéf1 W{&gg}g clg%ggﬁ%nal yses
of inert fluorescent tracers can be utilized to detect neasurable anmounts

of the inerlk®%racer within the menbrane separation systemof the present
invention, particularly when very lowlevels of the.inert tr e used
or the backgroditd exageséisn CemBREMNMN rE’@?‘Y%ﬁﬂﬁeo{lﬁ%&vfhsr%mi%ﬁ%?@re with
the efficacy of fluorescence analysis. The HPLC- fl uorescence, a Itysi S

met hod af | oVEIPLRY) dnddhupresgenesanalysrs©b sEdlaresshEacers san E“i ‘étﬁlz?‘f ‘é?rﬁ%%ﬁe f1uid
matrix and then the inert tracer concentration can be measured.. The HPLC
met hod can mleasurable amduatstdfity ipew WisresyaER He JessahranceseRHaH PePFiem of g
conmpound froma fluid matrix for the purposes of then enpl oyi r&g i nert

t racer - det eptebemn inventiood patitrdarlyt Ween vehelow guele ot g dreryFaeey AP se atE"xarrpl e of
this type 15 of chromatographic technique is described in "Techniques in

Li qui d Chr otmkeguap fiybresceeFenc@inqebmorld. otherwisn intpriery withsha SIERENYor k, pp.
121-122, 1982, incorporated herein by reference, and "Standard Mt hod for
t he Exani natlu@escafice\whtigsis.afitle HPRE emeesente ankiysis nidhad adlews MeeRetEBFFCPUbI i ¢
Heal t h Association, pp. 6-9 to 6-10, 1989, incorporated herein hy
referengg. 26mMinb t6 BSppatated droanihe finivematyix and thes the, inerbirenel PRICPRITAEAR/ or
spectrophot onetry nmay

can be measured.

The HPLC method can also be effectively employed to separate an inert tracer
compound from a fluid matrix for the purposes of then employing an inert
tracer-detection method other than the fluorescence analysis. An example of this type

15  of chromatographic technique is described in "Techniques in Liquid Chromatography",
C.F. Simpson ed., John Wiley & Sons, New York, pp. 121-122, 1982, incorporated
herein by reference, and "Standard Method for the Examination of Water and
Wastewater”, 17th Edition, American Public Health Association, pp. 6-9 to 6-10, 1989,
incorporated herein by reference.

20 With respect to colorimetry analysis, colorimetry and/or spectrophotometry may
be employed to detect and/or quantify an inert chemical tracer. Colorimetry is a
determination of a chemical specie from its ability to absorb ultraviolet or visible light.

Calorimetric analysis techniques and the equipment that may be employed therefor are
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be enpl oyed to detect and/or quantify an inert chem cal tracer. Colorinetry
is a determnation of a chemcal specie fromits ability to absorb

ul travi olwo osns2isi bl e |ight. Calorinmetric analysis techmCyuss3/enise t he
equi pnment that may be enployed therefor are 29 WO 03/082447 PCT/ US03/ 01756
described in U S. Patent No. 4,992,380, B.E. Mriarty, J.J. H ckey, WH
Hoy, J.E. Hoots and D. AL Johnson, issued February 12, 1991, incorporated

herein by reference,. Wth p [ - [ t ] glgysis, an
ion sel ect idx?éc”@F‘%é"t po%é}amﬁ%bgggzé’ég)’t}%ﬁdg@e@ﬂ’r{?{ﬁéelég’oﬁggﬁ?%ti on of an
Spoci f1 61 gits o 6r oot AeorLyred orkgo T AR IR Gb b rRERU AP0 Ve
el ectrode tracer_nonitoring technique is described in No.
4,992,380, B.E. Wi regpacyto 19?3‘?16%"8%9?0 ALYy 1 Elecgggflgg)tg"trﬁig?‘%?%

Johnson, issued February 12, 1991, incorporated herein by reference. It
shoul d be aspuseé tadeierntipghihe caBgepiption oL@ AR g‘zfggcaﬁi CengIé’ﬁ%t% ﬁlge dz‘fﬁ%/ or 10

guantifying the presence and/ or concentration of a i eci £ wi t hout

chem cal, s
i sol ati on pdtentiowkirigmesagiremneni of FPs SN HAACERABTLYS SY St rﬁ’%g‘ra‘é‘aar d, the
above survey of analytical techniques suitable for use i ect.i ng
measur abl e affuort sslesfive dectiofeiracer MEBRGEINE HEANARP IFHESCHE‘?*@P&E%CI%&BQ&% i on
process of the present invention may presently not be e &a%sti.ve. Thus,
anal ytical #6eeh3fi0gBds Maisryal.kificken, WHE HayolE- Flopts b‘iﬂBé‘sg g1, ispecd; g
present invention may |likely be developed in the future. As previously
di scussed, Féteudpy E54091,iimvogntatahherambypredysrge hi ghl y sel ective and/ or
sensitive nonitoring of a variety of process paraneters unique ar}d specific
to the menbrandtsépaldabé cppprrardsthat Bhalytiahi tedmiqyes ifer plgeedneofnd/te
measur abl e anounts of an inert tracer anal yzed during the nmenbrane
separ at jON REMERGE: thk présbie aneardycentrtio? OF arnbemicel speeie wiheubsolgietect ed at
any suitable location or |ocations within the menbrane separation process,
such as any ggkiot all «ifa@shh iblving Bclmpidagyanin this regatd, ghe pbowesyvenl 6hg t he

feedwat er stream the concentrate stream the perneate stream the |ike or
analytical techniques suitable for use in detecting measurable amounts of the inert
tracer during the membrane separation process of the present invention may presently
not be exhaustive. Thus, analytical techniques equivalent to the above for purposes of
15  the present invention may likely be developed in the future.

As previously discussed, the present invention can provide highly selective
and/or sensitive monitoring of a variety of process parameters unique and specific to
the membrane separation process. The monitoring is based on the measurable amounts
of an inert tracer analyzed during the membrane separation process. In this regard, the

20  inert tracer can be detected at any suitable location or locations within the membrane
separation process, such as any suitable position in a membrane filtration process along

the feedwater stream, the concentrate stream, the permeate stream, the like or

combinations thereof. This effectively corresponds to a concentration of the inert

{racer in each stream.
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conbi nations thereof. This effectively corresponds to a concentration of
the inert tracer in each stream 30 WO 03/082447 PCT/US03/01756 1In an
enbodi merwo oBlog24moni t ori ng of the nenbrane filtration pro®esaSos/ot7he
present invention can be based on a neasurabl e anount of the inert tracer
fromat |east one of the feedwater stream the perneate stream and the
concentrate stream For exanple, when the paraneter of interest is the

percent rejectifngf gﬁiﬁ&dﬁﬁ@xﬁdthg%&ﬁf}m?é bof kR ée@@ah@ﬁﬁﬁtlgﬁ'g?ocggeofmﬁ St

sensitive determ nations are of eedwater rnert trac concentration

and the pe‘&)%“s‘é’r&%ﬁeﬂt%n gg%éﬁ%red 89%%%&?&% 8{10&1[?’8{” 60 i oD% g hQedsd e

per cent ection I's 100 percent) e percent rejection parameter, that

S, 1he PeLASRk md Eeem&&t Grehfiaty hgamgﬁsfag dfh 368 96 Bl %atenatea&a%sgd through

the menbr ane, r m hed I'0ns

Equation 1 tian = [
705 T B s ST, BB C T Feé‘a%) i eam
(e.g., |ned f fee fluid,and.r cl ed uid

concent atl SITLF"S? téag t{i}? 198 SF‘Pféuvﬁefl‘%gH‘ﬂI@%g aTSO{i cFF&fl\ﬁ%tB‘) t“’r‘?FtoE@‘}‘?r CB is

t he concentration. of $o| ute in the concentrate water asﬂglg charg d through;
F is the f&¥RFeRFFHERAE RRPFRETe inFrigEacerponoempration (yhich avillgizgro Hit ‘?:har ge
flowrate in gal/mn; Bis the concentrate water flowrate; L is the
recycle r&greent reipeiop Hselqﬂét?éc\?@r)y FJFhétHe@e’(‘tefelﬁcumwmmeteéﬂ@ateﬁ the perrat
concentration ratio, When there is | ess than conpl ete
rejection 8f salusoihak gas 11’@6? fFJﬁ%‘P(éﬁEé‘%ﬁP’S/PQGed W‘ﬂﬁbrtb‘éﬁieﬁ?bé?’écﬁrbhe (e.g., a

0.8 rejection facto YB;T CRwll be less than F/B as shown in Equation 4:
Equat i on 4 detrmingdiyphe follpwjngaelpiégnshinst or 31

10 Equationl Cr=Cp/Cr=F/B
Equation2  F=P[Cr/(Cr-1)]
Equation3 Cr=[1/(1-R)]
where Cr is the concentration of solute in the feed stream (e.g., combined fresh feed
fluid and recycled feed fluid); Cp is the concentration of solute in the permeate as
15  discharged through; Cg is the concentration of solute in the concentrate water as
discharged through; F is the feed stream flow rate in gal/min; P is the permeate
discharge flow rate in gal/min; B is the concentrate water flow rate; L is the recycle
rate; R is the recovery ratio (e.g., P/F); and Cg is the concentration ratio, (e.g., Cs/Cp).
When there is less than complete rejection of a solute, for instance only 80
20  percent rejection (e.g., a 0.8 rejection factor), Cr will be less than F/B as shown in

Equation 4:

Equation4  Cgr = (F/B) x rejection factor
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WO 03/ 082447 PCT/ US03/01756 The rejection factor again is the neasure of
the extent of solute rejection by the nenbrane, as calculated in Equation
5, wher eiwO@B/08241 he concentration of solute in the feedrararsSoaMISCF i s
the concentration of solute in the perneate: Equation 5 rejection factor =
(CF - CP) /| CF 5 The sane equations will apply in a traced stream(e.g., a
streamthat contains an inert tracer(s)) wherein "tracer-C' (e.g.,

tracer-CF, tracer- andtracer-CBr%l [ AVig=Ys J5iTeld gl:t- g CB in
equati ons 18§ T E%tﬂ?féorreagagl fSelbg qr?gl%e COZ#%S%{(%% ?éejjs ection o a}ﬁ i nert
tracer, for instance qnl (ﬁO erce rejection (a 0.8 rej i wfeactor),
tracer- CR WtPPbI3Re, 23 6&C 1%5 1 %atéoélnsts %ﬁlﬁlﬁ%lﬁ%&%gﬁ%ﬁﬁﬂ o(r%%%lltl'nll%gnr égard, the
10 determ nation of _the {le' ection of trge.i lﬁlert tr‘ge(;er in the nenbrane
filtration Ssdyvashand Caist ?@?HEGP%%@SP" MRS PHe™ r ej ection of the solute
within same. In a preferred enbo%&ent,_ e Sa;‘fgent rejection is
det ermi ned and mai nt &HEPt  ARCEHRIUATOT A i'rgg' ¥ om about 95 to about 100
percent. In this regard, nonitari .0of _an .appun f [ : er as it
may vary’ during T@ég‘i‘?ﬁﬁﬁ‘}aé‘ﬂ‘és Vi Iai)&gt“? Y Let'%"la} ét%%ntﬂ%?é{;/né%%%t&e a
nunber of process paraneters specifi to menpbrane filtration such as a
percent recB¥Rr {faccHe) c ¥R & Y’{;n,(%rgecgﬁff“?g’r gliaf%'éd’r and Eaopy éé rl]SV\A th a
hi gh degree of sensitivity, selectivit d curacy, as previous|
di scussed. sovatitaisd|fpx {rt op ayhfade §ql‘arji‘8é%?{gypg&eﬂftﬁﬁé%%ﬁﬁqage‘:ﬁgﬁp géﬁ/on
process paranmeters with such | evel of %frtggi nty, sensitivioﬁgy and
sel ecti vi t yrelastiomof anciaert itideal) fPGREASE O} 80 PEBFHAITESTIN {h OBhEIS5H Y, ent
invention can provide a better understanding, in real tipe, ofdtge
per f or manc efagfor), fracene€iroydhbe levnthan FARijae SherehinsEQutiong: B 4fd &bar at i on
process can be made nore responsively and effectively based on the
measur ed0 andetetmindtion fvé therreje¢tionrod dherinert racqeiddhermernbragp {itRfORSY§ERDYE he
performance. For exanple, adjustments can be nmade to increase the recovery
rati o or peteagnpropd@iond BIMESPAerToPCH/ 80 ge 78hin same. In a preferred
embodiment, the percent rejection is determined and maintained at an amount ranging
from about 95 to about 100 percent.
In this regard, monitoring of an amount of the inert tracer as it may vary during
15 membrane filtration can be utilized to evaluate a number of process parameters specific
to membrane filtration such as a percent recovery, percent rejection, recovery ratio or
the like, with a high degree of sensitivity, selectivity and accuracy, as previously
discussed. The ability to evaluate these types of membrane separation process
parameters with such level of certainty, sensitivity and selectivity and on a continual
20  basis in accordance with the present invention can provide a better understanding, in
real time, of the performance of the membrane. Thus, adjustments to the membrane
separation process can be made more responsively and effectively based on the

measured amount of the inert tracer, if needed, to optimize membrane performance.

For example, adjustments can be made to increase the recovery ratio or percent
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recovery of the nenbrane separation system In this regard, increasing the
recovery ratio or percent recovery, for unit product, will reduce the

f eedwat erwoagsxed and thus reduce feedwater costs, | owerPCirrfshsertse fl ui d
pretreatnment costs and chem cal treatnment requirenents. It should be
appreci ated that the optinmal percent rejection value can vary 5 with
respect to the type of nenbrane separation system In addition, percent
recovery nma bechcula ed in vari . % t LN t he

- ccBvury ST BT i bt gt gy 2loRRtey kAN

per cent e’based onh ratios o e various streans

or on concentrations of solutes. wthin.tho I, | S.qegard, the
amount of i 4HP PT PETEROEFECPYRIY: #%r %H’RIB%]%L é"flfrl é%d%ée ﬁ%af%%%%# gﬁgﬁn&gé@%r ate

assessnment of percent recoyery, well..as, a nethod fo j t he
cal i br at i onredycetferRAWHOE RSt %Y%F%%élﬁg8’fe§re?twe?th°é’8t§3?rsl 81}331’1% qﬁqg%fre f,l]tgunl ess
controlled or optimally m nim zed, al jng and/or fouli.n f the nmenbrane
can adver sefequiremsant I&%@UIB@? ﬁW%ﬁE‘Eﬁl&?tﬁ?&?ﬁgﬂgc%ﬁ%@PﬁS ue an V%rc}’eposi tion
on the nmenbrane is neither prevented nor, detect ef S(aon enou p for effective
removal by wlteasspesttontbe Bod 9T membrang seRaration pystegt oad H@&bl?eé“r?g, GN*eh can be
about 15 three to five years for reverse osnosis, nay be severel\y short ened
and repl acementbe aisstateddinanaiong a1ayy | omenkepe TAEUR NP PELPY BFYEHssed, the
menbrane separation systenms are nore sensitive to such scali and/ or
foul i ng act taléulatioasarcomipaedeeh 1Hos afdly Yangusdieamns gx/ @Rgentrpons I?ggﬂhéfesbe
appreci ated that the nmenbrane separation systemof the present invention
can i ncl udewithiy thase tsaxtnes. t nphis aggdrda thsuamoust ofcioend HAH i therVag PHeiredips t o
effectively treat the scale and/or fouling conditions, such as, any
suitabl e treat prRide @ a@uete estsymant ofy peresnt ireeviverdli 35gWakhtas st A1 sRNd/ or
bi of oul i ng agents, filters, treatnent equipnment, such as chem cal agent
del i ver yo devhdeEsg tiRWwakighbtie dfitheemebapicsl dntvsensors it thetsysiemi ons t her eof . 33 WO
03/ 082447 PCT/ US03/01756 For exanple, suitable antiscalants that can be
used in the nenmbpanevesapdsatommnlisy st epinialypeminized; scaingrapd/op&avbisg of syst ens)
of the present invention include suitable .

the membrane can adversely impact the performance of membrane separation. If

deposition on the membrane is neither prevented nor detected soon enough for effective
removal by cleaning methods, the normal life of the membrane, which can be about
15 three to five years for reverse osmosis, may be severely shortened and replacement
costs dramatically increased. As previously discussed, the membrane separation
systems are more sensitive to such scaling and/or fouling activity as compared to
cooling water systems. It should be appreciated that the membrane separation system of
the present invention can include any suitable type and amount of components in order
20  to effectively treat the scale and/or fouling conditions, such as, any suitable treatment
or pretreatment system including antiscalants and/or biofouling agents, filters,
treatment equipment, such as chemical agent delivery devices, suitable like components

or combinations thereof.
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pol yners in aqueous solution which inhibit the formation and growt h of

al kaline earth carbonate and sul fate scal es, including cal cium carbonate
(" CaCO3")woamalgisum sul fate 5 ("CaSO4") or the like. Antiseararsn3/etigsn cal s
are generally fed continuously into the feed streamwherein the optinmm

feed point is before a cartridge prefilter positioned along the feedwater
stream The use of a continuous feed of antiscalants can mnimze or

elimnate the n%f%gé%%ﬂlggﬁgaphgan gca{a%% thdl -8 PQESS?XE Hehd r&fecg%ﬁarﬁtﬁmcont rol

scal e, and can Spension o ids and collofds in
solution. This can mpimze 10 menbrane uling., - 1 nhi bi :

preci pi t at i YA (eens EErseagefs ?yﬁ{egjﬁ) %tﬁr@% i er?tganr%tu?%g Héérpg{rc glg%ﬁ{tn&?ﬁvent i on
can nonitor and/or control the _concentration_.of the scald . r fouling
treat ment oRPAYRES i %WP?PStSH]é‘“ﬂ%WB‘Fgﬁé“blgélﬁép?%ain%a d:%rg‘évglséflb@g&ggg ga{rlrﬁlt he
measur abl e anounts of the inert fluorescent tracer .in. .the sys In an
enbodi ment , carbraaterpag isulfate se@des; @C]@Eﬁﬁgicﬁ]ﬁ%ﬂf{m@@ ({83 "es’f‘:@%&(\/{\%%@f&ew al ong
with the treatnent agents. It should be apprec%@ﬁeg t hat thﬁ i.ntert tracer
can be addd6as@shenthellikeorAntiscalang shamigals arergSRFAATIIHIIERIPHE P &5 nent
agent to the feedwater. |n an enbodinent, the inert tracer is.fed to the
f eedwat er i feelt siosam phoporthe eptingn ferd PogE 45 P?f@reﬁﬁelr‘&dg‘b?ﬁ%‘&ﬂ PRHoAYent . 1 n
this regard, the neasure of the inert tracer _concentration co,rreseponds to
(i's propor t alonathetferdweteestrsheni e uscof feeontinuup Hed Of prfisalans can mimmiz
zero-system consunption conditions) at any suitable tracer nonitoring point
Within the oneimingecheseqhiontdidte teyed men tha pisteaniaprdes facasirok sealgt 39 580 agent s
enpl oyed as antiscal ants and/or anti-fouling agents, and the nechani sns by
whi ch they f4ehithé tths caspensi@p o8 isblidsn andreglladmmg solation. | mhH \FaReRNENZE e nade
in antiscalant chem stry for nenbrane filtration systens, but 34 WO

03/ 082447 PGEAUSA3FQILARGnd ithibinaepretipitatmnobfeCOuadCaS8ed of treat ment
agents will nost likely continue despite the inprovenents. As previously
di scussed, i nertid hACEAEHIREent, e presaninvenien tamomonitor lbed/ot icpityddhe o

concentration of the scaling and/or fouling treatment agents within the membrane

separation process based on the measurable amounts of the inert fluorescent tracer in

the system. In an embodiment, the inert tracer is continuously fed to the feedwater

15 along with the treatment agents. It should be appreciated that the inert tracer can be

added separately or as a part of a formulation of the treatment agent to the feedwater.

In an embodiment, the inert tracer is fed to the feedwater in known proportion to the

scaling and/or biofouling agent. In this regard, the measure of the inert tracer

concentration corresponds to (is proportional to) the chemical concentration (under

20  zero-system-consumption conditions) at any suitable tracer monitoring point within the
membrane separation system.

The chemicals or treatment agents employed as antiscalants and/or anti-fouling

agents, and the mechanisms by which they inhibit scale deposition, may change as

improvements are made in antiscalant chemistry for membrane filtration systems, but
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nonitor a variety of different paraneters specific to nenbrane separation
such that the 5 performance of nenbrane separation processes can be

ef fecti vewg oposd4tor ed and controll ed. In an enbodi nent, tRETABORMESEr S can
i ncl ude normalized perneate flow and percent rejection (as discussed
above). In this regard, the present invention can be wutilized to assess
and/or control a variety of different process conditions that can inpact
menbr ane pef,for ce, for ex i / 3 i |- {altQNS,

nenbr ane 10{hleé1§ L3 CHEPS af?‘lggéénﬁ%eﬁ ?[L%eégﬁtls %;e}ﬂgﬁr&tc];lﬁvcéotﬂgmt%ﬁ%%% rrtﬂt;érﬂI ane
separation process as previously discussed. It should be appreciated that
the preferr8PPHRIYS: racers of the present invention, substantially have a
rejection factor of 1, and. nore preferably,are enploved i
concentrations. FHEEYIOR 3(‘1&%‘3—?5@? R]Fﬁéraﬁ%?{th? PE?&%IEP%’F%%Q%eca%P gls@%%egitonventi on
does not in any 15 sjignificant manner add.to theqtot al cyssol Vt‘ﬁgttﬁé’l i ds
("TDS") of MeBitreY YAEREL fifferen) prAMAETsBPqie ©rraeitrang SRR PEdHFIR® exchange
process or other perneate polishi n% process. Ngrm% i zed Perneate Flow

Moni t ori hig PeETmeReeaPl zBEMPBRISERIRIPE GFPGeEset ¢t Slel{?"tévﬁ STPGBYBE 3"Sensi ti ve
forecaster of 20 trouble in a nmenbrane filtration progess, such. as reverse
osnosi s. | ncertiodled.e dmprl empodipendy e pagmsters 478 IB@P‘?%EI&{)IE‘MH%\BGW@ 9 5 strong
i ndi cator of nenbrane fouling, whereas _its increase is a strong |ndicator
of nenbr ane andperechatdiestion fasrdiscussechahore)d Je thipregard, B PEred “WE@FO&P%’& he
condition. In reverse osnosis the actual perneate flow rate can vary wth
respect to ulibzefdeedsssisrad/ior contrpler wrigtyef dd&ﬁﬁ g C9ss eensditing b dmpahm TDS.
35 WO 03/ 082447 PCT/ US03/ 01756 Normalized perneate flow is determ ned
through a sinmplitearcaparfokmsricenfonteixahplel soalingeedor foptingfeprditionsf MsEPIAEE syst em
tenperature and driving force variations and converts the actual perneate
f1 ow r eadi ngakbge, Weghddtivayandothe dikbespedifit lie they stearpraner SPHPRINAPTOPRSS &4F
constant ("normal") driving force and tenperature conditions, which are
routinely theeviously discussed.

Tt should be appreciated that the preferred inert tracers of the present invention,
substantially have a rejection factor of 1, and more preferably are employed in minute
concentrations. Thus, the use of the inert tracer of the present invention does not in any

15 significant manner add to the total dissolved solids ("TDS") of the permeate nor
detrimentally effect a downstream ion exchange process or other permeate polishing
process.

Normalized Permeate Flow Monitoring

The normalized permeate flow is typically considered a sensitive forecaster of

20  trouble in a membrane filtration process, such as reverse osmosis. In this regard, a
reduction of the permeate flow rate is a strong indicator of membrane fouling, whereas
its increase is a strong indicator of membrane degradation, for instance due to an
adverse operation condition. In reverse osmosis the actual permeate flow rate can vary

with respect to the feed stream temperature, driving force and feedstream TDS.
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5 start-up driving force and 25 C. The actual perneate flowrate is
conventionally a direct reading froma pernmeate flowneter. The tenperature
conver si owofoaosxan7 for a given feedwater tenperature is proTiusesiotys t he
menbrane manuf acturer for each specific nmenbrane. Normalized Perneate Fl ow
Exanple 10 In reverse osnhpbsis systens enploying differential pressure as
the driving force, the feed pressure and perneate pressure variations are

reduced to a differential_pressure. [ - Whireh, i
ctart-up ggﬁwhg?wgna?w&a Bl inef ARG e B D R e
. 9., ifferential pressure cal cul . i

oreteins rbvel i ceal SaetFor R AT B LR R Dt
sui tabl e pressure neters). The perneate i LRl
t enper at ur e*hPREFSHE IO r&é‘%lﬁgs Qe H@yd‘ﬂu{f{ ‘l?éyﬁfé%g ?hel%nzw% In0 g@é?gg% 1? gct gre
Applicants have di"scovgr ed that the nonitoring. .of the.inert Y r of thé
present i nvemspe( wamalbbdigag e %“rﬁiﬁﬁlﬁﬁgamﬁo‘ioﬂglltlf)?e&’ DR PR {lg(rﬁlﬁng The
monitoring of inert tracer concentrations in th feegvvater and the 20
tC(r)lgceg_t ;?t estaréhp Eﬂf}mgcf@fca aﬁ%laéupe bre %Btaﬁa?rmﬁ%t?ﬁ@&i@ef ISSRRVREP alilyv% Il be

i fference between total flow (e.qg. i i
tracer neasdires yeadiagdranAdERTAR QOWH(I%WQ(W %&%&q&%@eﬁ%ﬁg?%'fogga an tnert
nmeasures). The inert tracer nonitorings of the present .invention, thus
can provi degizeméasurier ¢émpecaterg| is guevigast by the Wbﬁnéda?”tuiﬁ’&ﬂ‘r?ro%of 8% eadi ngs
fromthe usual flow neter. Wth a conbination of 36 WO 03/082447
PCT/ US03/ 01 #i=6ific membedniezed perneate fl ow determ nations and driving force
nmeasures, several critical trends can be readily detected. If the
normal i zed per meMbgnalib@iPenseale BlopiExgmplei | e the driving force is
increasing, this signals menbrane fouling. If, instead, the nornalized
per meat gof | ow i Sindeapgi Gygovilssyseentsheanpduyiing differtusiad presmdsiibe RENGRFRS. t here s
a 5 forewarning to check the gauges and the |i ke for accuracy.

the feed pressure and permeate pressure variations are reduced to a differential pressure

conversion factor which includes the start-up net pressure divided by the actual net

differential pressure (e.g., a differential pressure calculated by subtracting the permeate

pressure from the feed pressure, which in tumn can be measured from any suitable

15 pressure meters). The permeate flow rate is multiplied by the temperature conversion

factor and the driving pressure conversion factor. Applicants have discovered that the

monitoring of the inert tracer of the present invention can be used to enhance
normalized flow monitoring.

The monitoring of inert tracer concentrations in the feedwater and the

20 concentrate can provide a measure of actual permeate flow, which will be the

difference between total flow (e.g., the feedwater flow which an inert tracer measures)

and concentrate flow (which an inert tracer also measures). The inert tracer

monitorings of the present invention, thus, can provide a measure of actual permeate

flow in addition to the readings from the usual flow meter. With a combination of
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As previously discussed, there exists a relationship between the flow rate
and the concentration of the inert tracer such that the water flow can be
det er m newOwased47 on t he neasurabl e amount of the inert trararsod/mshe
menbrane separation system The flow rate of any nmenbrane separation
process streamis the volunme that passes a given 10 point within a given
time period. The nonitoring of the concentration of an inert tracer in a

stream at a, i ¥en nOLL. fRUS SANRROYLARALIRhel BLAGHLOR\G Ll rate by

mass bal ant ons i n so conpared to Inert tracer
added. Alternatively, .since th ss flowra t. .4 g treans,
in combi nat S %Q‘tyfeé%i@a&%%"ﬁ&- ﬁg@’? noprpalized %?r}é]g%t? %Welp? g)gﬁﬁg'?‘?l ggﬁ]hesand t he

nmass of the inert tracer in the discharge streans,.in, 1 i ipn, nust
equal the nB&EnHforea s PGIeASIISy é?cségnafsﬁn?qi%ra?ee%}i@% g%rlrr]lswg’ot\ifivgggéﬁe&zﬁ%&;d/ or
inert tracer concentrations, of gne of such streans. ca,[g be catéé:gl.gtaed from
the ot hers, Peran flgvounh drapingovaile theh diViaR 118 FIAPAJEE SFR° ddded™ 1o t he
feedwater at a known rate (e.g., anmount_per unit tine), the concentration
of an i n&rt farewaraing torhepicthe sagmang theldke fpr acoWatyas t he feedwat er tracer
monitoring point itself can determne the flow rate of the 20 feed stream
Differential Predspresioninidiseysserly these pesin R Ariatiquship bgpyegh he oy &% #4S ent i al
pressure is the difference between the feed pressure_and the concentrate
pressure. | thei ®neentrataaunidhofer acdspaehaipt the f‘)’lagé 8oy ecan bg defgumip Pﬂi@‘ﬁ t he
menbrane-filtration menbrane el enents and the manifold pjpi n%. 37 WO
03/ 082447 PG fHdS0@s@AHE Bmowttief thenipert traesr 1t the aembras senssiing ¥ c dhe
cl ogged, the driving force increases. The differential pressure also
depends upotilotvhetefo enjsherebramd sepwatiat poenselstrehm ipthevelwne thE Patrey § 81veh
accurate conparison between differential pressure readings taken at
di fferend tipsmswitbiguighes tintegterivd eTremtmitwniag bf the cencprratioy of @nners trafser at i ng
at the same 5 percent recovery and feed flowrate in each instance. In this
regard, inen atstra@ent a Eveh point, thusc am previde ial defeedinpiornelCliow e Py avasess t he
differential pressure of the

balance of inert tracer ions in solution compared to inert tracer added. Alternatively,

since the mass flow rates of the discharge streams, in combination, must equal the mass

flow rate of the feed stream, and the mass of the inert tracer in the discharge streams, in
15 combination, must equal the mass of the inert tracer in the feedstream, flow rates and/or

inert tracer concentrations of one of such streams can be calculated from the others,

when known. Moreover, when an inert tracer is added to the feedwater at a known rate

(e.g., amount per unit time), the concentration of an inert tracer in the feedwater as it

passes the feedwater tracer monitoring point itself can determine the flow rate of the
20  feed stream.

Differential Pressure Monitoring

In membrane filtration, the differential pressure is the difference between the
feed pressure and the concentrate pressure. It is a measure of the hydraulic pressure

losses through the membrane-filtration membrane elements and the manifold piping.
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menbrane separation system It should be appreciated that the differential
pressure at any given point in tine can be determ ned by conventi onal

met hods. Werigesa44Rej ection Monitoring 10 The percent rej e®Cirarsos/e17she
percentage of solute(s) that is rejected by the nenbrane separation
process. In practice, a percent rejection is based on one or nore selected
solutes rather than the entirety of solutes in the feedwater, and the
percent rejgction value ' DY kdenhbhigat tigh of the
ref erence s%/ﬁ‘ﬁ?g’(egf?&m?ﬁ%%%g'r%%n eg?%f(g@? ?ggé%g%en IJ\\/;ﬁ\llﬂﬂf %ﬂange upon t he
onset of a nenbrane and/or. system 15 pr.ob o o4 R pes&ed | NG,
nenbr ane hyg‘ﬁ%}éy@‘iﬂsﬁ’re?s‘ﬁ]ﬁ?r %%%rde%eﬁ?g PB%IPI%W%‘%?Q tgglldf g%‘gs%{ee%ﬂgu{rﬁe,p too high of
a recovery rate, a change . in the conpositi

i of. the inf i,d source,
a | eaki ng” "TPOYhg AhATHE CORRAISH, BrdsrT ngééenf%lcw%%&su% %elé&\lg Y f‘:aie(lr}ll%“a?ej ection
can indicate problens assocjiated w th rane perf.ormngce. ver, the
percent r efidEtebHMSRIEIHEY %‘ﬁtstge g&a{ﬁ’ra}?ﬁ”ﬁﬁgﬁwg ¥ %818935 ﬁBerﬁg}n%%tlr_t??\g?an&% oul ants.
In menbrane 20 filtration theé];é))ercent rghe.ction i %hhe re]{'dectiotrrl factor
(e.qg., BEyuaPFemtsycoysiyr adskad dlowarate,my & t%%nc(aef?. i FRERidn PR 100) |
The present process pernmts the percent rgﬁgcti Oa. to _he deter mF d al nost
i nst ant aneomhijorings c#y bEqHHizZEd o caEatel) pees: theqdlieragHale PRSI O 3 f act or =
(tracer-CF - tracer-Cp)/tracer-CF 38 WO 03/082447 PCI/USQ3/01756 where
the virtual mgmbrane senaation gystemhdlicberld heaRrEeqitie Tthétr‘ihﬁggff%?nuﬁ HECSWE Fhat er

inert tracer concentration and the pernmeate inert tracer concentration can
be det er mi neuy giiverhpanthin time depecdsteshingd by eqvgntiopal methedst j vi ty and accur acy
as previously discussed. Since the feedwater inert tracer concentration
(tracer-CF) eff eBtrcaneéRyjevtamiMeniloiing| e in contrast to 5 other feedwater
sol utes (whose concentrations vary wth feedwater quality fluctuations),
and sinae the in&h¢ perceerjecion bethdaementage abselutetsd thaitigirgicged byvihe evel s
than nost all other solutes, |less natural data variation (e.g., variations
ari sing fromenfreadwapaesion pnaesst 1apiaoticey aperatit agjsdtion anbassd &t ongi arlqrhie met hod
of the present invention
selected solutes rather than the entirety of solutes in the feedwater, and the percent
rejection value can include an accompanying identification of the reference solute(s).
The percent rejection often will change upon the onset of a membrane and/or system
15  problem, such as fouling, scaling, membrane hydrolysis, improper pH, too low of a
feed pressure, too high of a recovery rate, a change in the composition of the influent
fluid source, a leaking "O" ring and the like. Typically, a decrease in percent rejection
can indicate problems associated with membrane performance. However, the percent
rejection may increase upon membrane clogging by certain foulants. In membrane
20 filtration the percent rejection is the rejection factor (e.g., Equation 5) expressed as a
percentage (e.g., multiplied by 100). The present process permits the percent rejection

to be determined almost instantaneously, using Equation 6 as follows:

Equation 6  rejection factor = (tracer-Cr - tracer-Cp)/tracer-Cr
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as conpared to conventional percent recovery nonitoring techni ques that
typically 10 neasure the concentration of solutes to determ ne percent
recovery.wohBssxeducti on in natural data variation nmakesPSThiS0&0L76€NdS
easier to identify. It should be appreciated that the present invention can
be utilized to assess and/or control a variety of different conditions
that nay have an inpact on the perfornmance of the nenbrane separation
process. For exanple, the present inyent] SANePEF b hddBlr tiRrtToNi t Or
| eaks in th@h%ﬁﬁ'r‘é{ﬁ%al I’é‘f‘}g’?ﬁl%e.ousrﬁri“{;c?ng%l\ll%? ynjf(?lrlrt%%r%ant to the practical
operation of a nmenbrane separation system In this r 1eakagg of
concent r at el/4oRF UGG %%ewé}%rr%ﬁ&aceé R n%aﬁueoﬁtcglgg‘g g?t?'ue me%r ane
el enent contam nates the p
V.

| er neat.e.. Per.neat e cont am nat.i on Vit ue of
| eakage mayé high degressofiselegiyily eipasHVIHARM A0GHERCY & P{?P’Wﬁ?qgglsg SS%)%eSIAr/%t Yt ane 20

separation process is substantially inpajregd, and at. b the quality of
t he perneat %ed%aterdm?ﬁt ﬁia%éﬁncegﬁétwns@r@ﬁr%lébR&%“@V%Hevﬁgeilﬁﬁe BN S?]hocr gase in
the normalized perneate flow and perneate sol ute concent ra%i ons.,. but the
i ncreases netperhefeedwatnr  apldtefn §Whospr EREBITAUAGY ‘f?éydgftgcﬁﬁ‘?ﬂlwﬁ Fo 4 %ast a
nunber of hours if conventional nonitoring techniques are utgi lized. 39 WO
03/ 082447 PETdIS08Y)0as8nce Ahpineadrice qenPe daiesied M aCPEY Phi™pFedent
invention can nonitor nenbrane | eakage with a high degree of sensitivity,
sel ecti vi t ytlandiamt alather solpteanigss haterak éaia B@Tlatw&a(gigl’yfa%tﬁfd‘é@flé‘&g E’Hmh
continuous basis. For instance, if under normal conditions a_ reyerse
0SNDSi s Systetwitsr @noshiatingvaiaieis Sary exist avithftheaethed 19§ thrairefent 1BYCIP} neate to
5 parts by weight of concentrate (e.g., the perneate having 40 ppm TDS and
the concenks ab@phey ko goRefonph pert@be@vény akageriog tachpispese et Hpicelhs
concentrate (e.g., 0.75 parts) into the perneate would increase the weight
of the per maab&rdthe @ohoenBatjorrot soliites toSlrtdimineqreagstereowighyd Bas thdpgtiog it t t o
detect solely by conventional nethods of nonitoring the nornalized
permeat e fl| Quural fatapdRities akks sabthreads ealkr woddnifst hen
Tt should be appreciated that the present invention can be utilized to assess
and/or control a variety of different conditions that may have an impact on the
performance of the membrane separation process. For example, the present invention
15  can be utilized to monitor leaks in the membrane elements. This is very important to

the practical operation of a membrane separation system.

In this regard, leakage of concentrate through 2 membrane itself or a component
of the membrane element contaminates the permeate. Permeate contamination by
virtue of leakage may at times be so severe that the performance of the membrane

20  separation process is substantially impaired, and at best the quality of the permeate is
diminished. Upon such leakage there will be an increase in the normalized permeate
flow and permeate solute concentrations, but the increases may be minor and most

probably not be detected for at least a number of hours if conventional monitoring

techniques are utilized.
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10 doubl e the pernmeate TDS to about 97 ppm Wen the inert fluorescent
tracer nonitoring of the present invention is utilized to nonitor the
per neat e, wpasosaut arly on a continuous or substantially ®omttises/onrsé basi s,
an increase in perneate inert tracer concentration can be readily detected
to signal that |eakage is likely to be occurring. In addition, the
detection of an increase in the concentration of perneate inert tracer 15
woul d follow the onse f the le I A : : a

T D G e T L

reverse 0osnosis a nu ane enents, the produced
pernmeate from each_are often conbi.ned hefor ' reeni ng.

An i ncr easelefkaep Sithealigh fpgEce Pg?ﬁnggglgynﬁ?elgawngt?{r%fg&a/ﬁi%ﬁ%%%d fh)sét eslgee
detectable by a determnation of TDS with respegt I:

per meat es bEadlyseondpctgden gicpRHnugHs %memo&é?ségncgnl%glg}cf? tn%%x%l%? ﬂ&eﬁ%{é i ncrease

in the conbi ned perneates does not indicate the ite of, the | e. Wen

the present refgeR BYROSISSYEIRR| 1§ PERFUEIEE ﬁon%ﬁ%o’iau?) 8? RES Wﬁlgh &) efrggagér(?og

concentration, the separate perneates produced by egch ne ne, el enent can
setnendl bbb

easi |y be mpaist b steighefobconeaniiats elefe alf'e PEHPE T PYe Cah the

present 40 WO 03/082447 PCT/US03/ 01756 process g?}ﬁect thg %ea , but it
can al so becorcértiatedihving 2604 il RS) ¢ Hrakaes Oat Perserie! thggonqeplke (& &y ulfdi tion to

the nonitoring capabilities of the present invention discu sgd above, a
number of dpdrfsginsmtheqtehraqatepw ol sreressmtie teaghs obthe pERRENY %rib PSP syst ens
5 can al so be nonitored by the present invention on a regular_ or continuous
basis to pr8wildénczeaseatould the diiadis trerdeteett selelybbarfenyrafiptrl nafbeds Phese
conditions can include, for exanple, concentrate flow rate, percent
recovery anehohit@fipdthe conodired peingate flpw. t i wndptegjed: duch BeledDVopaEER es t he
quantity of particulate contamnation in waters by particles about 0.45
mcron o didausd ehic @erngaealTds. tol aboah 92 nppwali nBien the dneglo Avetetcerlt BaCkh f | ow
rate and percent recovery can be nonitored with a single inert tracer as
di scussed  ahkmiring dF trprestudaveneod is utilizedsd oohite teopecmertie, ppitignladum e nost
effectively nonitored .
continuous or substantially continuous basis, an increase in permeate nert tracer
concentration can be readily detected to signal that leakage is likely to be occurring. In
addition, the detection of an increase in the concentration of permeate inert tracer
15  would follow the onset of the leakage almost instantaneously.
When a reverse osmosis system employs a number of membrane elements, the
produced permeate from each are often combined before permeate quality screening.
An increase in permeate TDS from a single membrane element is less detectable by a
determination of TDS with respect to the combined permeates because of the dilution
20 effects. In addition, the TDS increase in the combined permeates does not indicate the
site of the leakage. When the present process is employed to monitor permeate inert

tracer concentration, the separate permeates produced by each membrane element can

easily be monitored before the permeates are combined. Not only can the present
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using a separate inert tracer. The methods of the present invention can

i nclude any suitable type, nunber and conbination of conponents, such as
i nert traweorososxapounds, inert tracer detection 15 devi ce®CrAISg3/01756

anal ytical techniques) or the like. In an enbodi nent, the chem cal
conpound(s) selected as the inert tracer(s) is soluble in the nmenbrane
separation streamto which it is added to the concentration value desired

and is substantial l table .in.the envir f ; eful life
expect ed ofPores e Faep o <50 s TAR: foREREE e fablRi s

conbi nati on of the chem cal conpound(s) selected as the 20 inert tracer(s)
and t he anak?%ical techni que selected for determ ning the presence of such
inert tracer(s), permts such determ natjon wthout isolation. e inert
tracer(s), and IﬁoafdémﬁfléPéP%lmoi}“%rH‘@u‘faBgﬂjé?% i %ﬁ@ﬁ“&‘&%ﬁﬁ‘%%%@ ?Sg‘InSSéoéqn a
continuous and/or on-line basis. In an eq?odi nt, .the %iqgent kqﬁgntion

i ncl udes a ehoneraomneer phdiffesspioRiRer PERFESSFORTERNAS of AREPUYFanE SRR S HESher at i ng
conditions and the performance of the nenbrane 41 WO 03/.082447 .

PCT/ US03% 01786alses bparcaitpisd byrthe @resem AReatiorh or Reo@Eastr SOBIRCSHBHE “f i nert
fluorescent tracer(s). The controller can be configured anglor adjusted in
a variety oprogidefarettimenassesermensif angrabiane perforgansep| & NeehePnEbREs 81”1 er can
be in contact with the detection device (not shown) to process fthe

det ection simghak, foeexgmplef cdncentrajedloseratey paypanhieceyegnaid)bigoiegogeeptigipn. 5
enhance the detection of the inert tracer. Further, the controller can be
adj ust ed t OLcHisegirdahe S trisasoteh dre Qontsy 96 pirscwite CARARBAEINIA &24EDBY at | on
system The comunication can be either hard wired (e.g., electrical
comuni cat i gariclebhigyu; 045 mitmoe iredismetenongreatet iloan Cabedimenyy the ceregniyte
interface), a pneumatic interface or the like. In this regard, the

control ligr oW e aull ipkicardedoverg omt beomotitveedpeitli o simaledeerofacenay ditshisPéne
separation. For exanple, the controller can communicate with a feed device
(not shown) ab&veONalgs ethBodu@EMt d bibbige daragemtiof cimteatost affecipenmonityadh as
antiscal ants and biocides, within the nmenbrane separation process. In an

embodi ment, \Life 2 GRAIAOIbR EradeS.

The methods of the present invention can include any suitable type, number and

combination of components, such as inert tracer compounds, inert tracer detection

15 devices (e.g., analytical techniques) or the like. In an embodiment, the chemical
compound(s) selected as the inert tracer(s) is soluble in the membrane separation
stream to which it is added to the concentration value desired and is substantially stable

in the environment thereof for the useful life expected of the inert tracer(s). In a
preferred embodiment, the combination of the chemical compound(s) selected as the

20  inert tracer(s) and the analytical technique selected for determining the presence of such
inert tracer(s), permits such determination without isolation of the inert tracer(s), and

more preferably should permit such determination on a continuous and/or on-line basis.

In an embodiment, the present invention includes a controller (not shown) to

monitor and/or control the operating conditions and the performance of the membrane
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capable of adjusting the feed rate of the feed stream based on the anount
of inert tracer that is neasured. 15 It should be appreciated that pairs
or groupswofo3joseant tracer nonitoring points that are to lreTasoper’sd shoul d
not be positioned across a flowthrough site that has a high concentration
of solids, for instance a solids concentration of at |east about 5 or

about 10 wei ght percent per unit volune based on a neasured vol une unit of
about one cubic inch. Such high sol] I at g EdoWaldaepugh sites
are found afePERECTSPIPESsyPasseop | t%?aglgﬂgﬁgsa&g%%? %l{ee?ﬁh%gés ot hei?(gpr egard,
these sites may _absorb, ar selegtively,absor. (I ahmpunt of the
i nert trace?Qnﬁ‘TW?ré’a‘&é‘ﬁc@%&rﬁ?mﬁ?{ead%lf%%f a}‘éag% eo?g%ffe%%ﬁ;ﬁ%doillﬂ%%e (H:%frpari son.
When an inert tracer is added u(ﬁftrea of , for

i.nS : Py e
filter, in an oifscarRRIG theroqairglier opn B A1 PEHFG g o%%?lfégeﬁmg} S%Ectrc}o ?gori ng
pair should preferably be downstre of such sites. .42. Q3/ 47
PCT/ US03/ 019®8m) ioRreeeess  the é%%ﬁ@?él&%%etgorfﬁ%@’é%&%B’sths S’rﬁ%\g\)\#‘% ﬁg‘%ﬁg site of
hi gh solids concentration may be conducted to_deternjne the I.os[sd 9f an
i nert tr&ceentanesnthe idsteptian of the dngat fraces | FRrthess thejcontnglier Sp 27 PHESELIC ¢ he
inert tracer, the |loss of other solutes at that site. .For instance, when
the fl ow t hroughnisite evitls ofhet empperRyEs f [thse Membipls $PBRAREYY is}ﬁ%@-c:ﬂ 5
determne the loss of solutes, if any, attributable to that pr {Egeat ment
| ocation. Octremunibitiph ol badsithes heehpitgd i@ slacical HW&]@CW’PME 1% mi tation
sites of solids concentration(s) created by the use of chem cal additives
such as coagferst @mrunimtion Gret.svigaless RR dntpifiee), a pRevatie iedCRente e inert
tracer selected is not a visible dye, that is, the inert tracer is a
cheni cal speci e Ihatis cpesl, et cdndreleracast beonilized SorqenireinthefPeePBRINEH Rhgnet i ¢
10 radiation in the visible region, which extends from about 4000 Angstrons
t o about;o700@ndrgsiseprmioqf Famnxainples thd 6éhtrolercar cemmupicapivjthiadedyisvice 700 nm) .
Preferably the tracer is chosen froma class of materials which are
excited by Rsekd¥r)amofibr fol cghtiolaixddospead trestmichirgerts.coplt ad angrelagiyiasdi on,

where the excitation and em ssion |ight occurs at
biocides, within the membrane separation process. In an embodiment, the controller is
capable of adjusting the feed rate of the feed stream based on the amount of inert tracer
that is measured.

15 It should be appreciated that pairs or groups of inert tracer monitoring points
that are to be compared should not be positioned across a flow-through site that has a
high concentration of solids, for instance a solids concentration of at least about 5 or
about 10 weight percent per unit volume based on a measured volume unit of about one
cubic inch. Such high solids concentration flow-through sites are found at the site of

20  filter cakes and the like. In this regard, these sites may absorb, or selectively absorb, at
least some amount of the inert tracer. This can distort the significance of monitoring
comparison. When an inert tracer is added upstream of, for instance, a cartridge filter,

in an embodiment, the first monitoring location of a monitoring pair should preferably

be downstream of such sites.
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any point wwthin the far ultraviolet to near infrared spectral regions
(wavel engths from 15 200 - 800 nm. The relative fluorescence intensity of
t he i nertwOrlaog4must be such that it is detectable in tIR€TASDROLTS6
specified by product fornulations (typically 2 -10 ppb as active

fl uor ophore when dosed into the feed water stream of a device).

Al ternatively, when the tracer dye does have strong adsorbtions in the
visible spectrum it is used in, concentratign hat cit: Jd S Rt
detectabl e to t HPWFIRedRYEC MIYOEHRT, 2R BO&ﬁwré‘yE%@ of 1{1%1{ Sol

odi ment's e preferred, for
i nstance, when a nenbrane's percenf rejection of the tra i s than
100 per centonggiyyaien may B%%qnﬂgﬁ?(ﬁtot‘%teﬁrpk'ﬁ 0% Pap et téace'fpﬁéné ﬂ?) h@%’l or. 43

WO 03/ 082447 PCT/ US03/ 01756 |In_some instances, it e pre le to
chose a f | udndgphishdossfs romsclentive fayithg IBF%tff“fe&&ﬁ"e@ése?ﬁ"qﬁ%éﬁlf‘tegﬁtetfr@res%gi ted by
W light. This may be preferred when visual .getﬁ tion and/.g)r. ghggnogr aphic
or other i nBeiingarsk, when Sysierireuegadle 18 d. cAiffsf E‘H’ R PAHE L8 & at i on
systens are often enployed for the purification 5 of vvaﬁer, or thhe
processihg ddteravpecidedoss of ealwiss, if Y, gijahuiable rthatpEetREAcH PR NP8 ar e
not limted to the use of an aqueous influent. In an enbodi nent, (%he
i nf | uent mekigheolidanatcheiratiph sitas inclrde avithewdimitatipp pites ot sRids FongRYAREher
fluid. The operational principles of nmenbrane separation systens and
processes otreitadbpthe sendf chmiedtaﬂ@iﬁV%SrS@dh@tcowla“@OEWH@HtS BHd g‘ﬁé‘kﬁat ure of
the influent that the present invention could not be enployed 10 with
i nfluents ot her vinsm estbodiatehe tednervatcer sebaeteidfis neftei b3ible dye: thit v HeiBFrbr ane
separation system The descriptions of the invention above that refer to
aqueous SyStes iak ehendpdlsheridthet ddes mot baveonsigog ebeotRiied aficlestiomagnetic
aqueous/ nonaqueous systens. In an enbodi ment, the inert fluorescent tracer
noni t orijpg wRiidkedSn @e Vikible @pies.ewhich ryends Hom chouttb4)00t Adgstrends toabwhi t or
menbranes which are subjected to 15 destructive (sacrificial) testing.
This type ofo¢®ahést8mIBYorh B6duddeD hnemseet(hani)ngatmut @0/is). dhreffabhrhe
i ndustrial menbrane, for instance by cutting, into a nunber of separate
tracer is chosen from a class of materials which are excited by absorption of light and

product fluorescent light emission, where the excitation and emission light occurs at

any point within the far ultraviolet to near infrared spectral regions (wavelengths from

15 200 — 800 nm). The relative fluorescence intensity of the inert tracer must be such that

it is detectable in the amounts specified by product formulations (typically 2 ~10 ppb as
active fluorophore when dosed into the feed water stream of a device).

Alternatively, when the tracer dye does have strong adsorbtions in the visible

spectrum, it is used in concentrations such that it is not detectable to the naked eye.

20 Such embodiments may be preferred, for instance, when a membrane's percent

rejection of the tracer is less than 100 percent, and it is desirable to produce a permeate

free of color.
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menbrane pieces prior to testing so that a nunber of tests can be
performed, each on a different section of the nenbrane. In this regard,

t he i nertwbloaosrgrent tracer nonitoring of the present i meeEtSoyom7éan be
utilized to nonitor a nunber of different 20 paraneters of destructive
testing including, without limtation, the effects of excessive pressure,
contact with a nenbrane-destructive fluid and the |ike. The diagnostic

e e S5t BAP P nE bl AR ST ube

menbr ane whi ch vi sual T nspection Its surface, a
nmenbr ane- sur m cr ohi .ol Qgi cal. ce and
anal ysi s of Vi {eé}“oéeéﬁ%tg “&gn 2’5@%@69@ @i4¥h%%%§%%%%‘gﬁenm%§ct with
menbr ane, sqlijerté??ce acggrc%%{?s{f]glgﬁ Otﬁﬁq%gélg%{)f ogl Ee%ﬂlg)ées%%w EDS, surface
ana:cy5| s foI laéﬁ’itl d gi2p Alglt iR o roscopy, | CP and |ike
surface anal ysi s echni ques. ou e nmegbran ive
testing is not oflihquglmembragp se@rag%gﬁf%rﬁre J rg g nr\iéecr%ﬁ?%n t he

inert tracer can be added to a fluid st real} % tt I} rane
and passgs bywaer, phﬁhetﬁgﬁeﬁistng&ga‘&‘ef"ﬂsr%rﬁa@?F eLFé!?me§?$ SR TR fonz%e a second
effluent stream The inert tracer can be added go the fl m@g {)strﬁam of

t he menbr aneotdhuitedHe theesetof ep agueeus wflpend {1 ap gmBedimeth he G MELRE o5 py
the nenbrane as a conponent of the first effluent stream a d/or passes
through t heamsiyfits of @ cebinatips of ovaier cadpentesitivet: Th?eopgéa@{a PER¢iPiEnt
stream The inert tracer is nonitored in the fluid streamat a point

bef ore the penbeahent serdstion nystrmsasnd pro¢agees tof jthee Preseh MEEREI P IR S al ue,
and/or in at |east one of the first and the second effl uent streams to

det er mi ne agoveedddl tyetht nitwe of ths irfbrent thasriepreseat inpention poulfpal besgmwieyed ¢ he
inert tracer is representative of a solute of the fluid streamthat can be
added t ot hevifhlitflwbnisrotizemwaersuitable Sorf water mrificstion in b gives mgabENASIRAIAtigRs of
influent inert tracer concentration and effluent inert concentration.

Thus, the sgpasat TR deecipibmaoicte diiventien meovbrthaterefrario lbeuadvs eystankfed®pri or to

actual use.

applicable also to nonaqueous and mixed aqueous/nonaqueous systems.
In an embodiment, the inert fluorescent tracer monitoring methods of the
present invention can be utilized to monitor membranes which are subjected to
15  destructive (sacrificial) testing. This type of testing may include the sectioning or
division of an industrial membrane, for instance by cutting, into a number of separate
membrane pieces prior to testing so that a number of tests can be performed, each on a
different section of the membrane. In this regard, the inert fluorescent tracer
monitoring of the present invention can be utilized to monitor a number of different
20 parameters of destructive testing including, without limitation, the effects of excessive
pressure, contact with a membrane-destructive fluid and the like. The diagnostic
regime of the destructive testing would generally be focused on the membrane which

may be subjected to visual inspection of its surface, a membrane-surface

microbiological analysis by swabbing of its surface and analysis of water samples in
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"Deposits” is neant herein to refer to material that forns and/or collects
on surfaces of a nenbrane. The "anmpunt" or "concentration"” of inert tracer
is nmeant wl®3jex4ein to refer to the concentration of the PogmISOYOEESEr in
the specified fluid in terns of weight of the inert tracer per unit vol une
of the fluid, or weight of the inert tracer per wunit weight of the fluid,
or sone characteristic of the inert tracer that is proportional to its

concentration in the fluid and can,be correl ate @E‘W. ue of
the inert §ACEIL %ﬁ?&ﬁﬂﬁaf‘frgaﬁe Pl?'?lxs}'nset%? ar glfvﬂ%@%ﬁé?)yor ngjtjgt uéftré@é
correlation conversion i 45 03/ 082447 PCT/ UI%},? I ed), and
can be a vaﬁwsﬁfforz%ﬁg?)m%ﬁe@ﬁ]ﬁ%% F%th%}l DEFSPYhus, é‘{%rl]‘éégsk‘%%gé g&ig@ t hza

present invention includes the detection of the absence of such chem cal
speci es, attech@f- to the linitations of the analytical nethod enpl oyed.
The foregoing descriptions of the present invention at_tines refe
specifically to ABh%he@GsmFlﬁP’laﬁ%ﬁﬁ‘gn%ﬁ%Sté‘fcflV%gﬁsttlg,g BndFt RE" S emo%1 " an
aqueous system for describing a nenbrane filtratjon ﬁ? ster’rhagd t he
oper at i o otmbodimertcafeihe ProseE iEYeston herasrhirper gl BrAfded 9& I S8F N of
ordinary skill in the art, given the disclosures,_ of &he ? esent ;
speci i cat i shichvitasisdo ke marpbrang andRARECE BY 25 HFQuanE a3 3 18Y & fi?ﬁmdgérg?:rpi Ptions to
nonaqueous menbrane filtration systens. 10 "Treatnent chem cal s and/or
agents" is meamta breped efflwert Woeam. | Theiineit frResT ¢29 bejadded 9dhe TUdPAERE Xeni cal s
t hat enhance nmenbrane separation process performance, antiscal ants that
r et ar d/ pr evértmerebrhncand thciab trakspuighe Ted sirepmt aiflenst Rastes bY EMEMEIGAY/ pr event
menbrane fouling, biodispersants, mcrobial-gromh inhibiting agents, such
as bi oci des aapshpchenant the fict efflugat sereanh and/pranreses thieyhtha BeHBIFBS [y it 885 | ¢
shoul d be appreciated that the present invention is applicable to all
i ndustrijes atdoaipofian ofthel seyondefiftreansregmp ditatineshirgned eneritpredrip thellyfn| e, t he
different types of industrial processes in which the nethod of the present
i nventi on cafed afpRloirt hefge tier mbmprancod defernrizsramdntientoingé €9REBITANRESt e
wat er processes, industrial water _

value, and/or in at least one of the first and the second effluent streams to determine an

effluent inert tracer concentration. In this regard, the inert tracer is representative of a
solute of the fluid stream that can be added to the fluid in an amount sufficient for the
15  determinations of influent inert tracer concentration and effluent inert concentration.
Thus, the separation performance of the membrane can be determined prior to actual

use.
“Deposits” is meant herein to refer to material that forms and/or collects on
surfaces of a membrane. The “amount” or “concentration” of inert tracer is meant
20  herein to refer to the concentration of the inert tracer in the specified fluid in terms of
weight of the inert tracer per unit volume of the fluid, or weight of the inert tracer per
unit weight of the fluid, or some characteristic of the inert tracer that is proportional to
its concentration in the fluid and can be correlated to a numerical value of the inert

tracer concentration in the fluid (whether or not that correlation conversion 1s
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processes, nunicipal water treatnent, food and beverage processes,
phar maceuti cal 20 processes, electronic manufacturing, utility operations,
pul p and wapansy@Esncesses, nmning and mneral processes, PCT/US03/01756
transportation-rel ated processes, textile processes, plating and netal
wor ki ng processes, laundry and cl eani ng processes, |eather and tanning
processes, and paint processes. 46 WD 03/082447 PCT/US03/01756 In
particular, fo nd .bever age, pr N o] | gmdai ry

e 0 P B B SR P A T e AR

processes r Ion Or cCcream cheese,

specialty mlk roducts rotei.,n isolates,. |act t e
casein, fatPEEFRIYETHR, mgllﬁgesb ?rﬁigtecq‘ogcog\}g? %bsf?cgm&zsgﬁ“?i%ﬁgﬁ% e écge.s’ \ftlj\dsqeg

relating to the beverage industry.includin for 5 example, fruit juice
clarificatibastitBp E’h’[ﬁ?%{’tsiog%e&mlétécggﬁnﬁtﬁ?# %@?l%e . al cohol i ¢ beverage
clarification, alcohol renoval  for |OMFa|COhO|.COH§§nt ever age rocess
wat er; and usesThedPreeping dessrigtings of e Prese grvepiioyett meéfeg?fo?%‘il ag¥ Kcessi ng,
vegetabl e oil production/processing, wet nilling of grai.n, an%nal
processi hig geuegus inflaentyrang offlvgeis, and fhe #59 of af peie %WS%HU Forrdeseribmg & aprmt i on
of wash waters, food processing waste and the 10 |ike. Exanples of
i ndustrial wambrangsdtration sysisi ead tthe epatipneclifie PIRYEHIPGHIhECTRR S for
exanpl e, boiler water production, process water purjfication and
recycl e/ r eusemplisivd.t Armersgn of ordaeryekilbin the pEagingnhe gisclogurs Hhapeesnt
bl ow- down, reclamation of water from papernmaki ng processes,  desalination
of sea and bpeaifichtidn, watwd Beorawiared 9§t howalto aaplyl Shanipheesipg | deggwptions to
drinki ng/ raw surface water purification including, for exanple, the use of
menbr anes t aowadoud emehdrant diltration sypteorsgani sns from dri nki ng water, polishing
of softened water, nenbrane bio-reactors, mning and nm neral process
wat er s. 1Bxanpl es“Tibatinast ehenrtadr and/erasgretst inppantc hereionwithgut Hinisgpede to t he
inert tracer nonitoring nethods of the present invention include, for
exanpl e, i neasideitRbnwas tiemidds wat ethahdeeatmizate sephatioypoatss \pakermangegat ment
systens, renoval of heavy netal

antiscalants that retard/prevent membrane scale deposition, antifoulants that

retard/prevent membrane fouling, biodispersants, microbial-growth inhibiting agents,
such as biocides and cleaning chemicals that remove membrane deposits.

15 Tt should be appreciated that the present invention is applicable to all industries
that can employ membrane separation processes. For example, the different types of
industrial processes in which the method of the present invention can be applied
generally include raw water processes, waste water processes, industrial water
processes, municipal water treatment, food and beverage processes, pharmaceutical

20  processes, electronic manufacturing, utility operations, pulp and paper processes,
mining and mineral processes, transportation-related processes, textile processes,
plating and metal working processes, laundry and cleaning processes, leather and

tanning processes, and paint processes.
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contam nants, polishing of tertiary effluent water, oily waste waters,
transportation related processes (e.g., tank car wash water), textile
wast e (e.wyo0,03a§147 adhesi ves, size, oils for wool scouri n@CTfzsh3/01056

finishing oils), plating and netal working waste, laundries, printing,
| eat her and tanning, pulp and paper (e.g., color renoval, 47 W 03/082447
PCT/ US03/ 01756 concentration of dilute spent sulfite liquor, |ignon

b gment 5. pai nt 9 TeHEHPREaof T8 eHeBy PEr S et cror SRS, RS, 6
water treatnent (e.g., sewage, .industrial st.e) ...t h exam of

i ndustri al RPPISPE EPURS too\f,ﬁ%tl?'fgd‘ﬁﬁg%é’ tcrﬁaﬂleli%i[“&agr‘}n ]iuﬁc(ihggéfg’, gigggr‘git}(??lg{xarrpl e,
sem conductor rinse water processes

., producti on of ter_for _iniection,
phar maceut | BrafuciaPEyein teletfd H&OM@WA&&% Wcl}‘?y’e‘i‘ili‘g}’ﬁ’e AR 3%&?§%over y and

product formul ation, and el ectro- co%t ,1{)ai nh Br ocessi &gt Exiqualyl e%orof
di agnost i csreapivesh fiemnsaf@eFReestni YR8 THPIHENE 1S &S GT2EP HBYP'Y MATEF® hel ude,
but are not limted to, effective "residence tines".for species within the
10 nenbranesxasyls dvitfirigovelsrieationsCongaIHher %ﬁﬁg‘@am él?f’l?‘gﬁ,b%?f%%eem
recovery based on nmass bal ance, detection of scaling or foulin .tgpdency
(based on delafifisatioe edcohpletomssnl fondev-Bleplm cantspfdber PigsFsp LSS AT e AR
paraneters), systemvolume cal cul ation, chem cal treatnment produc
di stri but i onseandeldtimgd tw astigabi fefinipg, EXZPFIESProEs TW@CQSEW:O\MF%F@"‘bg“xa les are
intended to be illustrative of the present invention and to teach one of
ordi nary skpiddudtion/prazessaige wanuhillise of Bein, pviard pesessing§&- dxhmstie§88%ar e not
intended to limt the invention or its protection in any way. Exanple 1
Tests were pebfigifiRkdndipouigy)aravidntations bhgeshr waters siod prassismgsyasicetnd thhe syst em
20 utilized six pressure vessels, arranged in a 2:2:1:1 configuration with
each pregsurige. vessel containing 3 spiral wound nenbrane el enents. The
menbr ane el enents were a

Examples of industrial water uses as applied to the present invention include,

for example, boiler water production, process water purification and recycle/reuse,

softening of raw water, treatment of cooling water blow-down, reclamation of water

from papermaking processes, desalination of sea and brackish water for industrial and

15 municipal use, drinking/raw/surface water purification including, for example, the use

of membranes to exclude harmful micro-organisms from drinking water, polishing of
softened water, membrane bio-reactors, mining and mineral process waters.

Examples of waste water treatment applications with respect to the inert tracer

monitoring methods of the present invention include, for example, industrial waste

70 water treatment, biological waste treatment systems, removal of heavy metal

contaminants, polishing of tertiary effluent water, oily waste waters, transportation

related processes (e.g., tank car wash water), textile waste (e.g., dye, adhesives, size,

oils for wool scouring, fabric finishing oils), plating and metal working waste,

laundries, printing, leather and tanning, pulp and paper (e.g. color removal,

47



pol yam de based el enments from several el enent manufacturers. Typical system
recovery, based on systemflows, was 75 - 80% wth the feed fl ow rangi ng
from abouwoO 0308248 about 130 gpm 48 WO 03/082447 PCT/ USORCO@ABRBSH0173he feed
wat er included an inert fluorescent tracer (an aqueous solution of 1, 3,6, 8-
pyrenetetrasulfonic acid tetrasodiumsalt (PTSA)), diluted with water to
give a final concentration of 0.20 to 0.25% as the active fluorophore in

an aqueous solution. .The iner C . i t OQQ:JT@ e system
usi ng a posiopFerLatnns f a@BWBF‘Reng S%%ﬁrepef{g%lé{%sl%%glg Ijre%gryb;} g%ppr ox% ely 2
mlliliters/mnute and at a concentration of . a ' the feed

st ream des cORWE) ABEHES FhE- (‘?Blﬁgséoﬁtq"r %ﬁef‘bﬁlggjfe nts ’h‘é)a?#%iec?l[eﬂ?{a a%%%t%v%@e
fluoronetrically neasured (with TRASAR(r) 3000 and/ or, SAR(r) 8000
f 1 uor onet erlafoﬁlq‘?¥ trad l’@@“ﬁ@ﬁ‘o‘?’%ﬁ?ewg?éfegﬁﬁnﬁ&'%&F‘ﬁagtehlélg?s/gg% V%tgtry;gm and the
concentrate stream over a select period . of tJ enerally .1 ne to three
hours with dat a Qberryamples et ingdpst %W&ag%o?fdﬂ‘?wgﬁp\gg}vgr.m%'lllpagér)eoﬁ%t er

readi ngs were expressed as "ppm of treatment product,” Th%erfel, ugr.omater was
progr amted ¢emplsademisendugior SHSP ATABNPIeFestaie PRATARHOR o ¥218h f%%e MPPRY r eadi ng
into ppmof treatnent. In this case, the treatnent was assuged 0 contain

0. 2% act i veplaimanentiabwete) inclpding gi@ies used i PRAYFIC PHIVFHPYIREOVERTAPS RN on of
the inert tracer in both of the concentrate 15 and feed streans were

cont i nuous| fordelptat, et elfetno-coxtapant Brocespi@sconcent rati on of the inert tracer
in the concentrate streamvaried from about 40 g(;)b of tracer (20 ppm as
treat nent producEantptesas diiggestias whisbsen beoleispnined by ihfcese igperh Baichs
treatment product). In general, the concentration of the inert tracer in
the concent malude,Sbuteaennvatimetdd et eféstive Stsoidenca Ginggsh for spacige e¥ithinspm as
treatment product) and about 80 ppb of tracer (40 20 ppm as treat nment
product )¢ | mesdraRaS dysiom, flotshgofilernosmbbrate damagé detaionne/sient jeeqyery bage¢ he feed
stream varied from about 10 ppb of tracer (5 ppmas treatnent product) or
l ess t0  asohighis aslaby WetetBh pplcadingt srataiing 65:dpy Eesadr emtdifiaiencps oduct ) .
In general, the .
between mass balance and flow based system parameters), system volume calculation,
chemical treatment product distribution and feed variability.
EXAMPLES
15 The following examples are intended 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.
Examplej: 1
Tests were performed using a multi-stage reverse osmosis system. The system
20 utilized six pressure vessels, arranged in a 2:2:1:1 configuration with each pressure
vessel containing 3 spiral wound membrane elements. The membrane elements were a

polyamide based elements from several element manufacturers. Typical system

recovery, based on system flows, was 75 — 80%, with the feed flow ranging from about

100 to about 130 gpm.
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concentration of the inert tracer in the feed streamvaried from about 10
ppb of tracer (5 49 WO 03/082447 PCT/US03/ 01756 ppm as treatnment product)
or | ower WO oalogass7 20 ppb of tracer (10 ppm as treatnent pCodso3HL756he
ability of the present invention to detect fluctuations in the
concentration of the inert tracer added to the nenbrane separation system
uniquely allows the present 5 invention to evaluate process paraneters

specific to a mepbrane separatjion wth hi_gh VLY,
sensitivity and/ﬂ%‘)e %&@mi@yn@\}fkﬁ Phigprt ttﬁlgreﬁ‘gern f grgggﬁﬁ(g%%%eig% ?&E%%fe%t i onal ,
chem cal, nechanical and/gr .the |ike),. of e,. ar.ation 2 be

ef fecti vel yL.Ad Pyreagictrashlionis id tegase {%ﬁﬁgﬁ@gaﬁf‘%@n gter(:%?i"geea

control lably and responsively made t?l t he r%lnbrpﬁne .segar ation System such
that per f or fed cengeairatpnci0: 3 10 Ocf> 7oy 1he RETHESI TRITOPREIC R AR FEYSH ST
fluctuations in the concentration of the inert f]uorescent. tracer during
menbr ane sephe MeftdrcEaEasHRd iR e R G ETDTanGSYSIFE HsWe 2rRoP Ve diSRRCCIIRt { hat

sui tabl e and responsive ad% ustments to the nenbrane separation, rocess are
necessary tpurdpet edeed e of pRPEXIAREY S MULHEFrS Ty @93 e eOneEtE g"h8
separation performance. 15 The test results al so displayed spikes in the
concent r at i eppud ppinento e feed strgere descrbeds®Pre- of t he feed stream and the
concentrate stream As previously discussed, the spike in the apount of
inert tracer in Thecéeedration edtheoinetirtraser wes Apergmenisplpprsagyred; ("dle? (60
ppm as treatnment product) in conparison to that in the concentrate stream
whi ch  0ccUuMRAGAR® 3000 uhd/aB0TRABART 8000fbroroniae) nthe RO menakyensesysteibduct ) .

By nmeasuring the 20 el apsed tinme between the spikes in both of the feed and
concent r at e bsthrteasgd stdagn amiftheacaratessieate nge & setnst prriod of timesgamely n t he
menbrane separation system can be calculated. This information can be

usef ul, 1Hor ogx aVRrés houds Ghetmedaepbaitp eoltectedtatrond second atteysls.s fBlupfometer o

menbr ane separation. 50
readings were expressed as “ppm of treatment product.” The fluorometer was
programmed to read the concentration of the tracer and convert the reading into ppm of
treatment. In this case, the treatment was assumed to contain 0.2% active fluorophore.)
Periodic fluctuations in the concentration of the inert tracer in both of the concentrate
15 and feed streams were continuously detected. For example, the concentration of the
inert tracer in the concentrate stream varied from about 40 ppb of tracer (20 ppm as
treatment product) to as high as about 180 ppb of tracer (90 ppm as treatment product).
In general, the concentration of the inert tracer in the concentrate stream varied between
about 40 ppb of tracer (20 ppm as treatment product) and about 80 ppb of tracer (40
20 ppm as treatment product). In comparison, the concentration of the inert tracer in the
feed stream varied from about 10 ppb of tracer (5 ppm as treatment product) or less to

as high as about 130 ppb of tracer (65 ppm as treatment product). In general, the

concentration of the inert tracer in the feed stream varied from about 10 ppb of tracer (5
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WO 03/ 082447 PCT/ US03/ 01756 Furthernore, the tracer was used to cal cul ate
percent recovery as descri bed above. \Wereas the percent recovery

cal cul at iwo3loseaet on fl ow neasurenents indicate recoveriPes/ush3/atioat 35%
to about 80% recovery cal cul ati ons based on nass bal ance of the tracer
shows significantly higher percent recovery values (89 - 92%. 5 Such
information is useful in developing effective scale control strategies.

Exanpl e 2 Experinents were perfor ' ' ' sk liesmihit @

pol yani de @ t?@%?‘sgroglécﬁ)og’i %W%g%%z)hggongp%rg F ggfée?qrg?g?g@r “to simul at e
process conditions utilizing a reverse osnpsis nmenbrane separation system
10 In this Prée%ﬁt}i, a nunber of flat or planar sheets of the nenbrane were

cut from a roll_of the | yam de nmat eri al jch isS a gomer |
avai | abl e producthe 3oty ég'g‘ﬁﬁfeéem I*—“Vﬁ‘éfmlnrt%ﬁ‘?tﬁ‘ivt\ﬁ'}ﬁ%@l%]fs lrf\ﬁ)ﬁ ﬁ%rgﬁlgt}ra?lg%l Xf\/N. Tests
were perforned in a SEPA CF, flat plate reverse osrms'b%s 1Kﬂell V\:hiegfrllti S

alfv it B

cormmer ci al | thedueit fragsr added dentheaeaRifeRaaty} H5ea: FEHS &M\ In

15 general, the test systemincluded a feed water, tank, a.hi {}1 r.essure
punp, anfl t keerticatto gyadeate prOpess PARECIEN SPLHICIA & I%er?&hr?l}ee“ﬁp@%mpﬁg &' change
in pressure across the nenbrane and the inlet pressure, as well as the
feedwat er, pearereaf scleettvdly, senstivity Hé/enrPaXey e rthelolha REEPTNICed®8and t he
perneate and concentrate water flows could be continuously nonitored. A
dat a | ogger ppastiinkkizhemicelo machanionb kodernthe Gdrep f 4¢18RT20%0 SPRIAAPR F1TE 8° of
Newnan, GA, was used to continuously nonitor and coll ect data.

FI uor onet er sfféHRASARIIorg00Dy tHIRAGAR( syitaBlsosliushaerts eaich cenipbedy *ier e used

to neasure the concentrations of tracers in the systens. 51 WD 03/ 082447

PCT/ US03/ 01 f&ponsThly exadertb nbatra¢mbrast saparatipn ispriem waick tha paformise iRaHCO3
118 ppm

10  optimized. For example, the detection of fluctuations in the concentration of the inert
fluorescent tracer during membrane separation (as discussed above) may necessarily
indicate that suitable and responsive adjustments to the membrane separation process
are necessary to decrease the fluctuations, and, thus enhance membrane separation
performance.

15 The test results also displayed spikes in the concentration of the inert tracer in
both of the feed stream and the concentrate stream. As previously discussed, the spike
in the amount of inert tracer in the feed stream occurred at about 120 ppb of tracer (60
ppm as treatment product) in comparison to that in the concentrate stream which
occurred at about 180 ppb of tracer (90 ppm as treatment product). By measuring the

20 elapsed time between the spikes in both of the feed and concentrate streams, the
effective residence time of solutes within the membrane separation system can be
calculated. This information can be useful, for example, in developing a treatment

strategy specific to membrane separation.
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CaCl2 694 ppm MSOA 7H20 1281 ppm Na2HPO4 2.82 ppm pH 8.5 Perneate was
sent to drain and concentrate returned to the feed water tank. The test was
desi gned wo oBos2wscal e on the nenbrane over tinme, thus deeceasohgl7per neat e
flow. Tests were run to show nonitoring of the reverse osnpbsis systemwth
an 5 undamaged menbrane. As shown by the cal cul ated performance paraneters
in Table 2 below, the percent rejection of the tracer was 100% This

i ndi cates that t t I | e di

renbrane. I cg_ndverg@%?&%fg]a?t?ac%%‘vme ofiice Rlenl Sl B Rle s REBMROCT |
conductivit i th h th nmb y

(Par fa;ret ers %%"?’@er Y@;%ﬁcfflé \%%?Vm( ﬁ%?%ﬁ%@&g??ﬂ%gb%? {f?/%( érW’ nl\{lr'%%%&rlgﬁerg%ur e
psi concentrations | De F ' '

bor meat o P GARCESEF BRI T S04 b ShheEEo e ARSIROR DaEE 8 Y 0. 000

4.13 4.83 0.278 64 18 101 16.4 117 380 379 0 0.504 0.570 O@gOO 4.00 4. 66
&

0.203 70 21 baluceld tha gagmshayosignifieaniy digheypseat s5eVEY yalu 07481 66 19

100 11.8 112 380 379 0 52 WO 03/082447 PCT/US03/01756 Table 2 Cal cul ated
Par anet efs  Seelr ipématie] isaedfelrin Baiskpngis e ssle (OEBLAFEBEsed on  Vari ous
Measures Various Measures System Avg. Normalized Pressure

Example 2

Experiments were performed using thin film composites of a polyamide based
reverse osmosis membrane material in order to simulate process conditions utilizing a
reverse osmosis membrane separation systemn.
10 In this regard, a number of flat or planar sheets of the membrane were cut from
a roll of the polyamide material which is a commercially available product, for example
FT30 from FILMTEC of Minneapolis, MN.
Tests were performed in a SEPA CF, flat plate reverse osmosis cell which is
commercially available from the Osmonics Corporation of Minnetonka, MN. In
15  general, the test system included a feed water tank, a high pressure pump, and the flat
plate cell. The system was modified so that the change in pressure across the
membrane and the inlet pressure, as well as the feedwater, permeate water, and
concentrate water conductivities, and the permeate and concentrate water flows could
be continuously monitored. A data logger, available from the Yokogawa Corporation
20 of America of Newnan, GA, was used to continuously monitor and collect data.
Fluorometers (TRASAR® 3000, TRASAR® 8000 and Hitachi F-4500) were used to

measure the concentrations of tracers in the systems.
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Permeate Drop Flow (NPF) Inert Conductivity NPF Tracer Conductivity

Fl orescent Tracer 100.0 93.3 14.0 9.4 15.4 20 100.0 94.9 16.0 11.6 14.8
21 1 100Ww009/P8234710.6 7.7 11.0 14 1 5 Another sheet of polpganisd&orresrbr ane
mat eri al was danmaged by swabbing the surface with a 0.05% hypochlorite
solution. Using a feed solution of 1500 ppm NaCl, rejection of the tracer
nol ecul e was nonitored. All other experinental conditions were the sane as
above. The results shown below in Table 4 indicate significant passage of
the tracer through the damaged nenbrane. Since conductive salts pass

t hrough both 10 undamaged (Table 2) and damaged (Table 3) nenbranes, the
tracer only passes through damaged nenbranes, naking tracer neasurenent a
more sensitive indicator of  menbrane_damage than conductivity neasurenents
Tabl e 3 15 Neasperavent feshropditienstyere 8t fodlgf&ent r at i ons Conductivity (nS)
Tenperature Flow (m/mn) Pressure (psi) (ppm (Degrees) feed reject
perneate feed reject perneate F reject perneate feed feed reject perneate
0. 604 0.633N®@8p 5.02 5.25 0.18 ™5 242 13.9 256 380 379 0 0.605 0.655
0.140 5.02 5.36 1.470 73 23 177 é964.5 194 380 379 0 0.605 0.655 0.081 5.02
5.36 0.970 9%123 176 15.7 192 38%"FPF 0 53 WO 03/ 082447 PCT/ US03/ 01756

MgSO4 7TH,0 1281 ppm
Na,HPO4 2.82 ppm
pH 8.5

Permeate was sent to drain and concentrate returned to the feed water tank.

The test was designed to form scale on the membrane over time, thus decreasing permeate flow.

Tests were run to show monitoring of the reverse osmosis system with an

5 undamaged membrane. As shown by the calculated performance parameters in Table 2
below, the percent rejection of the tracer was 100%. This indicates that the tracer
molecule did not pass through an undamaged membrane. In contrast, a portion of the

dissolved salts (as measured by conductivity) did pass through the membrane.

10 Table 1

Measured Parameters

Tracer Conductivity (mS) Temperature Flow (m1/min) Pressure (psi)
concentrations (ppm) (Degrees)
Feed refect permeate | Feed reject permeate | F C Reject permeate  feed | Feed reject permeate

0
0.586 0.647 0000 |4.13 483 0278 64 18 101 16.4 117 | 380 379

0.504 0.570 0.000 | 4.00 466 0203 |70 21 100 19 119 | 380 379 0
0.429 0.465 0000 |549 615 0151 |66 19 100 11.8 112 | 380 379 0
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Table 4 Calcul ated Paraneters Percent Rejection Based on Percent Recovery
Based on Various Measures Various Measures System Avg. Nornali zed
Pressure wBesmeate Drop Flow (NPF) Inert Conductivity NPPCTEs0®01756
Conductivity Florescent Tracer 100.0 96.4 5.4 4.6 4.5 14 1 76.9 70.7 8.5
9.7 8.7 181 86.6 80.78.28.7 7.7 171 5 Wile the present invention is
described above in connection with preferred or illustrative enmbodinents
these embodi nents are not intended to be exhaustive or limting of the ’
invention. Rather, the invention is intended to cover all alternatives

nodi fications and equi val ents i ncl uded inits spirit and scope, as’
defined by the 10 appended cl ai ns. 54X1a@eds/ 082447 PCT/ US03/ 01756 d ai ms

1. A nethod of nonitoring a nmenbra e ation process including a
menbr ane capabl e_of separating a fgﬁjﬂﬁ g @W@‘Fﬁsg at J

| east
tnl\-"-

a—first stream
and a ﬁﬁ? & ° i i
1 uor e:ggg?dt r Z( Fe arious Me su?ESanng tlﬁ sixﬁblgsuéf g P! ovi di ng an I nert
System Avg.
Normalized | Pressure
Permeate Drop
Flow
(NPF)
Inert Conductivity NPF Tracer | Conductivity
Florescent
Tracer
100.0 93.3 14.0 9.4 154 20 1
100.0 94.9 16.0 11.6 14.8 21 1
100.0 97.2 10.6 1.7 11.0 14 1
5 Another sheet of polyamide membrane material was damaged by swabbing the

surface with a 0.05% hypochlorite solution. Using a feed solution of 1500 ppm NaCl,
rejection of the tracer molecule was monitored. All other experimental conditions were
the same as above. The results shown below in Table 4 indicate significant passage of

the tracer through the damaged membrane. Since conductive salts pass through both

10 undamaged (Table 2) and damaged (Table 3) membranes, the tracer only passes
through damaged membranes, making tracer measurement a more sensitive indicator of
membrane damage than conductivity measurements

Table 3
15 Measured Parameters

Tracer concentrations Conductivity (mS) Temperature Flow (m1/min) Pressure (psi)
(ppm) (Degrees)

feed reject permeate | feed reject permeate | F C reject permeate feed | feed reject permeate

0.604 0.633  0.000 5.02 525 0.182 77 25 242 13.9 256 | 380 379 0

0.605 0.655 0.140 502 536 1470 73 23 177 16.5 194 | 380 379 0

0.605 0.655 0.081 502 536 0.970 73 23 176 15.7 192 | 380 379 0
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introducing the inert fluorescent tracer into the feed stream providing a
fluoronmeter to detect the fluorescent signal of the inert fluorescent
tracer irwetoslogagt one of the feed stream the first streaararsdd/ot’he second
stream and using the fluoroneter to determ ne an anount of 10 the inert
fluorescent tracer in at |l east one of the feed stream the first stream
and the second stream 2. The nethod of claim1l further conprising the step
of evaluating a process paraneter oi t he nmenbrane separation process based
on the anount of the inert 15 fluor §%’ﬁt tracer that is neasured. 3. The
met hod of claim1 wherein the neq&r ne separation process is selected from
the group consisting of a crossY t%g%ﬁgﬁﬁﬁsseparation process and a
dead-end flow neRbrane separal oM RERRES Sy Baaford- | 117€_Tet|jTod of) claim 3
wherei n the menbrang;seRanadl | ON pr ovess MesuresSel ect ed from t he |group
consisting of reverse osnosis, jultrafiltration, Yi@ﬁﬁﬁiltgé@ion,
. . . ] . . .Normalized ressure .
nanofiltration, el ectrodial ysis, electrodeionizal et €F VERoriat i on,
menbrane extraction, menbrane |distillation, menbranewstfi ppi ng, nenbrane
aeration and 2% conbinations thereof. 55 WO 03/082447 PCT/ USO3/ 01756 5.
The nethod of claim3 wherein the efﬁﬁg"r:tion prpcess | s sel ected
fromthe group nﬁmﬁﬁwﬁbv5¢%;'%§%né?%?IK?trafiItration,
mcrofiltration nofiltration| 5 6. The nefhod of glaim{l wherein the
inert fluorescent foacefsids sellectied 4fragm the gnoup conpisting of
3,6-acridinediaﬁinn, N_N_N-_ N %%r:n%ghy! ppRohydro—chroride
2- ant hr acenesul foni’¢ ac @jsodiunlsalt;'1,5-ahthracenediSJIfonic aci d;

2, 6- ant hr acenedisuggfzoni €zoaci d; l,&zanmhrﬂcened|SLlfGM|c aci d; anthral9, 1, 2-

conSFkt i
Bt

5

While the present invention is described above in connection with preferred or
illustrative embodiments, these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is intended to cover all alternatives,
modifications and equivalents included within its spirit and scope, as defined by the

10  appended claims.
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cde] benzo[ rst] pent aphene-5, 10-di ol , 16, 17-di net hoxy-, bi s(hydrogen sul fate),
di sodi um 10 sal t; bat hophenant hrol i nedi sul fonic acid disodiumsalt; am no
2, 5- benzeweo odiosa4f oni ¢ aci d; 2- (4-ani nophenyl) - 6- net hyl b@azatSes/ewzss e;
1H benz[ de] i soqui nol i ne-5-sul fonic acid,

6- am no- 2, 3-di hydr o- 2- (4- net hyl phenyl ) -1, 3-di oxo-, nonosodi um salt;
phenoxazi n-5-ium 1-(am nocarbonyl)-7-(di et hyl am no) -3, 4-di hydr oxy-,
chl oride; benzo[a] phenoxazi n-7-ium ilf%édiam'no-,acetate;

4- di benzof uransul foni c acid; 3 15 di beénzof uransul foni c aci d;

1- et hyl qui nal di ni um i odi de; fluorescein; f]uorescei. i alt;
Keyfluor Wite 9T: beAnE’éFd?eé PEFBOIAS iad‘f“e‘E{?rﬁne- f??‘f!flg? ﬁé"fm"ggii {‘/{Pl)l‘g’?‘é ['5-

[
[ bi s(2- hydroxyet hyl )am ng] -6-[.(4-sul.fophenyl)am nol.-1, 3, 5-triazin-2-yl
am noj - t et'PerEbENg pAPakIE of Se@?“ia{mgff‘ cieg%gaﬁ‘? “é? %ta‘ﬁatsg?‘lklp%%ﬁ;m ?)nednazeﬁgehsdzul fo
acid, 2,2'-(1,2- ethenediyl)bis
[ 5- [ [ 4- [ bi s{tzameampsisiag WoBeRTRtho] - 6- [ (4- sul f ophenyl ) ani no] -1, 3,5 20
triazin-2-yl]amno]-,tetasodiumsalt; 9,9 -biacridinium 10,10 -dinethyl -,
dinitrat®e: 1- providing an inert fluorescent tracer;
deoxy-| - (3, 4-di hydro- 7, 8-di net hyl - 2, 4- di oxobenzo g%fteridin-lo(ZFD-yl)-
ribitol; rmono-, di- intadueing theihericiineresern gptenmiatie &edre@@tied from the group
consi sting of 1,5- naphthal enedi sul fonic acid, disodiumsalt (hydrate);
2- am no- | - napht hal . erpesviding oflugremetgeiodietest therflpesesser sigtlipA therd<Ul f oni ¢ aci d;
4- am no- 3- hydr oxy- | - napht hal enesul foni ¢ 25 aci d;
6- ani no- 4- hydr oxy- 2- rikyptesteat eavesinlat teastonaef the feed stream, the first stream and
7-am no- 1, 3- napht hal enesul fonic 56 WO 03/082447 PCT/ US03/ 01756 acid,
pot assi um sal t; 4- anithosebertystheamnyand uFing heHturdnwtas ¢ darimie ag agopak of 5.
di met hyl am no- 1- napht hal enesul foni ¢ aci d; 1-am no-4-napht hal ene sul fonic
aci d; 14gani no- 7- naphhhiabe fieosstefittricer inei ldgst amechf 2hetleerbgtisemathe Aestli car boxyl i c
acid, dipotassium salt; 3,4,9, 10-peryl enetetracarboxylic acid; C.I
Fl uor escent Bri ght enefiredf 4ad e kecohd §ttedmr escent Bri ght ener 200;
benzenesul fonic acid, 2,2 -(1, 2-ethenediyl)bis[5-(4-
phenyl -2H 1, 2, 3-triazol -2-yl)-, dipotassiumsalt; benzenesul fonic acid,
5-(2H naphtho[ 1, 2-d]triazol-2-yl)- - ph -5 i salt;
1, 3,6, 8- pyrenetétras ef%%ﬁocd Oicc?/ag%‘ lt%éﬁeggglﬁgismg}s}gﬁ{%a%ffrv glgig%ﬂeéry qui nol i ne;

3h+ phenoxaz Ippo-cgs_s%g%meter of the membrane separation process based on the amount of the inert

4-
I
nic

15 fluorescent tracer that is measured.

3. The method of claim 1 wherein the membrane separation process is
selected from the group consisting of a cross-flow membrane separation process and a

dead-end flow membrane separation process.

20

4. The method of claim 3 wherein the membrane separation process is
selected from the group consisting of reverse osmosis, ultrafiltration, microfiltration,
nanofiltration, electrodialysis, electrodeionization, pervaporation, membrane
extraction, membrane distillation, membrane stripping, membrane aeration and

25  combinations thereof.
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7- hydroxy-, 10-oxide; xanthylium
9- (2, 4-di car boxyphenyl ) -3, 6-bi s(di ethyl am no)-, 10 chloride, disodiumsalt;
phenazi nivwmo3882441li am no- 2, 8- di met hyl - 5- phenyl -, chl ori dePCTAISP3/01756

Fl uorescent Brightener 235; benzenesul fonic acid,
2,2'-(1,2-ethenediy|)bis[5-[[4-

[ bi s(2-hydroxyet hyl)am no]-6-[(4-sul fophenyl)am no]-1, 3,5-triazin-2-yl]
am noj - tetrasodi um sal t.; enes ul f oni acid .

2,2' - (1, 2- et heneXi yI FéTeSh(Id[ ‘Atnle hWFd§ DY Slp%bSaélﬁisﬁ%a]ramg (roﬁgsni/sl ani no) -
1,3,5 -triazin-2- - |sod|un1sa

3, 6- bi s(di e&eﬂﬁﬂeéng%)th@grf’ﬁp &Of&isél% PB[S%VSWIO)MOSIT’ n“ﬁté*‘rr}I “%% fo , Morofitration, t:
benzenesul fonic acid, 2,2'-(1, 2-ethenediyl)bis[5- [[4 [(anlnonethyl)(z-
hydr oxyet hyandsienef@ira®ay phenyl ani no) - 1, 3, 5-tri azi n- 2-yl ] ami no] -, di sodi um
salt; Tinopol DCS; benzenesul fonic aC|d
2,2'-([1,1'-biphenyl]-4,4'-diy|di-2,1- ethenediyl)bis, di sodi um sal t;
benzenesyl f oni ¢ @ci d,The nielidd daplainh O wheRintthé inka flodre@ent] hac@Us selected

2 (2 phenyl et henyl)-, sodiumsalt; 7-benzothiazol esul fonic acid,

-(1-tri gg@nge éroﬁis cdibiviid of 4 &acﬂhﬁﬁ@&ihlﬁnﬁ)IbJI\SIHﬁNh’etrhnyléthyl- di sodi um sal t;
and all anmmoni um potaSS|un1and sodiumsalts thereof; and all m xtures

thereof. 7. ?Sigfali—‘écﬁraﬂd&fz i dbuMbies Ridisddhen sanet b-afdhuoeesielitnie r acer i s
selected 25 he group consisting of

1-deoxy- | - (§<j tzgé Q%ﬂ{aQenZdlﬁnf&hﬁ%méh 3 2nthracoied BRS¢ 3@ 4dhthrHCI/AJS03/ 01756
PLér | -

di oxobenzo[ g In-10 Tibitol; fluorescein; fluorescein,

sodi um sal t, eﬁ%ﬁr&@}'% @1?@“5 fl@ Gioﬁf I@QWQnﬁ&Hb)@nbﬁéﬂyﬁnogen sulfate), disodium

1, 5- anthracen C|d . 6- ant hr acenedi sul foni ¢ aci d;

soleat od0f s HE PRoy80 mrolﬂl%hgulfm@&l(% cifbegom Qi bS8 §@natcaskulbapt hal enes

selecte rOL consistin 5-napht hal enedi sul fonic acid, 5

dlsodlumsaltfl %§€%%%8$§mﬁk “kﬁgﬁﬁﬁ%ﬁél Hh&&ﬁhﬁn@ﬁkq;mﬁmﬁﬁlno 2-

napht hal enedtif'f phthalenesulfonlc aci d;

7 anino-1, ﬁhﬁlﬁpﬁﬁrﬁwﬁ&wh | a%*f.* 208 2?2‘?%%‘ g
4- 5- 2,7 : ino-1 -
napht hal encFRSE SRR P%ll%ﬁ%%ﬂﬂﬁﬁ-épﬁtﬁﬁ R i

1-am no-7- nagrrl]ztor[]aa]'}l)l?enoxa21n-7 -ium, 5,9-diamino-,acetate; 4-dibenzofuransulfonic acid; 3-

15 dibenzofuransulfonic acid; 1-ethylquinaldinium iodide; fluorescein; fluorescein,
sodium salt; Keyfluor White ST; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-[[4-
[bis(2-hydroxyethyl)amino]-6-[(4-sulfophenyl)amino]-1,3,5 -triazin-2-yl]Jamino]-
tetrasodium salt; C.I. Florescent Brightener 230; benzenesulfonic acid, 2,2°-(1,2-
ethenediyl)bis[5-[[4-[bis(2-hydroxyethy1)amino]-6-[(4-sulfophenyl)amino]-1 ,3,5-

20  triazin-2-ylJamino]-,tetasodium salt; 9,9’-biacridinium, 10,10’-dimethyl-, dinitrate; 1-
deoxy-1-(3 ,4-dihydro-7,8-dimethyl-2,4—dioxobenzo[g]pteridin-10(2H)-y1)- ribitol;
mono-, di-, or tri-sulfonated napthalenes selected from the group consisting of 1,5-
naphthalenedisulfonic acid, disodium salt (hydrate); 2-amino-1-naphthalenesulfonic
acid; 5-amino-2-naphthalenesulfonic acid; 4-amino-3-hydroxy-1-naphthalenesulfonic

25  acid; 6-amino-4-hydroxy-2-naphthalenesulfonic acid; 7 -amino-1,3-naphthalenesulfonic
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10 sulfonic acid; and 2, 6- napht hal enedi carboxylic acid, dipotassiumsalt;
3,4,9,10- perylenetetracarboxylic acid; C.|. Fluorescent Brightener 191;

C. 1. Fluowessmests47 Bri ght ener 200; benzenesul fonic acid, PCT/US03/01756
2,2'-(1, 2-ethenedi yl ) bi s[5-(4-phenyl -2H 1, 2, 3- triazol-2-yl)-, dipotassium
sal t; benzenesul fonic acid, 5-(2H naphtho[1, 2-d]triazol-2-

yl)-2-(2-phenyl ethenyl)-, sodiumsalt; 6, 8-pyrenetetrasul fonic acid,

1,3,
t et di 15 | t | H- h 33 7- hyd -,
10- oxi de; ﬁ?@?sﬂm%r??"lﬁ‘ﬂ&e? e e %5‘@%%&5? Zthyl am ng)roxy
hl ori de, di sodi | t 7-di I 1.5- ph | -
chi or i de. limethyleiee b eiataBRrgHPLR avid it by e BT b 1> Pheny
2,2 1,2-eth diyl)b 5-1[4- t.h
sul fOE)henylef)lﬁlgfr;%d]la%llt)f@g‘!s?[sﬂf?[’rg“z?‘i[ﬁ ?nég’]édﬁpﬁg%%%dic rtbg)ﬁyglg Jdrﬁ?g&t%%mm

benzenesul fonic acid, 20
2,2 - (1, 2- esahiehddiiepilepsirnqrborsliq asid ¢dy BBE%FCGBW‘}%‘FﬁnﬁbPlsc(phenw ami no) - 1
,3,5- triazin-2-yl] amno]-, disodiumsalt; Xx; E

3, 6- bi s(#li eFlylesaentidyghtene209; bwwwlfmwéﬁw% -(1|=?r-.ﬁ ?neg}é(l)t’lsﬁs(édu um sal t;
benzenesul fonic acid, 2,2'-(1,2- ethenediyl)bis HS
[ 4- [ (am nonplenyk-3H 2,23 diezolyetlhydipetassivg] sabl; yoppenssalianieagit. S (Bs.
triazin-2-yl] am no] di sodi um sal t; Ti nopol DCS; benzenesul fonic acid,
2,2 -([1, 1" ndphthéQ, maztﬂmuwl)eanhﬂsareﬂ@mlbssodmm salt; 1,3,6,8-
blphenyl] 4,4' -diyldi-2,1-ethenediyl)bis-,disodiumsalt; benzenesulfonic
acid, 5- (ZFbyreﬁdﬂéttabﬂfohw&c(di] tetrasmdioim @ltylb})ramnﬁ( aulpﬁlmﬂléﬂ)h@wﬁ%m- -08%di um sal t ;
7-benzot hi azol esul foni ¢ aci d, o .

- (1-tri azeoexd-, Bo-gkiid; cthntnylmp 9By dored dxiyslieBy 8 i6Hhis(diethylasB@Dum sal t ; and
all  ammoni um potassi um and sodium salts thereof; and all m xtures

t her eof 105 BMOH&ﬁdﬂB&hmddehﬁhammmi3WhhmﬁmnZﬁhénwﬂelﬁim@n@fdé@ﬁht tracer is
selected fromthe group consisting of 1,3,6,8-pyrenetetrasul fonic acid

t et r asodi umcsakiyoredocht BridhigbiZ85¢ beatbsilfonivi acidaz 2 t(18-stbetiediyDbial 5t [[{-hydr at e) ;
xanthylium 9-(2, 4- dicarboxyphenyl)-3, 6-bi s(di ethylam no)-, chloride,

o R bR e s S e )
fluorescei Nieyrasodium salt; benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-[[4-[(2-
hydroxypropyl)amino]—6-(phenylamino)-1,3,5-triazin-2-yl]amino]-, disodium salt;

15  xanthylium, 3,6-bis(diethylamino)-9-(2,4-disuifophenyl)-, inner salt, sodium salt;
benzenesulfonic acid, 2,2’~(1,2-ethenediyl)bis[5-[[4-[(aminomethyl)(2-
hydroxyethyl)amino]-6-(pheny1amino)-1,3,5—triazin~2-y1]amino]-, disodium salt;

Tinopol DCS; benzenesulfonic acid, 2,2°~([1,1°-biphenyl]-4,4’-diyldi-2,1-
ethenediyl)bis, disodium salt; benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-

20  2-(2-phenylethenyl)-, sodium salt; 7-benzothiazolesulfonic acid, 2,2°-(1-triazene-1,3-

diyldi-4,1-phenylene)bis[6-methyl-, disodium salt; and all ammonium, potassium and

sodium salts thereof; and all mixtures thereof.

7. The method of claim 1 wherein the inert fluorescent tracer is selected
25 from the group consisting of 1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-
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flurorescein, sodiumsalt; 2-anthracenesulfonic acid sodiumsalt; 1,5-
ant hracenedi sul foni ¢ acid; 2, 6-ant hracenedi sul foni c aci d;

1, 8- ant hrwioenmesb4sul fonic acid; and m xtures thereof. 15 ®CTNse3/mashod of
claim1l wherein the inert fluorescent tracer is introduced into the feed
streamin an anount from about 5 ppt to about 1000 ppm 10. The met hod of
claiml wherein the inert fluorescent tracer is introduced into the feed

streamin an, anount fro pb .t o about 50 0 1% _The pethod of
claim1 wheH’é’?‘?n\g)ef‘ﬁ‘ggkﬁé@@ﬁﬁ%&é&@eﬁﬁ@r g%oer?sclelg ’ if]ﬁgﬂggocgﬁlé esé&lurlnn g’ taﬁe f eed
streamin an anount from about 5 ppb to abqut 50 1ak2.  The.method of
claim1l whep¥ C?Iﬁ@‘l{oﬁkfrrt 24 ot ntsa]?’r agg’Fa ﬂgaczfg%gs&ﬁ%%lg dr‘llc‘r?%ct%xg as a
singl e conponent into the feed stream .59 WO 03/082447,.PCT/ USQ3/ 01756 13.
The net hod élﬂth’{f‘F%}eﬁﬂs‘ilfWFe?céq?H’ii'ﬂggﬁﬂ?f’é‘fa‘ﬂls‘ﬁfoﬂﬁraé% S0p i 8F U “ﬁ"&%&% to a
formul ati on and subsequent|y added to the,feeg streggl 14. The ne%pod of
cl ai m 13 wherrthaleneh seleaied fombibe gEup neppisine, gt docwappihalgngdisyiapic; &id,

correlated to the anount of the fornmulation. 15. A nmethod of_ noni Eori ng a
menbr aneS segdipditinon saly st @ypiss| udiamgna -napileaseloasapredor YERB?hg
solutes froma feed streamsuitable for use in an industrial process
conpri si ng nhghtalenoslionic atl; chaning3dpdioned maphthelenesylipnicnzeid fepmi@paam
contacting the menbrane with the feed stream separating the feed stream
into a per mbadrexsfmephthaendsufonisrreish {raatieo-1 dtnepkihglenssyloREAcid GPIEETENf r om t he
feed stream providing a fluoroneter to detect the fluorescent signal of
the inert tmsager 4-dibinpsi-lydraxpdstnaphthalshedisyifonieed agidi eafmdimeibylpingdat e
stream and the concentrate streanm and
naphthalenesulfonic acid; 1-amino-4-naphthalene sulfonic acid; 1-amino-7-naphthalene
10  sulfonic acid; and 2,6-naphthalenedicarboxylic acid, dipotassium salt; 3,4,9,10-
perylenetetracarboxylic acid; C.I. Fluorescent Brightener 191; C.L Fluorescent
Brightener 200; benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-(4-phenyl-2H-1,2,3-
triazol-2-yl)-, dipotassium salt; benzenesulfonic acid, 5-(2H-naphtho[ 1,2-d]triazol-2-
y1)-2-(2-phenylethenyl)-, sodium salt; 1,3,6,8-pyrenetetrasulfonic acid, tetrasodium
15  salt; pyranine; quinoline; 3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide; xanthyliom, 9-
(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt; phenazinium,
3,7-diamino-2,S—dimethyl-S-phenyl—, chloride; C.I. Fluorescent Brightener 235;
benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-[[4-[bis(2-hydroxyethyl)amino]-6-[(4-
sulfophenyl)amino]-1,3,5-triazin-2-ylJamino]-, tetrasodium salt; benzenesulfonic acid,
20 2,2°-(1 ,2-ethenediyl)bis[5-[[4-[4-[2-hydroxypropyl)amino]-6-(phenylamino)-1,3,5-
triazin-2-ylJamino]-, disodium salt; xanthylium, 3,6-bis(diethylamino)-9-(2-4-
disulfophenyl)-, inner salt, sodium salt; benzenesulfonic acid, 2,2°~(1,2-

ethenediyl)bis[5-[[4-[(aminomethy1)(2-hydroxyethy1)amino]—6—(pheny1amino)—1,3,5-

triazin-2-yl]amino]-,disodium salt; Tinopol DCS; benzenesulfonic acid, 2,2°-([1,1°-
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using the fluoroneter to neasure an anount of the inert tracer in at |east
one of the feed stream the perneate stream and the concentrate stream 16.
The met howo®B/ogd4al m 15 further conprising the step of evalraatisegot7he 20
renoval of solutes fromthe feed stream based on the anmount of the inert
tracer that is neasured. 17. The nethod of claim 15 wherein the industrial
process is selected from the group consisting of raw water processes,

waste wat er P%gncym%b%@g,gg&h%;gdé @gée.glgso%iﬁ% Rl GRAARSIGME | 13l oHat er

treat nent, armaceutical processes;

reatment, PEOEERG" bRVSrage B et L
W0 03/ 08244 P LROR LR e e ook 5P e RERako LGRS ° e

wor ki hg. pr odbte 81 Gty AR et daehy o BRBISIT | xR A a5 o

processes, and paint processes.. 5 18. The_ne d.of claim15 wherein the

f eed streanﬁ@@ﬁP&@%§°@ﬁ€Hﬁ@ﬁBP8W€1”ﬁﬁmﬁw8$Ggingﬁ&W?%%g?g%e to the
menbrane. 19. The nethod of claim 18 wherein the cross flow is perforned
during as menbr ane separation process selected fromthe group consisting of
reverse 0osnosis, 10 ultrafiltration, mcrofiltration, nanofiltration

el ectrodi al ysi s, 8el ecThonethod bf elpino i, wlperiv dipomertt iflunresqepihiircenis sslectedct i on
menbrane distillation, nmenbrane stripping, nenbrane aeration and

conbi nat i ongrohetteegbup 26nsistihe ofret, BOEE-piereteamifbbicvdeal Birasothier fadkd.st r eam
contacts the nenbrane 15 in a flow direction substantially perpendicul ar

to the nenbmapehal@dbdisiifehicetabidd dfsodibai msdl6 whedrate)y tlemtliyliems f9-Qdkescent
tracer is selected fromthe group consisting of 3,6-acridinediam ne,

N, N, N, N -t efidagssriphehyl)-sBradiyiemophie)i, delilordeantibsdesnest | {-deixy-aGid sodi um

salt; 1,5-anthracenedi sul fonic 20 acid; 2, 6-anthracenedi sul fonic acid;

1, 8- ant hipac engdici B idxnbifylacA-BioxdHrh Y] @p@ridlin2t0(2H)-yl) — D-ribitol; fluorescein;
flurorescein, sodium salt; 2-anthracenesulfonic acid sodium salt; 1,5-

anthracenedisulfonic acid; 2,6-anthracenedisulfonic acid; 1,8-anthracenedisulfonic

acid; and mixtures thereof.

15 9. The method of claim 1 wherein the inert fluorescent tracer is introduced

into the feed stream in an amount from about 5 ppt to about 1000 ppm.

10. The method of claim 1 wherein the inert fluorescent tracer is introduced

into the feed stream in an amount from about 1 ppb to about 50 ppm.

20

11. The method of claim 1 wherein the inert fluorescent tracer is introduced

into the feed stream in an amount from about 5 ppb to about 50 ppb.

12. The method of claim 1 wherein the inert fluorescent tracer is added

25  directly as a single component into the feed stream.
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cde] benzo[ rst] pent aphene-5, 10-di ol , 16, 17-di net hoxy-, bi s(hydrogen sul fate),
di sodium salt; bathophenant hrolinedisulfonic acid disodiumsalt; am no

2, 5- benzeweo odiosa4f oni ¢ aci d; 2- (4-am nophenyl) - 6- net hyl b@azaiSes/ewzss e;

1H benz[ de] i soqui nol i ne-5-sul fonic acid,

6- am no- 2, 3- di hydr o- 2- (4- net hyl phenyl ) -1, 3-di oxo-, nonosodium salt; 25
phenoxazi n-5-ium 1-(am nocarbonyl)-7-(di et hyl am no) -3, 4-di hydr oxy-,

- i benzof ur ansulfoni Coarars o et SO TuedEedlfe sagied oo

di benzof uransul foni c_aci.d dj | um i odi de; fluorescein;

f1 uor escei nr} %@?q%ag bw%&‘i}ﬁl H%erdqﬁ\meaijg f8enzenesul f oni ¢ aci d,

2,2 -(1, 2- et henedi yI)bls[5 [[4-

[bi s(2- hydr oxyet hyl )am no] - 6-[ (4-sul fophenyl)am no]-1,3,5 -triazin-2-yl]
ami no] - tetrasodilém s@hd meBodl .of Elapm elScehereiBrthe lamemer of 28O ineefipaseseenil f oni ¢
acid, 2,2'-(1,2 5

et henedi gl ) hias§r3s §drebldtdai t6 (2-amotintoof et foyrhylativnno] - 6- [ (4- sul f ophenyl ) am no] - 1,
3,5- triazin-2-yl] amno] -,tetasodiumsalt; 9,9 -biacridinium

10, 10" -dinethyl -, dinitrate; 1-

d -1-(3, 4-di hy |
bl tol;  rono. . 1 o, Ao @?@Eﬁ%{#ﬂgﬁmg'ﬂ%%?ﬁﬁﬁz‘?%?%‘aﬂéﬁ{s%%%@aﬂ%é%% Fhe aroup
conS|st|ng of

hal d | f
2- am no- I-ni'bﬂ?lq{ﬁrfeeﬁa i nrlgr(r’glg | égllu ng% %Sd %{réa%glh#%b elrplotésu&%]%g;l?ée;m d;

4- am no- 3- hy 1I - na ht hal enz ultf oni aci d;

6- ani no- 4- h>} é‘@roﬁ? AR SEIGSSUT P8 5T c aci d;

7-am no-1, 3- napht hal enesul fani ¢ ssium sal t;

4- ami no-%- hydr oxy- 2, 72 %atnﬁﬁ?r'éﬁaecaf@g}?ef%ﬁé ¢ d; 5-

di nmet hyl am no- 1- napht hal enesul f oni.c aci no- 4- napht hal ene sul fonic

acid; 1- amino-7- naphf?fﬁ?cé‘ﬁ%%@&}ef‘&rﬂn@“ﬁ tEF fe ‘ﬂ%freﬁmé} napht hal enedi car boxyl i ¢
acid, dipotassium 15 salt; 3,4,9, 10-perylenetetracar boxyléc aci dzt Cl.

Fl uor escent Bri ght enefePRgiing ¢hej feed sirepm duip &nPermPpfiy SiTEAR A% Goroncentrate

benzenesul fonic acid, 2,2'-(1, 2- ethenedlyl)bls[5 (4-

phenyl - 2H 1, SZCQHWTGMP SGA‘UT?% Iﬁfomﬂﬂ‘l fepsksi&dium sal t; benzenesul foni ¢ aci d,
5-(2H naphtho[1, 2-d]triazol -2-yl)-2-(2-pheny] et hen 1) sodium sal t;

1, 3, 6, 8- pyrenet et r asprdvistings Bugremeterde ﬂ%?}dﬁl%%féﬁm Slﬁ%l Shihg erdTaEHol i ne;

3H— phenoxazi n- 3- one,
15  in at least one of the feed stream, the permeate stream and the concentrate stream; and

using the fluorometer to measure an amount of the inert tracer in at least

one of the feed stream, the permeate stream and the concentrate stream.

16.  The method of claim 15 further comprising the step of evaluating the
20 removal of solutes from the feed stream based on the amount of the inert tracer that is

measured.

17.  The method of claim 15 wherein the industrial process is selected from
the group consisting of raw water processes, waste water processes, industrial water
25  processes, municipal water treatment, food and beverage processes, pharmaceutical

processes, electronic manufacturing, utility operations, pulp and paper processes,
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20 7-hydroxy-, 10-oxide; xanthylium

9- (2, 4-di car boxyphenyl ) -3, 6-bi s(di ethylam no)-, chloride, disodiumsalt;
phenazi nivwmo3882441li am no- 2, 8- di met hyl - 5- phenyl -, chl ori dePCTAISP3/01756

Fl uorescent Brightener 235; benzenesul fonic acid,

2,2'-(1, 2-ethenediyl)bis[5-[[4- [bis(2-hydroxyethyl)anm no]

-6-[(4-sul fophenyl) amno] -1, 3, 5 -triazin-2-yl] amno] -, tetrasodium

0 bt ST L S8, (P W Ll gt

-triazin-2-y odlumsat,

3, 6- bi s(di et Pk%}ﬁ“ﬁn?“ﬁo%“e"ﬁl (”é’ A“%Pm"?sfsopﬁaé‘r?éﬁ%’) Mhyffﬁ%g}r‘g prqepsses, ether and, | .
benzenesul fonl c acid, 2, .1, 2- et henedi yl ) bi s[ 5- [[4 [ (am nonet hyI )(2-
hydr oxyet hy FHHERBPESE, r?ﬁg é}fl@r’f‘i}cﬁ&s)e 1,3, 5-triazin-2-yl]anino]-, disodium
salt; 5 Tinopol DCS; benzenesulfonic aci d,

2,2 -([I , 1" -Dbiphenyl]-4,4"-diyldi-2,1- ethenediyl)bis-, disodiumsalt;
benzenesyl f oni ¢ d8i d, The f2tHedapdisimol5iwiRrelh thei fagtidtre@m gbi)tacts the membrane

2- (2- phenyl ethenyl )-, sodium salt; 7-benzothiazol esul fonic acid,
2,2'-(l-tri ageresh f1Iow rélatitledd thé mednbpneny!| ene) bi s[ 6- net hyl -, di sodi um sal t;
and all amonium potassiumand sodiumsalts thereof; and all m xtures

t hereof. 10 22. The net hod of cI aim 15 wherein the inert tracer is measur ed

in an anount ra ' N9t clamﬁgkﬂhepeu?‘ﬁl%%tms]sqg)% %%}lf%\%?ét rea gbr ane

separ ati on syste capa puritying an aqueous SU|tabIe

for use in an industrial. process .c 2 seni. r rane
cat)abl e of stﬁ?fﬁl?rﬁ?i iy hgpgﬂﬁeé@&agleq‘géango?ttgg m-eon Sélﬁdr?ll Oﬁ‘g‘%klgnertg?racer
into a stream.a concent.rat.e s e ne.or. nore
sol ut es Or orH ‘F?fﬁtrat&ﬁ‘ue%‘gog‘ggt Nyt PAQHR, Oﬂeteé%?frgélﬁgﬁﬁw 0%8%6%%?80%
fluoronetrically neasuri % an anmount of b0 tg 1Qert tracer Bg ng from
about 5 ppt REGVERHBHE 1BEHOHHM FHAGPY S Yie ]8?1 TRE " é%’ﬁsStfl 0&st r eam

t he perneate stream and the caqncent rﬁ fst ream wherein the
membrane aeration an combmatlons thereo

20. The method of claim 15 wherein the feed stream contacts the membrane

15  in a flow direction substantially perpendicular to the membrane.

21.  The method of claim 15 wherein the inert fluorescent tracer is selected
from the group consisting of 3,6-acridinediamine, N,N,N’,N’-tetramethyl-
monohydrochloride; 2-anthracenesulfonic acid sodium salt; I,S-anthracenedisulfonic

20 acid; 2,6-anthracenedisulfonic acid; 1,8-anthracenedisulfonic acid; anthra[9,1,2-
cde]benzo[rst]pentaphene-5,10-diol, 16,17-dimethoxy-,bis(hydrogen sulfate), disodium
salt; bathophenanthrolinedisulfonic acid disodium salt; amino 2,5-benzene disulfonic
acid; 2-(4-aminophenyl)-6-methylbenzothiazole; 1H-benz[delisoquinoline-5-sulfonic
acid, 6-amino-2,3-dihydro-2-(4-methylphenyl)-1,3-dioxo-, monosodium salt;

25  phenoxazin-5-ium, 1-(aminocarbonyl)-7-(diethylamino)-3,4-dihydroxy-, chloride;

benzo[a]phenoxazin-7-ium, 5,9-diamino-,acetate; 4-dibenzofuransulfonic acid; 3-
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detection device is capable of producing a signal indicative of the anpbunt
of inert tracer that is nmeasured; and a controller capable of processing

t he si gnawotos/osmami t or and/ or control the purification of pChasagesus feed
stream 25 63 WD 03/082447 PCT/US03/01756 24. The menbrane separation
system of claim 23 wherein the controller is capable of nonitoring a
normal i zed perneate fl ow based on the neasurable anmount of inert tracer. 5

25. The nmenmr.ane separat.i s . | 10323, i troll i
capabl & of AT PG ahicaRaZkab ARl Shicd RPLELE gD [OT T Er 1S
measur abl e ampunt of . i.nert,.trager. 26 ..Th ; atd. t f

Cl ai m 23 whabBhR sefd< BT Wit S HeneetumahE AT 2 - P RARAAS I T e
sem - per neah| e ra ase t b I t t

27. The i R R o R Rt i
controllably and responsively adj.ustin t ifict
menbr ane seﬁ%fFaé?‘%B‘ﬁ spli 8§§Y%?S§eé4 gbght‘érlf?ﬁgﬁ@%@%@ﬂ&é‘ﬁﬁ%ﬁéé@#ﬁ%eSFrigfﬂlar:a(r:le °
separation system_28. The nethod o | ai in th troll i
capalﬁl e é];rb c%??[‘?‘BYlplﬁﬂNH‘@tﬂ?u@de%e%yl a@@é@é&é\g@% Ie‘ir‘gfl)é'ﬁ’t?‘??i'ﬁg’%gente r ald?ied
to the nenbrane separation system 20 29. A neth f itori d
controlling tﬁa%ﬁﬂﬁ)]éﬁ@oi'éﬁ%?oétwhb%%’Clé‘g"s“‘fﬁ}lﬁi Wg]i%ﬁ'élr’éeqﬁﬁajnﬂ%%%g ggabl e of
removing solutes froma feed streamfor use in an_ industrial process

conpri si ng tdsexysi-6h4-didrogdridimpthyir2idndiprobenzgbalpteriding IR a8y 18 ¢le am
contacting the nenbrane with the feed stream 25 separating the feed stream

into a firstmesor,direat tristuienaiednanthalenss selagieefom thergroupstonggingtod L denove

solutes fromthe feed stream
naphthalenedisulfonic acid, disodium salt (hydrate); 2-amino-1-naphthalenesulfonic

10 acid; 5-amino-2-naphthalenesulfonic acid; 4-amino-3-hydroxy-1-naphthalenesulfonic
acid; 6-amino-4-hydroxy-2-naphthalenesulfonic acid; 7-amino-1,3-naphthalenesulfonic
acid, potassium salt; 4-amino-5-hydroxy-2,7-naphthalenedisulfonic acid; 5-
dimethylamino-1-naphthalenesulfonic acid; 1-amino-4-naphthalene sulfonic acid; 1-
amino-7-naphthalene sulfonic acid; and 2,6-naphthalenedicarboxylic acid, dipotassium

15  salt; 3,4,9,10-perylenetetracarboxylic acid; C.I. Fluorescent Brightener 191; C.1.
Fluorescent Brightener 200; benzenesulfonic acid, 2,2°~(1,2-ethenediyl)bis[5-(4-
phenyl-2H-1,2,3-triazol-2-yl)-, dipotassium salt; benzenesulfonic acid, 5-(2H-
naphtho[ 1,2-d]triazol-2-y1)-2-(2-phenylethenyl)-, sodium salt; 1,3,6,8-
pyrenetetrasulfonic acid, tetrasodium salt; pyranine; quinoline; 3H-phenoxazin-3-one,

20  7-hydroxy-, 10-oxide; xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt; phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride;
C.I. Fluorescent Brightener 235; benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-[[4-
[bis(2-hydroxyethyl)amino]-6-[(4-sulfophenyl)amino]-1,3,5-triazin-2-yl]amino]-,

tetrasodium salt; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-[[4-[(2-
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64 WO 03/082447 PCT/ US03/ 01756 providing a fluoroneter to detect the
fluorescent signal of the inert tracer in at |east one of the feed stream
t he firstwefoBlosmmt stream and the second effluent stream PCEEiSngot7he
fluoroneter to neasure an anmount of the inert tracer ranging fromabout 5
ppt to about 1000 ppmin at |east one of the feed stream the first
effluent streamand the 5 second effluent stream and eval uating one or

nor e process, fafy AniRREEphbdy1dAnd)NEs 5 TRIHL ARHA6BR! @lddAmh Riiocess based
R P (e Jo0ad

\m t he nmeasu nt e’inert tracer. he” met hod of c¢laim 29
erein the pr 1 29 5£h I I sisting of
oper at 1 onal RS AR, PRGRIGANAALLe P2 BChRbhel i b sn SO B L0e a

percent recqver nor mal 4 zed per L0 rejection, a

di ffeLent i al 68%%‘3%“&931,0 ag‘%h%;ér@u% %%egg%%ﬁ?lgn%qﬁ %ﬁnﬁxﬁ%@@gﬁ% nations thereof.

31. T t f clai 9 i ' L [

amount -t angi RGP TRCT (R e 5k e bt B> SROCRE “Sirount “of ¢ he

inert 15 tracer t is neasured, , e t hod, of ..cl.aim 31 further

conpri si my ﬁﬁﬁ?ﬁ%wﬁgb‘?%@ ?P&Fca?ﬁ@’ zééglﬂdf’ﬁ??ygf%%é@gld{%mdet ect leaks in

t he menbrane based on the anount of the iner acer that is asured. 20

33. The net I‘F(S](%Fnﬁglygﬁ“é? HﬁS%bmeéﬁtsﬁ)Frgﬁ?rgu THt ¢ a|5r(%ﬁ'%ﬁﬁt§ﬁﬂ?rrf’[]tf’(%?é@cﬁf{am S

d/ foulants d iti :

andror 1ot a2r1(23-phe?1}elg’31|el%lfl)r],g SO(()iirllll’I;[ sgle"\c; 7rI§erLBcr)t%ire]§oles%?fonic acid, 2,2°-(1-triazene-1,3-

diyldi-4,1-phenylene)bis[6-methyl-, disodium salt; and all ammonium, potassium and

sodium salts thereof; and all mixtures thereof.

10

22. The method of claim 15 wherein the inert tracer is measured in an

amount ranging from about 5 ppt to about 1000 ppm.

23. A membrane separation system capable of purifying an aqueous feed

15 stream suitable for use in an industrial process comprising: a semi-permeable

membrane capable of separating the aqueous feed stream containing an inert tracer into

a permeate stream and a concentrate stream to remove one or more solutes from the
aqueous feed stream;

a detection device capable of fluorometrically measuring an amount of

20 the inert tracer ranging from about 5 ppt to about 1000 ppm in at least one of the

aqueous feed stream, the permeate stream and the concentrate stream wherein the

detection device is capable of producing a signal indicative of the amount of inert tracer

that is measured; and a controller capable of processing the signal to monitor and/or

control the purification of the aqueous feed stream.

25
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24.  The membrane separation system of claim 23 wherein the controller is
capable of monitoring a normalized permeate flow based on the measurable amount of

inert tracer.

25.  The membrane separation system of claim 23 wherein the controller is
capable of monitoring a percent rejection of solutes based on the measurable amount of

inert tracer.

26.  The membrane separation system of claim 23 wherein the controller is
capable of monitoring leaks in the semi-permeable membrane based on the measurable

amount of inert tracer.

27.  The method of claim 23 wherein the controller is capable of controllably
and responsively adjusting one or more parameters specific to membrane separation in

order to enhance a performance of the membrane separation system.

28.  The method of claim 27 wherein the controller is capable of controllably

adjusting a feed rate of a treatment agent added to the membrane separation system.

29. A method of monitoring and controlling a membrane separation process
including a membrane capable of removing solutes from a feed stream for use in an
industrial process comprising the steps of:

adding an inert tracer to the feed stream;

contacting the membrane with the feed stream;

separating the feed stream into a first effluent stream and a second effluent

stream to remove solutes from the feed stream;
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providing a fluorometer to detect the fluorescent signal of the inert tracer in at
least one of the feed stream, the first effluent stream and the second effluent stream;
using the fluorometer to measure an amount of the inert tracer ranging from about 5 ppt
to about 1000 ppm in at least one of the feed stream, the first effluent stream and the
second effluent stream; and evaluating one or more process parameters specific to the

membrane separation process based on the measurable amount of the inert tracer.

30.  The method of claim 29 wherein the process parameters are selected
from the group consisting of operational parameters, chemical parameters, mechanical
parameters, a percent recovery, a normalized permeate flow, a percent rejection, a

differential pressure, a hydraulic holding time and combinations thereof.

31. The method of claim 29 wherein the inert tracer is measured in an
amount ranging from about 1 ppb to about 50 ppm based on the amount of the inert

tracer that is measured.

32.  The method of claim 31 further comprising monitoring the membrane
separation process to detect leaks in the membrane based on the amount of the inert

tracer that is measured.

33.  The method of claim 29 comprising controlling an amount of scalants

and/or foulants depositing on the membrane.
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