
(12) STANDARD PATENT (11) Application No. AU 2011234000 B2
(19)

(54)

(51)

(21)

(87)

(30)

(31)

(43)
(44)

(71)

(72)

(74)

(56)

AUSTRALIAN PATENT OFFICE

Title
Methods for calibrating a fluorometer

International Patent Classification(s)
G01N 21/64 (2006.01)

Application No: 2011234000 (22) Date of Filing: 2011.03.29

WIPO No: WO11/121545

Priority Data

Number
12/750,814

(32) Date
2010.03.31

(33) Country
US

Publication Date: 
Accepted Journal Date:

2011.10.06
2015.01.22

Applicant(s) 
Ecolab USA Inc.

Inventor(s)
Tokhtuev, Eugene;Owen, Christopher J.;Tryggestad, Soren K.;Pilipchenko, Anna

Agent / Attorney
Spruson & Ferguson, L 35 St Martins Tower 31 Market St, Sydney, NSW, 2000

Related Art
US 4295199



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIN
(10) International Publication Number

WO 2011/121545 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
6 October 2011 (06.10.2011) PCT

(51) International Patent Classification:
GOIN21/64 (2006.01)

(21) International Application Number:
PCT/IB2011/051341

(22) International Filing Date:
29 March 2011 (29.03.2011)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
12/750,814 31 March 2010 (31.03.2010) US

(71) Applicant (for all designated States except US): ECO­
LAB USA INC. [US/US]; 370 N. Wabasha Street, St. 
Paul, Minnesota 55102 (US).

(72) Inventors; and
(75) Inventors/Applicants for US only): TOKHTUEV, Eu­

gene [UA/US]; 2001 Jefferson Street, Duluth, Minnesota 
55812 (US). OWEN, Christopher J. [US/US]; 219 W. 
5th Street, Duluth, Minnesota 55806 (US). TRYGGES- 
TAD, Soren K. [US/US]; 1436 Brookdale Drive, Brook­
lyn Park, Minnesota 55444 (US). PILIPCHENKO,

Anna [UA/US]; 2001 Jefferson Street, Duluth, Minnesota 
55812 (US).

(74) Agent: SORENSEN, Andrew D.; Ecolab Usa Inc., 655 
Lone Oak Drive, Eagan, Minnesota 55121 (US).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, 
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, 
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

= (54) Title: METHODS FOR CALIBRATING A FLUOROMETER

(57) Abstract: Some embodiments provide methods for calibrating a fluo­
rometer in order to account for one or more optical properties of a water 
sample affecting fluorescence measurements. In some cases one or more 
calibration solutions are prepared with sample water from a specific field 
site. Fluorescence measurements are taken from a water sample and one or 
more of the calibration solutions, and calibration parameters are deter­
mined based on the measurements. In some cases a calibration solution is 
prepared by spiking sample water to include a higher concentration of a 
fluorescent tracer and measurements are taken to characterize a calibration 
slope coefficient. In some cases a calibration solution is prepared by 
adding an acid and measurements are taken to characterize a background 
fluorescence in the sample.
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METHODS FOR CALIBRATING A FLUOROMETER

BACKGROUND

[0001] Embodiments of the present invention generally relate to fluorometric 

sensors and fluorometers for determining and monitoring the concentration of one or 

more substances in a liquid sample, and more particularly to the calibration of such 

fluorometric sensors and fluorometers.

[0002] In cleaning and antimicrobial operations, commercial users (e.g., restaurants, 

hotels, food and beverage plants, grocery stores, etc.) rely upon the concentration of 

the cleaning or antimicrobial product to make the product work effectively. Failure 

of a cleaning or antimicrobial product to work effectively (due to concentration 

issues) can cause a commercial user to perceive the product as lower quality. End 

consumers may also perceive the commercial user as providing inferior services. In 

addition, commercial users may be investigated and/or sanctioned by government 

regulatory and health agencies. Accordingly, there is a need for a system that can 

determine if the concentration of a product is within a specified concentration range. 

The same may be true for other applications, such as water care, pest control, 

beverage and bottling operations, packaging operations, and the like.

[0003] One method of monitoring the concentration of a product relies on 

monitoring the fluorescence of the product that occurs when the sample (and the 

product within the sample) is exposed to a predetermined wavelength of light. For 

example, compounds within the product or a fluorescent tracer added to the product 

may fluoresce when exposed to certain wavelengths of light. The concentration of 

the product can then be determined using a fluorometer that measures the 

fluorescence of the compounds and calculates the concentration of the chemical 

based on the measured fluorescence.

[0004] Fluorometric spectroscopy concerns the detection of fluorescent light emitted 

by a sample of interest. It involves using a beam of light, usually ultraviolet (UV) 

light, that excites the electrons in molecules of certain compounds in the sample and 

causes them to emit light of a lower energy (i.e., to “fluoresce”). There are several 

types of fluorometers for measuring emitted fluorescence. Fluorometers generally
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have of a source of excitation radiant energy, an excitation wavelength selector, a 

sample cell to contain the sample material, an emission wavelength selector, a 

detector with signal processor and a readout device. Filter fluorometers use optical 

filters to isolate the incident light and fluorescent light. Spectrofluorometers use 

diffraction grating monochromators to isolate the incident light and fluorescent light.

[0005] The accuracy of a fluorometer’s measurements, and ultimately the accuracy 

of the calculated concentrations, depend upon the fluorometer’s ability to account 

for various factors in the field. Accordingly, many fluorometers are calibrated prior 

to measuring fluorescence in order to correct for water properties such as 

background fluorescence that can significantly affect fluorescence measurements if 

not taken into account. In addition, water properties often vary over time and across 

sites, leading to further difficulty in obtaining accurate fluorescence measurements 

in the field.

SUMMARY

[0006] Some embodiments of the invention provide one or more methods for 

calibrating a fluorometer. In some cases one or more calibration methods take into 

account site-specific water properties and thus calibrate a fluorometer for a specific 

site in the field.

[0007] In some embodiments a method for calibrating a fluorometer includes 

providing a fluorometer that is configured to measure a fluorescent signal from a 

fluorescent marker in a sample of water from an industrial water system. The 

fluorometer is further configured to determine from the fluorescent signal a 

concentration of a water treatment product in the sample of water. A nominal 

concentration Co of the water treatment product corresponds to a nominal 

concentration Cf of the fluorescent marker in the water sample. The method further 

includes withdrawing a water sample from the industrial water system and 

determining a slope coefficient, Km, from the water sample and a zero shift, Zo, from 

the water sample or a zero water solution.
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[0008] According to one aspect of the invention, a calibration method further 

includes measuring a first fluorescent signal, Si, from the water sample with the 

fluorometer and preparing a first calibration solution. The first calibration solution 

is prepared by preparing a spike solution containing the water treatment product at a 

concentration of about P x Co and the fluorescent marker at a concentration of about 

P x Cf, and adding about 1 part of the spike solution to about N parts of the water 

sample. A second fluorescent signal, S2, is then measured from the first calibration 

solution with the fluorometer and the slope coefficient, Km, is calculated as

measuring a third fluorescent signal, S3, from a sample of the zero water solution 

and setting a zero shift, Zo, equal to S3. The fluorometer is then calibrated using the 

slope coefficient and the zero shift.

[0009] According to another aspect of the invention, a method for calibrating a 

fluorometer also includes measuring a first fluorescent signal, Si, from the water 

sample with the fluorometer and preparing a first calibration solution. The first 

calibration solution is prepared by preparing a spike solution containing the water 

treatment product at a concentration of about P x Co and the fluorescent marker at a 

concentration of about P x Cf, and adding about 1 part of the spike solution to about 

N parts of the water sample. A second fluorescent signal, S2, is then measured from 

the first calibration solution with the fluorometer and the slope coefficient, Km, is

further includes preparing a second calibration solution to determine the zero shift. 

The second calibration solution is prepared by preparing an acid solution containing 

about Q% acid, and adding about 1 part of the acid solution to about M parts of the 

water sample. A third fluorescent signal, S3, is then measured from the second 

calibration solution with the fluorometer. The zero shift, Zo, is calculated as

the slope coefficient and the zero shift.
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[0010] According to another aspect of the invention, a method for calibrating a 

fluorometer includes measuring a first fluorescent signal, Si, from the water sample 

with the fluorometer. A first calibration solution is prepared by preparing a spike 

solution containing the water treatment product in a concentration of approximately 

100 x Co and the fluorescent marker in a concentration of about 100 x Cf, and 

adding about 1 part of the spike solution to about 99 parts of the water sample. A 

second fluorescent signal, S2, is then measured from the first calibration solution 

with the fluorometer and the slope coefficient, Km, is calculated as approximately 

equal to Cf/(S2 - x 0.99). The method further includes preparing a second 

calibration solution to determine the zero shift. The second calibration solution is 

prepared by preparing an acid solution containing from about 5% to about 30% acid, 

and adding about 1 part of the acid solution to about 9 parts of the first calibration 

solution. A third fluorescent signal, S3, is then measured from the second calibration 

solution and the zero shift, Zo, is calculated as approximately equal to S2 -(S3 xl.l). 

The method further includes calibrating the fluorometer with the slope coefficient 

and the zero shift.

[0011] According to another aspect of the invention, a method for calibrating a 

fluorometer includes measuring a first fluorescent signal, Si, from the water sample 

with the fluorometer preparing a first calibration solution by preparing a first spike 

solution containing the water treatment product in a concentration of approximately 

100 x Co and the fluorescent marker in a concentration of about 100 x Cf, and 

adding about 1 part of the first spike solution to about 99 parts of the water 

sample. A second fluorescent signal, S2, is then measured from the first calibration 

solution with the fluorometer. The method also includes preparing a second 

calibration solution by preparing an acid solution containing from about 5% to 

about 30% acid, and adding about 1 part of the acid solution to about 9 parts of the 

water sample. A third fluorescent signal, S3, is measured from the second calibration 

solution. The method also includes preparing a third calibration solution by 

preparing a second spike solution containing the water treatment product in 

concentration of approximately 100 x Co and the fluorescent marker in a 

concentration of about 100 x Cf and adding about 1 part of the spike solution to
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about 99 parts of the second calibration solution. A fourth fluorescent signal, S4, is 

measured from the third calibration solution with the fluorometer. In some cases the 

slope coefficient, Km, is calculated as approximately equal to Cf /(S2 - / x 0.99). 

In some cases the zero shift, Zo, is calculated as approximately equal to 

L· (/-/)(/-/(/-/))Ί u · .. · u 1
S, =------— wherein Bz is a background correction coemcientG (S.-Ss) )

approximately between about 0.005 and about 0.05. The method further includes 

calibrating the fluorometer with the slope coefficient and the zero shift.

[0012] Some embodiments of the present invention can provide one or more of the 

following features and/or advantages. Some embodiments provide a calibration 

procedure that improves the accuracy of in-the-field fluorometer calibrations. Some 

embodiments take into account the on-site properties of the water system at a 

particular time to improve fluorometer calibration. Some embodiments account for 

one or more water properties such as background fluorescence, scattering, 

absorbance, turbidity, color, and other factors that can affect fluorescence 

measurements. In some cases, calibration methods provide an average accuracy of 

calibration of +/-2%. In some cases, the maximum calibration error is lower than 

10%.

[0013] These and various other features and advantages will be apparent from a 

reading of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The following drawings are illustrative of particular embodiments of the 

present invention and therefore do not limit the scope of the invention. The 

drawings are not to scale (unless so stated) and are intended for use in conjunction 

with the explanations in the following detailed description. Embodiments of the 

present invention will hereinafter be described in conjunction with the appended 

drawings, wherein like numerals denote like elements.

[0015] FIG. 1 is a perspective view of a handheld fluorometer according to some 

embodiments of the invention.
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[0016] FIG. 2 is a plot of excitation and emission spectrum intensity according to 

some embodiments of the invention.

[0017] FIG. 3 is an exploded view of a handheld fluorometer according to some 

embodiments of the invention.

[0018] FIG. 4 is a schematic diagram of a controller board according to some 

embodiments of the invention.

[0019] FIG. 5 is a perspective view of a light source board according to some 

embodiments of the invention.

[0020] FIG. 6 is a perspective view of an emission detector board according to some 

embodiments of the invention.

[0021] FIG. 7A is a top perspective view of a sensor head according to some 

embodiments of the invention.

[0022] FIG. 7B is a bottom perspective view of the sensor head of FIG. 7A.

[0023] FIG. 7C is a perspective, cross-sectional view of the sensor head of FIG. 7A.

[0024] FIG. 8 is a flow diagram depicting a method for determining a concentration 

of a substance in a water sample according to some embodiments of the invention.

[0025] FIG. 9 is a plot illustrating an effect of on-site water properties upon 

expected fluorescence measurements according to some embodiments of the 

invention.

[0026] FIG. 10 is a flow diagram illustrating a method of calibrating a fluorometer 

according to some embodiments of the invention.

[0027] FIG. 11 is a flow diagram illustrating a method of calibrating a fluorometer 

according to some embodiments of the invention.

[0028] FIGS. 12A and 12B are flow diagrams illustrating methods of preparing a 

second calibration solution according to some embodiments of the invention.

-6-



WO 2011/121545 PCT/IB2011/051341

[0029] FIGS. 13A and 13B are plots illustrating hypothetical fluorescence 

measurements according to the methods of FIG. 11 and FIGS. 12A and 12B, 

respectively.

[0030] FIG. 14 is a flow diagram illustrating a method of calibrating a fluorometer 

according to some embodiments of the invention.

[0031] FIG. 15 is a plot illustrating hypothetical fluorescence measurements 

according to the method of FIG. 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] The following detailed description is exemplary in nature and is not intended 

to limit the scope, applicability, or configuration of the invention in any way. 

Rather, the following description provides some practical illustrations for 

implementing exemplary embodiments of the present invention. Examples of 

constructions, materials, dimensions, and manufacturing processes are provided for 

selected elements, and all other elements employ that which is known to those of 

ordinary skill in the field of the invention. Those skilled in the art will recognize 

that many of the noted examples have a variety of suitable alternatives.

[0033] Embodiments of the invention generally provide a number of methods for 

calibrating one or more types of fluorometers. In some embodiments a handheld 

fluorometer can advantageously be calibrated for on-site measurements of water 

treatment product concentrations at one or more different field locations. At each 

site, the fluorometer can be calibrated to correct for site-specific factors affecting 

fluorescence measurements at the particular time of measurement. While some 

embodiments herein are described with respect to calibrating a handheld 

fluorometer, it should be appreciated that embodiments of the invention are not 

limited to the calibration of any particular type of fluorometer and may be useful for 

calibrating a variety of fluorometer types.

[0034] FIG. 1 is a perspective view of an optical measuring device in the form of a 

handheld fluorometer 100 that may be calibrated according to some embodiments of 

the invention. The fluorometer 100 generally includes an immersible sensor head
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102 connected to a handheld controller module 104. The controller module 104 also 

includes an electronic display 110 for displaying sensor readings and calculations to 

a user, and an input interface in the form of a keypad 112 that allows the user to 

interact with the fluorometer 100 (e.g., entering variables, setting parameters, 

accessing menu items, etc.).

[0035] According to some embodiments, the controller module 104 has a generally 

elongated housing 106 which provides a convenient form, similar to a handle or 

wand, to easily grasp or hold the fluorometer 100 by the hand. The sensor head 102 

preferably includes a water-tight housing that enables it to take measurements and 

otherwise function when partially or wholly immersed in a liquid sample of interest. 

Accordingly, in some cases the sensor head 102 has some features and/or 

characteristics similar to an immersible dip probe. For example, in some 

embodiments of the invention the immersible sensor head 102 has one or more 

features and/or components similar to those described in commonly-assigned U.S. 

Patent No. 7,550,746 and U.S. Patent Application Publication 2009/0212236, the 

entire contents of each of which is hereby incorporated herein by reference. The 

configuration of the immersible sensor head 102 can also be contrasted in some 

ways with fluorometers and other optical instruments that position sensors and other 

components exterior to an optical cell containing the sample of interest.

[0036]In some cases the sensor head 102 is connected to (e.g., attached to or 

integral with) a bottom surface 108 of the controller housing 106 opposite from the 

display 110 and positioned proximate a distal end 120 of the controller housing. In a 

typical fashion, a user can grasp the controller housing 106 near a proximal end 122 

of the controller housing to take measurements from a sample, read the display 110, 

and/or manipulate the keypad 112. For example, a user may dip the sensor head 102 

into a sample by holding the controller module 104 above the surface of a liquid 

sample (e.g., in a reservoir/container in the field, a beaker in the laboratory, etc.) 

with the sensor head 102 partially or completely immersed in the sample. In some 

embodiments, a user may grasp the second end of the controller module 104 while 

securing a sample cup filled with a sample about the immersible sensor head 102.
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Of course other configurations of the controller module and the sensor head are 

possible and the invention is not limited to any particular physical configuration.

[0037] In general, the handheld fluorometer 100 at minimum measures fluorescent 

emissions from a sample including a substance of interest (e.g., a chemical solution, 

such as an antimicrobial or cleaning product), calculates a concentration of the 

substance in the sample, and displays the determined concentration to a user. The 

user can then optionally perform any desired actions based on the determined 

concentration, such as, for example, adding more of the substance to an industrial 

system in order to increase the concentration of the substance. In this way, the 

fluorometer can be part of a manual feedback loop. If the fluorometer determines 

that the concentration is lower or higher than a threshold concentration, a user will 

see the difference and can adjust the product dispensation appropriately by either 

dispensing more or less product. Additionally, the fluorometer can function as part 

of an out-of-product alarm. When a product runs out, the fluorescence (which 

reflects the concentration of the product) will drop below a pre-determined threshold 

level. At this point, the sensor can alert a user that the dispenser is out of product. 

The signal can be a visual or audio signal, or a vibrating signal. Accordingly, such 

feedback will ensure that enough cleaner, antimicrobial or other composition is 

present to achieve the desired effect (cleanliness, reduction in microorganisms, 

lubrication, etc.).

[0038] The basic operation of fluorometers is well known, and accordingly, various 

details are omitted here for conciseness and clarity. In general, the fluorometer 100 

calculates a concentration of a particular substance in a liquid sample based on 

fluorescent properties of the substance. As will be described in more detail herein, 

the fluorometer 100 includes a light source that emits light within a selected 

wavelength range. When the sensor head 102 is immersed in the liquid sample, the 

light encounters particles of the substance of interest, which excites the electrons in 

certain molecules of the substance and causes them to emit light of a lower energy 

(i.e., to “fluoresce”) in another wavelength range. The sensor head 102 includes an 

optical sensor, such as a photodetector, that detects the fluorescent emissions and 

generates a corresponding electrical signal indicating the intensity of the fluorescent
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emissions. The fluorometer 100 includes a controller, coupled with the optical 

sensor, that can then calculate the concentration of the substance based on a known 

relationship between the intensity of the fluorescent emissions and the concentration 

of the substance.

[0039] A number of variations and specific details of this general process are 

contemplated for embodiments of the invention involving fluorometers. For 

example, the substance of interest may be any desired chemical solution having 

fluorescent properties. Examples include, but are not limited to, biocides such as 

pesticide and antimicrobial products, anticorrosion, antiscaling, and antifouling 

products, disinfectants, and other cleaning products, detergents, additives, and the 

like. For convenience, these and other such substances are alternately referred to 

herein simply as “products,” “chemical solutions,” “treatment solutions” and the 

like. In addition, although examples are presented herein involving determining the 

concentration of water treatment product(s) or solution(s) within a sample of cooling 

water (e.g., a water sample) used in various industrial systems (e.g., a cooling 

tower), it should be appreciated that the handheld fluorometer 100 may be useful in 

determining the concentration(s) of products used in numerous settings to treat water 

and other liquids. As just a few examples, the handheld fluorometer 100 may be 

useful for determining concentrations of one or more substances in laundry, 

automatic ware-washing, manual ware-washing, 3 sink applications, power sink 

applications, vehicle care, clean-in-place operations, healthcare applications, hard 

surface applications and the like.

[0040] Many products fluoresce in the presence of light radiating from the sensor 

head 102 because many of the compounds that make up the products have 

fluorescent characteristics. For example, a compound or molecule that has a 

benzene component can incorporate one or more substituent electron donating 

groups such as -OH, -NH2, and -OCH3, and polycyclic compounds that exhibit 

fluorescent characteristics. Many compounds used in the above-described 

applications include chemical structures like these, such as surfactants, lubricants, 

antimicrobial agents, solvents, hydrotropes, antiredeposition agents, dyes, corrosion 

inhibitors and bleaching additives. These compounds can be incorporated into
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products like ware-washing detergents, rinse aids, laundry detergents, clean-in-place 

cleaners, antimicrobials, floor coatings, meat, poultry and seafood carcass 

treatments, pesticides, vehicle care compositions, water care compositions, pool and 

spa compositions, aseptic packaging compositions, bottle washing compositions, 

and the like. Examples of some of these compounds and corresponding applications 

can be found in U.S. Patent No. 7,550,746, the entire content of which is herein 

incorporated by reference.

[0041] Additionally, or alternatively, fluorescent tracers (also referred to herein as 

“fluorescent markers”) can be incorporated into products that may or may not 

already include naturally fluorescing compounds. Some non-limiting examples of 

tracers include naphthalene disulfonate (NDSA), 2-naphthalenesulfonic acid, Acid 

Yellow 7,1,3,6,8-pyrenetetrasulfonic acid sodium salt, and fluorescein. In some 

embodiments the fluorescent tracer is added to the product in a known proportion, 

thus making it possible to estimate the concentration of the product once the 

concentration of the tracer is determined. For example, in some cases the 

concentration of the fluorescent tracer can be determined by comparing a current 

fluorescent signal with fluorescent signals from known tracer concentrations 

measured during a calibration procedure. The concentration of chemical product 

can then be estimated from the known nominal proportion of fluorescent tracer and 

measured concentration of fluorescent tracer. In some cases a current concentration 

of a product, Cc, in a liquid sample can be determined by

[0042] Cc = Cm x (Co/Cf), wherein

[0043] Cm = Km x (Sx - Zo), and

[0044] wherein Cm is a current fluorescent marker concentration, Km is a slope 

correction coefficient, Sx is a current fluorescent measurement, Zo is a zero shift, Co 

is a nominal concentration of the product, and Cf is a nominal concentration of the 

fluorescent tracer.

[0045] Referring to FIG. 2, a plot 200 is shown of an excitation spectrum intensity 

202 and an emission spectrum intensity 204 according to some embodiments of the
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invention. In this example, a fluorometer having a light source in the form of an 

ultra violet (UV) light emitting diode (LED) emits excitation light within a range 

from about 280 nm to about 310 nm into a sample of cooling tower water having a 

product with an added fluorescent tracer, NDSA. The added NDSA absorbs this UV 

radiation and produces fluorescence in a range from about 310 nm to about 400 nm. 

The emission detector of the fluorometer detects this emitted radiation, and the 

fluorometer determines the concentration of the NDSA tracer, and ultimately the 

concentration of the product within the sample of the cooling tower water.

[0046] FIG. 3 is an exploded view of a handheld fluorometer 300 similar to the 

handheld fluorometer shown in FIG. 1. The fluorometer 300 generally includes an 

immersible sensor head 301 connected to a controller module portion 303. The 

controller module 303 includes a housing and several components within the 

housing. The housing is formed from a top portion 302 and a bottom portion 304, 

with the bottom portion 304 of the controller housing defining a bottom surface 305 

on the exterior of the bottom portion. The sensor head 301 includes a sensor head 

housing 316 that is configured to be fixedly attached to the bottom surface 305 of 

the controller housing. In some embodiments the sensor head housing 316 may be 

integrally formed with one or more portions of the controller housing.

[0047]In some embodiments the controller module 303 generally includes those 

components necessary to determine a concentration of a product based on a signal 

received from the sensor head 301. As shown in FIG. 3, the controller module 303 

includes a control board 306 that couples with a display board 308 via a display 

board cable 312. The display board 308 includes an electronic display 309 (e.g., an 

LCD screen) that displays information to a user. The controller module 303 also 

includes an input interface in the form of a membrane keypad overlay 310, which 

allows the user to enter a variety of information for use by the controller module 

303. The controller module 303 also includes a portable power source, e.g., battery, 

314 for powering the circuits within the fluorometer 300.

[0048]In some embodiments the immersible sensor head 301 has one or more 

features and/or components similar to those described in commonly-assigned U.S.
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Patent No. 7,550,746 and U.S. Patent Application Publication 2009/0212236, the 

entire contents of each of which is hereby incorporated herein by reference. 

Referring back to FIG. 3, in some embodiments, the sensor head 301 includes a 

housing 316 that houses a light source board 320 and an emission detector board 

322. A first O-ring 318 provides a seal between the sensor head housing 316 and the 

bottom portion 304 of the controller housing. The components on the light source 

board 320 and the emission detector board 322 are shielded by a brass tube 326 that 

substantially encircle each board. Each tube 326 includes a cutout at the distal end 

of the tube, and the sensor head housing 316 includes windows 330 extending 

through the housing. These cutouts and the windows 330 allow a light source (e.g., 

LED) positioned on the light source board 320 and an emission detector (e.g., 

photodetector) positioned on the emission detector board 322 to communication 

with an analytical area outside the sensor head housing 316. Electrical cables 324 

couple the light source board 320 and the emission detector board 322 to the control 

board 306, which allows the controller on the board 306 to control the light source 

and receive signals back from the emission detector. In some embodiments the 

sensor head 301 also includes one or more temperature sensors that are able to 

measure the temperature of a water sample. For example, the light source board 320 

and/or the emission detector board 322 may include one or more temperature 

sensors that extend into the sensor head housing 316. Covers 332 positioned in a 

distal face of the sensor housing 316, along with additional O-rings 334, provide a 

seal around the temperature sensors.

[0049] FIG. 4 is a schematic diagram of a controller board 400 for a handheld 

fluorometer according to some embodiments of the invention. The controller board 

400 can comprise a number of discrete components positioned (e.g., soldered) and 

coupled together (connections not shown) on a printed circuit board 401. FIG. 4 

presents a simplified schematic of the basic components of one exemplary control 

board 400, and it will be appreciated by those skilled in the art that various 

connections between the components and/or details about components may vary. 

The control board 400 includes a controller 402, which calculates a concentration of 

a product within a water sample based on an intensity signal from the emission 

detector. The controller 402 may provide a variety of other functions, including
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without limitation, performing a calibration routine, accepting and executing 

instructions entered at the input interface, and/or formatting data for viewing on the 

fluorometer’s display. The controller 402 can be embodied in any suitable form, 

such as a software driven microprocessor, a microcontroller, or a field 

programmable gate array, or a fixed hardware design such as an application specific 

integrated circuit, etc. In addition, the controller 402 may have onboard memory, or 

the control board may have memory (not shown) that stores instructions for 

execution by the controller 402.

[0050] The control board also includes a power cable with a connector 410 for 

connecting the board 400 to a power source such as the battery 314 shown in FIG. 3. 

The board 400 also includes a controller power supply 412, an analog power supply 

414, and a light source power supply 416 for powering the light source in the sensor 

head. In some embodiments the control board 400 includes a real-time clock battery 

418, a lock-in amplifier 420, a reference photodiode amplifier 422, and connectors 

for the display board 424, the light source board 404, and the emission detector 

board 406. In some cases, the control board 400 may also have a sounder 426, a 

USB or other type of data connector 428, wireless means 430 for communicating 

with other computing devices, and optional analog 432 and logical 434 outputs.

[0051] FIG. 5 is a perspective view of a light source board 500 according to some 

embodiments of the invention. The board 500 (also shown in FIG. 3 as 320) 

generally includes a printed circuit board 502 having a light source 504 and a 

reference photodiode 506, along with a preamplifier 508 and a connector 510 for 

coupling the board 500 with the control board. An excitation filter 512 is positioned 

by a filter holder 514 over the light source 504, to filter the light from the light 

source 504 before it leaves the immersible sensor head. The light source 504 can 

include a variety of possible elements. For example, light source 504 may be a gas 

discharge lamp, a mercury lamp, a deuterium lamp, a metal vapor lamp, a light 

emitting diode (LED) or a plurality of LEDS. In addition, the light source 504 may 

emit excitation radiation in a number of possible spectrums depending upon the 

element chosen and the spectrum desired. In some embodiments the light source is 
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an ultraviolet LED, capable of emitting light having a wavelength from about 280 

nm to about 310 nm.

[0052] FIG. 6 is a perspective view of an emission detector board 600 according to 

some embodiments of the invention. The detector board 600 generally includes a 

number of components, including an emission detector 604 positioned on a printed 

circuit board 602. In some embodiments of the invention, the emission detector 604 

comprises a UV-sensitive photodiode. For example, the detector 604 may generate 

an intensity signal based on light from about 310 nm to about 400 nm that it detects 

from an analytical area outside the sensor head. The detector board 600 also 

includes a preamplifier 606 and a temperature sensor 608. An emission filter holder 

610 positioned about the emission detector 604 supports one or more filters for 

screening the radiant energy and passing on the desired wavelengths to the detector 

604. In the embodiment shown in FIG. 6, the filters include an interference filter 

612 and a UG-11 glass filter 614. In some embodiments, an additional polyester 

film filter 616 is also positioned in front of the emission detector 604. In some 

cases the polyester film filter 616 has a thickness of about 0.5 +/-0.2 mm. In some 

cases optical designs can provide increased optical efficiency (e.g., using ball lenses, 

highly divergent beams, etc.) but may also compromise the performance of 

interference filters which have a high efficiency and a high rejection value for 

collimated beams. Incorporating such a polyester film can in some cases minimize 

stray light levels to allow measurements of NDS A fluorescence in samples with a 

turbidity as high as 100 Nephelometric Turbidity Units (NTU).

[0053] FIGS. 7A-7C present various views of a discrete immersible sensor head 700 

according to some embodiments of the invention that can be attached to a controller 

module of a handheld fluorometer such as of those previousfy discussed. FIG. 7A is 

a top perspective view of the sensor head 700, FIG. 7B is a bottom perspective view 

of the sensor head 700, and FIG. 7C is a perspective, cross-sectional view of the 

sensor head 700. The sensor head 700 can be made from a plastic and may be 

molded and/or milled to achieve the desired shape and features.
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[0054] In general, the sensor head 700 comprises a housing 702 that includes a first 

vertical cavity or chamber 712 that is configured to receive a light source circuit 

board (e.g., the light source board 320 of FIG. 3 or 500 of FIG. 5). In some cases 

the light source chamber 712 is formed with a cylindrical configuration, which can 

provide a snug fit for the cylindrical brass shields 326 illustrated in FIG. 3. In some 

embodiments the light source chamber 712 has a partially-cylindrical configuration 

including a planar wall 726 along one lateral side of the chamber 712. Returning to 

FIGS. 7A-7C, the sensor head housing 702 includes a second vertical cavity or 

chamber 714 for receiving an emission detector circuit board (e.g., the emission 

detector board 322 of FIG. 3 or 600 of FIG. 6), similar to the light source chamber 

712. In some cases the light source chamber 712 and the emission detector chamber 

714 may be formed and positioned symmetrically about a longitudinal axis 708 of 

the sensor head 700, although this is not required in all embodiments.

[0055] The sensor head housing 702 further includes an angular cutout 752 in the 

exterior surface of the housing 702. In some embodiments the angle of the cutout 

752 is approximately 90 degrees, although it should be understood that the invention 

is not limited to a particular angle for the cutout. The cutout 752 is bounded by a 

first wall 754 intersecting a second wall 756 at the longitudinal axis of the sensor 

head 700. The first wall 754 defines a light source window 720 that provides a path 

through the first wall 754 for excitation energy emitted by the light source. The 

second wall 756 similarly defines a emission detector window 722 that provides a 

path through the second wall 756 for fluorescent emissions to reach the emission 

detector located within the sensor head housing 702. In some embodiments, the 

light source window 720 and/or the emission detector window 722 comprise a 

channel extending through the sensor head housing 702. In some embodiments the 

windows 720, 722 also include a lens, prism or other material optically transparent 

to the light source radiation and/or fluorescent emissions. For example, in some 

embodiments a glass or sapphire ball lens is positioned within each channel. Other 

suitable materials known in the art may also be used. The ball lens provides the 

light source/detector window, but also provides a focusing means for directing light 

between the light source/detector and an analytical area 750 outside the housing 702 

of the sensor head 700.
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[0056] As shown in the figures herein, the angular cutout 752, including the light 

source window 720 and the emission detector window 722, are oriented with respect 

to the controller module such that the angular cutout and the windows face toward 

the distal end of the controller module. As discussed further herein, the angular 

cutout and the windows may be oriented in a different direction in some 

embodiments. For example, in some embodiments the angular cutout and the 

windows face toward the proximal end of the controller module.

[0057] In some embodiments, the sensor head 700 includes a proximal end 704 and 

a distal end 706, between which extends the longitudinal axis 708 and a length of the 

sensor head 700. As shown in FIGS. 1 and 3, in some embodiments the sensor head 

700 is connected to the bottom surface of the controller module housing at or near 

the proximal end 704 of the sensor head 700. In some cases the sensor head 700 

may be fixedly attached to the controller housing with a fastener. The fastener can 

include, but is not limited to, screws, bolts, and/or pins, or an adhesive or weld (not 

shown in the figures). In some embodiments the sensor head 700 is secured with 

four screws that compress an O-ring positioned in a groove 710 between the sensor 

head 700 and the controller module. In some embodiments, the sensor head housing 

702 may be integrally formed with the controller module such that there is a 

seamless transition between the proximal end 704 of the sensor head and the bottom 

surface of the controller module.

[0058] In some embodiments the sensor head 700 also includes part or all of a 

fastener that removably fastens a sample cup about the sensor head 700. As just one 

example, the fastener may comprise one or more pins 740 positioned about the 

sensor head housing 702 and corresponding slots on the sample cup. In some 

embodiments the pins 740 and the slots form a bayonet fastener that secures the 

sample cup about the sensor head and also aligns the sample cup in a preferred 

orientation (e.g., rotation) about the sensor head 700. Other fasteners (e.g., screw 

threads, opposing pressure elements, etc.) can also be included.

[0059] In some embodiments the sensor head 700 also includes holes 730 for 

inserting one or more temperature sensor covers, such as those depicted in FIG. 3.
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Returning to FIGS. 7A-7C, the holes 730 may be threaded or otherwise configured 

to receive and secure the temperature sensor covers. The temperature sensors (not 

shown in FIGS. 7A-7C) are adapted to sense the current temperature of the water 

sample and generate a corresponding signal that can be used to correct concentration 

calculations based on errors due to, e.g., temperatures outside an acceptable range.

[0060] In addition, the sensor head 700 is preferably an immersible sensor head, 

meaning that it is partly or wholly immersed below the surface of a water sample 

when taking fluorescent emission measurements. Accordingly, the sensor head 

housing 702, connection to the controller housing, and any windows or other 

potential voids in the housing 702 are effectively sealed prior to immersion. For 

example, in some cases the housing 702 includes a first O-ring groove 710 at the 

proximal end 704 of the sensor head and second O-ring grooves 732 around the 

temperature sensor holes 730. In some embodiments including a sample cup, a third 

O-ring groove 742 may also be formed around the circumference of the sensor head 

700 near the proximal end 704 of the sensor head in order to provide a substantially 

impermeable seal between the sample cup and the sensor head 700. In addition, the 

light source window 720 and emission detector window 722 may also be sealed with 

O-rings and the like. In some embodiments, the light source window 720 and 

emission detector window 722 are sealed due to a pressure fit between the window 

channels and the ball lenses placed within the channels.

[0061] FIG. 8 is a flow diagram depicting a method of determining a concentration 

of a product in a water sample according to some embodiments of the invention. In 

general, the fluorometer measures a fluorescent light emission of the active 

molecule in the product that is proportional to the actual concentration of the product 

in the water sample. After providing a handheld fluorometer having a controller 

module and a sensor head connected to the controller module (802), a water sample 

containing the product of interest is provided. The sensor head is immersed in the 

water sample (804) and the water sample occupies an analytical area of the sensor. 

Next, an ultraviolet (UV) excitation light having a first UV wavelength is generated 

by a light source in the sensor head and directed into the water sample and the 

analytical area (806). The sensor head then detects and measures the fluorescent 
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emissions of the sample at a second UV wavelength (808). The sensor head 

includes a controller (402 in FIG. 4, for example) that calculates the concentration of 

the product in the sample based on the measured fluorescent emissions (810). The 

first wavelength may be in the range of 280-310 nm. The second UV wavelength 

may be in the range of 310 nm to 400 nm. The sensor may also measure a reference 

fluorescence emission of the sample at the first wavelength. The sensor may also 

measure a fluorescence emission of a zero solution having zero concentration of the 

chemical. In that case, the concentration of the chemical in the sample may be 

calculated based on the calculated difference in the measured fluorescence emission 

of the sample containing the chemical and the measured fluorescence emission of 

the zero solution. The concentration of the sample may also be calculated based on 

a calibration constant determined for known concentrations of the product in a 

calibration sample.

[0062] As an example, in some cases sample concentrations may be evaluated based 

upon signals from two UV detectors. A reference detector measures an intensity of 

the UV excitation generated by the light source, while a fluorescent emission 

detector measures an intensity of the fluorescent emissions emitted by the product. 

The calculation uses the following equations:

[0063] where Cc is an actual, current concentration of a product X (for example, a 

surfactant, an antimicrobial agent, etc) in a sample solution;

[0064] Kx is a calibration coefficient;

Is[0065] 1e is an output signal from the emission detector for the sample solution;

Js[0066] is an output signal from the reference detector for the sample solution;

[0067] 1e is an output signal from the emission detector for a zero solution (i.e., a 

solution with zero concentration of the product); and
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τ°

[0068] is an output signal from the reference detector for the zero solution.

/
/ ^CALIBR j0 λ
I jCALIBR /Ο I

[0069] where CCAL!BR is a concentration of the product in a calibration solution;

[0070] IEALIBR is an output signal from the emission detector for the calibration 

solution; and

[0071] IRAL,BR is an output signal from the reference detector for the calibration 

solution.

[0072] As discussed above with reference to FIG. 4, the controller 402 within the 

handheld fluorometer can calculate the concentration of the product in a sample 

based on the intensity signal from the emission detector. In some embodiments the 

controller 402 may also calculate the product concentration based on a calibration 

constant, zero shift, and/or an excitation reference signal using the relationships 

described above. Operation instructions for the controller may be stored in an 

onboard or discrete memory. In that respect, the memory may be a computer- 

readable medium comprising program instructions that cause the controller to 

provide any of the functionality ascribed to them, and perform any of the methods 

described herein. The controller may also store the raw fluorescence data obtained 

by the emission and/or reference detector(s) and other pertinent data in the memory. 

The controller may also store any calculated fluorescence values and/or 

concentration data in the memory.

[0073] As discussed above herein, in some embodiments of the invention a 

fluorometer can measure a fluorescent emission from a water sample and provide a 

calibrated calculation of a product concentration that accounts for one or more 

properties of the sample water that can affect the fluorescence measurement. FIG. 9 

is a plot 900 illustrating some effects of on-site water properties upon expected 

fluorescence measurements according to some embodiments of the invention. The 

plot 900 generally charts possible fluorometer readings in arbitrary units (e.g., in
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terms of fluorescence, concentration, etc.) versus a concentration of a fluorescent 

tracer, NDSA, in the water sample. An initial measurement 902 provides a 

reference point for successive measurements. In some embodiments the water 

sample has a volume that is at least two or more times greater than a minimum 

volume needed to take a fluorometric reading with the fluorometer.

[0074] In some cases, the initial measurement 902 provides limited information 

about the actual concentration of fluorescent tracer (as shown with the broken 

concentration axis in FIG. 9) and additional calibration is necessary to further 

characterize the relationship between product tracer concentration and fluorometer 

readings. A calibrated calculation may be based in part on one or more calibration 

factors, such as a calibration constant (e.g., calibration slope coefficient), a zero 

shift, and/or an excitation reference signal. For example, in some cases the current 

fluorescent marker concentration, Cm is approximately equal to Km x (Sx - Zo), 

wherein Sx is a current fluorescent measurement, Km is a calibration slope correction 

coefficient, and Zo is a zero shift. In some cases a current concentration of a 

product, Cc, can then be determined as approximately equal to Cm x (Co/Cf), wherein 

Co is a nominal concentration of the product, and Cf is a nominal concentration of 

the fluorescent tracer. In some embodiments of the invention, a nominal 

concentration of NDSA is from about 0.1 ppm to about 3 ppm. In some 

embodiments, the nominal concentration of NDSA is about 0.5 ppm.

[0075] In some cases, a calibrated relationship between the concentration of the 

fluorescent marker (and product) with respect to the fluorometer reading can be 

described in terms of a zero shift and a calibration slope. Use of the zero shift 

corrects a reading for effects caused by background fluorescence, basically 

subtracting out the measured background fluorescence so that the reading only 

corresponds to fluorescence emitted by the tracer/product. The calibration slope 

provides an indication of the expected increase in fluorometer reading that can be 

expected for a given increase in concentration of the tracer within the sample.

[0076] Returning to FIG. 9, when the concentration of NDSA is increased from the 

initial measurement 902, shown by arrow 904, it may be expected that a next
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measurement 906 would correspond to a reading along an expected curve 910 that is 

based on known increases in fluorescence readings for known increases in tracer 

concentration. For example, increases in fluorescence readings are often determined 

for increments in concentration by measuring the fluorescence of a zero sample after 

increasing a tracer concentration in the zero sample by a known amount. Referring 

to FIG 9, however, the inventors have surprisingly discovered that after increasing 

the concentration of tracer in a field sample by a known amount, a next 

measurement 908 yields a different reading along a different curve 912 than may be 

expected during calibration with a zero sample. Without being bound by a particular 

theory, the inventors believe the difference is caused by effects on the tracer 

fluorescence caused by absorbance, scattering, color, turbidity, and the like in the 

actual water sample. Some embodiments of the invention provide methods for 

calibrating a fluorometer that take into account the effect of actual water sample 

optical properties on the fluorescence of the tracer in addition to background 

fluorescence effects. In this way, the actual calibration curve 912 can be determined 

with an actual slope and a zero offset corresponding to the curve’s intersection with 

the reading axis, being offset from the concentration axis.

[0077] In some embodiments, the slope of the actual calibration curve 912 can be 

determined by forming a calibration solution with a water sample from the industrial 

water system being tested and a known amount of fluorescent tracer added to the 

sample. Referring to FIG 10, in some embodiments a method 1000 for calibrating a 

fluorometer includes steps for determining the calibration slope and the calibration 

offset. The method 1000 includes providing a fluorometer (1002), such as one of 

those described above herein or another, withdrawing a water sample (1004), and 

measuring (1006) a first fluorescent signal Si from the water sample, thus providing 

a baseline or reference point for future measurements. A first calibration solution is 

prepared (1008) to assist in determining the actual calibration slope, and a second 

fluorescent signal S2 is measured (1010) from the first calibration solution. A 

calibration slope coefficient can then be determined (1012) based on the first signal 

Si and the second signal S2.
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[0078] In some cases the first calibration solution is prepared by increasing the 

concentration of fluorescent tracer within a portion of the water sample by a known 

amount. For example, in some embodiments preparing the first calibration solution 

includes preparing a spike solution that contains the water treatment product at a 

concentration of about P times the nominal concentration Co of the product in the 

water sample. In some cases the water treatment product also includes the 

fluorescent marker at a concentration of about P times the nominal concentration Cf 

of the tracer within the water sample. In some embodiments the spike solution is 

mixed with the water sample at a ratio of about 1 part of the spike solution to about 

N parts of the water sample to create the first calibration solution. After measuring 

the second signal S2 from the first calibration solution, the calibration slope 

coefficient, Km, is calculated based on the first signal Si and the second signal S2. In 

some embodiments, the spike solution contains the fluorescent tracer at a 

concentration of P x Cf, the spike solution is mixed with the water sample in a ratio 

of about 1:N, and the slope coefficient Km is calculated as approximately equal to

[0079] It should be appreciated that a range of mixing ratios are possible for the first 

calibration solution. In some embodiments, N is between about 10 and about 500, 

while in some cases N is between about 90 and about 110. In some cases N is 

between about 5 and about 40. In some embodiments N is 99. In some 

embodiments P = N + 1. In some embodiments P is 100, as is the case when P = N + 

1 and N is 99. Of course, other values for N and P are also possible, and the 

invention is not limited to the ranges and/or examples described herein.

[0080] Returning to FIG. 10, in addition to calculating (1012) the calibration slope 

coefficient, Km, in some cases the method 1000 also includes determining a zero 

shift Zo for the calibration curve, representative of the amount of background 

fluorescence within the water sample apart from any fluorescence generated by the 

product. In some embodiments the zero shift is determined from a zero water 

sample having zero concentration of the water treatment product and/or fluorescent
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marker. For example, in some cases the zero water sample may be distilled water or 

tap water. In some cases, the zero water sample may be tap water acquired at the 

field location where the fluorescent measurements are being taken. In some cases 

the zero water sample may be acquired from a source of water that is normally 

mixed with the product as a carrier for use in an industrial water system.

[0081] After preparing (1014) the zero water sample, the method 1000 includes 

measuring (1016) a third fluorescent signal S3 from the zero water sample and 

setting (1018) the zero shift equal to the third fluorescent signal S3. The fluorometer 

can then be calibrated (1020) with the slope coefficient Km and the zero shift Zo. For 

example, in some embodiments, a current concentration of a product, Cc, in a water 

sample can be determined according to the relationships Cm = Km x (Sx - Zo), and Cc 

= Cm x (Co/Cf) as previously described herein.

[0082] FIG. 11 is a flow diagram illustrating another method 1100 of calibrating a 

fluorometer according to some embodiments of the invention. The method 1100 

includes several steps in common with those in the method 1000 of FIG. 10. For 

example, the method 1100 includes providing (1102) a fluorometer, withdrawing 

(1104) a water sample, and measuring (1106) a first fluorescent signal Si from the 

water sample. A first calibration solution is then prepared (1108), a second 

fluorescent measurement S2 is measured (1110) from the first calibration solution, 

and the calibration slope coefficient can be calculated based on Si and S2. In some 

embodiments the first calibration solution may be prepared in the same manner as 

described with respect to FIG. 10, although this is not required.

[0083] The method 1100 illustrated in FIG. 11 further includes preparing (1114) a 

second calibration solution, measuring (1116) a third fluorescent signal S3 from the 

second calibration solution and calculating (1118) the zero shift based on Si and S3. 

In some embodiments the second calibration solution is prepared from a portion of 

the water sample extracted from the industrial water system, and thus the zero shift 

can be calculated based upon the actual water within the industrial system, rather 

than with a zero water sample. Accordingly, calibrating (1120) a fluorometer with
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the slope coefficient and a zero shift acquired in such a way can more precisely 

account for the optical properties of the water in a specific on-site environment.

[0084] FIGS. 12A and 12B are flow diagrams illustrating, according to some 

embodiments of the invention, two methods of preparing (1114) the second 

calibration solution used in the method 1100 shown in FIG. 11. As shown in FIGS. 

12A and 12B, in some embodiments the second calibration solution can be prepared 

using a portion of the water sample previously collected, or using a portion of the 

first calibration solution initially used to determine the calibration slope coefficient 

Km. Of course, other methods of preparing the second calibration solution are also 

possible.

[0085] Referring to FIG. 12A, in some embodiments a method 1214A of preparing 

the second calibration solution includes preparing (1202) an acid solution and 

mixing (1204) the acid solution with a portion of the water sample. In some 

embodiments the acid solution comprises hydrochloric acid, although the invention 

is not limited to the use of any particular acid. In some embodiments about 1 part of 

the acid solution is added (1204) to about M parts of the water sample to create the 

second calibration solution, a third fluorescent signal S3 is measured (1116 in FIG. 

11) and the zero shift Zo is calculated (1118 in FIG. 11) as approximately equal to

S1 - ‘ According to some embodiments, M is between about 9 and about

21. In some cases, - 2 - +1)’ while in some embodiments Q = M + 1.

Of course, other values for M and Q are also possible, and the invention is not 

limited to the ranges and/or examples described herein.

[0086] FIG. 12B illustrates a method 1214B of preparing the second calibration 

solution based on a first calibration solution previously prepared (e.g., 1108 in FIG. 

11) from the water sample. The method 1214B includes preparing (1222) an acid 

solution, and then mixing (1224) the acid solution with a portion of the first 

calibration solution. In some cases the acid solution contains from about 5% to 

about 30% acid. In some embodiments the acid solution comprises hydrochloric

-25- 



WO 2011/121545 PCT/IB2011/051341

acid. In some cases the acid solution has a concentration of about 10% hydrochloric 

acid.

[0087] Returning to FIG. 12B, in some embodiments about 1 part of the acid 

solution is added (1224) to about 9 parts of the first calibration solution to create the 

second calibration solution. A third fluorescent signal S3 can then be measured (e.g., 

1116 in FIG. 11) and the zero shift Zo calculated (e.g., 1118 in FIG. 11) as 

approximately equal to S2 -(S3 xl.l). Of course, other values for the acid 

concentration and ratio of acid solution to first calibration solution are also possible, 

and the invention is not limited to the ranges and/or examples described herein. 

Once the zero shift Zo is determined, the fluorometer can be calibrated using the zero 

shift Zo and/or the calibration slope coefficient Km as previously described.

[0088] FIG. 13A is a plot 1300A illustrating a series of hypothetical fluorescence 

measurements taken while conducting the calibration methods of FIG. 11 and FIGS. 

12A. After withdrawing a water sample, a first fluorescent signal Si 1302 of the 

water sample is measured with a fluorometer. First and second calibration solutions 

are then prepared and successive measurements are taken in order to determine a 

calibration slope coefficient Km and a zero shift Zo. As shown in FIGS. 11 and 12A, 

in some embodiments each of the first and the second calibration solutions can be 

prepared directly from a portion of the water sample, and the order of preparation 

may vary. As shown in FIG. 13A, the concentration of NDSA can be increased 

(shown by arrow 1304) by preparing a spike solution with an elevated concentration 

of NDSA, which is then used to “spike” a portion of the water sample, creating a 

first calibration solution. A second fluorescent measurement S2 1306 is taken from 

the first calibration solution, and the first and the second measurements Si 1302, S2 

1306 can be used to determine the calibration slope coefficient Km to characterize 

the curve 1308. For example, in some cases the slope coefficient Km is calculated as 

approximately equal to

-26-



WO 2011/121545 PCT/IB2011/051341

[0089] With continuing reference to FIG 13A, an acid solution can then be added to 

a portion of the water sample in order to reduce or eliminate (shown by arrow 1310) 

a background fluorescence, thus creating a second calibration solution. A third 

fluorescence measurement S3 1312 can then be measured from the second 

calibration solution and the first and the third fluorescence measurements Si 1302, 

S3 1312 can then be used to determine the zero shift 1316 needed to correct for the 

background fluorescence effect. For example, the zero shift Zo may in some cases 

be calculated as approximately equal to S1 - · 'ulurc fluorometer

readings can then be calibrated using the calibration slope coefficient Km and the 

zero shift Zo.

[0090] FIG. 13B is a plot 1300B illustrating a series of hypothetical fluorescence 

measurements taken while conducting the calibration methods of FIG. 11 and FIGS. 

12B. After withdrawing a water sample, a first fluorescent signal Si 1352 of the 

water sample is measured with a fluorometer. First and second calibration solutions 

are then prepared and successive measurements are taken in order to determine a 

calibration slope coefficient Km and a zero shift Zo. As shown in FIGS. 11 and 12B, 

in some embodiments the first calibration solution is prepared directly from a 

portion of the water sample, and the second calibration solution is prepared from a 

portion of the first calibration solution. Referring to FIG. 13B, the concentration of 

NDSA can be increased (shown by arrow 1354) by preparing a spike solution with 

an elevated concentration of NDSA, which is then used to “spike” a portion of the 

water sample, creating a first calibration solution. A second fluorescent 

measurement S2 1356 is taken from the first calibration solution, and the first and the 

second measurements Si 1352, S2 1356 can be used to determine the calibration 

slope coefficient Km to characterize the curve 1358. For example, in some 

embodiments the slope coefficient, Km, is calculated as approximately equal to 

^/(5,-5^0.99).

[0091] With continuing reference to FIG. 13B, an acid solution can then be added to 

a portion of the first calibration solution in order to reduce or eliminate (shown by 

arrow 1310) a background fluorescence, thus creating a second calibration solution.
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A third fluorescence measurement S3 1312 can then be measured from the second 

calibration solution and the first and the third fluorescence measurements Si 1302, 

S3 1312 can be used to determine the zero shift 1316 needed to correct for the 

background fluorescence effect. For example, the zero shift Zo may in some cases 

be calculated as approximately equal to S2 -(S3 xl.l). Future fluorometer readings 

can then be calibrated using the calibration slope coefficient Km and the zero shift 

Zo.

[0092] According to some embodiments of the invention, methods for calibrating a 

fluorometer advantageously utilize at least three points to increase the accuracy of 

the calibration, especially when compared with past two-point calibration schemes. 

For example, as discussed above, certain embodiments use at least two measurement 

points to characterize the slope of a calibration curve. A third point can be used with 

one of the first two measurement points to determine a zero offset for the calibration 

curve.

[0093] Referring to FIGS. 14 and 15, some embodiments of the invention provide a 

four-point calibration method 1400. FIG. 14 is a flow diagram illustrating the 

method 1400, while FIG. 15 is a plot illustrating hypothetical fluorescence 

measurements taken while conducting the calibration method of FIG. 14. The 

method 1400 includes providing (1402) a fluorometer, such as one of those 

described herein or another, that is configured to measure a fluorescent signal from a 

fluorescent marker in a water sample and determine a concentration of a product in 

the water sample. After withdrawing (1404) a water sample, a first fluorescent 

signal Si, 1502 is measured (1406) using the fluorometer. A concentration of 

NDSA within the sample water is increased (shown by arrow 1504) by preparing 

(1408) a first calibration solution. In some embodiments the first calibration 

solution is prepared by combining a first spike solution having the product in 

concentration of about 100 x Co, and the fluorescent marker in concentration of 

about 100 x Cf with a portion of the water sample. In some cases about 1 part of the 

first spike solution is added to about 99 parts of the water sample to prepare the first 

calibration solution. As shown in FIGS. 14 and 15, in some cases a second 

fluorescent signal S2 1506 is measured (1410) from the first calibration solution. In
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some embodiments the slope coefficient, Km, which characterizes the curve 1508, is 

calculated as approximately equal to Cf /(S2 - x 0.99), although other variations 

are possible.

[0094] In some embodiments a second calibration solution is prepared (1414) by 

adding an acid solution with a portion of the water sample in order to reduce or 

eliminate (shown by arrow 1510) a background fluorescence in the water sample. 

For example, in some cases a second calibration solution can be prepared by first 

preparing an acid solution containing from about 5% to about 30% acid, and then 

adding about 1 part of the acid solution to about 9 parts of the water sample. A third 

fluorescent signal, S3 1512 is measured (1416) from the second calibration solution.

[0095] In some cases a third calibration solution is prepared (1418) by combining a 

second spike solution having the product in concentration of about 100 x Co, and the 

fluorescent marker in concentration of about 100 x Cf with a portion of the second 

calibration solution. In some cases about 1 part of the second spike solution is 

added to about 99 parts of the second calibration solution to prepare the third 

calibration solution. In some embodiments, the second spike solution is the same as 

the first spike solution. After preparing (1418) the third calibration solution, a fourth 

fluorescent signal S4 1516 is measured (1420) from the third calibration solution. In 

some embodiments the zero shift Zo 1520 can then be calculated based on the four 

fluorescent measurements and a background correction coefficient Bz. In some 

embodiments, the zero shift, Zo, is calculated (1422) as approximately equal to

(s2-sAs3-bXs4-s3))
1 (54-S3)

[0096] As shown in FIG 15, in some cases the slope of the calibration curve 1508 

has a slightly different slope than the calibration curve 1518, believed to be due at 

least in part to the quenching 1510 of the background fluorescence prior to preparing 

the third calibration solution and measuring the fourth fluorescent measurement S4 

1516. Accordingly, the four-point calibration method 1400 can in some cases 

provide an improved calibration method with higher accuracy than in past 

calibration methods. For example, as discussed above, the zero shift can be based
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on all four signal measurements SI, S2, S3, and S4. In some embodiments the zero 

shift is also based on the background correction coefficient. In some cases Bz is 

between about 0.005 and 0.05. In some embodiments Bz is about 0.0135.

[0097] Thus, embodiments of the invention are disclosed. Although the present 

invention has been described in considerable detail with reference to certain 

disclosed embodiments, the disclosed embodiments are presented for purposes of 

illustration and not limitation and other embodiments of the invention are possible. 

One skilled in the art will appreciate that various changes, adaptations, and 

modifications may be made without departing from the spirit of the invention and 

the scope of the appended claims.

-30-



WO 2011/121545 PCT/IB2011/051341

WHAT IS CLAIMED IS:

1. A method for calibrating a fluorometer comprising the steps of:

a) providing a fluorometer configured to measure a fluorescent signal 

from a fluorescent marker in a sample of water from an industrial water system and 

determine from the fluorescent signal a concentration of a water treatment product in 

the sample of water, wherein a nominal concentration Co of the water treatment 

product corresponds to a nominal concentration Cf of the fluorescent marker;

b) withdrawing a water sample from the industrial water system;

c) measuring a first fluorescent signal, Si, from the water sample with 

the fluorometer;

d) preparing a first calibration solution, comprising the steps of

i) preparing a spike solution containing the water treatment 

product at a concentration of about P x Co and the fluorescent marker at a 

concentration of about P x Cf, and

ii) adding about 1 part of the spike solution to about N parts of 

the water sample;

e) measuring a second fluorescent signal, S2, from the first calibration 

solution with the fluorometer;

I) calculating a slope coefficient, Km, approximately equal to

g) measuring a third fluorescent signal, S3, from a sample of a zero 

water sample;

h) setting a zero shift, Zo, equal to S3; and

i) calibrating the fluorometer with the slope coefficient and the zero 

shift.

2. The method of claim 1, wherein N is between 10 and 500.

3. The method of claim 1, wherein N is between 90 and 110.
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4 4. The method of any one of claims 1 to 3, wherein P = N + 1.

5. The method of any one of claims 1 to 4, wherein the water treatment product

comprises the fluorescent marker.

6. The method of claim 5, wherein the fluorescent marker comprises NDSA.

7. The method of any one of claims 1 to 6, wherein calibrating the fluorometer

comprises calculating a current fluorescent marker concentration, Cm, approximately equal 

to Km χ (Sx - Zo), wherein Sx is a current fluorescent measurement.

8. The method of claim 7, further comprising calculating a current water 

treatment product concentration, Cc, in the industrial water system based on the 

current fluorescent marker concentration, Cm, wherein Cc is approximately equal to 

Cmx(Co/Ct).

9. A method for calibrating a fluorometer comprising the steps of:

a) providing a fluorometer configured to measure a fluorescent signal 

from a fluorescent marker in a sample of water front an industrial water system and 

determine from the fluorescent signal a concentration of a water treatment product in 

the sample of water, wherein a nominal concentration Co of the water treatment 

product corresponds to a nominal concentration Cf of the fluorescent marker;

b) withdrawing a water sample from the industrial water system;

c) measuring a first fluorescent signal, Si, from the water sample with 

the fluorometer;

d) preparing a first calibration solution, comprising the steps of

i) preparing a spike solution containing the water treatment 

product at a concentration of about P x Co and the fluorescent marker at a 

concentration of about P x Cf, and

ii) adding about 1 part of the spike solution to about N parts of 

the water sample;
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e) measuring a second fluorescent signal, S2. from the first calibration

solution with the fluorometer;
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f) calculating a slope coefficient, Kin, approximately equal to

g) preparing a second calibration solution comprising the steps of

i) preparing an acid solution containing about Q% acid, and

ii) adding about 1 part of the acid solution to about M parts of 

the water sample;

h) measuring a third fluorescent signal, S3, from the second calibration 

solution with the fluorometer;

f Μ +1A
i) calculating a zero shift, Zo, approximately equal to - SJ ——— I;

and

j) calibrating the fluorometer using the slope coefficient and the zero 

shift.

10. The method of claim 9, wherein N is between 10 and 500.

11. The method of claim 9, wherein N is between 90 and 110.

12. The method of claim 9, wherein N is between 5 and 40.

13. The method of any one of claims 9 to 12, wherein M is between 9 and 21.

14. The method of any one of claims 9 to 13, wherein P = N + 1.

15. The method of any one of claims 9 to 14, wherein -Q- +1).

16. The method of claim 15, wherein Q = M + 1.
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4 17. The method of any one of claims 9 to 16, wherein calibrating the fluorometer 

comprises calculating a current fluorescent marker concentration, Cm, approximately equal 

to Km x (Sx - Zo), wherein Sx is a current fluorescent measurement.

18. The method of claim 17, further comprising calculating a current water 

treatment product concentration, Cc, in the industrial water system based on the 

current fluorescent marker concentration, Cm, wherein Cc is approximately equal to 

C,nx(Co/Cr).

19. The method of any one of claims 9 to 18, wherein the water sample has a volume that is 

two or more times greater than a minimum volume needed to take a fluorometric reading with 

the fluorometer.

20. The method of any one of claims 9 to 19, wherein the fluorescent marker comprises 

NDSA.

Ecolab USA Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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