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METHOD OF MONITORING TREATING AGENT RESIDUALS AND
CONTROLLING TREATING AGENT DOSAGE IN WATER TREATMENT
PROCESSES 5 TECHNICAL FIELD This invention relates to water
treatment. More particularly, this invention concerns methods of using
fluorescent tracers to monitor the residual concentration of treatin

age ME TR IAMAPIT QRIS TRHE BN G W RES I e i d ent
ddSRERGLAAN W%%Wi%ﬁ%%&%& dge
as necessary to account for f n the characteristics of the
treated water. BACKGROUND OF THE INVENTION 15 Water, in the
TROHIK SLtBIEE®In industrial, municipal and agricultural applications may
be treated with an astounding array of treatment agents including, for
example, chemicals that enhance solid-liquid separation, membrane
sepaltdityssiass qieHoriisiceeameah e aticuishdhis pvention
conbéiee iRgivds dhatirptaibesdRit bt asrosititoraicraiddslcontionans of
deposition on surfaces, in contact with the treated water, 20 antifqulants
SRS O LFASa T DR s eren R B
ani@ i aiifaiisre settlzesapivor daiing agenidiospehesiecdssanatoresnove
forl @ROBHAJHOM R Hikssdhaicoractibrsaled water. Control of treating
agent dosage is of paramount importance in virtually all water treatment
processes. Obviously, a minimum effective amount of treating agent 25
BACKGROURD@IhEEIhNeRMatEdNor 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
proc&¥aiery o dugmenssr, of distiessl dtindusinel, cadcdnad radeassieylivallving the
appieAbMeMP SR Wﬁ‘ﬁqm%%{i‘&fﬁ?a of M‘H@nﬁ'&@éﬁt&%@%@ﬂ%?f@g
need for the development of improved methods of monitoring and 3
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process water trea the treatin
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.
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5 agent comprising sequentially i) adding a first dose of the treating agent
traced or tagged with a fluorescent tracer to the process water, ii)
measuring the fluorescence intensity of the process water, iii) adding a
second dose of the treating agent traced or tagged with the fluorescent

10 tracer the process water; iv) measuring the fluorescence intensity of
the process water; and v-a) correlating the change in measured
fluorescence intensity of the process water at the first and second treating
agent doses to the residual concentration of the treating agent; or 15 v-b)

SW%&%%%@WMmeasured fluorescence intensity of the

process water at the first and second treating agent doses with a

non-proportional change in, measured fluotescence intensit herein the
oA EEAHER i 2 metho of mbntoring et freating aecht nd
detrooing wetieraldngstinktegdet dosagrimpsetqse mtcoreatprbnitinthedrtating

aggmmlrﬁgiggg&g&g%gosage. 20 BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a plot of turbidity (5 micron filtered NTU) and

D fluoraddivg adiftaiossyt taediraiing ARevbUgRd BanpsrdrddsaduARSERM the
trapiitn@layasvaasage for 25 Mississippi river water treated with

. poly(diallyldimethylammonium.chlgride) as _described in Example 4. FIG.
ll)2 is éln 5 Si{ré?%}g?t%\lgrlens Bal tg};lsrl?& ?ﬁ%‘? rgg?lscszewl%?%hsity vS. polymer

iiijlosarsdifty avatendrdesediwithigalinglretpidincedwisaagad mishntlehibridescenta
e PRoddsSwhirochemical plant as described in Example 5. The data
shows the optimal 30 polymer dosage to be about 0.5-0.7 ppm for this

Ve, BeRNEING 2oL BB RNE LISPRBPHECRIBIESCEAEE Bifive in FIG. 2 vs.
v-pplyregtetiaiagke thaghotianbaumsdfaiotles¢ate atdisiyesuhopeoctsigeaeis
at ?ﬁé;ﬂlts? TSR E?ﬁ%%%in%’ge%g &%SPPWt e?rlef’ﬁlgl M AOReMAN ALOYE ugéi
under dose conditions. . 41s a plot of the fluorescence change around
ag¢d; optimal traced polymer
v-b) correlating the change in the measured fluorescence intensity of the process
water at the first and second treating agent doses with a non-proportional change in
measured fluorescence intensity, wherein the non-proportional change in measured
fluorescence intensity of the process water is used to determine a set point

corresponding to the optimal treating agent dosage.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plot of turbidity (5 micron filtered NTU) and fluorescence intensity
(5 micron filtered) vs. polymer dosage around the optimal polymer dosage for
Mississippi river water treated with poly(diallyldimethylammonium chloride) as
described in Example 4.

FIG. 2 is a plot of Particle Index data and fluorescence intensity vs. polymer
dosage for water treated with poly(diallyldimethylammonium chloride) at a southern
U.S. petrochemical plant as described in Example 5. The data shows the optimal

polymer dosage to be about 0.5-0.7 ppm for this site.
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5 dose at a southern U.S. petrochemical plant as described in Example 5
which demonstrates how the dramatic fluorescence change around the
optimal traced- polymer dose can be used to automatically change the
dose set point as the influent water quality fluctuates. 10 DETAILED
DESCRIPTION OF THE INVENTION This invention allows for treating
agent residual monitoring by utilizing fluorescent molecules. These
molecules are selected such that tiey interact or associate with the
treating agent and any undesirable colloids. It is this interaction that 15
partiﬁé%sgwm@@éeﬂ%aﬁﬁ%ﬂm@ﬁsmﬂ&%ﬁ Betleehvdimelemer
doRaigy OFRY iderrsieNS thelh thary boingsbangehihe: ivshesCrifesqpesiies
oSSy neseanceienshulsanlatl lecent e three
PHICTOBNVATONMBNTS Gre Tae ¢ romophore (I.e. 8|sso(1veéll|n water),
chroKlépHdse aksofihrtupitscrecstivignagamyiéthelspting] dtacsrhpylbioes)
dodPsk STUAMERNOIE Aseadiatachyiitning uadasialie callpids alwhen the

treated water contains only freely dissolved chromophore the flugrescence
demféﬁgfﬂwéwﬁle&ﬁ@%%%@%&ﬂ?%h@%%%t%ml &8ftds
polieaéinbagrntbsesidualsututiacanlicidsgdhie foesescpsiaeantensitinimt
W aﬂ(ﬁ)}ag% i%ﬁ%‘a éQan expected since the 'bound'/associated
Chromophores Isplay different characteristics. The change in
fluorescence intensity may be manifested by a non-proportional increase
DET AR gerraserieprding eatheveaqetsvistics of the treated water, and
the tagged or traced treating agent. In a polymer overdose scenario
filtrate water has more colloids and excess polymer and excess tracer;
togethiss the:itiedl favar Gsaencia grignsitysigudtaroaiiaatly betiffielienig In an
adiRdeLA9ss aepRataNbie GollRids 2te RIESSIAL R ARMMSL AL ACeT Is 30
present; thus, the fluorescence intensity Is low. Thus, In the transition .
aspreipte aYith dustiinenting eaentvad e Yadesile-eidleids c diria iy titeraction that

paﬂﬁ%%ﬂfﬂ@@&@&@&ﬁi&%@ﬁ?ﬂ)ﬁrﬁ%ﬁﬁﬁﬁoﬁlf’et‘ié‘eéﬁi&ﬁ’@@ﬂge in fluorescence
intensity that a||OV¥$ us to determine the optimal treating agent ot%e. his

S P R e L R R g g R AR TP EM R QBT B FYS
fhuedetitet velynsisfiimateatiie diffaieng dienbresiduaiavBynisangs duofescence

chrr%ﬁ%%rﬂgﬁe (i.e. dissolved in water), chromophore associated with treating agent (i.e.

at the

‘bound’ chromophore) and chromophore associated with the undesirable colloids.
When the treated water contains only freely dissolved chromophore the fluorescence
intensity is what one would expect. When the treated water contains treating agent
residuals and/or colloids, the fluorescence intensity is notably different than expected
since the ‘bound’/associated chromophores display different characteristics. The
change in fluorescence intensity may be manifested by a non-proportional increase or
decrease depending on the characteristics of the treated water, and the tagged or traced
treating agent.

In a polymer overdose scenario filtrate water has more colloids and excess
polymer and excess tracer; together the tracer fluorescence intensity is dramatically
different. In an under-dose scenario while colloids are present, no polymer or tracer is
present; thus, the fluorescence intensity is low. Thus, in the transition between treating

agent under-dose to over-dose scenario the fluorescence intensity notably changes. It
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5 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 I. 10 Lx x,F1) | (F2-F1) where xi
and x2 are the first and second product dose and Fl and F2 are the first
and second fluorescence measuréments, in arbitrary units. In an
embodiment, the product 15 dose is in ppm. In an embodiment, the
is thishapesde ueseiensmsipisnsiy batinlateyus doLetrietipn the apfimatferaiing
agdfttygeen the quenching expected and the quenching detected according
to ricJl.20 x11~F-x 1l (1/F2 - 1/F1 ere x1, x2, F, and F2 are
et AL R RS 8 DI BUPEAR also be
quanjintissbkstinppbtf treatmg mesieekidds FBy peimpiesratthiss irespertion,
an@¥RLRh e%gﬁ%@'am IPRANSHY, BIOGESTE' RIRGESTRRL0A! 60NaR 108

measured fluorescence such that the Stern-Volmer plot as described
frogbfralibraded AHENy linear. Put another way, "quenching” exists when the

Sterpr¥ekngopifkis, ineaeatmancemnbaditagdaihe eesitiied 608 camifidiaT

theoéi e treatin a‘%eﬁ}t is correlatFe((JI: 1%0. é’éfHQ t{ea{in‘ga? %%%%S? gérl an

erence ﬁ uorescent mo El
mpodiment, the residual concentration o e treatling agent Is used to

maletrienitetesiedipghe Vintiref¢rediiggodostiyd: 5 In an embodiment, the
treating agent dosage is autortgﬁgggpnaintaineq below the upper limit.
In an embodiment optimal treatqug“zf}gja—nt dosage is calculated using the
derivative of the inverse of fluorescence response with respect to treating

wiRGER] £58 are the first and second product dose and F; and F; are the first and

second fluorescence measurements, in arbitrary units. In an embodiment, the product
dose is in ppm.

In an embodiment, the treating agent residuals can be estimated as a function of
the difference between the quenching expected and the quenching detected according

to metric I1.

(X1/F> - %/F1) I
(1/F; - 1/Fy)

where X1, Xo, F1 and F, are defined above. Fluorescence can be in arbitrary units, but
can also be expressed as ppb of tracer molecule.

For purposes of this invention, overall quenching means any process or
processes that change the measured fluorescence such that the Stern-Volmer plot as
described below is essentially linear. Put another way, “quenching” exists when the
Stern-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 limit of treating dosage.
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5 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 derivative of 10 the inverse of
fluorescence response with respec? to treating agent dose. Then at the
acceptable water quality parameter dose point, the derivative of the
invefBanfriphadisasiicths trratipgracab ipwar iowtanticinasiatiped below
thdlyszaimithe set point will be fine-tuned for the optimal full-scale water

N fl b ted t hi '
ot OB B CHUE e Tl AR Tt

deriiedi @ thoveresdad f@uanaiingiRatee @hstapicQ]trcingaghesye
an l&iﬂﬁﬁ{&{ﬁy%Bnl:;%tfngPd%&%ﬁ%@fé?&u\aﬁ@r?a%%@mdé&ivﬁﬂmw&ﬂ

Fluorescence. As noted above, for purposes of this inventioni, quenching

peréorgameed SHtaRle AT AWREN PREtES J0eideriyictisnes Setizdig linear.
tulbRUENOSaRIEF this:iTgeNfieariRiSRsat A MOBRTIdNah tenBPauent, this

roduct 20 added(=1c¢c*ppm), then. l/If= (1/k +Kd[OJ/k)*(1/ + 0. Here k'
oo A T R e S e e et
anhwleasate ikt perumeer siltias tysbidigcarskine dolseliting i deriatingof

th&BGBHe SPRIBIRLEeALIHRPRRCCRER m@t@%ﬁn% FiQgse ARG VS
1/ppm is linear with a slope equal to (1/k + Kd[Q])/K) and a Y-intercept of

acoeigble e SuB RaRRTREr dRseRRipbife drtvathE iAo &WEse inverse
fludresrsce icherasmNRsepviith BspaaifRitkatbeaiing-3gaattHosagriia weed

to automatically contral .treating agent dosage. In an embodiment, an
beaP E%E:tl? ?ngg%ﬁh%%p%glagéﬁfg?gti0%965350 Caiculates the slope and residual
funcliorerss fedinswtriseas bDdaige thepustichingfeirsSora-vethepbfis3The

sulBElos: SRR o dosRaRPgWRENR SYeleUIRRabrate.

then measuring some response. 6 More particularly, at a pa

Canstatth ¢ Qlge Rudodee)(Horec) irdtiens datdtduntareesckupieSuenddng I is
MEEa:Y 'ﬁ%r-g?c%ﬁﬁ%?mgﬂﬁ %51‘93% ?&'ep&;}g&g 4 %ﬁrﬂﬁ@}ﬁg}n, quenching is
defined as occurring when the Stern-Volmer plot is essentially linear.

For purposes of this invention Ig is assumed proportional to ppm of product
added(= k*ppm), then 1/If = (1/k + Kd[QVk)*(1/ppm) + 0. Here ‘k’ 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, if fluorescence quenching is
occurring, a plot of 1/If vs. 1/ppm is linear with a slope equal to (1/k + Kd[Q])/k) and a
Y-intercept of zero.

In an embodiment, the set point of the derivative of the inverse fluorescence
response with respect to the treating agent dosage is used to automatically control
treating agent dosage.

In an embodiment, an algorithm controls dosage iteration and calculates the
slope and residual function as defined above. Dosage iteration refers to a method of
making a small adjustment in dosage, allowing the system to equilibrate, then

measuring some response.
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to slightly different dose (dose2) and the system is allowed to equilibrate.
At this new dose, the fluorescence (F2) is measured. In an embodiment,
the time required for the 5 system to equilibrate is the retention time of the
system, i.e. the time needed for the fluorescence to adjust to a change in
treating agent dosage. Equilibration time for filtration systems is typically
about five to about ten minutes but can be longer depending on the
particular system. At this point the élope of the inverse fluorescence vs.
dosage curve is calculated 10 with the algebraic relationship: slope =

(1/F Mong parficudpsls atgguatisulpnitcatisg agentensissrciote a thedsesiee
walsiermned &Wr&?@hﬁgweﬁ@&ﬁﬁ ﬁ@ﬁtﬁ(sjsagaqstmnssbm}ﬁaﬁed
0 e.ls.ncremen redu ,Ifitisle t 0se IS, Incrementa
to O e e e S 8 O S s B
dofiejshe sbeneecand (B seriwisnmedtionas usbativmasichtaietedueal Sofe
sy@Bd {G%qotﬁﬁ@ﬁe@mé%ﬁ% &é@d&;@ﬁe Lll-sealf-s¥atem Ragtivated.

the setpoint is fine-tuned for optimal system performance. The foregoing

fiyereeqense doradist th arfhanse ijimlingerstitRsass:. HouNibatoBimsdn are
filRalisnatecbRy 1gHldae:BeRCAVE RGNS MK okl IRIdHgsEribed
d ab%ve anddilf th%reﬁidua@ are too high, the dosage is automatically
PEAUEES N %Haerlﬁ%g{jls%se%lfl,'the residuals fluorescence function is used to
moniotitiseos tstlope tof dresiverexBussisesnresuddsagecnoeieradpidadetd

with@nl SRBRAL FHMNI: §I69U‘§(§1‘?1ﬁt‘1@@ﬁi dNERIPL BHiSadIOis

automate the treating agent feed. Thus, the aI%o_rith.m serves to maintain
coppaEdd b atrapiahdersnteet prdrieribed phgvagaf it ddtrsseddamdhexceed
sefpoiap Aication sRasHiataay painted of iexA8Ip)thd dsevBIErresitasis (RO)
._pretreatment systems, using iterativ coptrol allows for dosage
i 15 R T Gh h F EAR bReRs and
doflebrosmetion isaspbincalduiebe ide/ikdl slegefordiitistisrifie éntial sdtpoint.

OfESHRAARY SRR AAVARRIR ISHHESARIIY L HRoRes f@%gma%%m

residuals and thus allow for the use of treating agents (a.k.a. -
PepRRAB ol & feP RO Preifraetiodit BATRiEt S RS HHEIEHES S density
indeRdSRALr etk sz tleaing tedintrboernrdiastivoieingbetrix I or
 Qigcion Addiionaly e aISReRoR RIS QL e RIRsERRAY oo
Shows the presence
reduced. In an embodiment, the residuals fluorescence function is used to monitor the
system to ensure excessive residuals are not being fed to the treatment system. In
another embodiment, the slope is used to automate the treating agent feed. Thus, the
algorithm serves to maintain dosage control and insure that the treating agent residuals
do not exceed an application specific set point.

For example, in reverse osmosis (RO) pretreatment systems, using iterative
control allows for dosage adjustment for changing influent waters, which is different
from a fluorescence set point, which is valid only for a set influent. This technology's
main advantage is the ability to monitor treating agent residuals and thus allow for the
use of treating agents (a.k.a. - polyelectrolytes) for RO pretreatment to reduce RO
influent's silt density index (SDI) and minimize cleaning cost, labor and lost water

production.

Additionally, the fluorescence intensity of the process stream shows the presence
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of trace amounts of tagged or traced treating agent in the process stream.
This fluorescence shows a sudden rapid change immediately following
the optimal dosage. This rapid, non-proportional change in fluorescence
can then be used as an indication of the optimal polymer dosage (the
polymer dosage set point). See FIGS 2 and 4, discussed 5 in detail below.
As this set point can change in time due to, for example, fluctuations in
the quality of the process water or @perational upsets, the
non-proportional change in fluorescence can be used to automatically

of HasmyEaHKsSEiagsRe OfESH reAiAE REEALINARS MERSCHIERERLi d RIS

ﬂxx%f&@éﬂéeglﬁéwglaad%ﬂ&aﬁ&a@i’ﬂbﬁﬂéﬂ@ﬁﬂhn@@ﬁa@f?ﬂﬂ@%@&éﬂ@ﬁﬁw‘adsage
fJuor cence 10 inte oft ocess water at.the first and secand
0, R S BN P G St IS B e SR of

thm&mai@dlfhnerdswcﬁdle\mhbmm dbeageont pandritenHIGE2gd f discussed
in MEAPHRH TUQIRRRISERT eﬁl?ﬂ&%%@ﬁ%ﬂ@&% 1, %?9}(591 G

point correspondlng & the opt treating agent dosage. According to

theyqeali BB@ﬁﬁé?ﬂesﬁ]‘@f’é@t%BW%%épéﬁtﬁth%ﬂ%W@fﬁ?ﬁﬁlr@an&@‘by
fhlRsingdkension wilikamubaptinal dasestnamberorapneligiiagged or

traciad trea%lng agent and measuring and data logging the initial mean

manyal 1

value o uorescence, F 1, and the corresponding polymer dose, P1. The
polyriescdidisgljs ihemither emiertuligntiribeshsargt ivthexaeaplebyladoseict

m{%HEM%ﬂﬁé%P@c&g @é}%ﬁf@ﬁ%&%@s@@&w%éﬂnggg&b ReaR dargiRgd

above. The'new mean fluorescence value (F2) and the 20 corresponding
W%%@S“p@@?ﬁ’é@&é’éé‘%@é?é”&éﬁfééb@ﬂ“ﬁ?%%&%ﬁ hgtAotke
prﬂpl@t&ﬁﬁemg@iﬁQ&H@@rapﬂnategcshwﬂmﬁepldee@mh&mmﬁé@me level

deghgn (iinet% ? sto sggg% % recpgniz eg{enu%e gftaan e (for example,
ercent dence’hat's Cnang uoresternce repr Sents a real

chan@ecmig@lt@ ﬁlth@ﬁg@iemmdﬂmmsyt CPhéeranomgtizginddosaged?2
by SthERLINC SRERA M R sHB856H M @BL@(H&%@() Ford) QPRESRPHT ARk

change in fluorescence (|n ec on point correspondln to the optimal
trepHng AP AL RERNT AR drrleseingdhe siftal me3sivg e REAYSFEIsERSENal
quhﬁﬁl@&: eeuképmaufgvpbmm@dﬁsmme mﬂrpapfmt EGs@Qfﬂ%ﬁtxﬁ&arﬁﬁdﬁ]jge
§|n fluo esce etf6>r1an mcrem? mccrle[ sel trace ort %@

lnfrea ?(r%g %rgg%(r?fn Aot expect%%fnotl?tgl‘é%%e oﬁilma osea%és raeé)lvg%
CQAﬂ@raéﬁsmthmm&nﬂeoﬂﬂmewmmmﬂ\pmSB@lmiM@h@s(ﬂ?é@dﬁbethe new
corresponding traced polymer dose, P2 are data logged. In connection with the
fluorescence values the operator should decide on the confidence level the data has to
satisfy to be recognized as genuine change (for example, 95 percent confidence that a
change in fluorescence represents a real change based on the system parameters).

The treating agent dosage P2 is then incrementally increased until a point of
non-proportional change in fluorescence (inflection point) corresponding to the
optimal treating agent dose occurs. For example, such a point of non-proportional
change could occur when F2 is more than about 50 percent of F1 as large changes in
fluorescence for an incremental increase in traced or tagged treating agent are not
expected outside the optimal dosage region.

After a suitable amount of time, for example 30 minutes, data log the new

mean fluorescence value (F3) and the corresponding traced polymer dose (P3). IfF3 is
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mean fluorescence value (F3) and the corresponding traced polymer dose
(P3). If F3 is 8 greater than F2 by a significant amount the polymer dose
should be decreased. If F3 is significantly smaller than F2 the polymer
dose should be increased to return to the inflection point. Suitable data
logging protocols should measure the variable of interest (eg., 5
fluorescence) and accumulate 100-300 data points; calculate the mean
and the standard deviation for the §neasurement; ensure that the
standard deviation is low (for example less than about 10 percent of the

gresfeuiipraribste sitilicans amarad theczalypey, ders shanldaiel descaserbnl {8 is
sighfiskahgy MRG0l R AR YIRIFY. A 48 8H JA FBIGHIRLRSHIB ARAHE H HRD

. embodiment, the set point is automatically changed to account for 10
nfREURMRYAL in the process water quality. In an embodiment, the treating
agertuitablrghtislsgginmpiitadhiseronidimeskadettie vaeibpioinf. ihtesest (eg.,

: o : : W ;
ﬂutgFQ&%Qb%}ea% gc{%%ﬁﬁ?@ %@%Btdét%%%)’é{gﬁu‘?% i el ah%‘;cheﬁ%&fard

(aqers. hese rescent tracers or may th C e a}pprem
devigfinfndanthe 1Basmeaer Rang b dieaindasd Jeriatien iy (fanermmle
lesRAER 860kt 10 AR R IBASYNERY; R A58 BERIASH @B n (ETNRREA A ard

iQnic strength, redox potential, microbjological actiyity or bjocide
oY BB A BTG 45 SFE BRI ) AL RGP B ABHE process
doedmat siginifimaentlytichsu geinluis agtthetiesip tbanfinded asemlhy &ibout ten
ﬂum%‘?ﬁ)intﬂ% Ogmg&l‘%geqr%mth?utomatically accounts for significant

changes in 20 fluorescence. The fluorescent tracers must be transportable
with i an gareedieeinbatispbitesgcnidesagn avtematicaivaintaiogd o Hist
setpaglly, water-soluble therein at the use concentration, under the
temﬁ*e\ratur and Eresgﬁutre conditions specific a%?nd unigue to the water
reat RERERRAETD D e BAER S FBPLRA Y KD NSO Bth are
trapers|ifbited fhidrasens tclessngdoinidyShdP beappidoiably 80sR2itficantly
2ffOG ARG U4 %@Mt[?ﬁﬁ%@_%@até‘?@é&ﬂ@&%@ﬁ&%@toﬂf\sﬁ {ﬁ@%?ﬁgr%%gteﬁ?
selected from fluorescein, sodium salt (CAS 'Regisfry No. 518-47-8, aka
papRgigtsre B 75301 amPRIT N S JRBIS IS et BRiRNHRlgmicrobiological
activity or biocide concentration. As long as the chemistry in the water treatment
process does not significantly change during the retention time (usually about ten
minutes), the control algorithm automatically accounts for significant changes in
fluorescence.

The fluorescent tracers must be transportable with the water treatment process
water and thus are substantially, if not wholly, water-soluble therein at the use
concentration, under the temperature and pressure conditions specific and unique to the
water treatment process.

Representative fluorescent tracers include, but are not limited to tracers
described in U.S. Patent No. 6,730,227, incorporated herein by reference.

In an embodiment, the tracers are selected from fluorescein, sodium salt (CAS
Registry No. 518-47-8, aka Acid Yellow 73, Uranine); 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); 1-deoxy-1-(3,4-
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disodium salt (hydrate) (CAS Registry No. 1655-29-4, aka 1,5 - NDSA
hydrate); 30 xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt, also known as Rhodamine WT (CAS Registry No.
37299-86-8); 1-deoxy-I-(3,4 9
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); 2-anthracenesulfonic acid
sodium salt (CAS Registry No. 16106-40-4); 1,5-anthracen diﬁllijlfonic
dibydiot {SAIBTRIbYIkH- dioxaberzdedatepidi L0 YR s sk %‘%0 own as
Rib%ﬁ%ﬁ?@g%;@aimgk%ﬁé@m gwcm fli3todh €y shBiegaity 21)0
ereof; 1,8- anthracepedisulfonic.aci istr : 679
Sl e T A s
1,5alevecaredianioneraiadyCAS Reigietfyore. A17AAEHDF aiderbntherra 2&r

upply companies.,| j 1the ingegsntiséagacst with a
ant {Jagfge&ééesﬁ rrr\%cigffl ri I%ggeégggﬁg%&?r??ogggyaﬂn the tl}luorg;sce t
anthratetpdindfaniongid 66 SrRagsER TSR IMaS-Iesakst B gfer‘?:‘fo ification of
mighiFeAtRRIE PPhE MRbtRR datete Seridtaniette capalieialljorvailngla from

covalent bond W#{% the treatwen%f%‘ranser. The preparation and use of
a VR RIS AR S SR SO aty is described in, for example,

U.SInRatenbdihec, 31264406 Q7T 460gs:d %@bg@@;g@g%ggi%.ég’ 103
exgmgébg%é 3 g?ﬁﬁ@tﬂ@ﬁ&@é&&&k%@%&Q%lyﬂﬁﬁm%atﬁ&h@m&y

re ce. osage of the fluorescent tracer iIs an amount that is at

itstdfacr byfpesEmoETioHivIRE RireRiESHt RBR R LA LRSI &SR ed
caﬁi&oﬁégbfgé((ﬂiﬁﬁé Q%eﬁ@rwﬁcfmgh tatﬁw?atﬁ&mmodmﬁs ﬁébwiﬂmgﬁonmdo utIO
ppb (parts per.billion), preferably from ppb,
usp gk 36?\%8%%88?\% %ggﬂ eé%erlu%é?ﬂ?% 6?1%%%#%%5%%’(‘)%% ié%gbut the
Paiadtians M6 c N Ehiglad RN 0N RAZ IR OOk B T Iri¥bvements

5,434 l%%@?#ﬁ@%?@ﬁ%&%%@ iRFLgS{hisrsatestion limit and are

“envision orescent tracers can be dete%edﬁ%/ utiltizi c?e\r{%i)ety
of diffredsaerioERABItEeRhTERTES B AR R/ EEESHCE St

scence emission
proPREHGSEARY-B1R SorSesthiamiialraniinuaes Mypispbddeaseageirenyiven

S AR OT GEH R Ol o h o PUHE pRRGGER) T o
about 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 basis, at least over a given time period, is one of the preferred
analytical techniques according to an embodiment of this invention. One method for
the continuous on-stream measuring of chemical tracers by fluorescence emission
spectroscopy and other analysis methods is described in U.S. Patent No. 4,992,380,
incorporated herein by reference.

Examples of fluorometers that may be used in the practice of this invention
include the Xe II and TRASAR® 8000 fluorometer (available from Nalco Company,
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the continuous on-stream measuring of chemical tracers by fluorescence
emission spectroscopy and other analysis methods is described in U.S.
Patent No. 4,992,380, incorporated herein by reference. 30 Examples of
fluorometers that may be used in the practice of this invention include the
Xe Il and TRASAR(r) 8000 fluorometer (available from Nalco Company,
10 Naperville, IL); the Hitachi F-4500 fluorometer (available from Hitachi
through Hitachi Instruments Inc., &n Jose, CA); the JOBIN YVON
FluoroMax-3 "SPEX" fluorometer (available from JOBIN YVON Inc.,
Napsridlle, 1)) ths Aitaci€ite08 fugempetr pwilebisHiranbtiteshbimusirm 25
Hitayaiaplendeas Bio-Bel1dserta) iy 008MbRASHA Lid ISk ST X
Internatipnal, San.Die uld be a iated.that.the . foregoin
o b S B P LTy b e GHLTaL ayore
IV sppeoophottivetéhmrthn ST Ciaveiladerfrax Bitiecly Kitatrenfitmougiheters

Regéa%mﬂiﬂﬁﬁﬂ%@}ﬁsﬁeﬁﬁammgg easd insHiisdnepiptdtanasmshbe

ppreciated that a variety of other suifablé analytical techniques 10 may
forgeoipgibgidsgheespib sl MiweRdstesbeih harsremBlEiples of
repEetd@ehfliguesdaei dRice vohinesdck Ry -diltle Shencaasaasis,

%ollori etry analysis, 'ion sele&tjv electroge analysis, transition metal
maoail l(ia 1ons thereqf can also be usé m?hls dln?len 101.

analysis, chemiluminescence, pulsed fluorescence measurements, and

the kshdwldbeapirociaivdribathe picerfidihee auidablnenadidical eohmiaties
mR BIRTAEE Wilksdle ihefueadngrloaiiinRed vhich nendnuersly (i-e.

within the timescale of the_retention time, tygri(;ally every few minutes)

techigues fnehudn srlierd HELE THUpE renssp e s n Ul umyE aani el diths
seltesieadtickadidnaaigsisliiatitibn veend aslicimabetailuittieedtaaknputgent

a residuals at the desired thgﬂgt. The controller can be configured and/or
uglc'ﬁsce CC measureim 1KC.

usted in‘a vqne% ofd erentand 20 suitable ways. Alternative )
methods eobidimenidbamiksgiiHirsensiomioedugesiitsarirolesiiggsameed with

thdIHREESHENESFRRROIRENG (REA MRS al¥ikaba e Hitilagethrds to

determine optimal dosa%e. The controller can be either hard wired (e.g.,
ret e BRI EXR A BRI} Ak eE AT FIAR A e AR aT Rt e ptine
agerdpranenitl gesoribethdetieiiaiynyidedesed above so 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. “Treating
agent” is meant herein without limitation to include treatment chemicals that enhance
solid-liquid separation, membrane separation process performance, antiscalants that
retard/prevent scale formation and deposition on surfaces in contact with the treated

water, antifoulants that retard/prevent membrane fouling, biodispersants,
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25 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. "Treating agent” is meant herein without limitation
to include treatment chemicals that enhance solid-liquid separation,
membrane separation process performance, antiscalants that 30
retard/prevent scale formation andldeposition on surfaces in contact with
the treated water, antifoulants that retard/prevent membrane fouling,
migxebidrpapeyhdehibiting;agspis pbasthiasidendRg demive shemisalyiitides
reiflbék dgRBIRGTohesIiEAls ihat coptacBedrpasitdtam surfaces that contact
the treated water. The present invention i applicable to all industries that
can OR T A i B e e R B AR e
treofiolusrighiso ddasesmplehiohdiichmitragso oidusérisl psesessavéntibicican
PR ARRIGEECRSRHYIEHAR BV APl QERSIAS INARE WRlRhRIOCESSES,

industrial water processes, municipal water treatment, food and beverage
PIofRSEESs SRSt MARMBROSERTE S iHAYSisial 8@ IS BRAFBHRS: UMGRRLBIAIY, utility
tre@fdenati s 4idl PevSEh RO $3KesaSRBRACaINCY podeRistRLtpnicESSeS,

mifaisporationelated processes, fexle piocesses, Riating.apdgtal 10
Working processed faunar and ciea mngrocesées, cafher andr?anning

pronesses sasseatitioninprdderesessesnipait qupsestes dlatiogradanstpd
QEESRRS S IRl PR XA ARILY, REARLIRASHRIBINGIRIBR, and

W
production of cream, low-fat milk, cheese, specialty milk products, protein
PajBHPIREESSEctose manufacture, whey, casein, fat separation, and brine 15
recolepyrftaitas aibdguahbessadd pesceetasiogn tindhudd) dvesmgepleddsiyy
including, for example, fruit juice clarificatiqn. concentration. .
st & HE RS S AT AP R R
prigiicisl cobleitispleins Besiesa gusumaess v heatseseindial seppretigting b sogar

redSHRINFoYCIRIRD I RrQIEsRE PARERING NEBIBRIR Mlustry including, for

production/processing, wet milling of grain, animal processjng (e.g., red
expnle: BYE v RttRlRs RonserBatiaf Y, deraidsrdon ot SOl Chssrase
clitifichpionsaissig rsmastalaod itwealdchoFeoara dsvefdpel pttiedsyataerisad as

us&H) Ralfzﬁgrléocc; QS Itergﬁrrllltngl\é%ggt%{;hia%%ﬂ%’processing, vegetable oil
production/processing, wet milling of grain, animal processing (e.g., red meat, eggs,
gelatin, fish and poultry), reclamation of wash waters, food processing waste and the
like.

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
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 method of
this invention include, for example, industrial waste water treatment, biological waste

treatment systems, removal of heavy metal contaminants, polishing of tertiary effluent



10

15

20

25

30

for example, boiler water production, process water purification and
recycle/reuse, softening of raw water, treatment of cooling water
blow-down, reclamation of water 25 from papermaking processes,
desalination of sea and brackish water for industrial and 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, memb2ane bio-reactors, mining and mineral
process waters. Examples of waste water treatment applications with

watel iyt wasth & rsthsansponationgsiehraTien e fnk raniirel WleRtrial
teXIRSHRANAIEE. IO MENSI 0] GRIE i W AST o/ JEPAISIRAE, SHBER Tmi JeiOyial) Of

PR AL bR P e CEU 1 PP R

papeatern,, teluilEmaste (@ngentlyiomahdibitespesizalfiidifpow dighsreaniveyy,

1, teltiemasts doig . s
fe%Qﬁ%ﬂfe%égé?fﬁ%%ﬁ‘éﬁé’é?g%%gﬂ‘3&29@4;%96@ GRS RHRI PTG

A C paper (e.g., color removal, concentration of
chemmigal Esetiens BYRECKGS), FAhAURIEHOLIASE Reelsk KRG BIBR(SeH C5486s),

indiRemiGAsde.g., emulsions, latex, pigments, paints, chemical reaction
by-products), and munijcipal waste water treatment (e.g., Sewage,
induSH ST SRS S BRSSP S hESB RR e o o

eximventismicwiddaepfoinsexeatgylprosessis,anddstiorioSwagator prioctisses,

phRFRGUGHRR %Yléﬂﬁél&&'id@l%‘a{@'ﬁsé@iﬂQﬁ%ﬂ%ﬁﬁéﬂim{!&% (?rw(ﬂ&f

used in enzyme production/recovery and product formulation, an
formpulations ad pertiprerddifgrereatii@mbodiment, the present invention is

appliadiriddansiededprestat inppticationspudiierivectifeiRdsvaged as

feed for reverse osmosis units. Itis particularly important that.polymer
oD RO TISISOT FR e BT A oAb e 1 Tyt fention i
pagivuibidnizepfotaahthaimolivatoresidvate thidfud R Protwadansst 2jihopsicie is

préBsadeRIg S CRSRNARIMMEY EBSitalh FR-ROhAR VR RS ARplications

that benefit from control of treating agent dosing. Some examples would
pobuness ifss it R ersARIG AL dbatare BRHiRsNGH Attnpligations
thitéba_ﬁ_éfﬁrﬁdhi vosiehuatedatdipch RAOUGRIRE. cm&&mlgm@ﬂddﬂpbmf@ch
wilgieation prosesses, sould.be Used 18520 Bul ot Iled 0, Jadugi!
process watet, boiler or cooling watef make-up water, or
seawater clarification. The product of such clarification processes could be 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
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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 25 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 catidhic, anionic, nonionic, zwitterionic or
amphoteric polymers. Suitable flocculants generally have 30 molecular
mMOpFiEiNGih WP SLICRINIT, OTY A B 8 1$ RS REEdZHS BERDIUNT5e
catRRIRRIGHOSAMATHS &y RisA oRIGRB AR IR REHbIR MBIA R bTatien

of one or 13 more catiogci)c anionic or nonjonic monos%ers, b

o o AR A BT B i, P ora RS RIG s SRS it SR ApSHiBRton
of oo momcetionie rsoinneopwiinerzatnor oftosic aronanerapivhoptionally

on&?%?&&eﬁn‘{‘éﬁfﬂcmg&%’{ﬁ%}%ﬂ@é%%&%ﬂﬁ%&y&&r&qlg@erizaﬁon of

one or more cationic monomers with one or more anionic monomers and
polyBifEiatigEoE AR OF MIEANBHRBIRIEGHRATOMEIS ARt SRSGNRY APl S5 Eeric
noehe a6 s ROIYMEsiZatieriolio peIphsRo Bna\wiissie Rivifmelamers and

optionall on@or [I]ore nonionic monomers to form a W'tterion'ic ol%émder.
TOBBCH} O e 15 S SN S AP B RS AT OHE 5F SR AsT BRI
witinonoonensreraoais oha hapo rerzes tovittpoheatenivareaaimioigicherge to
the%ﬁ’ﬂ%l‘fom% Ls to impart cationic or anionic charge to 10 the

zwitterionic polymer. While cationic polymer flocculants may be formed,
usin&’é&ﬁ@ﬁ‘i@%ﬁﬁ%&%ﬂ%%@ﬂ%’}%’sﬁ?lgfé‘?ﬁdréﬁeﬁééﬂ%ﬂf RATIGHES: it
is e\l%ﬁdb@@ﬂiﬁ%ﬂ f@&ya@ammladmdﬁ@eimaamm{lmm@m peliteers.

Po rs, of this type inclyde those prepared thrqugh the reactign of
o, IS T SRR e T et L
theveastimhod polyatisdarSide iveitly dinteiley bamids epbigrme ditbirdefamro dnes/be
Misipeddising,anionic monomers, it is also possible to modify certain

nonionic vinyl addition polymers to form anionicaltl%/ charged polymers.

PolyefdytHig prqpic aaker RoceHpms fye formed Using anionic

monomers, it is also possible to modify certain nonionic vinyl addition polymers to
form anionically charged polymers. Polymers of this type include, for example, those
prepared by the hydrolysis of polyacrylamide.

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), dimethylaminoethy! acrylate (DMAEA), diethylaminoethyl
acrylate (DEAEA), diethylaminoethyl methacrylate (DEAEM) or their quaternary
ammonium forms made with dimethy! 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
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prepared by the hydrolysis of polyacrylamide. 20 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 25 drhmonium forms made with dimethy|
sulfate, methyl chloride or benzyl chloride. Wa_ter-solut}e coagulants are

polyatsiinimow chdoritlen privehuminym iliastelide fapis sehag %t?i‘t%gﬂ‘%} 5

and HRGANG PHRIGRRIerd3ePresentative inorganic coagulants include alum,

sodium aluminate, polyaluminum chlorides or PAC ich-also may be
alsdis8y %ﬁ@BI@Pﬁggﬁ%iﬁ?ﬁ%%Wg %ﬁ?/%%;?d%f éﬁé\é,nél}%%ﬁ&}qydroxide

polghletideohaBicdpiatwhinbmanictitis tind ielydaspishierchydidxychloride,

._and the.like f | m{ﬁé&ﬁhﬁ das Aaktgninum silica

dimgf} ?'é?&?gr#gé%é@%éﬁflg fgrﬁg]lrlliéde, and ttrlcllg{?ike grfg% nds, thereof.
Marydditicae sestagaedastide palmname AR v&%&&éﬁ%%‘a’

or RRSHzAlRuFramRieH ARl af whisoytbeinditite efishivrotay drin-

5 dimethylamine, apd epjchlarohydrin-dimeth 5@{ S0maRia polymers.
cowamm%gﬁmgfﬁ‘ﬁf@“ dPBlymers o ce%r%%%enéﬁsgi%hlorice and

tetrastiyiRnipermamtiny bnemthytmddizmigomndin  nms aHsediigtttne
emcg1 Eld% it}g@rso I qLp9 RigusoRdensatinLalymem byl funaiiossidmeies

as diethylenetriamine, tetraethylenepentamine, .. . |

hexAviditisel raamHanie BsladnEAHRRIGH PR Wsiienps s
suctcﬂoiyBl?ﬁ@gﬁ%%&ﬂﬂfag_mw&ﬁﬂﬁ?anbM@ﬁﬁmeﬂ pagged
_ formaldehyde resins. itjonal cpaqula [ e
e S e o
qustiatiytslisakinyddramdniidemhiolidectiirsmaaismedtiidtnethacrylate,
(m‘é'@ﬁr‘etﬂ%‘%@?f%@)@%@?ﬁﬁwﬁ%ﬁﬂﬁ%ﬂ@hwdﬁugu@émmwmalt,

Rethacrylam d¢o ropyltrimethylammonium chloride 1'1%1. vl
prqmmmﬁy)wwwm%gf?ﬁ%ﬁﬁ&ﬁmﬁ?ﬁwﬁa IStsthyi(beta-
anh¥ORiGRARIEOIATAR Qi Bttty (betienethdonytbxipoigetiyadnilsty -
ana %%%%&5%‘ ISL;IiIII;C% %{; 9’}3}%'1%%% BR!W&FWHE?&@%% methacrylamide
which has been reacted to produce the Mannich or quaternary Mannich derivatives.

The molecular weights of these cationic polymers, both vinyl addition and
condensation, range from as low as several hundred to as high as one million.
Preferably, the molecular weight range should be from about 20,000 to about
1,000,000.

The selection of the proper flocculant and coagulant for a particular application
and determination of the effective dose may be empirically determined by one of skill
in the art of water treatment based on the characteristics of the particular water being
treated.

The coagulated and flocculated solids may then be separated from the water by
any of a 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
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and its quaternary ammonium salts, vinylamine and acrylamide or
methacrylamide which has been reacted to produce the Mannich or
guaternary Mannich derivatives. 20 The molecular weights of these
cationic polymers, both vinyl addition and condensation, range from as
low as several hundred to as high as one million. Preferably, the
molecular weight range should be from about 20,000 to about 1,000,000.
The selection of the proper flocculdht and coagulant for a particular
application 25 and determination of the effective dose may be empirically
filtrpttensi sens v rrnsiferad mictperattaritaeriaxaivég plidemrmbranes,
cerafnéantaishins ahthadarbicurawalehiginggdfeaiRd cdixaicRagu isdadyand
ro%:ulat d .soli%,s may t@en b(te se %raiedtfrom th wa&%rl by any of a I
SRR OF MEANS B afaBie h e ar%?asno?iai-mﬁf %%pa?g(zacgﬁ ‘in‘é’lﬁ&f‘nﬁ 30
sarg] gaifibrasitey awingaifugle 4\ i sswliagliabfuficiations ariectiemicehvisiened suth
i@ PEHARrS35i AP IHEANED TANS HEtR ANt METRIRedItallaRemEia
iltration.” Membrane 15 filtration is generally considered micro or ultra
cempgidiiGnvolving pliable membranes, ceramic membranes and the like.
MeditgJﬂ%ﬁi&diﬁ@ﬁ,ﬂﬂé&l&i@@@ﬁiﬂ@é@ﬁkéﬁdﬁ@ﬂi&ysﬂ%ﬂiﬂﬁmgemvm\éﬁd
as a barrier tp contaminants, in water and.they are co nly..san
PR AR P AR S BT e T S iy S
filtsatthis thi ghciudes bhaueiResidiiatstadnitoringoradadndagraeroiiolagerrding to
thiDWWEHEHSn BEH VR IR F B RARn GEIRIBifRa R fal BEAS SITYPOCIBRBE R Gl tration

solid-liquid separation process is a membrane separation process
sysipmerafieneribsddalared and flocculated solids are separated from the

watevibybiditateputiiongivamcam bsan eoResiclualt fioamitosinglradigadage
control according to.10 this jayention can be to enhance
p rct))"ﬁésflg 6H%Pé?ﬁxgie%°c§/%¥ur%% R)éii)étrllle ﬁ#‘% ion @Ege?ﬁgoe%?r escribed below.
remmav@si&@r@ﬂmdi@bﬁhoﬁwmmzaﬁmpwmmﬂm oreotbrepe
exﬂg&ﬁqnﬁﬁ%%%ﬁﬁl%mﬁgﬁfﬁé'% Q,*lﬂ&'iﬁﬂﬁﬁ@t&@&t(i%knd other

nanofiltration (NF), reverse osmosis (RO), electrodialysis
PrOSBRSED BTG opRe 0L 5 seRBTt AR R R e fvscAiohe MemiBiRe
seglititiaiioneseamidrbre siginhing, fitendais ammitons asaiatne filtration,

includes microfiltration, ultrafiltration, 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 0smosis
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
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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, nanofiltration
and reverse osmosis, and uses pressure as a driving force, whereas the
electrical driving force is used in 20 electrodialysis and
electrodeionization. In an embodiment, the membrane separation process
comprises one or more pretreatméht steps wherein a portion of the
coagulated and flocculated solids are separated from the water prior to

poliization efferis (reterInseuiipianef someaiiheisdnsed-aybpleneshoyadary
lay&iemREaREm BRI supraik hasdin ent ilor aembsanetkenasatientsystem is a

is system. | is, the feed stream is typicall
megE BRI 30 oGP LR BSEa S o I oL AR S Qi et
caflinkibis s festtisttsapavalie! forthpssiegtraneh therfazetsachathparmehte

inRULQL G NG Seed Rl AmIETYSER Q{B%éﬁﬁe&?@{l}la@ﬁ@cﬁéé’dosmam. A

permeate. The cross Tlow rate’is routinely high in order toT&:ovide a
reqyelUGAB( R R berRamass e mrinipmbigh fow s arrps i sembErg
sudgsg.ease concentration 16 polarization effects (e.g., concentration of

soluifs in the reduced-turbulence oundar%/e a(}/tec{iﬁt th%{ﬁemb ane

I
CVEISe OSMOSIS processes can el o&avar g {ﬁn €S
surface, Which canincréase the osmotic pressure at tine embrane and

mettmib&_tn@qn fudh cerpeamis ta drobvind blencant tapes anidndooteithat diméHiots
hofigh MR DR IGR RIRAR WBtE FURRARSHGIHRUG s igmbrane as

permeate, 5 thus decreasing the recovery ratio, e.g., the ratio of permeate
megbiBfieREEH: }@aﬁﬂdﬁffﬁ’é‘w&?@hﬁﬁ‘ﬁ(gféﬁ%ﬂ}% Slrecsenrifintairha
ardigkeflovd AR @eIassithe MemMbies & Ser fiaribBsye Se s BB RIPLARSES

cagn emplo iety of different types m r . h.commercial
N R o Ml A B o, Mol VR 067 e hcomimsles
herpiatnipaiticwdidy €hepten bl kntittes el asie fepataiigpirdi-shouldde

apPRERRARESISMAR e RIfiS 8 BRHEMAPENREANE LlarsHendrthhe like,

some of which are described in more detail in "The Nalco Water _
filfretioaisyErm. Sute AU PRARac RS aP k0 Rdsddepaidingae
théGagapaiay appiivaticark, N.Y., 1988, incorporated

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 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



10

15

20

25

30

hereinto, particularly Chapter 15 entitled "Membrane Separation”. It
should be 15 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 20 spiral wound elemBhts or modules, which are constructed
by winding layers of semi porous membranes with feed spacers and

vegsshin Sty the presshierdearol ke et passyapiorb firpapedbed e biretadn
whidagedyiicalPortiia BIoRkNeRA R elReVIRAPENSOHQnIRR SR8 from
oyer-wrap. The resulting con tructio%ﬁ S one %hannﬁrl,whic can receive
the TR ROERBIAS FESISE iFdRFY HECA IGh R SERHER o PR BT S A A
thensGatkl €Thn geamitstthereting Ifiendadisod tho neantirates Strdarstabifithecthiected

in M9 lm%d‘ﬁ%‘ﬁéa%acﬁﬁ?ss through the semi-porous membrane and is trapped
in %?rmeate channel which flows to a central collection tube. From this
tube

i O T DCES e SR STS K REISSHFRVRS oI actat angqdr Hctidher
“sARMPRHARNOIUIRS AR AIARErA00 SF5R R AR IndRIWBRCtHRIteIdeams
5 con ecff(r)]re%ommﬁg the %%rmefte tubes of the first m%dule to the g?rmgate
TP LEP L PLEREIY AR LS AeriSs Bh? F5RRd S S PR SO SE S BeRS
theyr bdeomsdbkife@t sgsamefdrihesssmid. stfthif thenordg sustee bget B water
stRRS AR e U5 raRepie R heestecn b IRMRYES ARALiRu o the

water as permeaté water, The concentrate stream from the first
M3y SN TEIERSEHIn Bl Teadistgass. dhurensenisia feamsreinubighifess dn
préfRurs viReeRiack sdddgdaRipReMe colieaiigd vl 6f WigchBakfaRes in the
stack are qoll%(l:t%g.?in the jgined ermetaae tuhe Q){\/,ithin Most reverse
Pr MBSy SR Preliitire VEL LIS IR AR Ged T eitier - RabB&Gr
méphsyesoifigistigethrmembiankpsystetn stivencofiiprpoeseanteasels in
ASHER R UM R RK RERERENEARRSG S A AL IR IR SRFRIA ANk Of

pressure vessels where they become the feed stream for the second

SYSRIBRUC BIRTRAY eteiiames o Puefed paies gesroawedicEBe sraewer

stiehasSkibth YRSHRIG ik Ba S B gty fanBen plRifR S YSIRM cX0RYnEo BiaIthe:
mressure vessels in a first stage, the concentrate streams of which feed 2

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
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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 15 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 systel may be further purified by ion
exchange or other means. In a multi-pass system, the permeate streams

attipgHoradh qgusaPerprRaY dPuling « Abitiustion SRLAIE BTG SREIHEthe feed

ind@nRaSMbeReRIEHaciseal. TTRERIGE: VRSO se DRA R GRANBS QNS
from aIIanressur vessels are cogbined without further membrane

prettrréag?ﬁl]ee So?rétg:c B 1?&15'5%?8 N Multi-pass systems are used when
veryRugtrseunitposiatectisapguirechefoesexdhvaly ntihtherijpoefectteniCsror

exApINRsRigal iNJUSIHES: dadtls Yo (Qutheseia _Iﬁq{iﬂeﬁ?ﬁtﬁﬁ’

that various coagulants are needed to maximize the efficiency o _
folloyed Ryt fHsiionr alaiernibat ste glemsy i id e sen windiet filtration

tech@agilants are aluminum and iron compounds and synthetic

polyglecliolfies, Unfornatel, ueing aluminum, sych 2= alum, produces
residuals thatrrorm ractable” scale on membranes. PO yelectrolytes are

Médaifiensyconsisd d6pgtinertd eddidficatibe otsler 80 lsimpalR@etee nWrimesvite
vaﬁS_ﬁf’Bﬁr&%ﬁ%@&ﬁ TS ARl IR S £RATIIARIS RS ARHPAE, 1t 1S
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ely feared that polymer will deposit on membranes via electrostatic 18
anthraciidisielih ardA Gem HBsHoRn Mo rpiliatt £an SATNSLAA Fidkfdire
ceRxie Bsiviem bRt ciepiriotonianeaepigaETeaily JhsiefQee ey mhsared

osmosis filtration systems, pretreatmentis gritical to efficient operation.
o B R A e e P L R RSP e of water
For Basicasqsiegulvate pantthatuised/as dikéenteidsia R Oxpre@enimignivi Filistialflz

fuﬂ&tﬂi%%bﬁm?ﬁ@kﬂg ifallenysd v dirationValers faalaiRiearer fhan

ca. U can use direct filtration techniques. Filtration generall
faciffslsqtartran sapipriay e dilsemBPishethres Wi Ridfnase YAueRd Rters
watansistagirpatifiaitssl Esabi e mesoichenisit]amsaiar nikile a wide

chemistries, is critical.

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.

In an embodiment, 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.
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10 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. Various coagulants can be used as filter aids in
RO pretreatment. Filter aids 15 function by modifying the influent's
particle size and surface propertie¥dn order to facilitate particulate
capture by the filter. Which type of filter aid to use varies from water to

waterhgrfarespingtne e beiRsandessinashieyr whugnetip be &SIRMVIRL of
exSABRYSHIRSh xS pidsattdd BNpRrphedisremistaifolManiiRmbs AEAMEIIS limit
osmosis pretreatment system 20 wherein the portion of coagulated and
theRsopg IRt ERP BYgY Riremoved from the water by filtration through a media
filter. In an embodiment, this invention is a reverse osmosis pretreatment
wherein the filter aid is one or more coagulants selected from
Exgﬁr%olyaluminum chloride, ferric chloride, ferric sulfate,

poly{EiahisrussseBasenHorRtimat HRAEE PRt dosaghisonalaigdising the
invRBO SR HTIEIDNEELHRB I&FoRYQIRR @%@@t&@ ety M

er)erein the fluoresclent tracer is selected frorg.cfll orescein, rho amj[ne B,
e it

THREIRE W ARE P P8 BBl Rt SR B S YR SSB AR A 1n

medimdsrib atinvert{lthisscarentiod iglidigyerse osmosis pretreatment system

30 "‘ﬂ%‘?fsﬁigpﬂl@s BIORESEERIHARE 3P AlY (RIS IREAMA MBI  jar

f
chloride) t lge%/?ﬂd with [uminol, rhodamine or fluorescein. 19 The foregoing

testanljosa péteMarkins oducty GeidieisacQbl (rodsh awnhseXaR ELERAICh
ac@iidippesanteRliowRigpREaDIf illustration and are not intended to limit the

SO L AR (SR AL LU e VTR b0
fluorggeence response with respect to treating agent dose and correlating
197 WalGHAHAY YePR A R SHEARG LU DY stisiad sipriald jar test
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 um syringe filter

directly into the turbidity and fluorescence sample cells for measurement of the

appropriate property.

The treating agent promotes the agglomeration of smaller particles into larger
particles, or flocs, that can be more readily separated from the water, for example by
settling or filtration. In the event that visible flocs are formed, the floc size of the
average particle formed may be ranked versus the benchmark. Other factors such as
water clarity between floc particles, floc shape, tightness, etc. may also be noted for

comparison.
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methods to measure fluorescence and turbidity. 10 For purposes of this
example, jar tests are accomplished using a four-unit jar tester from A&F
Machine Products Co., Berea, OH (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. 15 2) Add treating agent
via syringe into the vortex of the stirred sample and continue stirring for
30 seconds. 3) Slow the stirring to205 to 60 rpm and continue stirring for 5
minutes. 4) Stop stirring, remove the paddles from the sample and allow

the hihiptdests shawld sy Brehmarked noing UMby SHTSRIEPAS WA
pr&HRRINMBRANA KA PiBEHG RERKING R RN ekAPRWOlr QMR AN ale

sample surface and filter the sample through a 5 pm syringe filter directly
Pej, ‘EB’%&MB‘?&&?‘H ﬂfﬁfo‘fég%ee’ﬂ%eﬂ?ﬁb?é%8I‘%P%%%§ﬁ%ﬁ%%ﬂﬁwe
dosplpenginadek foo ferbyri2bof sttraatithg dgefiepreenidtesttibes diyglomelation of
etmﬁﬁwggféﬂgﬁ 'QB%Agﬁ%%%kparticles, or floes, that can be more readily
e

separa rom the water, for example by settling or filtration. In the event

that VR smesrs of thedastestisanthseyariad Spipkonlls Hgatpartiarplisttioad
anevRsAkadbYaIsmipeshrRig k. RibsaiackracHelasmemtas slayity

bet fl ticles, floc_shape, tight , efc. Iso b df
ey SRR ¢ 14T 0BLe G L0 B A UG & Bhics
witheweasataguiaigon Fmogranpl el hislafioiy sddrdaad jthstimeke afidestiely a long
AR i tala N JkSEAIE RRHPINANES ol RS A FUA RSP

use In the plant at the time of the tests is set as the dose benchmark for

clafificse el att thatdsddralecisallviarsipededwill aseftp shresrdshpres 319%the
miRerfasRameeRanchimatbatitopipaRigss Tibrnrhi9stscanebe varied

bafsefd on ithextre te e .gﬁg)ljcat' 0 ravr‘lldt é:r}aractesc[ig,&ics of the sam I
peinb Yo BEr REE o e ioE TRESOR 1RS5° Siliay RAOHYdr st
waighyt péitaat Errimsittastasmuti aslendraigroé@idg theifertasswlifitecoroagulant 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

SettledFluorescence
ppm_[1/ppm | NTU [Intensity, ppbQuenching
1
5
9

1.00000| 10.9 2.08 0.48077
0.20000| 4.3 8.65 0.11561
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




10

15

20

25

without a settling stage. For example, if alum is added at the intake and
travels a long 10 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 augmeafing the ferric sulfate coagulant with 15
a fluorescein-traced poly(diallyldimethylammonium chloride)
(" Py DAB MAIR Tasozduiinis THEGHSIARISIIAeIRYSSHIY erlraatpd as the
i GG YRS QYRR i st it e
[ [oxi weight percen in .The
s YDA R BBHEEN AR T TUE A o o
fluoNiehbvaishiify wiwdubesis. The performance metrics are turbidity in NTU
and 20 detected fluorescein fluorescence in ppb (w/w) of fluorescein in the
filtrate. The Fluorometer is a Hitachi Model F-4500 and calibration is
Exanple@plished using fluorescein in deionized water. A Each portable

e S o juPresones o 1
are summarizea in 1 apie 1. anle, ttle :
wsingp HRER SL O ESERET o NSO o o VR i o B
treRATH LIG6ky LMl tdsBting 513 udEE3 LR QOYBI 6 Blyoraygnsasee
da‘é}_?%;?[as,igg kg 2#18&% BB Fr1ultoLRRLe ot IR ARS COMREY | Nap@RiRing
|

IS anaf’y 3 y calculated as the inverse of the fluorescerﬂc :
IL THarGRAS AR $A0oreRintyHasasrara Ao 2ddeid Hosesran A8 &cence
co#é‘élﬁaff%&@ga%&hﬂ@w@r& fudpgbrlupesasmf This ioveation jsuttsitrettitce

uorescence intensity is requjred. 5 Exampl . .
less precise optics versus tﬁle reseaﬂ’gfl grade IEE)t(ac[ﬁ]lp ﬁo%yDADMAC 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'l. The results are shown in Table 2

Table 2

5um
FilteredFluorescence| Corrected
ppm 1/ppm | NTU |Intensity, ppblQuenchin
0.4 2.5000 | 0.30 0.1140 18.5185
0.6 1.6667 | 0.43 0.1470 11.4943
0.8 1.2500 | 0.69 0.1650 9.5238

1.0 1.0000 | 0.50 0.3300 3.7037

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
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Testing is also accomplished in the field according to the method of
Example 1 using the Each 2100P turbidimeter on Mississippi River water
that has been previously treated for turbidity removal resulting in a
turbidity of about 1 NTU. Fluorescence 10 data is obtained using a
TRASAR 8000 Fluorometer from Nalco Company, Naperville, IL. The
TRASAR 8000 requires a correction at zero added fluorescein with the
correction being a subtraction of 0236 ppb fluorescein. This correction is
attributed to less precise optics versus the research grade Hitachi.

0.053 pyb Resrasconsersaiisndn s bitnsied frae tAs s SHUSEE SRS slow mix

inttAERS. MR ER B W eaiiingripeifivable 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 haslables3of ppb™. The results are shown in
Table 2 Table 2 (SumTfritteredFiporescernce Corrected 17/ 1
Intensit , bQuenc¢hin 0.4 2.5000{03@10.1140 18.5185 0.6 1.6667 0.43
0.1470 11.4943 {0.8 1.2500 0.69Fl i BregcencelQeoEsiedD 0.3300
3.7037 20 Note [tH@nn TA#en, 0,08 Ypiriters) RGN
fluorescence. Exdhdfle 2.Q80%al d.Pace wAAPEom la TaRA98 Montana, U
SA, is treated with!a08ua( {9025 BiddrngrahiRing feiif94 i ate solution
and ponDADMAnCJ 89 4 BBEFiAePiB4Table 037 Fhe fasil RBOR tvo
minutes, slow mixgpq'p hiB 80 OrRes Htlinlrz‘ﬁ\qg and 94333 0 057 ppb

fluorescein correction is subtracted from the measured fluorescence
intensdy. tHAenrEsblES 200 STPPH &y e dtebableodedtahieidostance.

As shown in Table 4, non-weighted regression analysis of Stern-Volmer plots

)

for the above data have ‘goodness-of-fit’ (%) 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
' 99% 89% 89%
Kq[Q1 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.

Example 4

For this Example, Mississippi River water is jar tested using
poly(diallyldimethylammonium chloride) (“polyDADMAC”) coagulant according to
the method of Example 1. The polyDADMAC is approximately 20-weight percent
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Filtered Fluorescence Corrected m 1/ppm NTU Intensity, pp Quenchin
0.50 2.0000 1.05 0.408 2.8490 1.00 1.0000 0.74 0.6151.7921 1.50
0.6667 0.64 0.792 1.3605 2.00 0.5000 0.52 1.260 0.8313 5 Note that in
Table 3, 0.057 ppb is subtracted to correct the fluorescence. As 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 d&a. Data using the Hitachi research
rade Fluorometer 10 presumably has a higher fit due to more accurate

Witk he belasgs helpgn snprexigigsicasyeiehidcssekepins e Igen-
Thg @gm@mmK A 9@ %mhkﬁlécﬁzs&mmﬁﬁ]ﬂs Egtaddmﬁl?am% Emﬁﬁa&%ﬁ‘a 99% ﬁ9%
9 91.5 ese data su at t |ng
W MR YR SR DO R AR e e AR T L L
dewaedrfbwmgchieatwe%hmc/armﬂﬂ(wlw)thfmmdo ﬂnélevmiuetd;ew
FRHORERISNARAANERIAY MAY0Be I8 alrt i AL daaiailistoh that

quenching can be advanta?fiIﬁ usly used as a water treatment rameter

flugrpsecinipisianizse et xArnrd, Iredissbidinatsndiedslid 18P ds sad &mg

N0 bicdiaiivisbmetTHarssipnisesahlasdel (oRADMAC") coagulant
according to the method of Example 1. The polyDADMAC is

approximately 20-weight percent 23 polymer with the balance being an
apprOX|mater one welght perce’nﬁalzialme solution. The ponDADMAC

S TR iRuhtiwerght
S rforg ROty TN
quorwﬁln quore scence in ppb (wiw) of fluorescein in the filtrate. The
5mm Filtered NTU 0.70 0.62 0.66
5mm Filtered 0.101 0.179 0.833
fluorescein, ppb

The optimum polymer dosage, using these low-resolution jar tests, is found to
be about 1.0 ppm of polyDADMAC (clearest water with the lowest turbidity, Table 5).
As polymer dose is increased over the optimum (1ppm in this particular case) the
turbidity of the filtrate increases again, i.e., the filtrate water quality diminishes (Table
5). Simultaneously, the fluorescence intensity of the filtered water increases
disproportionately rapidly (See FIG. 1). This occurs because the overdosed polymer
breaks through to the filtrate side enhancing the fluorescence intensity. The more
polymer in the filtrate the greater is the fluorescence enhancement. Small amounts of
polymer (e.g., 0.5 ppm of polyDADMAC as a 20% active product) significantly
increases fluorescein fluorescence intensity (Fig. 1). This enhanced fluorescence can

be used to indicate the presence of excess residual polymers.

Example 5
A field trial is conducted in a southern U.S. petrochemical plant. The plant
takes in Mississippi River water and uses lime softening for clarification. Water is

then pH adjusted to 7 and chlorinated with bleach. Next, the feed water is heated to 78
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5 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 5. Table 5 Direct Filtration Jar Testin Polymer dose, 0.5 1.0 1.5
ppm 5mm Filtered NTU 0.70 0.62 0.66 5mm Filtered 0.101 0.179 0.833
fluorescein, b 10 The optimum polymer dosage, using these
low-resolution jar tests, is found ta24e about 1.0 ppm of polyDADMAC
(clearest water with the lowest turbidity, Table 5). As polymer dose is

°F inerplatoleah aschisagsptifcadrosidne nxidaatpARitt&rrnasds tdcalliybidity of
obdte dilliBien BeEaRSESRARIRediRxdipdiitrate water quality diminishes (Table
15 5). Simultaneously, the flugrescence intensity of the filtered water
incra&esd W%ﬁ@r&%&@ﬂ%ﬁ%ﬁ%@%&hgﬁkﬂﬂfgg% Hgeldise
prefiecd\tgrtkadthpd9I7E PobaksDIMAGhimto0tPesilfhatesicie Bynivaighing the
; . ; | ) ) < th
W ERRE I bt 1SS ARG Po0B L AR g%m of
oo AN AT Aot B AOpFOAGB RS20 Pebnarintiter
aidlyE8 $ERIP %Qf)fgﬁpgaf@ penSibfddag- (i]lcr)ec?é'ﬂ [ S22 zulm_d Wfi(fllllmm%ﬁﬁ)
.can_be ysed to jndigate the presence of excess residual polymers.
Wil AR Rl B & ETOURESF s e A e g e
usip@mﬂ“r_ﬁm Mﬁﬁh@ﬁmﬁaﬂalw Qsmpqup{ Riuté’rm&# laraddméfglﬁw'fegk PLC
cofiRRRSHIR: HATHIGPPRR, Walsts (A Pibadiuplodie e araliaiped

wi each. Next, the feed water is heated to 78 24 F in a plate heat

thegpuKimgdia fikera icdiavia oRigdiseorich i §p g8 Krsvcamsil shangs des
to plopar sk e bomethiRb@at exchanger. Traced polymer is added as a

filterg igchpa% ysqtgg]selnrg.usltj‘_lggggﬁ% | E)%ri'tcl}’j?Nalco Company part# 041-
PM25011.88) measures the “particle Index” as an indicator of the
particulate/contaminants content in the filtrate. This system can be used to monitor the
quality of low solids, low turbidity systems. The higher the Particle Index the higher
the particulate/contaminants content in the filtrate.

The Detection accuracy is as follows. Particle monitor: The standard deviation
of the reading is about 15% of the mean. Changing the polymer dose the trend in
Particle Index data is very clear. Field trial: The standard deviation of the reading is
about 10% of the mean. The accuracy can be further improved by increasing the
concentration of fluorescein in the product.

The optimal polyDADMAC polymer dosage to the multimedia filter influent is
between 0.5-0.7ppm. In this range the particle monitor has the lowest reading (See
FIG. 2), signifying that a minimum amount of particles/contaminants is present in the
filtrate. Below this polymer dosage more colloids escape with the filirate and above
this dosage polymer breakthrough occurs, both of which increase the particle monitor
reading. Similar to the observation in Table 1, FIG. 2 shows that just beyond the

optimal dosage, a non-proportional increase in the fluorescence intensity of the filtrate

occurs. This increase is due to the excess traced polymer in the filtrate, just as was
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prepared by blending, 99.77% PolyDADMAC and 0.23% fluorescein by
weight. 5 Water from the heat exchanger is treated with traced
polyDADMAC and pumped through a static mixer and into three
down-flow multimedia filters, Polymeric filter aid is fed using a 24-gpd
Series E+ Pulsafeeder (model LPB4AMA-VTC 1-XXX) pump with 4-20 mA
control. After a 25-minute delay, the filtrate fluorescence is measured
using a Trasar 340 fluorometer (Nafzo Company part # TSR341) and a
VersaTrak PLC 10 controller (Sixnet, Clifton Park, NY, part #
observedsimthe jen topt Tesulte sidehdrmrineisesea Mvereseragrisistatistiscaibout 25
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Thissagthodehminaiag themged i paryeldriseiiesics isatensiiedb baghgdSee
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present in the filtrate, Below this polymer dosage more, colloids esca
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fluorescence is statistically >97% significant and is a strong indicator of

dac%’f?mal traced-polymer dosage level.
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FIG. 3 is a plot of the slope of the fluorescence curve in FIG. 2. Around
the optimum traced-polymer dose the fluorescence slope is 7 times
higher than the 5 surrounding under and over dose conditions. This
makes it particularly attractive to be used as a marker to determine
optimal polymer dosage. Thus, as the influent water quality changes the
optimum polymer dose set point can be changed automatically (See FIG.
4). When dosing a traced-polymer2éuch that filtrate fluorescence is at its
inflection point, changes in water quality result in dramatic 10 changes in
CLi\dféscence, which are easily measurable and usable to adjust the set
point. This method eliminates the need for manual interference to
automatically track and dose the gptimum amount of traced-polymer, It
Choult be dh BERD G B GBS (e A TR REFRL (S f i
treptieg@ptht doseferie grecekoditee ntatdé sctitvbd therting agtnb ecappaiagt to
sedhQs6i illed in the art. 15 Such changes and modifications can be made
ithout departing from the spirit and scope of the present invention and

|
withBut dirdfisiading deserd s ratiag rasetiracrd okéregsiavifichded that

fluSkEBeahaRGe Soanel prediicatien)s be covered by the appended claims. 26
CLAIMS 1. A methoﬂ}? monitoring residual treatingg%gent and
e

dete inin&%ﬁﬁﬂﬂ% ‘fﬁfﬁsgalgﬁflg&sétaé’ fﬁhﬁrBré’ WAIE" treated with
the ti@atingdiient seroptidasg & gedueatitighgahtcdaiedon theged osthdhiche
ﬂug%%m_@&%p{%%%&gmed with a fluorescent tracer to the process

water, ii) measuring the fluorescence intensity of the process water, iii)
addiify a sB3myiasdee dlupresaass iy agnofiRe ISP RYFEE With the 10
fluoreggentéiaslefitbehprarass WaleisiwdTiaasdtihgdhadhdpiasanneeocess
intensity of the process water; and y-a) correlating the cha in
R A O BEC BT AROR BRSO e 57 e A P A oo
tregggagktnteating agent doses to the residual concentration of the treating

age@t_;b9r correlating the change in the measured fluorescence intensity of the
process water at the first and second treating agent doses with a non-proportional
change in measured fluorescence intensity, wherein the non-proportional change in
measured fluorescence intensity of the process water is used to determine a set point
corresponding to the optimal treating agent dosage.

2. The method of claim 1 wherein the residual concentration of the
treating agent is correlated with the change in measured fluorescence intensity of the
process water at the respective treating agent doses using a function of the difference
between molecules of fluorescent tracer added to the process water and molecules of
fluorescent tracer detected in the process water.

3. The method of claim 1 wherein the residual concentration of the
treating agent is correlated with the change in measured fluorescence intensity of the
process water at the respective treating agent doses using a function of the difference
between the fluorescence quenching expected and the fluorescence quenching
detected.

4, The method of claim 1 wherein the residual concentration of the

treating agent is correlated with treating agent dosage.
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15 v-b) correlating the change in the measured fluorescence intensity of
the process water at the first and second treating agent doses with a
non-proportional change in measured fluorescence intensity, wherein the
non-proportional change in measured fluorescence intensity of the
process water is used to detennine a set point corresponding to the
optimal treating agent dosage. 20 2. The method of claim 1 wherein the
residual concentration of the trealfig agent is correlated with the change
in measured fluorescence intensity of the process water at the respective

treafing agElit Meted ok turetish Siarrsidibroneantisdgiedthdolecules

tre AL YERGE RN RERALRR 1 (DPRMERIT WA MEIessdes of
fluorescent tracer deteg
[

ted in_the process water. 25 3. The method of
clairf 1 whEPE e SERIERR SOMRERR AR Rear D AR dnt o

au@maﬁtat@dmithaﬁheddh&ngﬂ@upmﬁx@d fluorescence inf(ensity of the
process walgr gLile [RaRY S HGRHNAARE PEAPRER ARIRE iy @ﬁé!r%éé%

the difference _between the fluorescence quenching expected an
acqpyfdecBnciEatiganinibgrstst isdfengalitrhe method of claim 1 wherein

the residuahranesel atienial hendreatiRgRABRE e aabag%dwith treating
The method of claim 1 wherein the residual

agent dosage. 27 5.
aufoRIRUSA %Wgh“t&ﬁﬁ r tﬁ%p%%ht is used to determine an upper limit of
treating agéimt vetmgef aifhé whethindleftotafimeSgehtieiagted wihting
mBeedasage is automatically maintained below the upper limit. 5 7. The
method of claim 1 wherein the set point is automatically changed to

accdiint fol heietetlad 9é sleimel prbeisiisthedisptingasntds thest iy of

fluelabae wdrerein the treating agent dosage is automatically maintained at
the set poipt. 9. The mgtlgod ?[f laim ]B1whereir% the treating agent is
St .

tagged with % EHRTGR ST Hie e SR BRSSP
ligthe sspatitignagesesss traced with a fluorescent tracer.

12.  The method of claim 11 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.

13.  The method of claim 12 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.

14.  The method of claim 13 wherein the membrane separation process is a
reverse osmosis pretreatment program wherein the water is treated with one or more
filter aids to form a mixture of coagulated and flocculated solids and at least a portion
of the coagulated and flocculated solids are removed from the water prior to filtration
of the water through a reverse osmosis membrane.

15.  The method of claim 13 wherein the portion of coagulated and
flocculated solids is removed from the water by filtration through a media filter.

16.  The method of claim 13 wherein the filter aid is one or more coagulants
selected from alum, polyaluminum chloride, ferric chloride, ferric sulfate,

poly(diallyldimethylammonium chloride) and Epi-DMA.



11. The method of claim 1 wherein the water treatment process is a solid-
liquid separation process. 15 12. The method of claim 11 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. 13. The method of
claim 12 wherein the solid-liquid se®aration process is a 20 membrane
separation process wherein the coagulated and flocculated solids are

sepdfated Tlormetiwdefelby fiftrebiomitisuijvessrabimennds seleciigdrom
ﬂuHPé‘s@QQ g{oglﬁiﬁhelﬁg\gﬁ@{@ggﬂg@@m_brane separation process is a

reverse osmosis pretreatment program wherein the water is treated with

one b mortherhethattel fdaeam#pawhﬁs&wr@%ﬁ}fsagd agss iR dagrstegnt
traS@id pandiailiedisicthphitippmbm tieidopgaisttdaidnadoet ihddansiatds

5 aude geelryoved from the water prior to filtration of the water through a
reverse osmosis membrane. 15. The method of claim 13 wherein the
portion of coagulated and flocculated solids is removed from the water by
filtration through a media filter. 16. The method of claim 13 wherein the
filter aid is one or more coagulants 30 selected from alum, polyaluminum
chloride, ferric chloride, ferric sulfate, poly(diallyldimethylammonium
chloride) and Epi-DMA. 28 17. The method of claim 13 wherein the
fluorescent tracer is selected from fluorescein, rhodamine B, and
rhodamine WT. 18. The method of claim 13 wherein the filter aid tagged
with a fluorescent tracer is poly(diallyldimethylammonium chloride)
tagged with luminol, rhodamine or 5 fluorescein.



