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Mot Applicable,
Background of the Invention

This invention relates generally to methods of reducing corrosion ina
crude unit,. More specifically, the invention relates to methods of optimizing system
parameters in a process stream of a crude unit o reduce corrosion in the crude unit. The
imvention has particular relevance fo sampling dew point water and accumulator boot
water {0 measure system parameters and respond to such measurements to reduce
corrasion andfor corrasion byproduct deposition in the erude unit,

in a crude oil refinery, generally the oil is pumped from a storage tank to a
crude unit for processing. The crude unit cleans the oil through water washing ina
desalier and then splits the oil wnto fractions in an atmospheric distillation tower, These
fractions are pumped o varicus processing units downstream of the crude unit {e.g,,
coker, catalytic cracker, bydrotreater ete). Though corrosion and corrosion byproduct
deposition {the latter sometimes reforred 1o herein as fouling) cocur in many areas of 2
crude unit, the wost severe corrosion and fouling typically take place in the overhead
condensing system of an atmospheric distillation tower system.

Refinery crude unit processing has becoming increasingly difficult in

recent vears and is predicled to become even more challenging and complex for several
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reasons, For example, significant increases in crude oif pricss have caused refiners to
aggressively pursue “opportunity” or “challenging” crudes that are obtainable at
discounted prices. The lower price is linked to a crude property such as high acid or high
solids content that muades it less desirable than the Hght, sweet benchmark crudes,
Refiners switch crude slates more freguently than in the past due o
minimurn on-hand crade oil imventory combined with increased orude oil variety. A
crudie slate switch typically upsels the steady state condition of a crude unit for up to

several hours. Generally, about gighty percent of the corrosion and fouling oceurs during

o

hese switches or disruptions, which pormally last about twenty percent of the time. I
fouling and corrosion issues gre severe encugh, the refiner will discontinue processing the
crude oil or blend of crudes causing the problem. However, these challenging crudes are
available to the refiner at a discount thus making thewn more profitable, Discontinuing

5

such probiematic orudes is accordingly not a very popular option.

In eftorts 0 reduce corrosion, a crude unit way be serviced two or three
times per week, or in some cases daily, Daily service at best provides a snap shot view of
a dynamic crude unit systeny. Crude type and/or raw ¢rude storage tanks are switched
several fimes per week, sometimes daily. The contents of cach fank are different from the
others, so each switch causes a change of feed guality {o the crude unii, many times
unsetting the steady state status and causing disruptions in the system. Preheating,
desalting, and distilling operations shift with the new crude, sending products and/or

gifluent water sources off specification. Many adjustments over several hours (in some

cases days) normally take place to return the crude unit to steady state operation,

o]



WO 2012/149076 PCT/US2012/035075

The most common current industry practice 1o control such disruptions and
optinize crude unit operation is to provide enough manpowser and man-hours. For
instance, each crude vpnit may have an operating crew from three to ten people, depending
on size and complexity of the unit. This crew may spend their day gathering various
samples for wet chemisiry lab festing, and measuring and making adjustments for
temperature and flow to keep the unit running within specification. Such practice is
typically geared towards keeping the unit operating properly with respect to fractionation
gquality cut points and end points, with minimal attention being paid to a specialty
chemical corrosion controf program. If a disruption is severe, changes may be made to
the process chemicals and/or changes m levels, Hows, or temperatures may be
recommended arcund the crude unit to keep the dynamic svstem in as optimum a
condition as possible.

Attempis to compensate for periodic or sometinmes prolonged lack of
human involvement include installing online pH meters on atmospheric distillation fowers
overhead accumulator water boots; however, due to a high rate of fouling of the pH
sensor only a small percentage of these meters operate correctly for any length of time.
Online nstrumentation, such as pH meters, requires routine maintenance and calibration.
Moreover, online pH merely tracks the pH and sends an alarm to the opevator when the
pH iz putside the control lmits. Odten, poorly calibrated and/or fouled pH meters cause
frequent alarmes, This frequency tends 10 minimize the effectiveness of the alarm system.
e to the lack of industry success with online pH motering and other monitoring efforts refiners

have not pursued more exotic and effective online instrumentation {or process chemical
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programs. There thus exists an ongoing need for more sophisticated and effective online and/or
antomatic methods for monitoring parameters and reducing corrosion in crude uaits.

The art deseribed in this section is not intended o constituie an admission that any
patent, publication or other information referred to herein 18 "prior art” with respect to this
invention, unless specitically designated as such. In addition, this section should not be construed
1o mean that a search has been made or that no other pertinent information as defined in 37

CFR.§ 1.56{8) exists,

Briel Summary of the Invention

Al least one embodiment of the invention is directed towards a method of
measuring at least one property of a predominantly Hguid sample. The method coraprises the
steps oft 1) adding at least one chemical reagent to the sample, the chomical reagent capable of
inducing a measurable optical effect when added to the sample that is directly related to the
property 1o be detected, 2) measuring the optical effect, and 3) deducing the value of the property
by comparing the measured optical effect to pre-determined values associated with the property
to be determined. The relationship betwesn the measured optical effect and the property 1o be
determined is independent of the volume of the liguid sample and independent of the volume of
ihe reagent added to the sample.

The measured property may be one ifem selected from the lst consisting oft pH,
iron concentration, chloride concentration, and any combination thereof, The measured optical
effect may be a colorimetric effect, turbidity effect, or a fluorescent effect. The reagent may be
thoroughly mixed with the sample. The optical effect may be measured by determining an

absorbance level at a particular wavelength whose weasurement 18 recognized as an isoshestic
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poiat for all values of the property, detecting at least ong other absorbance level for one other
wavelength, comparing the two absorbance levels with pre-determined dats, and correlating the
two absorbance levels to the known absorbance levels of a particular value of the property. The
reagents may be sclected from the list consisting of bromgcresol purple, fucrescein, PTSA,
TEPTSA, caleein blue, Ferroring, silver nitrate, thioglyeolic acid, ammonia, pH buffer, forric iron
reductant, fluorescent dye, lucigenin, and any combination thereof,

The optical effect may be measured by the reagents being at loast two fluorescent
dyes, one of the dyes” fluorescence at a fivst wavelength is alfected by the value of the property
and one of the other dyes’ fluorescence at g scoond wavelength is unaffected by the value of the
property. The method may further comprise the steps of measuring the ratio of the fluorescence
inntensities of the first and second wavelengths in the sample, comparing that ratio to the ratio of
the fluorescence of the first and second wavelengths in a control having a known value of that
property, and covrelating the proportional change in the two ratios 1o the property value, The
optical effect may be measurad by the reagent’s absorbance and fuorescence where the
absorbance is unaffected by the value of the property and the fluorescence is alfected by the value
of the property, by comparing the ratio of the flucreseence to absorbance 1o a control having a
known value of the property, and correlating the proportional change in the two ratios {o the
property, The reagent may form a complex with a compound that causes the property, the
absorbance of the complex ar a pre-determingd wavelength is directly related 1o the amount of
that compound present and not to the amount of reagent added.

The sample may be positioned within an apparatus. The apparatus comprises at
least one reagent source constructed and arranged o foed the reagent inwo a chamber wherg it is

mixed with the sample and the sample is moved past an optical sensor that measures the optical
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property. The apparatus may further comprise a lght source which may be posttioned in line or
perpendicular to the optical sensor. The light source may also be in line or perpendicularto a
BDD cell through which the sample passes before the reagents are added. The BDD cell may be
constructed and arranged (o oxiddize sulfoxy compounds. The light source may also be in line or
perpendicular o a vertically angled sensor flow path through which the sample flows whereby
measired light passing to the optical sensor passes horizontally through the sample. There may
be at least two optical sensors and the sensors are positioned along a horizontal plane relative o
the vertical flow path. The apparatus may further comprise a tube downstream from the sensor,
at least a portion of the wbe s higher than the sensor and is horizomtally angled, the tube is
constructed and arranged to facilitate the mipgration of gas bubbles away from the sensor, The
iube may be lnverted Usshaped. The apparatus may further comprise 8 gas source upstream from
the sensor, the gas source constructed and arranged to sparge undesired materials away from the
sarnple. The apparatus may be interfaced with a control system governing at least some ol'the
operations of a chemical process strearn from which the sample was taken, the measured data

resnliing in the control system implementing a counter-measure in response 1o the property.

Brief Desceription of the Drawings

A detailed description of the invention is hereafter desoribed with specific
reference being made to the drawings in whiclh:

FYG. 1 is a graph used to show how the isosbestic point can be used to detormine
parareters of a lquid sample.

Fiz. 2 containg graphs used to ifustrate how isosbestic points at different ol can

be used {o determine paramecters of a liquid sample. In these graphs the left Y-axis is absorbance
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for Isosbestic points and pH channels. The right Y-axis is the ratio pH/Isos.

FIG. 3 is & graph used to ilustrate the accuracy of the invention’s measurements,

FIG. 4 is a graph used to {ustrate how TPPTSA and lucigenin can determine
chioride concentration using fluorescence raticing. The Y-axis is fluorescence intensity.

FIG. § is a graph used o iHustrate how lucigenin Buorescence can be used ©
measure chioride using absorbance correction for sample and reagent volumes. In this graph
Channel Counts is wransmitted Hght intensity for the Trans curve, B is fluorescence intensity for
the fluorescence curve. Absorbance of the lucigenin dye is caleulated by logl0 {ref/trans).

FIG. 6 is g side view illustration of an apparatos used 1o measure parametors of a
fiquid sample,

FIG, 7 is an overhead view illustration of an apparatus used 1o measure paramesters
of a liguid sample,

FIG. & is a flowchart iHlasteation of various components ln an apparatus used to
measure parameters of 3 Hquid sample.

FIG. 9 18 a graph used to hstrate turbidity correction in Fe measurements,

FIG. 14 is a graph iHustrating response curves for chioride by turbidity using
absorbance measwrement. In this graph, Channel Counts is transmitted light intensity for the
Trans curve. Absorbance of the suspended AgClis caloulated by log10(refitvans) where the
reference curve is not shown. This absorbance is given as the X-axis in Figure 11,

FIG. 11 is a graph illustrating o nonlinear calibration corve for chloride by

absorbance of the turbidity formed by reaction of the sample with silver nitrate.
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Detailed Description of the Invention

For purposes of this application the definition of these terms i3 as follows:

“BDD electrode” means an electrodes that is at least partially covered with p-type
diamond material in which at some of the covalent bond sites where carbon atoms would be ina
pure diamond material there are boron atoms covalently bonded nstead. The BDD electrode is
used in an electrochemical cell n which the BDID electrode is the anode.

“Blank sample” means a liguid sample not containing reagent.

*Boot Waters” means a liguid sample taken from the agqueous phase of a distilied
fraction of oil, in which the fraction has condensed and separated jnto an aqueous phase and an
organic phase and are commonly (hut not necessarily) collected from an accumulator downstream
from a heat exchanger.

“Colorimeter” means a device, which measures the inionsity of transminted light at
a particular wavelength that passes throngh a sample.

“Controller’” means a manuaal operator or an electronic device having components
such a8 a processor, memory device, digiial storage medium, cathode ray tube, liquid crystal
display, plasma display, touch screen, or other monitor, and/or other components which is
operable for integration with one or more application-specific itegrated circuits, programs,
computer-executable Instructions or algorithyos, one or more hard-wired devices, wireless
devices, and/or one or more mechanical devices and which is operable to integrate the feedback,
feed-forward, or predictive foop(s), and its functions may be at a central location, such as a
network server, for communication over a local area network, wide area network, wireless

network, internet connection, microwave Hnk, infrared link, and the like, other components such
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as a signal conditioner or system monitor may be included to facilitate signal transmission and
signal-processing algorithas,

“Drew Point Water™ means a Haudd sample taken at the polnt of initial
condensation of stear 1o water or the temperature at which a phase of liquid water separates from
the water vapors and Haguid hydrocarbons and begins to {ovm Haguid water as the vapors ool
This sample may be formed in collectors that are cooled by colis containing cooling water that is
circulated through them. Dew poind water will contain the highest amount of HCL and other aclds
relative to water samples taken further downstream.

“Ferrozine”™ means a mixture of 3-(F-pyridyl)-3, 8-his{4-phenyianlfonic acidy-1, 2,
4-trigzine, monosodinm salt and ammoniom thioglycolate.

“Fluorometer” means a device, which measures the intensity of light that is
generated by a sample as it fluoresces that bas a different wavelength than the light projected into
the sample. The fluorescence Hght can be measurad at an angle {which can be 90°) with respect
to the light projected into the sample,

“Interface” means the solid, clectromagnetic, optical, virtual, or other
interconnection between the analyzer and at least one other ttem through which electricity,
plasma, light, radiation, fluid, dats, information, matter, reagent, waste, material fo be sampled,
energy, heat, lguid, and/or gas pass between the analyzer and the ifem.

“PTSA” means Pyrene tetrasulfonic acid.

“Sparging” means infroducing gas into a liguid for the purpose of creating a
plurality of bubbles that migrete up the liguid and remove a particular material from the liguid

through contact between the bubbles and the particular material.

9



WO 2012/149076 PCT/US2012/035075

“Sweeten” means to remove oF render non-reactive 4 particular unwanted
compasition present in an agueous fraction, inchuding but not lmited to hydrogen sulfide and
other sulfur based compounds.

“TPPTSA” means 5,10,135 20-tetraphenvi-21H, 23H-porphine-tetrasulfonic acid,
tetrasodivm hydrate.

“Turbidity Meter™ or “Turbidimeter” means a device, which measures the
intensity of light within a Hguid that is scattered from a source beam of light as a result of the
source beam of light interacting with particles within the Houid, The wavelength of the scattered
light is the same as that projected into the sarople.

Iy the event that the above definttions or a deseription stated elsewhere In this
application is inconsistent with a meaning (explicit or implicit) which is compnonly vsed, ina
dictionary, or stated in a source incorporated by refarence into this application, the application
and the claim {erms in particular are undersiooed to be constriued according to the definition or
description in this application, and not according 10 the common definition, dictionary definition,
or the definition that was incorporated by reference, In Hght of the above, in the event that a term
can only be understood 51t is construed by a dictionary, if the term is defined by the Kirk-Othmer
Encyvolopedia of Chemical Technology, Sth Edition, (2003}, (Published by Wiley, John & Sons,
ing.} this definition shall control how the term 15 10 be detined in the claims,

Embodiments of the invention include a method of analyzing and an apparatus for
analyzing properties and contents of a water sample. The water sample can be from crude unit
wverhead condensers. The analysis may be used 1o control a chemical corrosion control sysier,

At least one embodiment of the invention is directed towards a method of

measuring system parameters for control of product feed in a crude oil refinery. At least one

10



WO 2012/149076 PCT/US2012/035075

embodiment is directed 1o a method of reducing corrosion in a crude oil refinery by making use
of the measured parameters, AL least one embodiment is directod towards a heat exchanger
operated in conjunction with at least one sensor capable of detecting the parameters. The
parameters are one item solected from the Hst consisting of metal concentration, chioride
concentration, pH, and any combination thercof. Metals conternplated by the invention for
detection mclude but are not limited to! ron, copper, molybdenum, nickel and zinc. In at least
one embodiment, one or more of the parameters are measured by an analyzer, which has gt least
0OE SENSor,

Measuring the properties and compositions of various condensed water fractions
can be complicated. The fractions that are anslyvzed typically are a widely diverse (and at feast
partially) and agueous compaositions comprising water, Haht hydrocarbons, hyvdrogen sulfide, and
suspended solids of ron sulfides and iron oxides which can be agglomerated with heavier
organics, amines, ammonia, organic acid {such as acetic acid) and silica. The fractions typically
vary in pH, chloride concentration, and iron concentration and knowledge of these values is
important (n proper facility operation. If pH iz too low, corrosion of downsirearn equipment can
ocour. Excess chloride is an Indicator that excessive corrosive hydrochloric acid is present,
Exeess iron is indicative of steel corrosion and reacts with suifides to form Fe§ pasticles that
deposit on internal system surfaces. Of particular use is determining the parameter values sarly
in the condensation region to allow adeqguate time to properly enact a corrosion contral program
such as strategically injecting noutralizing amines (for pH control), filming inhibiiors {for iron
control}, caustic solutions (for HCI control), and the like,

Performing these measurements however is quite a challenge as the compositions

of the fractions are harmiiul to most sensors, In prior art sensors, small diameter plastic tubing,
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peristaltic pumps, valves and other mechanical parts rapidly become fouled and/or plugged.
Particles, oils, and other organics cause drift in baselines and calibration ervors in optical
components. Colorimetric equipment in particular can become inaccurate due to background
color, turbidity interference, and fouling of optical surfaces. Electrochemical deovices and
especially ton selective electredes can be disturbed by sulfide compounds, which are offen
prosont in amounts exceading hundreds of ppm.

ideally the parameters would be determined whern or before the fractions enter the
heat exchangers and/or at or before the dew point of steam. The value of the parametars collected
at the dew point provides the most accurate prediction of what degree and forw of downstream
corrosion will ultimately oconr and allows for precise use of a corrosion control program and
would maximize the lifespan of the heat exchangers.

Unfortunately, practically no dew point samples are normally available, Asa
result common practice is 1o inslead oblain measurements on hoot waters where the water in the
fraction has completely condensed and to use that measurement {o conirol chemical dosage snd
the need for a corrosion control program. Dew point samples may be obtained according to the
disclosures of US Patents 4,335,072 and 5,425,267 and US Patent Application 12/263204.

Prior art methods of measuring parameters such as pH, chloride and iron with
colorimetry are reagent based. They involve adding a known amount of reagent 10 a set volume
of samnple. This has a number of disadvantages, First if there is an error in adding the correct
amount of reagent, the reading will be incorrect since the absorbance measured depends cathe
amount of reagent. Second it 1s cumbersome becanse a specific volume of sample must be
removed from a dynamic system. For accurate results, a start-stop process is normally used. This

process consists of acquiring a savaple and melering a known volame of it into o vessel, Thena
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known amount of reagent s added and mixed. A far better system would nvolve measuring a
parameter by adding a small volume of reagent into a flowing sample without needing to control
the amount of reagent. In such a system, as the added reagent disperses in the flowing sample, its
concentration continuously decreases. Therefore, prior art methods would give errors sinee the
measured absorbance depends on the now unknown amount of reagent in the sample, This can
be overcome by referencing the amount of sarmple by a value that velates to the volume of reagent
in the sample or reagent concentration in the sample.

fn at least one embodiment a parameter is measured divectly by adding an amount
of a reagent to a Hguid sample of a refinery proosss stream and dirsctly measuring an optical
property directly related to that amount of reagent wherein the measured parameter 1s ot
dependent on knowing the conceniration of the reagents in the Hguid sample. In at Isast one
embodiment the measured parameter is one item selected from the list consisting oft pH, iron {or
other metal) concentration, and chicride concentration,

o at least one embodiment the pH is divectly measured by using the 1sosbestic
point of a colorimetric dyve. FHG. 1 illustrates a graph of the absorbance vs. wavelength of the
same concentration of a colorimetric dye wn samples having various pH values, While each of the
different pH sarples has a unigue absorbance at the pH wavelength, they all share a single
wavelength at which the colorimetric dve displays g constant absorbance level ragavdless of pH,
the isosbestic point. By ratioing the absorbance at the pH wavelength to that at the isosbestic
point, the pH value obtained is independent of the relative amount of reagent or sample. In the
prior art an algorithm is used which relies upon knowing the sample volume and the maximum

sbsorbance wavelength to determine the pH.
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In the invention however rather than simply using the maximum absorbance (o
determine pH, pH is insiead determined by ratining the maximum absorbance 1o the isosbestic
point. The isosbestic point for the specific colorimetric dye used is a pre-determined
characteristic of the dyve that depends only on s concentration.  Moreover {or that dye, the
maximum absorbance is also known for various pH values. As a result, once oolorimetric
readings are taken for a sample, if the isosbestic and the maximum absorbances are known, and
the readings confirm the pre-determined isoshestic point, then the readings can be identified as
corresponding 1o the graph of a specific pH and the pH for the sample can be known without the
need for knowing the reagent concentration, Initial blank sample measurements allow for
aceurate readings to be taken even for samples that are harder to measure with the prior art
methods such as highly turbid or colored samples that interfere with the measured maximuam
absorbance. Likewise blank sample measurements correct for accumulated fouling of the optic
tube. Ratioing the maximum absorbance to the isosbestic absorbance cancels out the effects of
fight source intensity variation and detector responsiveness variation. In at least one embodiment
effects that are additive such as color, turbidity, and mbe fouling are corrected by blank
subtraction. In at least onc embodiment cffects that are proportional such as Hght intensity and
detector sensitivily are correcied by ratioing,

In at teast one embodiment, optical readings are performed on a number of pump
push strokes for a number of measuremernts while the reacted sample Sows through the
colovimeter. Data arrays are filled with all transmittance data for the isosbestic point and pH
band. The reference photodiodes for both LEDs are also read and are used to correct for any
varigtion in lght source emission infensity variation. Representative data for three runs on

calibration standards are plotted in FIG. 2 where the loft axes are absorbance for the two
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channels. The isosbestic curves illustrate how the pH dye concentration increases (o a peak and
then declines back to the baseline. Since the runs are wentical in function, the isosbestic curves
are seen (o be the same while the pH curves Increase at higher pH. The right axes are the
caloulated ratios of blank-corrected pH and isosbestic absorbances. The ratio curves {ph/lsos)
should ideally be flat Hines if the isosbestic covrection is valid. Tt 15 seen that around the peak area
they are horizontal. These plots clearly show the value of our technique of ratioing and how
accurate values result. Readings could have been takien anywhere the ratio is constant within the
desired ervor tolerance, not just al the peak, for example. In comparison, prior art methods, using
the same range of readings, would have resulted in significant errors since the absorbance at only
the pH wavelength varies widely.

The first four baseline points, or biank samiple points, are averaged and stored.
These exist as the sample Haguid between the reagent injection polot and optic tube flows through
the optic tube. As the sample Hquid continues to flow through the optic tube, sample mixed with
reagent Hows through the optic tube o which readings are token. After all readings are
coliected, the arrays are searched for the peak in the isosbestic response. The corresponding peak
in the pH curve is also extracted. The absorbances are calenlated from the peak transmittances
and the reference values as logio (peak reference/peak transmittance} and are corrected for tube
fouling and sample turbidity by subtracting the blank absorbances.

The ratio of corrected pH to corrected isoshestic absorbances is input o the
caltbration eguation,

The pH calibration equation is according to the linear function:

pH = pK + pHSlope xlog{ Ahs {Abs,, ~ 4550}
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Abs;;is the ratio for the pH 11 standard and {s a constant in the equation
representing the maximn absorbance at the pH wavelength, Using the other two pH standard
ratios, pK and pfSlope are calculated as constants. When an unknown sample s measured, the
ratic for the sample, 4bs, is put into the egoation and pH is found, FIG. 4 shows a typieal
calibration line and the equation used in caleulating pH. Because the dye becomes less sensitive
above pH 7.5, there is some inacouraey in this grea. In at least one embodiment a correction
factor 1s used to correct for the inaccuracy above pH 7.5

In at least one embodiment the colorimetric dyve used is bromeresol purple.
Bromeresol purple has an isosbestic point af 488 nm and maximum absorbance at 390 vm due to
pH. As aresult if samples are constantly taken from a refinery process siream, have bromcresol
purple added to them, the pH can be accurately determined by raticing the shsorbance at 390 nm
{0 that at 488 nm regardless of whether the sample volume or reagent concentration is kKnown, As
a vesult, it can be used to obtain accurgie measuremwents without fivst determining or even
knowing the volome of the reagent or having to compare the volume of the reagent 10 a control
value. This allows for the analyzer o be a true online application where reagent dispersion in the
flowing sample always gives accurate vesulis. This is a significant improvement over the prior art
that would only give accurate values when the reagent/sample volume ratio were known which
cannot be known in a flowing sample stream. Thus the invention allows for the avoidance of the
inefficient start-stop method used in the prior art.

I at least one embodiment parameters are measured directly using the ratio of the
fluorescence of two fluorescent dyes. In the prior art flucrescent dyes have been used 10 measure
the chloride content and pH of a sample by measuring the fluorescence of the dyes in the sample

where the amount of dve and sample are both known, In at least one embodiment, two or more
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fluorcscent dyes are added to a sample, cach of which displays clear fluorescence at certain
wavelengths, One dve’s fluorescence intensity at a particular wavelength is divectly dependent on
the desired parameter and another dyve’s flucrescence intensity is completely independent of the
desived parameter. The fuorescence intensity of the second dye is dependent only on its
gonceniration in the sample mixture. By comparing the fhuorescence ratio of the two dyes al the
two wavelengths in a control sample where the parameter is known to the flucrescence ratio of an
unknown sample, the parameter of the unknown sample can be determined.

I at least one of the embodiments the dyes used are lucigenin (9, 9"-big-N-
methylacridiniom nitraie) and PTSA 1o determine chloride concentration by fluorescence
quenching. At 510 nm, hucigenin’s fluorescence is dependent on chloride concentration while
PTSA gives no fluorescence there, At 405 wn PTHA s fluorescence is independent of chloride
concentration while lucigenin does not Huoresce there. By comparing the watio of the
flugrescence at 310 nm and 405 nm in a control to a measured sample, the paramelers of the
measured samples can be determined,

Another suitable reference dve Is TPPTSA which fluoresces at 670 nm and whose
fluorescence is independent of chloride concentration. By ratioing the fluorescence of lucigenin
at 510 nm to the fluorescence of TPPTSA at 670 wm, the variation in dyve concentration and
sample volume s corrected. FIG, 4 {lustrates the respective spectra for TPPTSA and lucigenin
with and without chioride,

In at least one embodiment the desired parameter content is directly determined by
measuring florescence quenching using only one dye. In at least one embodiment the single
fluorescent dye is a dye whose {luorescence is diminished at a particular wavelength by dilution

and whose fluorescence is diminished by the presence of a particular composition, for example
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by one containing chloride ions. As illustrated in FIGL 5, in at least one embodimerd, this single
dye 1 fucigenin whose absorbance at 433 nm is dependent only on its concentration, while at 510
sum 1is fluorescence is dependent on the presence of chloride tons and s concentration. By
raticing its fluorescence 1o ita absorbance, the effect of dilution or concentration of dye in the
sample is canceled. The change in ratio between a control value and a measured sample can be
used to determine the amount of chloride in a sample.

In at least oue embodiment a colorimetric absorbance reading s taken of a
complex formed between a parameter and an added reagent. A reagent is added that does not
itself display colorimetric results at a given wavelength but it it forms a particular colored
complex in the presence of a parameter, the presence of that complex will vesult in an apparent
absorbance reading. In at least one embodiment, Ferrozine is added 1o a sample. At 560
Ferrozine itself does not appreciably display absorbance, Wivon is present however, the
Ferrozine complexes with the wron and shows absorbance at 360 nm which can be used to
determine the exact amount of iren present. If the absorbance is read when an excess of
Ferrozing is present, then the value for iron is accurate without knowing exactly how much
Ferrozine or sample is present, In at least one embodiment a Ferrozing reagent buffer alters the
background readings of the sensor and gives erroneous readings at 360 nm, so a second reading is
taken at 6940 nm where the Fe-Ferrozine complex does not absorb and the background reading at
this wavelength is subtracted {rom that at 560 nm. The background level due to turbidity or color
i3 removed from the reading.

In at least on embodiment silver nitraie is added o the sample. Silver nitrate
does not appreciably absorb at 680 nm, but silver nitrate reacts with chioride to form sflver

chioride. Suspended silver chloride can be detected by measuring the absorbance at 680 nm from
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the path of 2 light beam passing through a sample. It can also be detecied by measuring the
trbidity in a turbidimeter at 680 nm, The measurement then does not depend on the level of
sifver nitrate concentration.

Referring now 1o FIG. 6 there is shown an apparatus {100} usetul for determining
parameters using colorimetric, turbidimetric, or fluorescence readings. The apparaius comprises
a manifold (1013 into which a lignid sample from a source is introduced, The liquid then can
pass into a chamber {103} into which one or more reagent sources {104) are injected, The
chamber includes g mixing device (105) which can be mechanical, flux based, ultrasonic, or
based on any other known mixing technology in the art, In one embodiment, a reagent punp is
connected to the chamber {103) by a capillary to minimize dead volume where diffusion of
sample and reagent can occur, This avoids inaccuracies caused by a reagent injection that mostly
somprises sample that had back-diffused into the reagent pump. In other embodiments the
apparatus is constructed and arrangsd 1o avoid this problem with an clastomeric duck-bill or with
other back-{low prevention deviees known in the arl.

After reagent addition, the Hquid sample passes through a sensor tube path {110}
along which is at least one colorimeter, turbidimeter, or fluorometric sensor (186}, The
colorimeter (106} comprises at least one optical sensor (107} and may alse include at Jeast one
light source (108). The sensor {107) can be in-line and/or at an angle of more than zero and less
than 188 degrees. In at least one obodiment the sensor (107} is located at a 90-degree angle to
the lght source {108). There optionally can be one optical sensor (107} lecated directly above the
light scurce whaose purpose is to read only the light cutput of the light source 1o referenge
colorimeter and fluorometer readings, Any varigtions due to aging or temperature changes can be

corrected by ratloing to sensor (107) reading.
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In at least one embodiment the light sources project and through-cell detectors
view the sample in the same plane. In at Jeast one embodimment this plane is perpendicular o the
sensor tube path the sample {s passing through. o at least one embodiment all of the sensors are
perpendicutar to the tbhe and are positioned at the same displacemeant along the tube so that the
exact same sample vohone is measured by all detectors simultaneously so they take the same
“picture” of the sample flowing through the sensor tube.

Downsiream and above the sensor (107) is an angled fube (109). The angled tube
(109} comprises a portion of tube length that extends along a path that extends at a more
horizontal angle than the more vertically angled sensor tube path (110}, The positioning and
shape of the sensor tube path (110} and angled tube path {109) facilitate the migration of gas
bubbles up away from the colorimeter or Tluorometer sensor (106). In at least one embodiment,
sensor tuhe path (110) is substantially vertical. Tn at least one embodiment, at east a portion of
the angled tube (109} is substantially horizonial. Iy at least one embodiment, as illustrated in
FIG. 6 at least a portion of the angled tube (109} is an inverted U shape. In at least one
ernboditaent, seusor readings are taken in synchronization to a savaple pump such that the
readings are taken when the pump is in its intake stroke where sample flow is momentarily
stopped. This allows any bubbles to float cut of the optical path 50 a true optical absorbance or
fluorescence reading will be obtained.

As illustrated in FIG. 7, in at least one embodiment the apparatus (100} comprises
more than one sensor (106a, 106b). I at least one embodiment more than one of the sensors arg
planar relative 1o the sensor tube path {116). Planar sensors allow simultancous measwrements of

maore than one parametsr, In at least one embodiment, the apparatus {100) can contain a
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temperatitre sensor, such as a thermistor, RTD, thermocouple, and the like, so temperature
compensation of the absorbance or fluorescence readings can be performed.

In at feast one embodiment after passing through the angled tube (109), the sample
is either disposed of or is returned to the industry fluid siream it came from. Because the various
sensors make parameter measurements that are independent of the volunme of the sample, the
apparatus can be constructed and arranged 1o continuously receive sample lguids and it can
provide continuous neasurements without constantly stopping liquid input to control for saraple
volumae.

iy at least one embodiment the apparatus comprises a mechanism o sparge the
sample prior to its analysis by the sensor(s). Sparging facilitates the removal of materials from
the sample that would otherwise impalir, prevent, or otherwise complicate the sensor analysis. In
at legst one embodiment the sparging s accomplished by acrating the sgreple with alr, nitrogen,
or any other gas o remove materials that are volatile or to react the materials to the gas for the
purpose of eliminating their adverse effects,

In at least one embodiment acid, such as nitvic acid or in combination with an
oxidizer, such as hydrogen peroxide are added 1o the sample prior to or during sparging to
increase the rate of removal of volatile undesired material or react with the undesired material,

In gt least one embodiment the sample passes through a filter o remove coarse
particles before the sample is anabyzed., The filter may have a pore size of between 10-200
micrometers. Flow or pressure sensors may also track the progress of the sample through the
analyzer, In at least one embodinent the sample passes through a cooler or heater to make it
compatibie with the analvzer and reagent chemistries. In at least one embodiment the analyzer

contains a cleaner reagent 1o remove fouling within the analyzer. Cleaner may be one or more
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crganic amines such as ethanolamine or methoxypropylamine or an oxidizer such as hypochlorie
or hydrogen peroxide. Cleaner can be introduced into the analyzer through a 3-way valve, pump,
or by any other suitable mechanism.

In at least one embodiment at least one parameter is measured according to the
methods and apparatuses disclosed in US Patents 5,326,482, 5,324,665, and 5,302,253, Inat
least one embodiment the analvzer comprises one item selected from the Hst consisting of a
ceramic piston body, a solencid pump {in the place of peristaltic pump), non-moving part
turbulent fow mixers (In the place of colled tube or static mixers). In at least one embodiment a
leak detector is present, The leak detector can be a pressure sensor tn the manifold {or other
portion of the apparatus) or a condugtivity sensor located under the manifold,

i a1 least one embodiment the apparatus comprises at least one of the monitoring
senscrs as disclosed in US Patent 5,734,088, In at least ove embodiment the apparatus further
comprises instruments {0 measure temperature, pressure, flow rate, and sample weight. In at least
one embodiment the width of the sensor tube path (110} is optirnal to maintain the mixing of the
reagents with the sample. In al least one embodiment the mixing apparatus is constructed and
arranged to mix the reagents with the sample in the same position that the sensor readings will be
taken.

The apparatus can be dimensioned and its various components {ocated and
constructed such that it can be a modular component of an overall fluid process system. This
allows for changes (such as installation, removal, maintenance, andfor upgrading) of just one
element of the process system without requiring a modification of other portions of or of the
entire system. In at least one embodiment at least some of the interfaces comprise elastomeric

seals. In at least one embodiment the apparatus is engaged to a solid plate sized to fit g pre-
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esiablished size on a wall or mount. In af least one embodiment the analyzer manifold and/or
housing containing the analyzer itself is so sized. This allows the analyzerto be used s5 2
“turnkey” or “peg-board” device as the term is understoond in the art. Jn at least one embodiment,
the manifold is constructed according 1o the standards for surface mount fluid distribution
components according 1o the standards deseribed in American MNational Standards, ANSVISA-
76.00.02-2002, [SA (2002). In at east one embodiment one or more components of the
apparatus {or the apparatus as a whole) are construcied and arranged out of one or more modular
component connector subsirate assembly sysioms as deseribed in US Patent 7,178,558,

In at least one embodiment one or more {ngredients of the sample are sweelened
before the sample is analyzed by the sensor{s). Various sulfur-based compounds interfere with
various analyses {(and in particular colorimetric analyses). In at least one embodiment gas is
sparged to remove HoS from the sample. In at least one embodiment the sparging gas is one

seleeted from the list consisting oft alr, hydrogen, nitrogen, helium, and any combination thereof.

In gt least one embodiment prior to a chloride analysis the sample s pre-
conditioned to sweeten the sulfur bearing materials in the sample. Sulfur often exists in fractions
int the form of sulfides and thiosulfates. While prior art methods teach swestening sulfir oxides
by reacting themn with hydrogen ions to form hydrogen sulfite or hydrogen sulfate, their teachings
regarding sweetening thiosulfate reguire reactions with hydrogen peroxide and boiling, such
boiling reactions are impractical in an online analyzer context. Sullur and thiosulfates in
particular are particularly harmful a3 they poison silver used in chioride detection and ruin ion

selective electrodes. Tn addition silver sulfide is insoluble and can plug or clog varions

[
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components. Also some sulfides are non~volatile so sparging alone cannot rernove themn, The
BDD cell is used to remove these non-volatile species,

Iy at least one embodiment the apparatus can perform real-time fractional analysis.

In an industrial process stream it is quite common for the composition of the strears 1o change

over time due 1o various changss that occur in the systern, This means that the liquid samples
that pass through various locations at different times will have different properties. Because the
apparatus can perform continuous analysis, the properties of each fraction can be continuously
determined as they form.

Referring now to FIG. 8 there is shown g schematic representation of some
componenis present in at least one inventive embodiment. The apparatus comprises a shut off
valve through which a sample passes, A thermometer measures iemperature and a coarse filter
removes large particulate matter, A relief valve and pressure sensor are upstream or downstream
of the colorimetric sensors, The flow and trbidity are also measured with appropriate
cquipment. A second fine filter further clarifies the sample before the colovimetric analysis. At
least one sensor i3 used to measure gach of pH, lron, and chloride. Hach sensor corresponds to a
reagent source, a rogent pump, and a mixing chamber. A BDD cell can be upstream, downstream
or both from the colorimetric sensors, A port is provided for injecting calibration solutions. In at
feast one embodiment the sample can be filtered through a tangential filter in addition to or
instead of a coarse and fine filter. In at least one embodiment the apparatus is divided isto two
legs to segregate the two main, distingt chemistries (for example where one leg s sparged and the
other is not.)

In at least one embodiment the apparatus comprises a BRD ogll, Some sample

ingredients, which are resistant to sparging and chemical sweetening, can instead be addressed
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with a BDD cell. For example sulfoxy compounds interfere with colorimetric analysis and are
difficult to sparge or chemically sweeten. A BDID cell howsver oxidizes the sulfoxy compounds
for example oxidizing thiosulfate into suifate and thereby neuiralizes the problems the sulfoxy
compounds would otherwise canse. In at least one embodiment the BDD also imposes a uniform
temperature within the sample regardless of the temperature of the sample when it is removed
from the industrial process stream. In at least one embodiment the teruperature of the sample is

maintained at a femperature that is optimal for one or more of the analyses to be performed.

BIDD electrade celis ave particularty useful in this invention as they provide a large
potential range without decomposing water, have a low capacitance backgreund, are highly
resistant to the harsh nature of the boot water sample, and are chervically inert and do nottend to
adsorb sample constituents. The BDD electrode cell has a high over potential for gas formation,
which allows for & very high and very effective voliage 1o be used to oxidize sulfur-bearing
materials and generate hydroxyl radicals,

In at least one embodiment the BDD elecirade cell is an anode and the cathode is
an inert conductor. The cathode may be one Hiero similar to and/or selected from the list
consisting oft carbon, glassy carbon, platinum, stainless steel, hastelloy, and any combination
thergof. In at least one embodiment the BDD clectrode cell is within a lamen having an internal
volome of betwesn 3 and 100 mi. In at least one embodiment the apparatus ¢omprises a module
having a BDD elecirode surrounded by a cathode mesh. In at least one embodiment nitric acid is
added 1o the sample to increase its conductivity and enhance oxidation. In at least one

emmbodiment the BDD electrode module contains a top hole for waste removal and gas venting.
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In at {east one embodiment the BOD electrode cell is used to generate various
products including: hydroxy! radicals, ozone, carbon dioxide, and hypochiorite, In at least one
ambodiment the BDD products are used to destroy biological sondaminants in at least one portion
of the apparatus.

In at least one embodiment the apparatus provides information to a control system
such as that described m US Patent Application 12/263904. In at least one embodiment the
dstermined parameter readings are interfaced with a control system and they result in: the adding
of more, adding of less, or altogether stopping to add: acid, base, caustic, corrosion inhibiter,
neutralizer, film inhibitor, water, and any combination thereof. In at least one embodiment the
sample is derived from boot waters,

I at {east one embodiment the apparatus is used to measure properties of Hguid
samples different from and other than boot water samples,

in at least one embodiment iron levels in the sample are measured as follows: The
reagent and a liguid sample react {or a period of time before the absorbance is read as so the
insoluble iron becomes solubilized and complexed. In at least one embodiment the time lnterval
is af least 2 minutes. As normal, the first four blank sample poliids are read and storved as baseline
readings for corrocting the final absorbances for tube fouling. After reagent Injection, the reacted
sample is pumped for a cortain amount of time, 7 seconds, 1o put the peak of the sample in the
optical path of the colorimeter. After two minutes, a number of readings are taken (such as 2()
and the results averaged.

For each wavelength, the pure sampls blank readings are subiracted from those
taken after two minutes. Then the corrected absorbance at 690 nm 15 subtracted from those at

560 nm. The resulting value is put into a simple calibration equation of the form {Fe] = k x Abs,



WO 2012/149076 PCT/US2012/035075

where Abs is the final correcied absorbance. The advantage of the 690 nm blanking step can be
appreciated by referring to FIG. 9 which shows results for samples in which turbidity was added.
The correction I8 an improvement over no corvection. Another advantage is comrection for
changoes in absorbance caused by the buffer such as solubilization of suspended material.

in at least one embodiment chioride 1s measured as follows: Lucigenin
fluorescence in acid sobution is quenched by anions such as O and HS™. It is the most sensitive
indicator for chloride with a Kgy = 350 ML A lincar response to chioride is obtained with FO/F -
1, where F is the flucrescence intensity for wo chloride and F is the measured fluorescence
intensity of the sample containing chloride. The slope of the response is determined during a
twopoind calibration. For the analysis procedure, the sample Is acldified and then sparged to
remove interforing H:S, Then lucigenin is added and the mixed sample flows through the
fluorometer. The first four blank sample points are read as baseline absorbance and fluorescence.
Daata arrays for all chanoels are collected as the mixed sample flows through the flucrometer.
FIG. 3 shows plots of the response for § ppm and 130 ppm chiloride, One fluorescencs curve is
seen £ be quenched by a factor of 2 in the 150 ppm plot. The transmittance curve for lucigenin
shows a peak where the fluoresconce curve peaks and i 1S this point where chioride s caleulated.
Other points can also be used since the ratio corrects for reagent concentration. The corrected
peak absorbance is caleulated by subiracting the baseline absorbance from the peak. Similarly,
the corrected fluorescence is found by subtracting the baseline fluorescence from the peak. The
ratio of the two corrected values is used in the calibration sguation 1o obtain the chiloride
concentration in the sample.

In at least one embodiment chloride is measured as follows: Reagent such as

sitver nitrate is added 1o a sample and the baseline absorbance values are oblained. The sample i3
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read as it Qows giving about 6-8 seconds for turbidity to form, FIG. 10 shows the turbidity and
transmitiance responses as the sample flows through the device, Quile different curves are seen
depending on the chloride concentration. Doublet formation occurs above 10 ppm where the
times of the peaks vary with concentration. This effect does not allow a static sample method to
be used since the time when peaks elute is not known. {One embodiment here is that turbidity is
measured at the peak of a flowing sample and not after a specified time since peak position will
vary with chiloride concentration.) The best results were obtained when the second transmittance
peak is used. Baseline correction is applied 10 the peak absorbance from which the chloride
concentration is derived, As seen in FIG. 11, the response is nonlingsr and a polynomial of order
2 was it to the data. Using standard equations, the coefficients for the Abs? and Abs torms are
calculated during a three-point calibration. Optionally, at low chloride concentrations only the
Abs term can be used as the response is nearly lingar,

In at least one embodiment peracetic actd is used to destroy sulfides and sulfoxy
compounds, such as hydrogen sulfide, thiosulfaie, and sulfife, and to sufficiently remove thelr
interforence effects on the analysis of chloride in industrial waters such as overhead condensates
or hoot waters. Sulfur compounds such as hydrogen sulfide, H,S, and sulfoxy compounds such
as thiosulfate, $,0+° and sulfite, SO~ interfore serionsly with reagent-based methods of
chloride analysis. As previously mentioned, silver compounds and flucrescent quenching
indicators are useful in analyzing sample waters, Unfortunately, these sulflr compounds
irreversibly and totally react with and consume all Ag’ fivst, forming black, inscluble precipitate
which coats and fouls ail surfaces and thereby prevents the reaction of chloride with Ag™ needed
for proper analysis, In the case of fluorescence gquenching of hucigenin, for example, these solfur

compounds significantly guench the fluorescence and therefore spoil #ts effectiveness for
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analysis. As g result, an effective analysis method woold be Improved when all sulfides are
reduced at least fo no more than trace levels or are subsiantially or complietely converted o
harmiess sulfate before chioride analysis,

Known methods of removing volatile sulfides include gas sparging which
necassitates acidifying the sample and bubbling a gas, alr or nitrogen usually, and allowing
volatile HoS to vaporize out of the sample. The main problem with this method is that
noavoelatile sulfoxy corapounds are not removed or destroved. These compounds still rermain in
the sample to cause imerference.

Sparging can be combined with reaction of the sulfides with hydrogen peroxide,
commonly used, 1o remove some sulfoxy compounds but boiling for 8 miniroum time is required
o ensure complete removal. Such a process unfortunately is vot compatible with an on-line
analyzer. Even using 30% hvdrogen peroxide is not completely effective without boiling. Using
other oxidants such as high valent state metal fons, Ce*', Fo'', are also not effective,

As previoushy mentioned, an electrochemical method using & BDE electrode to
oxidize sulfide and sulfoxy compounds to sulfate improves the guality of the analysis inthe
presence of sulfoxy compounds, While this does work, the additionally required components and
procedures add further complexity o the analyzer. Also this procedure is difficull to opiimize
sinee it 18 not known when all sulfides have been converted and in some cases, chloride can be
oxidized.

In at least one embodiment, peracetic acid (s used to effectively totally destroy all
sulfide and sulfbxy compounds. In at least one embodiment the peracetic acid operates inno
maore than 20 minutes. In at least one embodiment the peracetic aeid operates at 23C. The

peracetic acid using process is so effective that no sparging is required (but in at least one
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embodiment it is performed in concert with sparging). While hydrogen peroxide itself fails o
oxidize the sulfoxy materials, in combination with peracetic acid, the removal is highly effective.
In at least one cmbodiment the combination of the hvdrogen peroxide with the peracetic acid is
completely effective, The residual peracetic acid reagent does not affoct the subsequent reaction
with Ag'. In at least one embodiment the reagents used are 2-10% peracetic acid {preferably 5%)
in equilibrium with 10-33% hydrogen peroxide {preferably 2396} in water.

This application of peracetic acid is highly beneficial and quite unexpected. ‘While
the use of peracetic acid is commonly used in food and water sanitation to destroy S-8 and S-H
bonds during sanitation in contaminating bivlogical materials, its capacity to destroy sulfur
compounds in refinery waters is completely unexpected. Moreover most cheraistry known to
affect sulfoxy compounds would also degrade or completaly disrupt the silver based chemistry
needed for the water analysis. The fact that the peracetic acid both effectively rids the refinery
water of sulfoxy compounds while leaving the silver based chemistry unaffected makes sffords it
great utility.

While this invention may be embodied in many different forms, there ars shown in
the drawings and described in detail herein speeific preforred embodiments of the invention. The
present disclosure is an exemplification of the principles of the invention and is not intended to
Hmit the invention to the particalar embodiments illustrated. All patents, patent applications,
scientific papers, and any other referenced materials mentioned herein are incorporated by
reference in their entirety, Furthermore, the invention encompasses any possible combination of
some or all of the various embodiments described herein and incorporated hereln.

The above disclosure is intended to be illustrative and not exhaunstive, This

description will suggest many variations and alternatives to one of ordinary skill in this art. Al
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these alternatives and variations are intended to be included within the scope of the claims where
the term "comprising” means "including, but not limited to". Those familiar with the art may
recognize other equivalents {o the specific ermmbodiments doseribed herein which equivalents are
also intended to be encompassed by the claims,

All ranges and parameters disclosed herein are understood to encompass any and
all subranges subsumed therein, and every number between the endpoints. For example, a stated
range of 1 to 10™ should be considerad to include any and all subranges between {and inclusive
of} the minimum value of 1 and the maximuom value of 10 that is, all subranges beginning with a
miniraur value of 1 or more, {e.g. | 0 8.1), and ending with a maximum value of 10 or less,
{c.g. 231094, 31038, 4107, and finally 1o cach number 1, 2,3, 4, 5,6, 7, § 9, and 1€ contained
within the range.

This completes the description of the preferred and alternate embodiments of the
invention. Those skilled in the art may recognize other equivalents to the specific embodiment

described herein which equivalents are intended to be encompassed by the claims attached hereto.
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Claims
1. A method of measuring at least one property of a predominantly liguid sarople, the
method comprising the steps oft

adding at least one chemical reagent to the sample, the chemical reagent capable of
inducing a measurable optical effect when added to the sample that is directly related to the
property o be detected,

measuring the optical effect, and

deducing the valug of the property by comparing the measured optical effect to pre-
determined values associated with the property to be detormined,

removing sulfoxy compounds from the sample by adding to it 8 cleansing composition,
the cleansing composition corprising 2-10% peracetic acid in equilibrium with 13-35%
hydrogen peroxide, and water,

wherein the relationship between the measured optical effect and the property to be
determined is independent of the vohume of the Hquid sample and independent of the volume of
the reagent added to the sample and wherein the cleansing composition has no impact on the
measurable optical effect other than preventing reactions belween the sulfoxy compounds and the
at least one chemical reagents.
2. The method of claim | wherein the measured property is one tem selected from the list
consisting oft pH, iron concentration, chloride concentration, and any combination thereof,
3 The method of claim 1 wherein the measured optical effect is a colorimetric ¢ffect,
turbidity effect, or a fluorescent effect,
4. The method of claim | wherein the optical effect s measured by determining an

absorbance level at a particular wavelength whose measurement is recognized as an isosbestic

(5]
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point for all values of the property, detecting at least one other absorbance level for one other
wavelength, comparing the two absorbance levels with pre-determined data, and corvelating the
two absorbance levels to the known ahsorbance levels of a particular value of the property.

=8 The method of claira 1 wheorein the optical offect is measured by the reagents being at
least two Huorescent dyves, one of the dyes” fluorescence at a first wavelength is affected by the
value of the property and one of the other dyes” fluorescence at a second wavelength is unafiected
by the value of the property, the method further comprising the steps of measuring the ratio of the
fluorescence intensity of the first and second wavelengths in the sample, comparing that ratio to
the ratio of the fluorescence of the first and second wavelengths in a control having a known

value of that property, and correlating the proportional change in the two gatios 1o the property

§. The method of claim 1| wherein the optical effect Is measured by the reagent’s absorbance
and fluorescence where the absorbance is unaffected by the value of the property and the
fluorescence Is affected by the value of the property, by comparing the ratio of the fluorescence to
absorbance 1o a control having a known value of the property, and correlating the proportional
change in the two ratios to the property,

7. The method of claim 1 whersin the reagent forms a complex with a compound that causes
the property, the absorbance of the complex at a pre-detormined wavelength is directly related {o
the amount of that compound present and not to the amount of reagent added, and correction for
color and turbidity of the sample is made by reading at a wavelength where the coraplex does not
absorh.

8. The method of claim 1 wherein the sample is positioned within an apparatus, the

apparans comprises at least one reagent source constructed and arranged to feed the reagent into
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a chamber where it is mixed with the sample and the sample is moved past an optical sensor that
measures the optical property.

g, The methed of claim & further comprising a light source.

83, The method of claim B further comprising a light scurce positioned in line or
perpendicular to the optical sensor,

11, The method of claim 8§ further comprising a BDD cell through which the sample passes
before the reagents are added, the BDD cell is construcied and arvanged to oxidize sulfoxy
compounds.

2. The method of claim 8 further comprising a vertically angled sensor flow path through
which the sample flows, measured light passing to the optical sensor passes horizontally through
the sample.

13. The method of claim 10 in which there are at least two lght sources and corresponding
apiical sensors in line with the light sources, the in line path between the Hght sources and optical
sensors heing substantially perpendicular to the flow path of the sample, the sensors being
constructed and arranged t© measure an optical property of the same volume of the samiple in the
same region of the flow path,

4. The method of claim & further comprising a tube downstream from the sensor, at least a
portion of the tube is higher than the sensor and is horlzontally angled, the tube is constructed and
arranged to facilitate the migration of gas bubbles away from the sensor, wherein the tube is in
ome shape selected from the Hst consisting oft inverted U-shaped, bent, curved, and angled.

15, The method of claivw § further comprising a gas source upstream frow the sensor, the gas
source constructed and arranged to sparge undesired materials away from the sample, wherein a

pre-sparge material is added to the sample prior to #s sparging the pre-sparge malerial belng one
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ttem selected from the list consisting oft acid, nitvic acid, hydrogen peroxide, and any
combination thereof, the pre~-sparge material increasing the rate of expulsion of undesired

materials from the sample.



