METHOD OF MONITORING TREATING AGENT RESIDUALS AND CONTROLLING TREATING
AGENT DOSAGE IN WATER TREATMENT PROCESSES TECHNICAL .FIELD This invention
relates to water treatment. More particularly, this invehtion is a method of using fluorescent tracers to
monitor the residual concentration of treating, agents in treated water as a function of tracer
fluorescence at two different treating agent dosages. BACKGROUND OF THE INVENTION

Water. in the coursgrgfitsiief: ndﬂ@ﬁ@km@wmatmﬂmwmiﬁamaﬂw may be treated with
an astound@&\al: qj}\g&a@ﬁx f&g e\;% MEBE ggE olid-liquid
separation, mem ane separation process performance en ancers an Iscalants an icorrosives

that retard or prevent corrosion or scale formation and deposition on surfaces in contact with the
treated water. antifoulants that retard or prevent membrane fouling, biodispersants, microbial-growth
inhibiting agé#tslSlichlaklbideides and cleaning chemicals that remove deposits from surfaces that
contact the treated water. Control of treating agent dosage is of paramount importance in virtually
all water treatmenfiprocesseés) Obuouwshata nexineumMédfe ptive@dangutit ohtreetingsagesihodust be

maintained i JQE%VYI%@EJ&W&%%%%%%Q !ﬂ@\f&f&%ﬂ%}{&%&%ﬁ%&%&%g Sl Q¥ErdpsIng the treating

agent would be at best uneconomical and at worst could result in damage to the process or the
processing BYSipe R PRI i e Ca58 B ProRESSa5 TRYEIFiME theoHE of membranes as
described herein. Accordingly, there is an ongoing need for the development of improved methods of
monitoring and controlling the concentration of water treatment agents in process water. 2 SUMMARY

OF TI-fE lNﬁ/WéQHUNDBﬁSFﬁE’?ﬁwNLﬁaﬁnethOd of o oring residual treating agent in water

treatment process water comprising adding a first dose of a treating agent traced or tagged
with a fluorescent tracer to a first sample of the process water, iiimeasunng the concentration of the
fluorescent tracer IWaerfirsthsaipipte of thasgrodedesalerunicipal and agricultural applications may

be treated with an astounding array of treatment agents including, for example, chemicals that
enhance solid-liquid separation, membrane separation process performance enhancers,
antiscalants and anticorrosives that retard or prevent corrosion or scale formation and deposition
on surfaces in contact with the treated water, antifoulants that retard or prevent membrane
fouling, biodispersants, microbial-growth inhibiting agents such as biocides and cleaning

chemicals that remove deposits from surfaces that contact the treated water.

Control of treating agent dosage is of paramount importance in virtually all water
treatment processes. Obviously, a minimum effective amount of treating agent must be
maintained in the water for the treatment to have its desired effect. Conversely, overdosing the
treating agent would be at best uneconomical and at worst could result in damage to the process
or the processing equipment, particularly in the case of processes involving the use of
membranes as described herein. Accordingly, there is an ongoing need for the development of
improved methods of monitoring and controlling the concentration of water treatment agents in

process water.



adding a second dose of the treating agent traced or tagged with the fluorescent tracer to a second
sample of the process water; iv)measuring the conaentratlon of the fluorescent tracer in he second
sample of the process water; and correlating the change in the measured concentration of the
fluorescent tracer the first and second treating agent doses to the residual concentration of the treating
agent DETAILED DESCRIPTION OF THE INVENTION This invention allows for treating a, tit
residual mostitenng oy ofilizingfuarestent molecules. These molecules are selected such that they
interact Of associate with the treating agent. It is this interaction that partitions the fluorescent
chromophore polelgmon %‘r’ﬁ?g [cllllfg rﬁ f[;mlcn{ Oeqlvqeosrl]épl%q'%gaﬁl;lhl lé) tltlon chanlges (i.e.
reduces) the fluorescent’ propertles such that the flliorescence 1s tect e two
microenvirdiATety dee feewehrsrtiophore (i.e. dissolved in water) and chromophore associated with
treating agent (i.e. 'bound' chromophore). Therefore, when the treated water contains treating agent
residuals, the fluorgscenggds Jowgtthar expecieshsinge &Q&MB&MQBG&@&Q{ &qef detected.
This differepee hetwesex g&@gq,gfg;ual fluorescence is used to quantitatively estimate the
treating agent re5|duas By using fluorescence response and treating agent dose at two points, the
treating agent resigyials Gap, beig dgmp@&ﬁgem%oﬂ SRHRIANADEUMEcer inhaR SIRPREINEH, the treating
agent reS|deJ§egsa@ape¢ estimated as a function of the difference between fluorescent molecules added
to the water and fluorescent molecules detected in the water according to metrlc l. 3 fityz2LKkjit)
(F2-F1) where x1 aqd X aréadthe first an sec Hld progluct do§g ancg F1.an e first qnd second
1mng a SCCOIld 0S€ O real (& raced o a uorescen
quorescence measureme % lgrar%/ 1mnitS In an el%fbgo&ment t e oduct 0se IS in ppm. an
0 a secon
embodlment tﬁe treating ageRt residuals can be estimated as a function of the difference between the

guenching expect(]a% and the uent%hlnquetected chggpo to metric IL

measuring centration o scent tracer 1n the second sample of
the process water; and

V) correlating the change in the measured concentration of the fluorescent tracer at
the first and second treating agent doses to the residual concentration of the treating agent.

DETAILED DESCRIPTION OF THE INVENTION

This invention allows for treating agent residual monitoring by utilizing fluorescent
molecules. These molecules are selected such that they interact or associate with the treating
agent. It is this interaction that partitions the fluorescent chromophore population between
different microenvironments. This partitioning changes (i.e. reduces) the fluorescent properties
such that the fluorescence is not as detectable. The two microenvironments are free
chromophore (i.e. dissolved in water) and chromophore associated with treating agent (i.e.
‘bound’ chromophore). Therefore, when the treated water contains treating agent residuals, the
fluorescence is lower than expected since the ‘bound’ chromophores are not detected. This
difference between expected and actual fluorescence is used to quantitatively estimate the
treating agent residuals. By using fluorescence response and treating agent dose at two points,

the treating agent residuals can be estimated from a calibration curve.

In an embodiment, the treating agent residuals can be estimated as a function of the
difference between fluorescent molecules added to the water and fluorescent molecules detected

in the water according to metric L.



.05112 - x41)TI (1/E2 - IfF1) where x1, x2, Fi and F2 are defined above. Fluorescence can be in
arbitrary units, but can also be expressed as ppb of,tracer molecule. For imposes of this invention,
overall quenching means any process or processes that change the measured fluorescence such that
the Stem-Volmer plot as described below is essentially linear. Put another way, "quenching” exists
when the Stem-Volmer plot is linear. In ?E}Igmjpg)Siment, the residual concentration of the treating
agent is correlated with treating agent dosageg,-r,)ln an embodiment, the residual concentration of the
treating agent is used to determine an upper and lower limit of treating dosage. In an embodiment,
the trealing gent dosage s auiomaically mainiaingd.petyeen e ypperandquer igit I an
embodiment op%lrﬁa reating agent dosage i§'Calculate using the’inverse defivative of fluorescence
response Withorespecst isaruistiieg thge AtioyE dirt-dnipideRiyistire IAt REP IO ARy sVREY ipiality parameter
reflective of system performance. Suitable water quality parameters include, but are not limited to

turbidity, silt density idex (b Dadigecouis: aRsthe ikevinamembadimantotis @errelation is

accomplished using standard jar test. methods to measure fluorescence and a water quality parameter
Cch ot tor R S TR At e A B PR TR a8 B it reepect to

treating agent dose. Then at the acceptable water qualhy parameter dose point, the derivative of the
inverse fluorescence is the initial set point. Once implemented in full-scale, the set point will be
fine-tuned for the optimal full-scale water pfegEssx.#&:) Inveike fluorescence can be related to
quenching via SteduVolnter plots. The ' e VAlifmed&nelationship is: lar=:(1+KjjQD/10 where:
Ed=Quenching Rate Constant, [Q]=Quencher(s) Concentration, lo=fatorescence wio Quenching,
ll=Measured Fluorescence. As noted above, for purposes of this invention, quenching is defined as

occurring WHBFH4e StdniNdimiss ‘f:ﬂgi“fg @ggénﬁ]éEWﬁ?Fé‘ﬁ?.can bSiHé@i?l@WBBbﬁiBﬁé‘P i"éSBﬁFn of product
added(= lepppiysdhien ppbts( LAcKailotEl L ppm)+0. Here I' is a product factor that describes the
concentration of the fluorescent molecule (i.e. the tracer) in the product being dosed (i.e. the treating

agent). Therefore’P%Ilgﬁ)rr%gecse&%ﬁi91‘1‘1%9&?39?0'\/%8 currin .r,%%lgle%t g)BUIf VS, U%pm IS Ilng?hra\{vnh a slope

n TOCESS 0CESSe
equal to (Mkt) and a I-intercept of zero. n an embodiment, the s}éFpomt of the cierlvatlve of the
inverse derifatige tbf fisaresedhivecredisonse withthespsnt Yol the plebairty wgerd BRISEde is used to
automaticallyseq il jreainoPageikidesSAge: quenching” exists when the Stem-Volmer plot is linear.

In an embodiment, the residual concentration of the treating agent is correlated with

treating agent dosage.

In an embodiment, the residual concentration of the treating agent is used to determine

an upper and lower limit of treating dosage.

In an embodiment, the treating agent dosage is automatically maintained between the

upper and lower limit.

In an embodiment optimal treating agent dosage is calculated using the inverse
derivative of fluorescence response with respect to treating agent dose and empirically
correlating to any water quality parameter reflective of system performance. Suitable water
quality parameters include, but are not limited to turbidity, silt density index (SDI), particle
counts, and the like. In an embodiment, this correlation is accomplished using standard jar test
methods to measure fluorescence and a water quality parameter such as turbidity and then
calculating the inverse derivative of fluorescence response with respect to treating agent dose.
Then at the acceptable water quality parameter dose point, the derivative of the inverse
fluorescence is the initial set point. Once implemented in full-scale, the set point will be fine-

tuned for the optimal full-scale water process.



In an embodiment, an algorithm controls dosage iteration and calculates the slope and residual
function as defined above. Dosage iteration refers tp a method of making a small adjustment in
dosage, allowing the system to equilibrate, then measuring some response. More particularly, at a
particular treating agent dosage (dosed, the treated water's fluorescence (Fp is measured. The
treating agent dosage is then incremented to slightly different dose (dose) and the system is allowed to
equilibrate. At thisinesséelasesctaentitiene seefeed k)usioneasuresiein \asminpodimasatthe time required
for the system to equilibrate is the, re i ime.of the system..i.e, the time needed for the
quoresceaneﬁ[)}(I)n grd?%%?ttlgnasltl% ghggéf%%%ﬁﬁé@gg% dgéglgn dﬁ%%?gt%%nﬁ%lg for filtration systems is

typically ab&tfiketehaBoUtteer e d-phtiesidsectorigeR rapbingi hgdpthe pEliiataesystem. At

this point thgsslepe afthe ivsrsesHyerascancaiss, asRERLUNE i salcdated Witheth@algebraic
relationship; slop{g, 1/FJl-PF2)/ dosel-dose?). This slope is compared to a setpoint determined as

. tern- Ol (& oL 18 €SS ntlatﬁ’?r lingar. . .. ip ey s
described aboVe andf it 9 gréater thran the setpoint, dosage is incrementally reduced, if it is less, the
dose is incrementally increased. This is what we term slope control. Then the measured fluorescence
and dose informatidmds lusgddaecaloulatetme fdeed siopdeaird khpsis. thennitial setpoint. Once the
full-scale Syﬁiﬁlﬂ/@&ﬂdgﬁ‘?ﬁh’ﬁ%ﬁé%‘?ﬂ&%'%f'ﬂ%' n&dRL RPHMAlSYSIRMRRUR ARG 0P  Polymer

uo

residuals are estimated by the fluorescence function using metrix for 1l as described above and if the
residuals ar8Gtd8HgHHHECHERE S MUHBIRATR A FEaULSa 9 e b J TSR e T8Liduals
fluorescencenfuefotignf isussadeiedonitoiihe sysiamgaa phsurd excespivea rebidualdtarestpt being fed to
the treatme I 0di ope is used to automate the treating agent feed.
Thus, the a%g?lﬁﬁ@ggé@%mr%ﬁfgﬁ?%ﬁgﬁg%:pc?ﬁlts(r!bI and insure that the treating agent residuals do
not exceed an application specific set point. For example, in reverse osmosis (HO) pretreatment
systems, using itefatVEEBPHIBEAN GV FoPdibsH dec dajirstivient fosrierapRyilsy infiiedtt waters, which is
different fromiadluareseensgsetipaisfedMbigh itMalid.only Jofagesetipliuentobhiscteghantegy’s main
advantage its tkt1e abilit¥ 0 monitor treating agent residuals and thus allow for the use of treating agents
(aka. - polyerf:eaclfqr%la %%) of RO pretreatment to reduce RO influent's silt density index (SDI) and
minimize cleaning cost, labor and lost water production. In an embodiment, the treating agent is
traced with one orlmorerflushesoernntpgerdnTivaselfl dorescentiracexsmiayatrsthaylnpt el appreciably

or significantly Rfecied fy.aayrmthenshe BisiyeRdhg waler s MRt PEPRER ! BYathe other system
parameters such as pH, temperature, ionic strength, redox potential, microbiological activity or biocide

concentrati8f X&8hY dostse RN A TEP TR NP SRGENEL HsRE fePelhificantly change

during the retention time (usually about ten minutes), the control algorithm automatically accounts for
significant changedlndlpotiestenca. a parfiduéaflucnescenihtracrrs @ust hbeadransgpontable with the water

treatment process Waler, and.{hus, arerfubsiantalyaiipokwRoly alsksRlRIe ibgfein at the use

concentration, under the temperature and pressure conditions specific and unlcwqe to the water
treatment priéasgt dose Rlaprasatiiaaves fiibiediaridtacarditigltdy, Biitaredeet litsited to

3,6-actidinemliatesdend NN R NEstetametihynbsaanahydeaahiodige ral s kitowheasthegidinearange
(CAS Regqistry No, 65-61-2), 2-anthracenesylfonic aci i alt (CAS Reqistry No. 16106-40-4),
o anthia bl GRS RO Ao BeAs Hogr e a3t O SR AR Ry enhie
anthracenetisigHomic seitd(CRs RagivnayipNgisd k3EUoBLEY ayfdesrits tegelbf ahost favsttraberiedisulfonic
acid (CAS RedistindN0u€hd 36187:3) Rpchaaltsthargntienthidddse-

cdelbenzoirstjpentaphene-5,10-diol, 16,17-dimethoxy-, bis(hydrogen sulfate), disodium salt, also
pathophenanthrol SIS SO SoATLR S (S st NEE SR S5 M, 5- enzene
distil :lonic geidI{EAScRegisthiNepd-84/20LF))/ Ri¢dkadmophenybpéis Gmgtlrylbenzophiazole (CAS
Registry N%e?éhlﬁ{?lgﬁl %L%'Jéﬁ)ﬂ%l' Qg(gwkeg?d?fil{(?{‘é@eﬁgpphgﬁ'the setpoint, dosage is incrementally

reduced, if it is less, the dose is incrementally increased. This is what we term slope control.

Then the measured fluorescence and dose information is used to calculate the ideal slope and

this is the initial setpoint. Once the full-scale system is activated, the setpoint is fine-tuned for

optimal system performance.



amino-2,3-dihydro-2-(4-methylphenyl)-1,3-dioxo-, monosodium salt, also known as Brilliant Acid
Yellow 80 (CAS Registry No. 2391-30-2., aka Lissamine Yellow FE, 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), benzoiaiphenoxazin-7-ium, acetate, also known as cresyl violet acetate (CAS
Registry No. 105:10-54-0), 4- dibenzofuransulfonic acid (CAS Registry No. 42137-76-8),
3-dibenzofuransulfamjeaciek{AS JragisinciNg: B3 82-983) flnethylgsinalainiumoiodige (CAS
Registty No, 606-53-3), fluorescein (CAS Registr . 2321-07-5), fluarescein, sodium salt (CAS
Registry o1 B8 G0 Dl e O e A ARG B M=
144470-48-@?@@@%.t@‘@ﬁﬂ2‘8§,fb@ﬁé@’@glﬁm%&i‘éﬁd to monitor the system to ensure
2,29-(1,2-ethepgdiyelialanidrinis(BhydrexyatRyflamingisGstem. In another embodiment, the slope
i(4-sulfophen¥ﬂ§1f[ninoI-1,3 5-}tlriazin,—2-yIIamifno(£,,¢%ra%od'um. alt, also known as{e fluor While CN
(CAS Regidiry Ko TaP755 A8y PR Seb i BH AR 250 Y415 RrBWH 4S8 {ophor BSB (CAS
Registry No:0684Uxh @610 ¢ bien enesulfignis:eloid @@ ¥do 2oethexté diyalpiisiBion specific set
II4-Ibis(2-It)ﬁgqgggyethyl)aminoi-64(4- sultephenyl )lininol ,3,5-triaz yliaminok, tetrasodium salt, also
known as Leucophor BIMB (CAS Registry No. 16470-24-9, aka Leucophor U, Hu. Bright, 290),

9,9 biacridinium, 1.0,10"--dimethyl-, &nitrate, also known as Lucigenin (CAS Registry No. 2315-97-1.,
aka his-N-methyl aE?Fo‘?ﬁ?&iﬂl‘hltPa{f‘é(ﬁr%-H%%ﬁ il_{O) pretreatment systems, using iterative control
(3,4-dihydraiit8sdimeaitngt-2]dtiaxo tienratglpteindind0 (24<k); yeridk ibitdlcrats orkmawn as Riboflavin or

Vitamin B2 Reqi . 83-88- - di-, or.tri- halenes, including but not
it to 1 4 o e e I o' ke
1,5-NDSA RyHrate) ity gl isHtsalens stifdmie addicADREyiSy 6! 83agpzagents
5'amin0'2'm@@.ﬁth@kﬂ?ﬁwﬁﬂ?ﬂ.@sMﬁﬁr@t@ﬁﬁi@iﬂo%ulé—ﬁd Quent's silt density index (SDI)
4-aminoSh;gqq(io%ﬁiAfr}%ggtehalgntgg&lf i(% acj Og%e\a erRer Ci];‘tr%No. 90-51-7), 6-amino-4-
hydroxy-2-naph [ a(%Agl egistry No i -%3-2), 7-amino-1,3- naphthalenesulfonic

alenesuffonic aci
acid, potassium salt (CAS Registiy No. 79873-35-1), 4-amino-5-hy oxy2,7-naplithalenedisulfonic acid
(CAS Registry Noli9@:20ug)isudiméthytaminezdnt inspkthaldhesulfonio adih (CAS Ragistry No.
4272'?'%@%&@@?10&&&%9@&'@4% %P“Q@iﬁcﬁ%@a%a@l?9J§§[¥anéa§67§ﬁé@|)pd]{i§?}Hﬂi}n9ﬂin'naphtha|ene
sulfortic acid (CAS Registry :No. 1:19-28-- 8), 2,6-naphthalenedkarboxylic acid, dipotassium salt (CAS
Registry No".h%%%%@-g)% YUeR OB Ete P AR BORIIFE REIETERE R EYREY N8 81-32-3), C..E.
Fluoresce nteB@ghﬂeree ioh&lsualmlkmmm&ﬁ%mumvi_ceotiblég]%aaagigwymwidb.Q@E@nﬁ&a‘eh, C.l
FluorescentGrighiENGL A 3l30 KiRAM aSRNAMIE KL (AT RIBIINNG SAR0% 8T

benzenesulfonic acid, 2,241,2-"ethenediyebis|5-(4-phenyl-21-14 ,2,3-triazol-2-ye-, dipotassium salt,
also knownr%qﬂﬁ&fmﬁélgﬂélwé@wﬂm@%wN@ngggégeeﬁlg)?%w%wé‘wﬁe?ﬂ&t&gia,
5-(211-napbiholi2rdlhiazel2yiyoRstrphertylethertyl)-, sodium salt, also known as Pylaklor White
S-15A (CAS Registry 7 No. 6416-68-8), 1,3,6,8-pyrenetetrasulfonic add tetrasodiumRegistry No,
59572-10- 0), pyranine, (CAS Registry No. 6358-69-6, aka.8-hydroxy-1.3,6-pyrenetrisulfonic acid,
sodium st ot R L B P e, a0
known as Rinddeiar (GRS REgIstnf no vHsty8R 8y -sedmeindhgrain at the use concentration, under
dkarboxyphgpyhip3 Gnbis{disthylainahlolidadiseoivmus al drlsekpewmasBhrdamine WI ((AS
Registry Na 37299-86-8), phenazinium, 3,7-diamino2,8-dimethyl5-phenyl--, chloride, also known as
Safranine 0 (CAS Reqgistry No. 477-73-6), C.L Fluorescent Brightener 235, also. kngwn as Sandoz CW
(CAS Regisry No SO0 588858 EHAE e st e pot ivted (66 Serdinediiintac
(1,2-ethenediyibisN5«R:flyig (2 H yaroxyetioyilaminolk6- kidvsuifopbahiyp Omirwe ¢« C/855tanin-2- yllatninol-,

tetrasodiumysalfs 3lpe kBowR 4% SaneRz GRAGASREARINNG 84 1052 Rk F1y. Bright. 220),
benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis|5-H4-I(2-

hydroxyprop Y8k 6 ppHetifAdminb 4B BNz H-2X A A8t sUiSSitsH- <fft, also known as Sandoz
T1-1-40 (CASiRegistdysiNe32694-@5+4 R a@nthwic el BGbis(dieinylamiae)i91;62,4- disulfophenyl)-,
inner salt, sodium salt, also.kno ulforhadamij S Registry Np. 3520:4251, aka Acid Red
2, benze e A e e i AR R
Raminometiialiontslardnspetayismilbi el dRerylansineyyt, Big o s rsyiiimidorIgivcditm salt, also
known as Tinopabih3MEX (A RegisHN N §62862208:-D53RiI8eR0hRGSIHGASRegisiy No.
205265-334), benzenesulfonic acid, 2,2'-(11,1 -biphenyll-4,4'-diyldi-2,1- iyObis:, disodium salt
aiso known ARG R AL G T Shdor s Lo RS e 25
5-(2H-naphthotk2e ditridizolc2gd YOAQ Relseny| eih ey 4, Bbdiui saltizisbeknown as Tinopal RBS 200,
(CAS Registry No. 6416-68-8), 7-benzothiazolesulfonic acid, 2,2'- riazene4,3-dlyldi-4, |
thenylene)bis16methyl--, di sodium salt, also known as Titan Yellow (CAS Registry' No. 1829-00-1,
aka Thiazole Yellow 0), and all ammonium, potassium and sodium salts thereof, and all like agents
and suitable mixtures thereof. Preferred tracers include 1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-

dioxobenzolglpteridin-10(2H)-ye-D-ribitol, also known as Riboflavin or Vitamin B2 ((AS Registry No.
Q2 Q9 K\ fliinrecrein (CAS< Reaictry Nlo 2221-07-RY fliinorecrain <odiinim <alt (CAS Renaictrvy Nl



9 More preferred fluorescent tracers include fluorescein, sodium salt (CAS Registry No. 518-47-8,
aka Acid Yellow 73, Uranine); 1,5-naphthalenedisulgonic acid disodium salt (hydrate) (CAS Registry
No. 1655-29-4, aka 1,5-NDSA hydrate); xanthylium, 9-(2,4-dicarboxypheityl)- 3,6-bis(diethylamino)-.
chloride, disodium salt, also known as Rhodamine WT (CAS Registry No. 37299-86-8);
1-deoxy-1-(3,4-dihydro-7,8-dimethy1-2,4-dioxobenzolglpteridin-10(211)-VOD-ribitol, also known as
Riboflavin andditapaindBRATAB AARiSEH NG 83-88-D); flubregaeinduASIiRegisiroNOadd L 4-07-5);

2-anthracenesullgnjc.acid sqdium salt (CAS Regjstry No. 16106-40-4); 1.5-anthra disulfoitic acid
(OAS Rog i N D T R Rty o
61736-95-6)dAd skis Bhereop RegistpthracéNedisulfdaikiseiniic XSIRe§istArN o eH2¥36-92-3) and salts
thereof; ?r&q&mﬂ%%&eﬁﬁihﬁﬁﬁﬁkmiﬁ&wﬂf&wm&ﬁ%ﬂﬁﬁiﬁ?@,abﬂwﬁri]ﬁf@QQmél’li@EQiﬁilﬂ%@mHaﬁle frorl?l Iad
variety of different ¢ iC y.companies; In addition to the tracers ljisted above, those skille
et it e BRI i S T A Sl i SR Tor evmmple
anionic tracexsawhish have hecread aldeumtentior; D BiekalsoNoe LEdd-idforms Where the counter ion

is chosen fram Ko htths A4 LG4 MPid? N Ohes ARRIOPEAIBAOMNISIARS, SitMlaHXscationic
tracers may have a varlet)ll of counter ions, for example: C14, 504P04 -3, HPO4 2; H2PO4 ; CO3 -2;

! for example: 04 -3
H.C203 othBFHApOtiate E3ciirer ey Ui AR SGifEnS Restiutity Wheht 1 tagged with a
fluorescent finotetysifoiCexareal sty Nocosp 1@tinyg fileréhsoie SoenhmaisiyAStB @ipefyiNee ficstrdatment

polymer itsqf, of Ry, poshMeATEalonN. Ahe FAIIANLASIEIEE Witha e qscen molely cagable o

forming a covalent bond with the treatment polymer. The heparation and use of polymers containing a
fluorescent PGty traserrsliomc isidxarmpli 2 e edt Niss) -6 Bi2s64ay Boy7 b 986, 030;
5,998,632; BA8:dLk3nH,)ak2a894,33 95488 anchiRET thiSso3am No, 01481654, dngepaacated herein by
reference. Th of. the fluo acer Is an amoynt that is at least sufficient to provide a
measurabIe%%ﬁecgﬁfgﬁgr%?‘?]tﬁg%ggatfgésévggtiég)%éi(%fo %Sscgrétlgrrlﬁtg%e recgmﬁ tzoab@m ]gt?vﬁ%fl ?parts per
trillion) to abougordOr HSH (avisKearsbillivn)o prefdi@Blytrorenabidion @, acsi B.20(ABout 10 ppb, based on

fluorescent agaptGOREeITALION Nae: ihal 50 pRtis abouL the Rlgelianimit o cussently available

industrial fluorometers Improvements in fluorometer technology are likely to reduce this detection limit

and are enviSiSHEA: CHTOALSI LM RIS E AR 5ERISE By aneshg 2 Varl@s/ S different and
suitable niqued.duooExamply. flugieszence Emissidmispedirostopytiyla substantiallkeontinuous 10

basis, at leash g Yol {ne.Reragloin o9emreferyRIMGA InslimaEsagaordl.ada an embodiment

of this invention. One metho e continuous on-stream measunnggof chemical tracers by
fluorescence ikl sHEtRIBEopg AR BIEr SRRSO THEDID P dBE e iH'DY8 2Pat. No.
4,9925380, RiteorpoenatediheraiB byCrefaxesicey Exapapies ohftuoramete s thabmeay be used in the

practice of {hjs inyentionins

ing but not limited to 1,5-naphthalenedisulfonic acid, disodium salt (hydrate)
(CAS Registry 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), 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. 90-20-0), 5-dimethylamino-1-
naphthalenesulfonic acid (CAS Registry No. 4272-77-9), 1-amino-4-naphthalene sulfonic acid
(CAS Registry No. 84-86-6), 1-amino-7-naphthalene sulfonic acid (CAS Registry No. 119-28-
8), 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.I. Fluorescent Brightener 191, also
known as Phorwite CL (CAS Registry 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), benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-
2-yl)-2-(2-phenylethenyl)-, sodium salt, also known as Pylaklor White S-15A (CAS Registry



Xe Il and TRASARX 8000 fluorometer (available from Nalco Company, Naperville, Ill.); the Hitachi
F-4500 fluorometer (available from Hitachi through yltachl Instruments Inc., San Jose, Calif.); the
JOBIN YVON EluoroMax3 "SPEX" fluorometer (available from JOBIN (VON Inc., Edison, NJ.); and
the Clifford Fluoro-IV spectrophotometer or the SEM 25 (available from Riotech Kordron through
Research Instruments International, San Diego, Calif. 3. It should be appreciated that the foregoing list
is not comprehensives and i3 itegndedianlyuteoshon & xamplésotirpresertaiig sosogretecs. Other
commercially available ﬁxgrﬂ eterga ggoéglféc a{% g%rygfereojl a!«%geglsu%oen(i‘l in thls invention. It

should be a p?zc:late( atav ne?’y of other suitabi yt|(¥a |ques may E)e utilized to measure

the amount@ﬁﬂh@?é‘@é‘érﬁ%ﬁ%’é@i%@aﬁ?ﬁl@@’d‘ﬁ%&dhz?eéhﬁidﬂi’éénmtﬁﬂde”@@mBrhﬁ‘ﬁ%PL@lﬂuorescence
analysis, calQfie atw mM3§Rm§@ﬁ@w§@ggtf9m amlgs@ transifiammetakanalysis,

chemilumin scel FP gg or sce ce. mg surements ts, and th]e li e. In at&embodlment the
present inv lcﬁor? BITAYY & EBIEFHEY rr’r(')"g} e it HeE R A GG Sargetith AP A Which
continuousIy{i. ecmmme N@e“é’@a%%f&h@hetwtwmiﬁﬁed@pmﬂﬁehewlfévﬁmﬂuﬂes) makes

incremental ghangesinidhs reating.aoe dosageAnd Rerformssthe calewlations,fgscrkrd above so
as to maintain the treating g;nt residuals at the esired set (ﬁomt The controller can be

configured &/ alagtet i adaiety brdifferip ANy 20itni8-WaheatarndiRrciéthads could include
using three (or2rmoraquointssio-Measutehihkdyaissoeaiice] e sponiemndytherine$d aalyiical2curve fitting

methods o delerminG OBKMALAGSAGR, kno J5: COREIENGH CAA DR SIS TR, (6 gy elecirical

COMMUnléiUOn cable), or can communicate with the other components described herein by wireless

communicatitnResyt; Wielbey reviaifacs) 22 pHetptaiediterided dréPthe like.  As described
above, this liiyuﬁﬂt}ipfbﬂﬁlaaﬂﬂﬂﬁ]l%d@fdﬂ’MHﬂEmg treatingnageniesigiuals.anch comtralirgdreating agent
dosage in Warser Hoﬁa.}[rﬁ Se%?s IqUI(;g94a%e4t XlgnmeE ?;emé) gtrlllo t Ilmlta&lgz)to include

treatment chemica ance Solit separafion epara ) cess
performancéisuiferhfants thmtre@ardmr@vénhsda}mwnaﬁ§nlﬁmbél@mgﬁdﬁ®ﬁ RegfaoeNdn contact with

the treated mtﬁnzainﬂf@ui@m&h%br@é{ﬂé@ﬂ%ﬂfcrg@m@w@i%mdgmgfp@r&ants microbialgrowth
inhibiting a%ents such as biocides and cleaning chemicals that remove deposits from surfaces that

contact the R Dy AR e R SR S RS AV BB abte T8 A TRd e s 5 €8 e mploy
water treatmentiprdcesses. Fooekahigle Xhe Alffeeeintrtydes] 69 1n2astiiallinopddIES i hich the
method of tﬁ@g&‘i?f%t HpueEMign. &ﬁﬂeﬁ?eﬁ‘@sﬂﬁ%ﬁ&@&@@‘@y('ﬂc “gﬁﬁé}M}"@? ﬁpéqugqses waste water

processes, :industrial water processes, municipal water treatment, food and everaé;e processes,

pharmaceuﬁ@ﬁP‘fﬁ’d@@éﬁse%‘“&é’é‘Erﬁﬂ%‘i@lﬁﬁéﬁ‘?ﬂﬁbfﬁﬁh‘ﬁ’%m@%ﬁé%%gﬁﬁmmﬁé i Brocesses,
mining and wmmar@dunm@@ssess{Ii&maﬁgrﬂad[mn—mia&dlprggezsszeﬁhéemtaqawpeﬁﬂasnplﬁtlagoand metal

working progesses, Sk aRe ieAnnaaIasessse:aUet and anning Brosrsses. and pain
an n nciude OI’

Nno
processes. In artlcgflar beve processes C example, dally processes

relating to th]etf)?é@ﬂfchéﬁhdfcbt@émb%ﬂﬁﬁﬁihﬁ I@cﬁlﬁﬁ‘@ésé}@éétﬁaﬁlw iR orodn éﬁsTlmbféqHOYSolates
lactose mangfesiwesiwhey. casain, falksapaaliov.and O5ingdetaxeryfiom saltingeheese. Uses
relating to thedbevertgt% mdy ry H(fllL(Jdmg 1;for xarpB{e frutltljew ecla}rlflcatlon concentration or
deacidfication, alco 8I|c everag% clarification alcoho r%lr)ﬁgval 6r fow-alcohol content beverages,
process water; and uses relating to sugar refining, vegetable protein processing, vegetable oil
production/proces$intsrwétragilfing didgr it camitield. proeessiig(@rgrinde rheat, eggs, gelatin, fish and

poultry), reclRmaion, dRéf]ﬁ!Y nMRIEES,- §908 REAGESHIDEWARE RS HACIHKS VitanfrXBIRIGS Ofindustrial

water uses as applied to the present invention include, for examplis, boiler water production, process

water purifi@S6HaNG: FES RIS s ShErimgRGEIW W&@Z{r%ﬂﬁéhiobefsﬁ?}BiﬁPd%@ltblow down,
reclamation OAw&teii it papernaking procEstes, e salination-aitseacand lfsaickisid vatenfor

industrial angh,muK iP%lslé&eNQri%‘iﬂlﬂﬁWW %%faﬁﬁr%ﬁ%&%%h‘%@%’l E%E‘i'i@gsé?ﬁ\%‘ mRle, the use of

membranes to exc %ﬁde harmful micro-organisms from drinking water polishing of softened water,
membrane Blor&utiaks tiiehhg ér?@%ﬁﬁﬁ%llﬂfkf@@é%ﬂa@@&s Registry No. 617365 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), 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



Examples of waste water treatment applications with respect to the method of this invention include,
for example, industrial waste 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, ohs for wool scouring,
fabric finishing oils), plating and metal working waste, 12 Laundries, printing, leather and tanning, pulp
and paper (g 90celor remeval,conseniratiaphafaiisaispentsulfte SiquersthgNi reeosery,recovery of
paper coatings micals (e.g., emulsigns, latex. pi aints jcalreaction. by-products),
g i R B B B T B ot indstrl
application$ i thg-presantivirapdion irtiated for\eRasiple, Nertitehtucrormiise aaser processes,
proguctionlasauatﬁ&f@srugmﬁfam {P‘WSTRI@Q@W@@J W@rt@nhmcjydmgmae{aym@gﬂe%mm@aad bodi
production/recovery.and produ rmulation, an cho-copat paint processing. n an embodiment,
the present oS ATGH 18 ApTAd i tali B e L AP B TG s B N aed 1o as feeq
for reverse dshosigplthitBrtds particlarydimporiant thal (6l mBe gesidtial 2 6ot #6ti) RG . thEmbranes,

although the pregent yelos i§cﬁf‘(‘d§l§@é§i§9§@f&/@pﬁl§?}@'ﬂ WHEIE L BSeHRRIregiment polymers
is desired, but excessive po én;er residuals are not, as well as applications that benefit from control of

treating aged8&hd MEsHie ExAmpl & st el Bufradd watb Flarrcs SISt d WeitksP clarification,

tertiary treakment @fMasmWBFét, (ﬁmﬁ? %@W@eﬂmlarﬁﬁmvmﬁi),Bh&@f@dlfchi@fgsmt;h,mriﬁcation processes
e il PG BIER (a1 SR OCERR WEICH RIS ALFORIBPISHIRKe up water of

residential water. In an embodiment, the water treatment precess is a solid-liquid separation process.
In an embo#ifteto e Sdtieriiditf segaratbniprocesecednprises reettharthdiaHe’ Wit Ak or more

coagulants ok flocculaitsQhaaembinaticalthede ehotonfermaiixivre of Watetasoregrgylated and
flocculated soli paration coagulate d, flocculated solid m the water. Suitable
floceulatants et R T R e S e R s
Suitable fkreuthfisodamerally iavelindle o Begisiphts. itl elcesSidirh000006 @and dftedrixexcess of

5,000,000. Thepelymerisdlossulankisdypicedy.arspaied byoviny additign pelymesization of one or
more cationic, anionic or nonionic monomers, Wg ofjl{ﬁmerization of one or more cationic monomers

with one or HIBFRRYHIBRIL MERBHSLY BY 850 S SFoRE GPREK ORI MBS mers with one

or more noMHh(CA&RcmseglsNbﬁ@Eﬂiﬂamrtﬂaﬁmir@@rfe7aﬁmne—23%mambﬁfphwy$,vvith one or more
anionic moRgNels 9‘1@9188%%'%Q%n%rd‘?_@'@s’l@%ﬁgﬁlipﬁﬂ.omt‘??@_,t@.Prﬁ%&@c@ﬂ %M&I&“C polymer

or by polymerization of one or more zwitterimic monomers andc%p ionally one or more nonionic
monomers o othiP & BWittatioticBSymEr ORI MSre it ot O TEHSTHHErS 8 At bptonally 13

(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), benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[(2-
hydroxypropyl)amino]-6-(phenylamino)-1,3,5-triazin-2-ylJamino]-, disodium salt, also known
as Sandoz TH-40 (CAS Registry No. 32694-95-4), xanthylium, 3,6-bis(diethylamino)-9-(2,4-
disulfophenyl)-, inner salt, sodium salt, also known as Sulforhodamine B (CAS Registry No.
3520-42-1, aka Acid Red 52), benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-
[(aminomethyl)(2-hydroxyethyl)amino]-6-(phenylamino)-1,3,5-triazin-2-ylJamino]-, disodium
salt, also known as Tinopal 5SBM-GX (CAS Registry No. 169762-28-1), Tinopol DCS (CAS
Registry No. 205265-33-4), benzenesulfonic acid, 2,2'-([1,1'-biphenyl]-4,4'-diyldi-2,1-
ethenediyl)bis-, disodium salt, also known as Tinopal CBS-X (CAS Registry No. 27344-41-8),
benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-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-, 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.



one or more nonionic monomers may also be copolymerized with one or more anionic or cationic
monomers to impart cationic or anionic charge to th)e zwitterionic polymer. While cationic polymer
Lloccuiants may be formed using cationic monomers, it is also possible to react certain non-ionic vinyl
addition polymers to produce cationically charged polymers. Polymers of this type include those
prepared through the reaction of polyacrylamide with dimethylamine and formaldehyde to produce a
Mannich derivativevore pré&émdtariyoradaie anieniepolismenitecsulants: maythe ASrredwsig anionic

monomers, dt is algo_possible to maodify. certain. nonionic viny|.addition polymers to artionically
Charged poly e Pl S oS R e o L R i o

polyacrylanifeeS Regisioctaldfits rtay- Bkadsed b thevdstie) faamhdisrs Ghdidnlicsbawaieryiv-oil emulsion,
or as dispersipg jpnaieimiReprespative sationiaalimess ng vdscapeiymers aoa spipglymers of

(meth)acrylatni ith dimethylamingethyl inethacrylat M), dim laminpethyl acrylate
(OMAEA), QBB Ry (DRRER), S BTG ROr Qe R TAL T IAEN) or thei
guaternary Bmmonialse forns pydtieoflithrdimétiaylis ifateA MR tgidichioride- 8- he feytochtoride.
Water-solublexcoggilapts ars el kown,and cenmericialiy ayailakla, uiteRlsceagilants may be

inorganic or organic. Representative inorganic coagulants include alum, sodium aluminate,
polyalumindf &W&h@ééﬁ?ﬁﬁm@i’?@{ﬁ@ﬂ%ﬂ%‘% DR H Pebe it A Hlphintiacon

chlorohydroxtdan talarriadisal i axid eCtd dtigesuyasic @litnintss) ehlculetanebpdlpaluminum
hydroxychiagide, anc kel syliaiecpalvalummmealorrles, pAAUIINAM siica sulfate. ferric
sulfate, ferric chloride, and the like and blends thereof. Many water-soluble organic coagulants
are formed By edndBHERAGHCPHITRTETHZBIFSHRPEYGH e B SEI e g tHi Ty paieiucle
epichlorohygriti-eiimathylaming asshgpichiorohydrin-dimethylamine-ammonia polymers Additional
coagulants include polymers of ethylene dichloride and ammonia, or ethylene dichloride and
dimethylamine, wih of without the addition,of.ammonia, cpniensation polymets of mulffunctional
amities such as dierfhy enetriamine, f:e%rae?ﬁy enepen%amlne, examemy enediamine and the like with
ethylenedickioddéantepolyrse isnmade dhyp bonsehdatiodveaetions suehiasasrelaning formaldehyde
resins. 14 naAdditional-coagulantsincludescatianicallecharaednvipy addilipmprlymers such as

polymers and copolymers,of diallyldimethylammonjum chloride, dime,ttgglarniimethylmethacrylate,

dimethylarmioettytmeétiac) e AT i SPgEcy it R Sgifationic tracers may Rave a
methacrylamidaprgpyitrimstyldonmanipim ChlGide;, (PoethadReIoxytoRgath WY MatG ammonium
chloride, di%pyéph?)mg&pﬁgacﬂﬁgi%gmido)ammonium chloride,

(betamethacrytoxyloxyethylltrimethyl-ammmium methylsulfate, quatemized polyvinyllactam,
dimethylamino-ethylacrylate and its quaternary ammonium salts, vinylamine and acrylamide or
methacrylamide wﬁ‘/ﬁéﬁ HaRoBE b tegiee prsatic g M4 ER SFWERitEIER taieR erivatives.
The molecuaiweightsiof theseocationit@elymers,pfoptheriayleagddition andcentdensation; range from as
low as several hundred to as high as one million, Preferably, the malecular weight range should be
fom sbout B0-000 5 At DO B0 i Be i S A ot or
particular appli¢atidrilsitdesnthihdtion Ot rascieadoseoniayybeTe anpiaeay détereripdd by one of

?ﬂ” in the ?ff{oi%fty\’lﬂ%rs&%m@I)Ibs'?g%%l@ﬂi?eFdﬂ.@ﬁ@&@@@ﬁﬁﬁ&%ﬁb?ﬁ@ﬂ%G,W%,@%,%gﬁrﬁatedf-
means avadR T ite 2 e SN0 S ot Sy SRR S ) AR BEL cissoved air

flotation, medhanical means such as belt press or plate and frame press, and membrane filtration or
media filtration. Membrane filtration is generally considered micro or ultra filtration involving pliable

membranes, ceramig MSRPIRESABHL NG likg-Media Hifatands gepsaliyonsidesediie be any

granular media involved as a barrier to contaminants in water and they are commonly sand, anthracite,
and garnet. KA ARG ISP TSR TR REOHEEC A Bap kT i WHASIORS SHEHETAt S, IUERIGE iFited to,
micro and métm)hreads; povygerpaacvabadcarpersradsaiioiesibete.0.1 ppb to about 10 ppb,

based on fluorescent agent concentration. Note that 50 ppt is about the detection limit of
currently available industrial fluorometers. Improvements in fluorometer technology are likely

to reduce this detection limit and are envisioned.

The fluorescent tracers can be detected by utilizing a variety of different and suitable

techniques. For example, fluorescence emission spectroscopy on a substantially continuous



embodiment, the solid-liquid separation process it nembrane separation process wherein the
coagulated and flocculated solids are separated frgm the water by filtration through a membrane.
Membrane separations commonly used for water purification or other liquid processing include
microfiltration (M11), ultrafiltrationnanofiltration (NI-1), reverse osmosis (R0), electrodialysis,
electrodeionization, pervaporation, membrane extraction, membrane distillation, membrane stripping,
membrane egiationaand athervpracespasod hatkiving: fokcer el thalsepatationgdependsiap dhe type of
the membrape, separalion: Ressure:drixen memprang liaton, so known,as memprane fitration.
includes microfﬁltratmn, u?trahflllc'tratlon, 15 nanofiltration and reverse 0SMmosiIs, and uses pressure as a
driving forcehsinereas ek ldetrrcet e ving Sorceistipsedrimedet v draysis apbciectfodaiosization.

In an embogdimenphamenrane sepaniion RSEASsERBRYISES one or more pretreatment steps
wherein a portion of the coagulated and flocculated solids are separated from the water prior to
filtration of the water thr?ugim nanofiltra‘iéon and/or rev,erﬁﬁe osm.osisf embrane. en]ﬁ%?di ent, the
membrane separatioh Systaht 1S PSR A bTMoRN & Kyt Practie VBRI SIS S ed stream is
typically prote8sed URAeAREHdAucomditio s aifntiiSrragdird; ¢hefeedysitepsry flows . substantially
parallel to the membrapasuiacesuchitial ol AiRerianAtine eedisteamdifises fhiugh the

membrane as permeate. The cross flow rate is routinely high in order to provide a scouring action that
lessens mefibfanBsUPREE Yo aasdean aitd de dheyeB don iRt poiaandy @Hects (e.g.,

conqentratim.oESiabﬁ,els.jr);tm rael GeeckduRbolence froungianyiayeroatih SHners senkidu face, which
can '”Creasﬁi&%?ﬂ%{%%%nﬂhﬁé&#{ %&%&P&HﬁSﬂlR%%E‘%ﬁ@%ﬁ‘&%f@gnrﬁge%%?&%ﬁ%P}{Eoﬂpd’Y)e hThe

concentration polarization effects can inhibit the feed stream water passing through the
membrane #¥selttdabet fHuSgetinedsing TRECPEHB VAT PatibIdd g NiEReeraIdYaP peihestdRlssapplied feed
stream. A reeygieskaemp(s imaynke-emplayedtesmaimtainadvghfleanhtale acressithemembrane

surface. Reverse gsmosis processes can employ a variety of different types of membranes. Such
thereof can also pe use 1S 1nventi

commercial membrane e ementIPypes mc?ualé', without limitation, hollow fiber membrane elements,
tubular membrane elements, spiral-wound membrane elements, plate and frame membrane elements,
and the like, somelofwHithcaredestdsbd invaore detailrisnitTble Nalides Waténigizmdivodk," Second

Edition, Frapkih-aXemmereglo MeGraw ik Baok GompanyNew Yatk Do 88 ingorporated

hereinto, particularly Chapter 15 entitled "Membrane Separation”, It should be appreciated that a

single memBYAREEIEHeht My B tiset i s GRAAIRERIBPRAE fiRFEGH 8y M Bat & Rithber of
membrane eleméntsrcahaaldpbechsedudepanding enstiddlindesstrniat applicationts, andAhtyidieal reverse
osmosis system is described as an example of membrane filtration and more generally membrane

separation. Reverse oSmQsI§ eSO AR S RIGLNAUAA RIEMEBEE QLMROMERWhIcHaRe constructed

by winding layers of semi-porous membranes with feed spacers and permeate water carriers around a
central perfEratoinpelsnEays exliabidir anERIoRy R cafyy thE e dles dr@'Sbalstriith e and/or

fiberglass owgrcwrapvehewesuliiag carstivaiar hasaigshanneal-whicheanisegeivedan inlet flow. The
inlet Streampﬂ&%%é%ﬂggﬁgﬁ?ﬂfl sa cll%)g]cgltt)gg a]}OQ/e S0 as to maintain the treating agent residuals at the

desired set point.

The controller can be configured and/or adjusted in a variety of different and suitable
ways. Alternative methods could include using three or more points to measure the fluorescence

response and then use analytical curve fitting methods to determine optimal dosage.

The controller can be either hard wired (e.g., electrical communication cable), or can
communicate with the other components described herein by wireless communication (e.g.,

wireless RF interface), a pneumatic interface and the like.

As described above, this invention is a method of monitoring treating agent residuals
and controlling treating agent dosage in water treatment processes. ‘“Ireating agent” is meant

herein without limitation to include treatment chemicals that enhance solid-liquid separation,



membrane module and exits the other end as a concentrate stream. Within the module, water passes
through the semi-porous membrane and is trapped1 'in a permeate channel which flows to a central
collection tube. Rom this tube it flows out of a designated channel and is collected. In practice,
membrane modules are stacked together, end-to-end, with inter-connectors joining the permeate
tubes of the first module to the permeate tube of the second module, and so on. These membrane
module staeksnarenbetisedlith pressuieivassels, Witkinihe pressu@pressekierdonaiabpasses into the
first module in the stack, which remov S&Qﬁ)gttion OJ th Waftﬁ a5 permeate ater.n'[he concentrate

d%ﬁos on on surfaces in contact w reated walter, a retar rcve
stream from the first membrane becomes the feed streani of the second membrane and so on down

the stack. THeNPEtASdatE sty BRAEPHGRALAIMG T hisonbranukiinghacstackchrs bolEsteih the joined
permeate twR@ging chVMIthiR MASLIRVEIES QSNOSHS SYSIQNGPEeReH BvaSSeISaligrarranged in either
"stages"or "passes.” In a staged membrane system, the combined concentrate streams from a bank of
pressure vessels are directed to a se,condl,ba@k of ressure v%ssels th]re theg/ become the feed
stream for the secORAUPSEAYE EEMHRIIMRAPRYHRNS ARVE"S 1375 Bk AL RIS HAEESEB Yewer pressure
vessels in qactestagEoonerEnplalidcsystoprnoayndontalpd pressurevdsgel simhadiestistage, the
concentrate,stteams .t which feqsh R-aressulie YRSses 1o @«a@pd&raee%;@g%&#@M&gﬁm@@sﬁtream of
e

which in turn feed 1 pressure vessel in the third stage. This is designated as a "4:2:1" array. In a
staged merHSFSHE COHAEBRAGENS tHE HERTbNEE pEAmS At e BFIAR N pesstre vessels in all
stages are pbilected @ntsedswitbloukduithemnmemibiian etiieatprentodtistagemsystems are used when
large volumes of p ,@Iﬁ%ﬂ%"% Eﬂ%&?ﬁ%ﬁ%&’eSTJPEnP%EJEQ&&Ee%@@@osc&QQ E%i@?!@&%%&? system may
be further p%rlﬁed y lon éxchange or other means. In a multi--pass system, the permeate
streams froRYEBEATEARKRGPIFESSUITEFesSeluarey colledtati s Edsas therfesaentAe subsequent
banks of pressure:yessgisadhecaacentrate streams from all pressure vessels are combined without
further membrane treatment of each individual stream. Multi-pass systems are used when very high
purity water is requJired,[.fO{ exfarrg&ple ig the microelectronics prp armacelIJti%al industries. It is well
known to those skifldd i tha"art that Varioirs ROAGUIANTS are heeded fo maximize the eficiency of
solid-liquid saparativthe A disten abovenalvorgshitiesecsuitatviaadoagifanedwte atoimiinum and iron
com IOOUnd%&Bﬂﬁeﬂﬁ&%g%mféﬁ%[%%??eés’&@% BaEMiASING BIIIRNT- P UChagigldm, produces

residuals that form intractable scale on membranes. Polyelectrolytes are, f[e,quenthf used for general

clarification Bt SiHEE KO et Brahasars Biiskic BN Amfarkndpbrseetold Bagulants are
cationic, it isonidetiytfeareddinadfpalymerwhbiepositagn dnefibranes v btectrodt@atidoatiraction and

cause permanen} (Bt fel QS SUYFHUIMAD RIS SXREDFVGLINGIHGSOt emblans Laplacement

Therefore 1lreverse osmosis fil%ratlon systems, p_retreatm(_en.tB IS crl%qal to efficient operation.
AccordinglyP R G EmIsEithEr IRV BTSSR et SH RO BTEORI NG e PREFESIgUSHS in treated
water in a reveisatOSIRO SIS 4are icatmenh P g i@t where Hr thehwalerlsdaaiedawiliy anser more filter
aids to form a rpixw(re of coagulated and flocculated solids and at least a portion of the coagulated and

. and. the l1kKe. . . . . . . . .
flix.culated so |crs are removed from the water, using micro or ultra or media filtration, prior to filtration
through a reverse osmosis membrane comprising i) adding a first dose of a filter aid traced or
lagged with a fluoréseepiesreicad o rzafirsitaaisplaofbleehiatheo ot & yaMireebafpfising water,

coagulated gndflecssiated sefidsiand fillesald races.artagdeshwith _ifllaressentdiacssaw i)
separating at least a portion of the coaqu{Iate and fl?ccul,ated solidsl,cfrom the first sample of the water;
iii) measuring fiie SBREBRE TS B THEHRISMESRER: FFACBI I B WA JLoRIREPSFTRE Water: adding a
second dose @fthe.fitter midi traced ormtaggeld sith th éofl ilshesegntitaoerdpd second sample of the

water to for;a secand mixtute, comprising Matelaseaglated and dascyatedisolids and Inter aid

traced or tagged with a fluorescent tracer; o o
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 method of this
invention include, for example, industrial waste 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,



) separating at least a portion of the coagulated and flocculated solids from the second sample of the
water; vi) measuring the concentration of the fl Qrescent ucer in the second sample of e water: and
correlating the change in the measured concentration of the fluorescent tracer at the respective
treating agent doses to the residual concentration of the filter aid. Reverse osmosis pretreatment
schemes will vary with the type of water. For example waters that have greater than ca. 10 NUJ will
usually utilize:sedimemniationdolawed hynfiltration .M/ aiees hat askicleanen thakcaaitNTILI can use
direct f”trali[/if?l%LteCh%asuﬁﬁé i uFil}ration enerallgé consisfls of a mafgi(}j%i%filher ora membrane micro or

edi

. e c u or, 11gnin recovery, recovery or paper Co , cnemicals (€.2. . . .
ultrafilter. a Hiters consist of particulate Solids on'theofder o m ﬁlametér.gWhlle a wide variety

of materialsSEafbasUSEd, BRSPS NIBrMsaterialD ARy SETdCcyametardcariiratievaiftigly or in
combination:Micsa and ubkafitarscameansist of either ceramic or membrane construction and have
significantly smaller pore size compared to media filters. All three of these types are used for RC)
pretreatment. 18 Various] coz%(};uclants 1can]be used as tiller aids in RE). Hpreﬁeaftment. ﬁilter aids
[unction modifying THE i SHIBME bAHE Lib BRI & A CE tg?c?ﬁeesﬁ?élsnffr? APt et PR iculate
capture by thaiEitdrc\Whioketyperafrfiftercaidrialus@vafiestérdm wateptopiater@nidcidmoptimal filtration.
the proper chermisH YRl QY& M, of ChRmRtIeR IS Glitical proadl A0 aRRRMIMENt this nyention is-a

reverse osmosis preeatment system wherein the residual concentration of the filter aid is correlated
with the ch@AGeRPTfigd¥ured concentration of the fluorescent tracer at the respective treating agent
doses using a function of the difference between molecules of fluorescent tracer added to the water
and molecules of flnanescentitracemhdeteciaednveinenvaigplied idmarenbedimentafiiicinvention is a

reverse osmagls prEHEAMEnLIRRTY %??g\génsi%% issidual.cpaceniranon, ahihe filfgr.gid is correlated
with the change in measured concentration of the fluorescent tracer at the respective treating agent

doses usin@@uAction Gr et dieREh e BRteeflthe sl SieratitdnyertiteHinyg exiveeddar any the

fluorescencg gluanchme:aateciedpretrealiain RMBRAIM ARt i veRliONd A IBMaSRIQSMESIS

pretreatment system thercin the residual aancentration of ihe flter aidfs cortelated with fiter aid
dosage. TN emboliment, this invention IS & Teverse osMmosts pretregtmenef sysT@m wherein the

residual concerdriation of theafilteraitcisiusadtodeteenvine matvppertandioweetdimit of treating, dosage.

In an embogdimeRk: S HIENNAR: IS & RYBSRCTASHYRIR RILERUNERE RYSIem e e ths filter aid

dosage is automatically maintained between the upper and lower limit.
used for, but not limited to, industrial process water, boiler or cooling water make-up water, or

residential water.
In an embodiment, the water treatment process is a solid-liquid separation process.

In an embodiment, the solid-liquid separation process comprises treatment of the water
with one or more coagulants or flocculants, or a combination thereof, to form a mixture of water
and coagulated and flocculated solids and separation of the coagulated and flocculated solids

from the water.

Suitable flocculatants include high molecular weight cationic, anionic, nonionic,
zwitterionic or amphoteric polymers. Suitable flocculants generally have molecular weights in
excess of 1,000,000 and often in excess of 5,000,000. The polymeric flocculant is typically
prepared by vinyl addition polymerization of one or more cationic, anionic or nonionic
monomers, by copolymerization of one or more cationic monomers with one or more nonionic
monomers, by copolymerization of one or more anionic monomers with one or more nonionic
monomers, by copolymerization of one or more cationic monomers with one or more anionic
monomers and optionally one or more nonionic monomers to produce an amphoteric polymer or
by polymerization of one or more zwitterionic monomers and optionally one or more nonionic

monomers to form a zwitterionic polymer. One or more zwitterionic monomers and optionally



In an embodiment, this inventionreverse osmosis pretreatment sysiem whereinthe filter aid is tagged
with a fluorescent tracer. In an embodiment, this invention is a reverse osmosis pretreatment
system therein the filter aid is traced with a fluorescent tracer. In an embodiment, this invention is a
reverse osmosis pretreatment system wherein the portion of coagulated and flocculated solids is
removed from the water by filtration through a media filter. 19 In an embodiment, this :invention is
areverse osmosim@@imﬂﬁ@mbm&mm&meinett@éﬂljzﬁreakédsmn@wdﬂmfemagﬁ&amts selected from

alum, polyalu |num chlorld ferrlc Cglor'%edrfgqgglggﬁate tg(t)hg(zd|atllé(ld|rt|et mmonlum chloride) and

EpiDMA. n an em%odrment t |s :‘Invention IS a reverse oSmosis pretrg ent system wherein the
fluorescent tracer is s.elect'ed.from fluorescein, rhodamine B, rh.odam'lne. WT and 1,3,6,8
pyrenetetrasulfonitVasricesivaisagivires Aicculants appe heodnereringistipvie migloie e révetse osmosis

pretreatmenb sysferm whesinitheo HUGIRSGRNL asRh iSoehdiaIbidinethviamamgnivm &hloride) tagged
with luminol, rhoda |ne or fl&gresceln The fore?om%m };‘ e better und rstood l?%/ aference to
the followinB SXH LY Wich Bre Prelshida Fer Pt pasaL 8t ﬁuéPFa"ﬁSﬁ‘g‘ﬁa AreAot IntEded to limit
the scope oftthelimgdntionnExahipledldehystdisodssed Mbovd) dheveptimal treating agent dosage is
calculated using the inverse derivative of fluorescence response with respect to treating agent dose

and correlating to &WaiRy AWl RERPEIGhe UG CARE I B miS NG S ANGRALhIaE JesEmethods to

measure fluorescence and turbidity. or purposes of this example, jar tests are accom Ilshed
using a foursuie RastEdtdr ﬁt?ﬁifﬁéﬂ‘iti\%h‘&,‘?ﬂ’r?éuﬁ?’b% ariligep %%}‘a’ﬁfsdhfaf%&éﬂl‘f‘?%}éhﬂ?ﬁf
MTV-IR") apeBtding Poliherfalfowingppratoed, or Placela 2bOe b@phdmbytest saimoplasna sample jar and

initiate stirri}gl(gy%gg,lmde.

The flocculants may be used in the solid form, as an aqueous solution, as a water-in-oil
emulsion, or as dispersion in water. Representative cationic polymers include copolymers and
terpolymers of (meth)acrylamide with dimethylaminoethyl methacrylate (DMAEM),
dimethylaminoethyl acrylate (DMAEA), diethylaminoethyl acrylate (DEAEA),
diethylaminoethyl methacrylate (DEAEM) or their quaternary ammonium forms made with

dimethyl sulfate, methyl chloride or benzyl chloride.

Water-soluble coagulants are well known and commercially available. Suitable
coagulants may be inorganic or organic. Representative inorganic coagulants include alum,
sodium aluminate, polyaluminum chlorides or PACls(which also may be also be referred to as
aluminum chlorohydroxide, aluminum hydroxide chloride, basic aluminum chloride and
polyaluminum hydroxychloride, and the like), sulfated polyaluminum chlorides, polyaluminum

silica sulfate, ferric sulfate, ferric chloride, and the like and blends thereof.

Many water-soluble organic coagulants are formed by condensation polymerization.
Examples of polymers of this type include epichlorohydrin-dimethylamine, and

epichlorohydrin-dimethylamine-ammonia polymers.

Additional coagulants include polymers of ethylene dichloride and ammonia, or
ethylene dichloride and dimethylamine, with or without the addition of ammonia, condensation
polymers of multifunctional amines such as diethylenetriamine, tetracthylenepentamine,
hexamethylenediamine and the like with ethylenedichloride and polymers made by

condensation reactions such as melamine formaldehyde resins.



2) Add treating agent via syringe into le vortex of the s stirring for 30 seconds. 3) Slow the stirring
to 15 to 60 rpm and continue stirring for 5 minutes. 4) Stop stirring, remove the paddles from the
sample and-allow the sampl, to settle for 5 minutes. 5) Remove a sample of the supernatant via
pipette or syringe from a level about 1 cm below the sample surface and filter the sample through a 5
pm syringe filter directly into the turbidity and fluorescence sample cells for measurement of the
appropriate properyldizbniihedsentingnoiescthieaggleoneraiion9f soaaller paytielesutiage particles, or

flocs, that can be mor rea?il% szgfet\r%t%q (ﬁrgghtrlle Waterh}‘%fﬂ%%nple by settling or filtration. In the

[0) €IS and Copo. €1s oniu -
event that Visible flocs are forme : oc size of the average particle formed may be ranked versus

the benchninkctOtheiRicioraghenyadsditeeteldtiynoeliviesRot trtiees! tderslsapetctigiitness, etc,

may also benotedref-aampssispNrimet ddhisstsshosidbenRenchmarked dsing-apiant's current
coagulation program. 'Hﬂs I WS gort r($Im§ttment of tes.t&%l%aramete% to co brelate with full-scale
WA € LS T RS AP S AUt B R L s

performanc%. The 4edus sei 45 the dose benchmark
for the seriescofatestsalod)itibytlanifigndverfiow turbidityl {oif©olgraetoiydd thly perfoance benchmark.

The paramgtﬁ{argﬁmﬁqlﬁstn}ﬁ&g@_tp&wﬁqmﬁw A bE:reatmenhanrlication andishargeteristics of
the samples being tested. Accordingly, alternative methods may emplo%é a longer fist mix of Ito 5

minutes an@$RGWHRL OV BihAiPTHRE I B REfHSEETS YEARTG StAY8CFENeXARIIB, if alum is added
at the intakdeaivdtivay lscandng distandes b er dheafasiapblywiti-hedangeyithdtitidalum is added only 20

feet before 1 SRS ARIATL AR ok asigalvavsionded vl e g mi orter sow nth

These factors are varied based on exg;rlence of treatment personnel. For this example 1,
Mississippi ReH e §8tjan e sty d $in § B0 5 S A8 wetght-pétE8ht ferric sulfate solution and

augmenting the ferric sulfate coagulant with a fluorescein-traced poly((liallyklimethylammonium
chloride) ("polUDARMAGHGoagutantpEhepalyRARMAL isARpFaymaels 28bNeaightaagrcent polymer
and 0_19 weight percen fkjor scein with the balance heing an approximately.one weight.percent
Caline ol R BEry AR s B TR T SBia pa e Sheighuweigh
("w/w") basigatfhecparformastenrietricsagiaisuebicditpdmaiculandidebsoted fitskescein fluorescence in
ppb (w/w) of fluorescein in the "filtrate, The Huorometer is a Hitachi Model F-4500 and calibration is

accomplished using, flugresseindeioniaed watetmA Hasheuablertkthidingiar Mpdel 2400P is used

for NTIT measurements. The results are summarized in Table 1. Table 1 Settiedfluorescence]
number of means available in the art of solid-liquid separation including clarifiers, by

centrifuges, dissolved air flotation, mechanical means such as belt press or plate and frame
press, and membrane filtration or media filtration. Membrane filtration is generally considered
micro or ultra filtration involving pliable membranes, ceramic membranes and the like. Media
filtration is generally considered to be any granular media involved as a barrier to contaminants
in water and they are commonly sand, anthracite, and garnet. Any media that functions as a
barrier is envisions and this includes, but not limited to, micro and macro breads, powders,

activated carbon, ceramics, etc.

In an embodiment, the solid-liquid separation process is a membrane separation process
wherein the coagulated and flocculated solids are separated from the water by filtration through

a membrane.

Membrane separations commonly used for water purification or other liquid processing
include 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 microfiltration, ultrafiltration,



_ppm 1/ppm | NTU InlenSity, ppb.K7tuanching 1 1.000001 10.9 2.08 .1_0.48077 0.20noo0l4,3 -; 8.65
-0,11561 9 0.111-1TT9 15.3 1 0.06536 s

nanofiltration and reverse osmosis, and uses pressure as a driving force, whereas the electrical

driving force is used in electrodialysis and electrodeionization.

In an embodiment, the membrane separation process comprises one or more
pretreatment steps wherein a portion of the coagulated and flocculated solids are separated from
the water prior to filtration of the water through a nanofiltration and/or reverse osmosis

membrane.
In an embodiment, the membrane separation system is a reverse osmosis system.

In reverse osmosis, the feed stream is typically processed under cross flow conditions.
In this regard, the feed stream flows substantially parallel to the membrane surface such that
only a portion of the feed stream diffuses through the membrane as permeate. The cross flow
rate is routinely high in order to provide a scouring action that lessens membrane surface
fouling. This can also decrease concentration polarization effects (e.g., concentration of solutes
in the reduced-turbulence boundary layer at the membrane surface, which can increase the
osmotic pressure at the membrane and thus can reduce permeate flow). The concentration
polarization effects can inhibit the feed stream water from passing through the membrane as
permeate, thus decreasing the recovery ratio, e.g., the ratio of permeate to applied feed stream.

A 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, 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 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 wound elements or
modules, which are constructed by winding layers of semi-porous membranes with feed spacers
and permeate water carriers around a central perforated permeate collection tube. Typically, the
modules are sealed with tape and/or fiberglass over-wrap. The resulting construction has one

channel, which can receive an inlet flow. The inlet stream flows longitudinally along the



13 0.076921 5,9 21.9 1 0.04566 17 0.05.8321 11.0 27.3 1 0,03683 21 In Table I, the last )11is
guenching which is analytically calculated as the inyerse of the fluorescence. Therefore the quenching
has units of ppb-1. Note that the fluorescence units can be arbitrary and for the purposes of the
invention, only relative fluorescence intensity is required. Example 2

membrane module and exits the other end as a concentrate stream. Within the module, water
passes through the semi-porous membrane and is trapped in a permeate channel which flows to

a central collection tube. From this tube it flows out of a designated channel and is collected.

In practice, membrane modules are stacked together, end-to-end, with inter-connectors
joining the permeate tubes of the first module to the permeate tube of the 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 the stack. The permeate streams from all of the membranes

in the stack are collected in the joined permeate tubes.

Within most reverse osmosis systems, pressure vessels are arranged in either “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 pressure vessels in a second stage, the
concentrate streams of which in turn feed 1 pressure vessel in the third stage. This is designated
as a “4:2:1” array. In a staged membrane configuration, the combined permeate streams from all
pressure vessels in all stages are collected and used without further membrane treatment. Multi-
stage systems are used when large volumes of purified water are required. The permeate streams

from the membrane system may be further purified by ion exchange or other means.

In a multi-pass system, the permeate streams from each bank of pressure vessels are
collected and used as the feed to the subsequent banks of pressure vessels. The concentrate
streams from all pressure vessels are combined without further membrane treatment of each
individual stream. Multi-pass systems are used when very high purity water is required, for

example in the microelectronics or pharmaceutical industries.

It is well known to those skilled in the art, that various coagulants are needed to
maximize the efficiency of solid-liquid separation. As noted above, amongst these suitable
coagulants are aluminum and iron compounds and synthetic polyelectrolytes. Unfortunately,
using aluminum, such as alum, produces residuals that form intractable scale on membranes.
Polyelectrolytes are frequently used for general clarification, but since RO membranes are
anionic polyamide films and polyelectrolyte coagulants are cationic, it is widely feared that

polymer will deposit on membranes via electrostatic attraction and cause permanent fouling.



Testing is also accomplished in the field according to the method of Example | using the Hach 2100P
turbidimeter on Mississippi River water that has been previously treated for turbidity removal resulting
in a turbidity of about | NTT" Fluorescence data is obtained using a TRASAR 8000 Fluorometer from
Nalco Company, Naperville, Ill. The TRASAR 8000 requires a correction at zero added fluorescein
with the correction being a subtraction of 0.06 ppb fluorescein. This correction is attributed to less
precise optiChiyersiHiheoieseafiah grpeesivitactti RolybAdeMACHiscHhe:ttealingfagentrelhgcfast mix is

30 seconds S|0\SI\IISIPR( ree minutes %Qg set Imgﬂttlircna tg\/e%cmlmfltes. mg Fluorescence Intensity, ppb is

without the %518 ppb ffuores é%—:‘ellrlllsbgrcekgro%%n l(§orrect|on, while the Corrected Quenching is the inverse
of the corrected Fluorescence Intensity, so it has units of ppbd. The results are shown in Table 2 2
Ettim FillutgEltioteSuedigriafrivigieenbeteasntDeichivention Noteehetin mapleo2nofo6Hib is subtracted
to correct thesfiereseened: Etampiaderse Nabliabsiriace wateromlakenn WMepiansakdSA, is
treated with a dual filter aid_program using ferric sulfate splutjon and polyDADMAC, as summarized in
Tanle 3. TR THROS TS Rl AL S IS, HRLS 14 LSRG QS AR S0 65 ppb
fluorescein potrectibhdissghtractendffony the dneaduredrfluorestencddntensityinEheirasults are
Summa”Zeqll&xﬁm&é-ﬁﬁ%ﬁr&plﬁi& kBQﬁ?rgtiQnE{Qrough a reverse osmosis membrane comprising

1) adding a first dose of a filter aid traced or tagged with a fluorescent tracer to a first
sample of the water to form a mixture comprising water, coagulated and flocculated solids and

filter aid traced or tagged with a fluorescent tracer;

ii) separating at least a portion of the coagulated and flocculated solids from the first
sample of the water;

iii) measuring the concentration of the fluorescent tracer in the first sample of the water;

iv) adding a second dose of the filter aid traced or tagged with the fluorescent tracer to a
second sample of the water to form a second mixture comprising water, coagulated and
flocculated solids and filter aid traced or tagged with a fluorescent tracer;

V) separating at least a portion of the coagulated and flocculated solids from the second
sample of the water;

vi) measuring the concentration of the fluorescent tracer in the second sample of the
water; and

vii) correlating the change in the measured concentration of the fluorescent tracer at the
respective treating agent doses to the residual concentration of the filter aid.

Reverse osmosis pretreatment schemes will vary with the type of water. For example,
waters that have greater than ca. 10 NTU will usually utilize sedimentation followed by

filtration. Waters that are cleaner than ca. 10 NTU can use direct filtration techniques.

Filtration generally consists of a media filter or a membrane micro or ultrafilter. Media
filters consist of particulate solids on the order of 1 mm diameter. While a wide variety of
materials can be used, the most common materials are sand, garnet and anthracite singly or in
combination. Micro and ultrafilters can consist of either ceramic or membrane construction and
have significantly smaller pore size compared to media filters. All three of these types are used

for RO pretreatment.
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Various coagulants can be used as filter aids in RO pretreatment. Filter aids function by
modifying the influent particle size and surface properties in order to facilitate particulate
capture by the filter. Which type of filter aid to use varies from water to water and for optimal

filtration, the proper chemistry, or even mix of chemistries, is critical.

In an embodiment, this invention is-a reverse osmosis pretreatment system wherein the
residual concentration of the filter aid is correlated with the change in measured concentration
of the fluorescent tracer at the respective treating agent doses using a function of the difference
between molecules of fluorescent tracer added to the water and molecules of fluorescent tracer

detected in the water.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the
residual concentration of the filter aid is correlated with the change in measured concentration
of the fluorescent tracer at the respective treating agent doses using a function of the difference

between the fluorescence quenching expected and the fluorescence quenching detected.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the

residual concentration of the filter aid is correlated with filter aid dosage.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the
residual concentration of the filter aid is used to determine an upper and lower limit of treating

dosage.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the

filter aid dosage is automatically maintained between the upper and lower limit.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the

filter aid is tagged with a fluorescent tracer.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the

filter aid is traced with a fluorescent tracer.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the
portion of coagulated and flocculated solids is removed from the water by filtration through a

media filter.



i1.50 12.00 0.6667 i 0.5000 10,64 0.520.792 1.260 1_1 3605 10.8313, ] Note that in Table 3, 0.057
ppb is subtracted to correct the fluorescence. shown in Table 4, non-weighted regression
analysis of Stern-Volmer plots for the above data have goodness-of-fit' (r2) of approximately 90% for
the field data and 99% for the laboratory data. Data using the Hitachi research grade Huorometer
presumably has a higher fit due to more accurate fluorescence measurements with significantly lower
background light beingcleiediaeht, this invention is a reverse osmosis pretreatment system wherein the

filter aid is one or more coagulants selected from alum, polyaluminum chloride, ferric chloride,

ferric sulfate, poly(diallyldimethylammonium chloride) and Epi-DMA.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the
fluorescent tracer is selected from fluorescein, rhodamine B, rhodamine WT and 1,3,6,8-

pyrenetetrasulfonic acid tetrasodium salt.

In an embodiment, this invention is a reverse osmosis pretreatment system wherein the
fluorescent tracer is poly(diallyldimethylammonium chloride) tagged with luminol, rhodamine

or fluorescein.

The foregoing may be better understood by reference to the following examples, which

are presented for purposes of illustration and are not intended to limit the scope of the invention.
Example 1

As discussed above, the optimal treating agent dosage is calculated using the inverse
derivative of fluorescence response with respect to treating agent dose and correlating to a water
quality parameter, in this case turbidity, using standard jar test methods to measure fluorescence

and turbidity.

For purposes of this example, jar tests are accomplished using a four-unit jar tester from
A&F Machine Products Co., Berea, Ohio (model number “JAR MIXER”) according to the

following protocol.

1) Place a 250-1,000 mL test sample in a sample jar and initiate stirring at 200 rpm.

2) Add treating agent via syringe into the vortex of the stirred sample and continue
stirring for 30 seconds.

3) Slow the stirring to 15 to 60 rpm and continue stirring for 5 minutes.

4) Stop stirring, remove the paddles from the sample and-allow the sample to settle for
5 minutes.

5) Remove a sample of the supernatant via pipette or syringe from a level about 1 cm
below the sample surface and filter the sample through a 5 pm syringe filter directly into the
turbidity and fluorescence sample cells for measurement of the appropriate property.



Latile. 'Example 41 [Example illiiIExample #3 | ()go,4goo/I r,,"t3 1QQI91.5642,4 11413 | These data
suggest that the quenching rate constant multiplie% y the quencher concentration varies with the
water being treated. This variability with respect to the water tested suggests that quenching may be
related to water treatability such that quenching can be advantageously used as a water treatment
parameter. It should be understood that various changes and modifications to the presently
preferred embodimaatseaesciikadieriaswil heappanait toshose skilladimihriget Rtehechanges and
modifications gan be, made without Qﬁfé‘e”'ar}%éé"f% e spult.and é%%ﬁ%%f e ReSeRinySNtion and
without diminishing its attendant advantages. 1t is therefore intended tha such anges and
modificatiors e @sveted By tisdlagpundumedaihsdlo s e PAIM SV e mRetidd Bf rsd M ity residual

treating ageptiRWaIRS: WRAIMENLRIOCRSS WAlGE SRIMBYISING: clarid) Rading Adirstdase aba treating

agent tracechith a fluorescent tralcer to a first sample. of the process water, i) measuring the
shape, tightness eﬁ% r?aga SO be Pote{? T CQMmparison.
fluorescence response of the first sample of the pracess water,

All jar tests should be benchmarked using a plant's current coagulation program. This
allows for adjustment of testing parameters to correlate with full-scale performance. The actual
dose in use in the plant at the time of the tests is set as the dose benchmark for the series of tests

and the clarifier overflow turbidity (or color, etc.) is the performance benchmark.

The parameters of the jar test can be varied based on the treatment application and
characteristics of the samples being tested. Accordingly, alternative methods may employ a
longer fast mix of 1 to 5 minutes and a slow mix of 2-10 minutes with or without a settling
stage. For example, if alum is added at the intake and travels a long distance, then the fast mix
will be longer than if alum is added only 20 feet before the clarifier. A plant that is
hydrologically overloaded will need a slow mix shorter slow mix. These factors are varied

based on experience of treatment personnel.

For this example 1, Mississippi River water is jar tested using 30 ppm of a 50 weight
percent ferric sulfate solution and augmenting the ferric sulfate coagulant with a fluorescein-
traced poly(diallyldimethylammonium chloride) (“polyDADMAC”) coagulant. The
polyDADMAC is approximately 20-weight percent polymer and 0.19 weight percent
fluorescein with the balance being an approximately one weight percent saline solution. The
polyDADMAC solution concentration is listed in Table 1 in ppm on a weight/weight (‘“w/w”)
basis. The performance metrics are turbidity in NTU and detected fluorescein fluorescence in
ppb (w/w) of fluorescein in the filtrate. The Fluorometer is a Hitachi Model F-4500 and
calibration is accomplished using fluorescein in deionized water. A Hach portable turbidimeter

Model 2100P is used for NTU measurements. The results are summarized in Table 1.

Table 1

'__h; “SettledFluorescence
(_ppm_[/ppm | NTU |intensity, ppbQuenching|
i1 11.00000/ 10.9 2.08 0.48077
| 5 0.20000| 4.3 8.65 0.11561
i 9 0.11111] 5.0 15.3 0.06536
|

13 10.07692| 6.9 21.9 0.04566
17 10.05882| 11.0 27.3 0.03663




iii) adding a second, different dose of the treating agent traced with the fluorescent tracer to a second
sample of the process water; and iv) measuring the fluorescence response of the second sample
of the process water, wherein the residual concentration of the treating agent is estimated using the
change in measured concentration of the fluorescent tracer at the respective treating agent doses
using a function of the difference between the fluorescence quenching expected and the fluorescence
quenching detected.201be, methad ofialaim dendhreimibeisesitiialngrerntiaiion ot thedkeating agent
is correlated with treating agent dosage. 3.The method of clainm herein the residual concentration of
the weating g I TR S e o e S BB o o
claim 3 whexsinaaeireatinyg dyeht plosate o6 hetoraatioalRpmeltainddssaresntisesiipper and lower
limit 5.The pgthed of claim 1 wherein the water treatment process is a solid-liquid separation process.
6.The method of claim 5 wherein the solid-liquid separation process comprises treatment of the water
with one or more coagulants or flocculants, or a combination thereof, to form a mixture of water and
coagulated 15z‘in)ff‘(finigig"c%uIated solids and separation of the coagulated and flocculated solids from the

water. 7.The method of claim 6 wherein the solid-liquid separation process is a membrane separation
Testing is also accomplished in the field according to the method of Example 1 using

the Hach 2100P turbidimeter on Mississippi River water that has been previously treated for
turbidity removal resulting in a turbidity of about 1 NTU. Fluorescence data is obtained using a
TRASAR 8000 Fluorometer from Nalco Company, Naperville, Ill. The TRASAR 8000 requires
a correction at zero added fluorescein with the correction being a subtraction of 0.06 ppb
fluorescein. This correction is attributed to less precise optics versus the research grade Hitachi.
PolyDADMAC is the treating agent. The fast mix is 30 seconds, slow mix three minutes and
settling time five minutes. The Fluorescence Intensity, ppb is without the 0.06 ppb fluorescein
background correction, while the Corrected Quenching is the inverse of the corrected

Fluorescence Intensity, so it has units of ppb™. The results are shown in Table 2

Table 2

[ | 5um | |
? FilteredFiuorescence| Corrected
ppm__| 1/ppm | NTU intensity, ppbQuenching

|

04 1280001030} 04140 | 185186
.08 1125001069 | 01650

Note that in Table 2, 0.06 ppb is subtracted to correct the fluorescence.

Example 3

Natural surface water from a lake in Montana, USA, is treated with a dual filter aid
program using ferric sulfate solution and polyDADMAC, as summarized in Table 3. The fast
mix is two minutes, slow mix ten minutes and no settling time and the 0.057 ppb fluorescein

correction is subtracted from the measured fluorescence intensity. The results are summarized in

Table 3.



process wherein the coagulated and flocculated solids are separated from the water by filtration
through a membrane. 8.The method of claim 7 further comprising one or more pretreatment steps
wherein a portion of the coagulated and flocculated solids are separated from the water prior to
filtration of the water through the membrane. 24 9.A method of monitoring filter aid residuals in treated
water in a reverse osmosis pretreatment program wherein the water is treated with one or more filter
aids to form a mixture of coagulated and flocguilated solids and at least a portion of the coagulated and
flocculated solids are removed fijom-the-waterprior-to-filtrationrthrougtya reverse osmosis membrane
comprising i) adding a first dose of a filter &kitraced with a fluoresgent tracer to a first sample of
the water to form a mixture comprising yygigr WWﬁﬁﬁﬁgﬁgﬁfﬁ%ed solids and filter aid traced
with a fluorescent tracer; i) separadiogpal least a poidgn of theseoagulated and flocculated solids
from the first sample of the watef;1.00 | lip@A@adhfthg thedldoresdelée tesponse of the first sample of
the water, iv) adding a seco ',gg: %;ggo ¢ m%%gg%@a with the fluorescent tracer to a
second sample of the water to formTa second mixture comprising water, coagulated and flocculated
solids and filter aid traced with a fluorescent tracer; V) separating at least a portion of the
coagulated and flagsulatadrsplisls Sromsthe secand saarie atdhany at@escenckl) measuring the
fluorescence response of the second sample of the water; and

As shown in Table 4, non-weighted regression analysis of Stem-Volmer plots for the
above data have goodness-of-fit’ (r*) of approximately 90% for the field data and 99% for the
laboratory data. Data using the Hitachi research grade Fluorometer presumably has a higher fit
due to more accurate fluorescence measurements with significantly lower background light

being detected.

Table 4
Example #1 |[Example #2| Example #3 |
r 99% 89% 89%
Kq[Q] 91.5 642.4 141.3

These data suggest that the quenching rate constant multiplied by the quencher concentration
varies with the water being treated. This variability with respect to the water tested suggests that
quenching may be related to water treatability such that quenching can be advantageously used

as a water treatment parameter.

It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
present invention and without diminishing its attendant advantages. It is therefore intended that

such changes and modifications be covered by the appended claims.



vii) using the fluorescence response at the respective filter aid dosages to estimate the residual
concentration of the filter aid. 10.The method of clgjm 9 wherein the residual concentration of the filter
aid is estimated using the change in measured concentration of the fluorescent tracer at the respective
filter aid doses using a function of the difference between molecules of fluorescent tracer added to the
water and molecules of fluorescent tracer detected in the water. 11.The method of claim 9 wherein the
residual egnggmgration of the filter aid is estimated using the change in measured concentration of the
fluorescent tracer at the respective filter aid doses using a function of the difference between the
fluorescence quenching expected and the fluorescence quenching detected. 12.The method of claim 9

wherein the resﬂ%@étﬁ@&‘&?&%@ﬂlg&}&u@l TRLAI SCONR RS W LRAHDEA90REARSaERIES The

method of claim 9 wherein the residual concentra |on of the filter aid is used to determine an upper and
lower limit of tre‘dﬁﬁ@l%%gﬁfédoé%"f& TSR SRTBU B i eI tRechiRp St d@gﬁﬁé’ﬁéhe

automatigalbesnaintained between the upper and lower limit.
ii) measuring the fluorescence response of the first sample of the process water,

iii) adding a second, different dose of the treating agent traced with the fluorescent tracer to a

second sample of the process water; and

iv) measuring the fluorescence response of the second sample of the process water, wherein
the residual concentration of the treating agent is estimated using the change in measured
concentration of the fluorescent tracer at the respective treating agent doses using a function of the

difference between the fluorescence quenching expected and the fluorescence quenching detected.

2. The method of claim 1 wherein the residual concentration of the treating agent is correlated

with treating agent dosage.

3. The method of claim 1 wherein the residual concentration of the treating agent is used to

determine an upper and lower limit of treating dosage.

4. The method of claim 3 wherein the treating agent dosage is automatically maintained between

the upper and lower limit.

5. The method of claim 1 wherein the water treatment process is a solid-liquid separation
process.
6. The method of claim 5 wherein the solid-liquid separation process comprises treatment of the

water with one or more coagulants or flocculants, or a combination thereof, to form a mixture of water
and coagulated and flocculated solids and separation of the coagulated and flocculated solids from the

water.

7. The method of claim 6 wherein the solid-liquid separation process is a membrane separation
process wherein the coagulated and flocculated solids are separated from the water by filtration

through a membrane.

8. The method of claim 7 further comprising one or more pretreatment steps wherein a portion
of the coagulated and flocculated solids are separated from the water prior to filtration of the water

through the membrane.



15.The method of claim 9 wherein the portion of coagulated and flocculated solids is removed from the
water by filtration through a media filter. 16.The method of claim 9 wherein the filter aid is one or more
coagulants selected from alum, polyaluminum chloride, ferric chloride, ferric sulfate,
poly(diallyldimethylammonium chloride) and Epi-DMA. 17.The method of claim 9 wherein the

fluorescent tracey iggplesteshfiamliuarasseinsihadamieedd, e rhadamiee Wdsid S:Areagibad of
monitoring residugreafing, agentn.sofigdiauid separation prpgess waler comprising,. .4 ),gdding a
first dosd OFA trea INg agen FracedWith A fluoreScent tracer 1o a firs samﬁ?éo he process water,
ii) measufiprguhitedisRrdsouhiderssporrserodiiHe fieszwairpladoebriprostedslywataemovediiijoatiding a

second, difierenbarseefihedreating asnt arrd Withshefueigsaapt tracer to a second sample of
the process water; measuring the fluorescence response of the second sample of the process

water; and V)aﬂgi%la\t/ o hU el ety LS BRI AP th B Y SRt VAR A AGEMR' 885 Yes to

estimate theresidualconoeniratipnsofethettreatinglagéatd flocculated solids and filter aid traced with

a fluorescent tracer;

ii) separating at least a portion of the coagulated and flocculated solids from the first sample

of the water;
iii) measuring the fluorescence response of the first sample of the water;

iv) adding a second, different dose of the filter aid traced with the fluorescent tracer to a
second sample of the water to form a second mixture comprising water, coagulated and flocculated

solids and filter aid traced with a fluorescent tracer;

v) separating at least a portion of the coagulated and flocculated solids from the second

sample of the water;
vi) measuring the fluorescence response of the second sample of the water; and

vii) using the fluorescence response at the respective filter aid dosages to estimate the residual

concentration of the filter aid.

10. The method of claim 9 wherein the residual concentration of the filter aid is estimated using
the change in measured concentration of the fluorescent tracer at the respective filter aid doses using a
function of the difference between molecules of fluorescent tracer added to the water and molecules

of fluorescent tracer detected in the water.

11. The method of claim 9 wherein the residual concentration of the filter aid is estimated using
the change in measured concentration of the fluorescent tracer at the respective filter aid doses using a
function of the difference between the fluorescence quenching expected and the fluorescence

quenching detected.

12. The method of claim 9 wherein the residual concentration of the filter aid is correlated with

treating agent dosage.

13. The method of claim 9 wherein the residual concentration of the filter aid is used to determine

an upper and lower limit of treating dosage.



19.The method of claim 18 wherein the residual concentration of the treating agent is estimated using
the change in measured concentration of the fluor §cent tracer at the respective treating agent doses
using a function of the difference between molecul€es of fluorescent tracer added to the water and

molecules of fluorescent tracer detected in the water. 20.The method of claim 18 wherein the residual

concentration offthenfsgating agant issastimatRdileing e LB aNgRINMAS e cRBEBBIAtPMET the

fluorescel?t terraetl:r?drlgt g‘rl% rEleltspective treating agent doses using a function of the difference between the
fluorescenes quenc‘f’nng expected and the fluorescence quenching detected. 21.The method of claim

18 wherejn the residual concentration of the treating agent is correlated with treating agent dosage.

26 22. The methSu S 4ith 18RSI thi's@Sras cEonttitigl OPte tehitig 5 &b ¥ Psed to
determinéan thppercahd fidvagphithiboghrestidg tbsage. 23. The method of claim 22 wherein the
treating agent dosage is automatically maintained between the upper and lower limit

16. The method of claim 9 wherein the filter aid is one or more coagulants selected from alum,

polyaluminum chloride, ferric chloride, ferric sulfate, poly(diallyldimethylammonium chloride) and

Epi-DMA.

17. The method of claim 9 wherein the fluorescent tracer is selected from fluorescein, rhodamine

B, and rhodamine WT.

18. A method of monitoring residual treating agent in solid-liquid separation process water
comprising
1) adding a first dose of a treating agent traced with a fluorescent tracer to a first sample of the

process water,
ii) measuring the fluorescence response of the first sample of the process water,

iii) adding a second, different dose of the treating agent traced with the fluorescent tracer to a

second sample of the process water;
iv) measuring the fluorescence response of the second sample of the process water; and

v) using the fluorescence response at the respective treating agent dosages to estimate the

residual concentration of the treating agent.

19. The method of claim 18 wherein the residual concentration of the treating agent is estimated
using the change in measured concentration of the fluorescent tracer at the respective treating agent
doses using a function of the difference between molecules of fluorescent tracer added to the water

and molecules of fluorescent tracer detected in the water.

20. The method of claim 18 wherein the residual concentration of the treating agent is estimated
using the change in measured concentration of the fluorescent tracer at the respective treating agent
doses using a function of the difference between the fluorescence quenching expected and the

fluorescence quenching detected.

21. The method of claim 18 wherein the residual concentration of the treating agent is correlated

with treating agent dosage.



26
22. The method of claim 18 wherein the residual concentration of the treating agent is used to
determine an upper and lower limit of treating dosage.

23. The method of claim 22 wherein the treating agent dosage is automatically maintained

between the upper and lower limit.



