AQUATIC ENVIRONMENT WATER PARAMETER TESTING SYSTEMS AND METHODS

RELATED APPLICATION DATA
[0001] This application claims the benefit of priority of U.S. Provisional Patent Application
Serial No. 61/837,154, filed on June 19, 2013, and titled “Aquatic Environment Water Parameter

Testing Systems and Methods,” which is incorporated by reference herein in its entirety.

[0002] This application is also related to commonly-owned U.S. Patent Application No.
13/713,495, entitled “Submersible Chemical Indicator Apparatuses For Use In Aquatic-Environment
Monitoring/Measuring System;” and U.S. Patent Application No. 13/713,537, entitled “Aquatic
Environment Water-Quality Monitor Having a Submersible Chemical Indicator Wheel;” and U.S.
Patent Application No. 13/713,568, entitled “Embedded Indicator Dye Monitoring System and
Method for An Aquatic Environment;” and U.S. Patent Application No. 13/713,595, entitled
“Combined Illuminator/Light Collectors For Optical Readers;” and U.S. Patent Application No.
13/713,629, entitled “Dosage Protection System and Method For An Aquatic Environment;” and
U.S. Patent Application No. 13/713,668, entitled “Chemical Indicator Obstruction Detection System
and Method For An Aquatic Environment;” and U.S. Patent Application No. 13/713,714, entitled
“Rate of Change Protection System and Method for an Aquatic Environment;” and U.S. Patent
Application No. 13/713,737, entitled “Monitoring of Photo-Aging of Light-Based Chemical
Indicators Using Cumulative Exposure Tracking, and Systems, Methods, Apparatuses, and Software
Relating Thereto;” and U.S. Patent Application No. 13/713,773, entitled “Monitoring of Photo-
Aging of Light-Based Chemical Indicators Using Illumination-Brightness Differential Scheme, and
Systems, Methods, Apparatuses, and Software Relating Thereto;” and U.S. Patent Application No.
13/713,818, entitled “Assisted Dosing of Aquatic Environments For Maintaining Water Quality
Therein, and Systems, Methods, Apparatuses, and Software Relating Thereto;” and U.S. Patent
Application No. 13/713,864, entitled “Optical Reader Optic Cleaning Systems Having Motion
Deployed Cleaning Elements, and Methods of Cleaning An Optical Reader Optic,” each of which is
filed on the same day as this application: December 13, 2012, each of which is incorporated by

reference herein in its entirety.

FIELD OF INVENTION
[0003] The present invention generally relates to the field of water quality management, such as

for fish and coral aquariums, swimming pools, and hot tubs, among other aquatic environments. In



particular, the present invention is directed to aquatic environment water parameter testing systems

and methods.

SUMMARY OF THE DISCLOSURE

[0004] In one implementation, an aquatic environment water parameter testing system is
provided. The aquatic environment water parameter testing system includes a sample chamber
portion for directly holding a liquid sample, the sample chamber portion including: one or more
walls forming a sample chamber; and a chemical indicator element having one or more chemical
indicators, the one or more chemical indicators designed and configured to indicate levels of a
predetermined constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to indicate the levels by
undergoing a detectable physical change, the chemical indicator element being removably connected
to the aquatic water parameter testing system, the chemical indicator element including an
information storage and communication element that includes the information of the identity of at
least one of the one or more chemical indicators; and an electronics portion including: a processing
element; an information storage and communication reader designed and configured to read the
information of the identity of at least one of the one or more chemical indicators from the
information storage and communication element when the chemical indicator element is connected
and to provide the information of the identity of at least one of the one or more chemical indicators
to the processing element; and an optical reader designed and configured to detect the physical
change and provide information of the physical change to the processing element for determining the
levels of the predetermined constituent, the optical reader element designed and configured such that
a first end of the optical reader element comes into contact with the liquid sample when the liquid

sample is placed in the sample chamber.

[0005] In another implementation, an aquatic environment water parameter testing system is
provided. The aquatic environment water parameter testing system includes a sample chamber
portion for directly holding a liquid sample, the sample chamber portion including: one or more
walls forming a sample chamber; and a chemical indicator element having one or more chemical
indicators, the one or more chemical indicators designed and configured to indicate levels of a
predetermined constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to indicate the levels by
undergoing a detectable physical change; and an electronics portion including: a processing element;

a conductivity measurement element having a first portion configured to be in contact with the liquid



sample when the liquid sample is in the sample chamber and to detect a conductivity value of the
liquid sample, the conductivity measurement element connected to the processing element for
providing the processing element with the conductivity value; and an optical reader designed and
configured to detect the physical change and provide information of the physical change to the
processing element, the processing element configured to use the conductivity value to calibrate the
information of the physical change to the conductivity of the liquid sample and to determine the

levels of the predetermined constituent.

[0006] In yet another implementation, a method of determining the level of a constituent in an
aquatic environment is provided. The method includes providing a liquid sample of the aquatic
environment for analysis; determining the conductivity of the liquid sample; exposing a chemical
indicator of a chemical indicator element to the liquid sample; measuring an optical reading from the

chemical indicator; and correcting the optical reading using the conductivity of the liquid sample.

[0007] In still yet another implementation, a chemical indicator element for use in an aquatic
environment water parameter testing system having a light source capable of generating an
excitation energy and a light sensor for detecting light is provided. The chemical indicator element
includes a chemical indicator responsive to a first excitation energy to generate a first emitted energy
in response to the first excitation energy; and a thin film material having a first side and a second
side, the chemical indicator associated with the first side, the thin film material being configured to:
absorb and/or allow transmission of one or more wavelengths of light of the first excitation energy,

and reflect one or more wavelengths of light of the first emitted energy.

DETAILED DESCRIPTION

[0008] An aquatic environment water parameter testing device, various possible features
thereof, and methods for implementing measurements in an aquatic environment are disclosed.
Before describing several exemplary water quality monitoring systems, the term “aquatic
environment” is defined, for example, to give the reader a sense of the wide applicability of the
systems, apparatuses, methods, and software disclosed herein. As used herein and in the appended
claims, “aquatic environment” shall mean any environment wherein water is present and for which it
is desired to measure at least one parameter indicative of a quality of the water. In turn, “quality” is
measured by the presence, absence, and/or amount of one or more chemicals, including minerals, in
the water, and/or the presence, absence, and/or amount of one or more other materials, such as

organic matter, inorganic particles, bacteria, etc., in the water, and any combination thereof.



Examples of aquatic environments include, but are not limited to: aquariums, including aquarium
sumps and aquarium plumbing; swimming/diving/wave pools, including swimming/diving/wave
pool plumbing; hot tubs, including hot tub plumbing; fish ponds, including fish pond plumbing;
potable water supplies, including plumbing therefor; sewage treatment infrastructure; water
fountains; water displays; lakes and lagoons, and control structures and plumbing therefor (such as at
amusement parks and other facilities having highly controlled environments); and food processing
facilities that use water, for example, to wash food items, cook food items, transport food items, to
name just a few. Those skilled in the art will certainly be able to think of other examples of aquatic
environments for which teachings of the present disclosure will be pertinent. In this connection,
while many of the examples herein are directed to aquarium set ups for keeping fish, coral, and/or
other aquatic life, skilled artisans will readily be able to adapt the fundamental teachings herein to

virtually any other aquatic environment wherein water quality measurement is desired.

[0009] FIG. 1 illustrates a high level diagrammatic representation of one exemplary
embodiment of an aquatic environment water parameter testing system 100. Testing system 100
includes an electronics portion 105 and a sample chamber portion 110. As will be discussed in
greater detail below with respect to multiple examples, electronics portion 105 includes one or more
electronic and/or hardware elements associated with the operation of testing system 100. Example
electronic and hardware elements that may be included with electronics portion 105 include, but are
not limited to, a processor element, a user interface (e.g., a display element, a user input element), an
optical reader element, a memory (e.g., including instructions for operating one or more of the
functions of testing system 100), a user access element (e.g., a wireless network element, a wired
network element, fiber optic, IR emitter), a removable memory device (e.g., a memory card
slot/reader), a temperature measurement element, a conductivity measurement element, a water
agitation element, a power supply, signal conditioning element, a chemical indicator element

identification device, a universal serial bus and port, and any combinations thereof.

[0010] Electronics portion 105 includes a housing 115 for enclosing one or more of the
electronic and/or hardware elements of electronics portion 105. Housing 115 may be constructed of
any suitable material. Example materials for housing include, but are not limited to, ABS plastic,
acrylic, stainless steel, and any combinations thereof. Housing 115 may be constructed to allow for

protection against water entering the housing (e.g., the housing may be waterproofed).



[0011] As will also be discussed in greater detail below with respect to multiple examples,
sample chamber portion 110 includes one or more wall structures that form at least a part of a
chamber for holding a sample of water to be tested using testing system 100. Sample chamber
portion 110 also includes an opening (not shown) for allowing the sample of water to be placed into
the sample chamber. Example ways to place a sample of water in the sample chamber include, but
are not limited to, submersing fully or partially testing system 100 in the water to be sampled
allowing a sample of the water to enter an opening in sample chamber portion 110, scooping a
sample of water using the testing system into an opening in sample chamber portion 110, using a cup
or other vessel to transfer a sample of water into an opening in sample chamber portion 110, using a
syringe to transfer a sample of water into an opening in sample chamber portion 110, using a pump
to transfer a sample of water into an opening in sample chamber portion 110, and any combinations

thereof.

[0012] A cover may also be included for the opening. Such a cover may perform any of a
variety of functions. Example functions for a cover include, but are not limited to, sealing the
sample chamber to prevent spillage of the sample of water, blocking light from entering the sample
chamber, thermal stability, and any combinations thercof. Additional details regarding covers and
openings for water sample placement are discussed below (e.g., with respect to the aquatic

environment water parameter testing systems shown in FIGS 25A, 25B, 26A, and 26B).

[0013] In one example, an outer surface 120 of housing 115 may be exposed to the sample
chamber such that outer surface 120 forms a portion of the boundary of the sample chamber.

Examples with this feature are discussed further below.

[0014] Sample chamber portion 110 also includes a chemical indicator element that includes a
chemical indicator. A chemical indicator may work in conjunction with light output from an optical
reader element of electronics portion 105 to produce a detectable physical change that can be utilized

to determine a value of a parameter for a water sample in the sample chamber.

[0015] Electronics portion 105 and sample chamber portion 110 are shown in FIG. 1 as being
connected. In one example, electronics portion 105 and sample chamber portion 110 are configured
as parts that are inseparable during normal usage (e.g., one or more portions of housing 115 may be
contiguous with one or more portions of an outer housing of sample chamber portion 110). In
another example, at least a part of sample chamber portion 110 is separable from electronics portion

105. In one such example, a chemical indicator element of sample chamber portion 110 is separable



from testing system 100. FIG. 2 illustrates a high level diagrammatic representation of one
exemplary embodiment of a testing system 200 in which at least a part 205 of a sample chamber
portion is separable from remaining portions 210 (e.g., an electronics portion and part of a sample
chamber portion) of testing system 200. Separation of a chemical indicator element may provide
any of a variety of benefits. Example benefits that may be provided by a separable chemical
indicator element include, but are not limited to, ability to change parameters to be tested using
testing system 100, provision of access to clean portions of testing system 100 (e.g., an outer surface
of an optical reader element of electronics portion 105, interior surfaces of a sample chamber,
electrodes, etc.), replacement of aged chemical indicator material, calibration by user or factory, and
any combinations thereof. Examples of ways to separate a chemical indicator element from testing
system 100 are discussed further below. In one example, a removably connected chemical indicator
clement forms at least a part of one or more walls of a sample chamber portion (e.g., allowing the
sample chamber portion to hold a liquid sample). In another example, a removably connected
chemical indicator element connects with a sample chamber portion at an opening in the sample
chamber portion such that when connected to the opening the chemical indicator element closes the

opening.

[0016] Exemplary aspects and features of an aquatic environment water parameter testing
system (such as systems 100, 200) and related methods are now discussed with respect to exemplary
implementations illustrated in FIGS. 3 to 7 and additional figures following. Individual examples
shown in the Figures may include one or more of the aspects and/or features. However, an aquatic
environment water parameter testing system may include any combination of the aspects and/or
features that may be discussed and shown separately. Details and examples of aspects and/or
features will be discussed as they are presented in the example implementations and such details and

examples can apply across all of the implementations discussed below.

[0017] As discussed above, an optical reader element (e.g., as part of an electronics portion)
and a chemical indicator (as part of a chemical indicator element of a sample chamber portion) work
in conjunction to determine a value for a water parameter. An aquatic environment water parameter
testing system may test for one or more water parameters. Different aquatic environments may
require different parameters to be measured. Such parameters may indicate a level of water quality,
an amount of a constituent and/or property of a water sample, and/or other aspects of a water sample.
As will be discussed further below, knowing the value of a water parameter may allow a user of a

testing system to do one or more of a variety of tasks with such information. Example tasks include,



but are not limited to, manually adjusting one or more chemical additives to an aquatic environment,
providing a water parameter value to an automated system for automatedly adjusting one or more
chemical additives to an aquatic environment, adjusting (e.g., manually or automatically) a
temperature of an aquatic environment, providing a water parameter value to an online service (e.g.,
for informative or inquiry purposes), causing a trigger alarm device to provide an alarm to a user of
an aquatic environment and/or an aquatic environment water parameter testing system according to
the current disclosure, and any combinations thereof. Example water parameters include, but are not
limited to, pH, Carbonate hardness, general hardness, conductivity, calcium content, magnesium
content, dissolved oxygen (O;) content, carbon dioxide content, ammonia content, phosphate
content, nitrate content, nitrite content, iron content, and any combinations thereof. One or more
parameters may be measured to determine a value of a different parameter. In one such example,
multiple parameter values may be utilized in combination to determine another parameter value

(e.g., measuring carbon dioxide and pH to calculate a value for Carbonate hardness).

[0018] FIG. 3 illustrates one exemplary implementation of an aquatic environment water
parameter testing system 300. Testing system 300 is shown as a cross section. It will be understood
by those of ordinary skill that testing system 300 is a three dimensional structure. The structure can
be of a variety of shapes, sizes, and configurations consistent with the disclosure herein. Testing
system 300 includes an electronics portion 305 and a sample chamber portion 310. Electronics
portion 305 includes an optical reader element 315 aligned with a chemical indicator element 320 of
sample chamber portion 310. Sample chamber portion 310 includes an opening (not shown) for
allowing placement of a sample of water to be tested into a sample chamber formed by the structural
elements of sample chamber portion 310 (e.g., one or more walls of sample chamber portion 310, an
outer surface of electronics portion 305, chemical indicator element 320, other elements of testing
system 300, and any combinations thereof). Example locations for an opening in sample chamber
portion (such as sample chamber portion 310) include, but are not limited to, in an upper
surface/wall of the sample chamber portion, in a side surface/wall of the sample chamber portion,
and any combinations thereof. A sample chamber portion may include more than one opening for
allowing a sample to be added. Additionally, a sample chamber portion may include one or more
openings to allow for a chemical indicator element to be attached to a sample chamber portion.

Examples of such openings are discussed further below.

[0019] A chemical indicator element, such as chemical indicator element 320, includes one or

more chemical indicators. A chemical indicator is a chemical structure that is designed and



configured to be put into contact with a sample of water and which undergoes a detectable physical
change as an amount of one or more constituents and/or properties that are part of the sample of
water changes. Examples of a detectable physical change include, but are not limited to, a change in
fluorescence intensity, fluorescence decay (e.g., lifetime fluorescence), phase fluorescence, change
in electromagnetic energy absorbance (change in reflectivity), change in color (e.g., visible color,
non-visible color), a change in fluorescence ratio between two or more wavelengths, and any
combinations thercof. As discussed above, a chemical indicator may be used to determine one or

more water parameters, examples and aspects of which are discussed above.

[0020] Chemical materials for a chemical indicator are vast and can be sclected based on
considerations of an aquatic environment to be tested, a parameter to be tested, a dynamic range of
values of a constituent and/or property of the water to be tested, an illumination light source and
wavelengths to be used as part of an optical reader element (e.g., where an excitation energy is
required for fluorescence detectable physical change), temperature, salinity, and/or other
considerations. In one example, a chemical indicator includes one or more indicator dyes (e.g., a
fluorescent dye). In one such example, one or more indicator dyes are immobilized in a suitable
medium. Example immobilization mediums include, but are not limited to, a gel, a polymer matrix
(e.g., a cellulosic matrix), a hydrogel, a plastic (e.g., micro porous PTFE), and any combinations
thereof. In one example, immobilization includes covalent bonding of a dye to cellulose fibers

which in turn are immobilized in a medium, such as a hydrogel.

[0021] A chemical indicator may be submersible in water. In one example, a water submersible
indicator is stable in water (e.g., an active indictor dye remains contained in a medium such that the
indicator dye does not mix with and/or change the water into which it is submersed). A chemical
indicator may be reversible (e.g., the chemical indicator returns to a previous physical condition as

one or more parameters of a water sample change back to an original level).

[0022] In one example, chemical indicators for detecting calcium, magnesium, and/or carbon
dioxide may be included with a chemical indicator element. Examples of a chemical indicator dye
sensitive for calcium include, but are not limited to, a calcium detecting aminonaphthalimide, a
calcium detecting perylenediamide, and any combination thercof. Examples of a chemical indicator
dye sensitive for magnesium include, but are not limited to, a magnesium detecting dye based on a
aminonaphthalimide, a magnesium detecting dye based on a photon induced electron transfer

process (PET), a magnesium detecting dye based on a intramolecular charge transfer process (ICT),



a magnesium detecting perylenediamide and any combinations thereof. Examples of a chemical
indicator dye sensitive for carbon dioxide include, but are not limited to, a carbon dioxide sensitive
dye based on a aminonaphthalimide, a a carbon dioxide sensitive dye based on a photon induced
electron transfer process (PET), a carbon dioxide sensitive dye based on a intramolecular charge

transfer process (ICT), a carbon dioxide sensitive perylenediamide and any combinations thereof.

[0023] A chemical indicator element may also include one or more substrates onto which one or
more chemical indicators are supported. In one example, a substrate may include a chemical
indicator holder and/or a backing material. A chemical indicator holder may take a variety of
shapes, sizes and/or configurations. Example considerations for determining a shape, size, and/or
configuration for a chemical indicator holder include, but are not limited to, a shape, size,
configuration of an opening in a sample chamber portion to which a chemical indicator element is to
be connected; a shape, size, configuration of an attachment element of a sample chamber portion to
which a chemical indicator element is to be attached; the size, configuration, and/or number of one
or more chemical indicators to be supported; the size, configuration, and/or number of one or more
optical reader elements utilized in conjunction with one or more chemical indicators supported by a
chemical indicator holder; and any combinations thereof. Various examples of chemical indicator

elements and holders are discussed further below (e.g., with respect to FIGS. 11 to 13 and 19 to 21).

[0024] A chemical indicator may have any of a variety of shapes and configurations as part of a
chemical indicator element of a sample chamber portion (such as portion 310). Example shapes for
a chemical indicator include, but are not limited to, circular, rectangular, square, and any
combinations thereof. A chemical indicator element may include any number of chemical
indicators. FIGS. 8 to 10 illustrate exemplary configurations of chemical indicators of a chemical
indicator element. FIG. 8 shows an example chemical indicator element having three circular
chemical indicator patches 805, 810, 815 arranged in a linear fashion to each other. Chemical
indicators 805, 810, 815 may be supported by a substrate 820. Substrate 820 may include a chemical
indicator holder. FIG. 9 shows an example chemical indicator element having two rounded
rectangular chemical indicator patches 905, 910 arranged side-by-side. Chemical indicators 905,
910 may be supported by a substrate 920. Substrate 920 may include a chemical indicator holder.
FIG. 10 shows an example chemical indicator element having three circular chemical indicator
patches 1005, 1010, 1015 arranged in a pattern. Chemical indicators 1005, 1010, 1015 may be
supported by a substrate 1020. Substrate 1020 may include a chemical indicator holder.
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[0025] A chemical indicator element may also include an information storage and
communication element. An information storage and communication element stores one or more
elements of information (e.g., information about a particular chemical indicator element) that can be
communicated to an aquatic environment water parameter testing system. This may be important
where an aquatic environment water parameter testing system is configured to have a removable
and/or removably connected chemical indicator element. In one such example, the identity of one or
more chemical indicators of a chemical indicator element may be stored in an information storage
and communication element. Example information storage and communication elements include,
but are not limited to, an RFID (Radio Frequency Identification) device, a bar code device, a QR
code device, a magnetic storage element, one wire touch memory, and any combinations thereof. It
is understood that a chemical indicator element may include a data storage component of an
information storage and communication element and an electronics portion (such as portion 305)
may include a reader portion of the information storage and communication element such that
information can be stored on the chemical indicator element and read by the electronics portion. In
one example, a chemical indicator element includes an RFID chip containing stored information and
a corresponding electronics portion of an aquatic environment water parameter testing system
includes a corresponding reader portion (e.g., a reader/writer device) for reading and/or writing
information from/to the RFID chip on the chemical indicator element. Other devices can be used in
place of an RFID chip and RFID reader device. Example information for storage on an
identification element and/or communication to an aquatic environment water parameter testing
system include, but are not limited to, a type of chemical indicator included as part of a chemical
indicator element, calibration information for one or more chemical indicators included as part of a
chemical indicator element, manufacturing information for one or more chemical indicators included
as part of a chemical indicator element, chemical indicator element identification data, chemical
indicator element usage data, an authentication key to thwart counterfeiting of a chemical indicator
element, light exposure data for one or more chemical indicators, a serial number, a date of

manufacture of a chemical indicator element, and any combinations thereof.

[0026] A chemical indicator element may include portions of one or more structural
components (¢.g., one or more walls) of a sample chamber portion (such as portion 310) of an
aquatic environment water parameter testing system. In one example, one or more walls or other
structural components of a sample chamber portion that form a sample chamber and hold a water

sample may be part of a chemical indicator holder of a chemical indicator element. One such
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example is shown below with respect to FIG. 14. In such an example, a substantial amount of the
structural elements that form a sample chamber portion may be part of a chemical indicator element
that is removably connected to a corresponding electronics portion such that when the chemical
indicator element is removed substantially only the electronics portion remains. In one exemplary
aspect, an outer surface of an electronics portion may form one or more structural boundaries of a
sample chamber into which a water sample may be placed. Other examples are discussed further

below.

[0027] A chemical indicator element may include one or more attachment elements for
attaching the chemical indicator element to a portion of a sample chamber portion (such as portion
310) and/or an electronics portion (such as portion 305). For a chemical indicator element that is not
removable from an aquatic environment water parameter testing system, an attachment element may
have a configuration that is not removable during normal use or is of a more permanent nature of
connecting the chemical indicator element (e.g., one or more screws, glue, etc.). For a chemical
indicator element that is removable from an aquatic environment water parameter testing system, an
attachment element may include a configuration that allows a user to readily remove the chemical
indicator element from, and reconnect it to the aquatic environment water parameter testing system.
Example attachment elements include, but are not limited to, one or more screws, glue, a snap lock
connector, a magnetic connector, a slide attachment connector, a form-in-place gasket, a toe-in snap
connector, a threaded connector, and any combinations therecof. An aquatic environment water
parameter testing system may include a corresponding connection element as part of an electronics
portion and/or a portion of a sample chamber portion for receiving and/or mating with an attachment
element of a chemical indicator element. For example, an opening in a sample chamber portion may
include female threadings to accept and mate with a chemical indicator element having male
threadings. In an example with rotational movement in mounting, a chemical indicator element may
include markings for aligning one or more chemical indicators with one or more optical reader
elements when the threading is mated. Such alignment marking may also be utilized in other
configurations where alignment of a chemical indicator with an optical reader element may be

assisted.

[0028] A removable chemical indicator element may include one or more water leakage
prevention elements configured to minimize and/or prevent water from leaking via a connection of a
chemical indicator element and an aquatic environment water parameter testing system. In one

example a water leakeage prevention element includes one or more gaskets configured to seal the
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chemical indicator element when connected to an aquatic environment water parameter testing

System.

[0029] An optical reader element, such as optical reader element 315, includes an optical sensor
for optically detecting a detectable physical change in one or more chemical indicators. A detectable
physical change may be detectable based on light that reflects from, is absorbed by, and/or is emitted
by a chemical indicator. For example, an amount and/or quality of a light reflected by, absorbed by,
and/or emitted from a chemical indicator may represent an amount of a constituent and/or property
of a water sample being tested. An optical sensor may be selected and configured based on a variety
of considerations including, but not limited to, a type of light being detected from a chemical
indicator (e.g., light having been absorbed by a chemical indicator, light having been emitted (such
as via fluorescence) upon excitation of a chemical indicator, light reflected by a chemical indicator);
a color of light (e.g. wavelength) of light being absorbed, reflected, and/or emitted by a chemical
indicator; a quantity/amount of light being absorbed, reflected, and/or emitted by a chemical
indicator; a shape, size, configuration of a chemical indicator; the aquatic environment from which a
water sample is taken for testing; a type of chemical indicator; a parameter being measured by a
chemical indicator; sensing distance; and any combination thereof. As used herein, the term “light”
includes electromagnetic radiation of any wavelength from any region of the spectrum, including
visible, ultraviolet, infrared, and others. Example optical sensors include, but are not limited to, a
photo-detector, a line camera, an array camera, a charge-coupled device-based sensor, a CMOS-
based sensor, photodiode, and any combinations thereof. There are no limitations of the type and
configuration of suitable optical sensors as long as they perform the requisite function(s) of a

particular arrangement of an aquatic environment water parameter testing system.

[0030] In one exemplary aspect, an optical reader element is positioned such that an optical
sensor is aligned and at a distance to receive light from a corresponding chemical indicator. As
discussed above, a chemical indicator element may have more than one chemical indicator. In one
such example, an optical reader element may include an optical sensor that is configured to receive
and detect light from each of the multiple chemical indicators. In another such example, an optical
reader element may include more than one optical sensor with each optical sensor configured to
receive and detect light from a corresponding one or more of the multiple chemical indicators (e.g.,
cach chemical indicator may have a corresponding optical sensor in an optical reader element). In
another example, an electronics portion (e.g., portion 305) of an aquatic environment water

parameter testing system may have more optical sensors than corresponding chemical indicators of a
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chemical indicator element. For example, a system with a removable chemical indicator element
may allow chemical indicator elements with varying numbers of chemical indicators to be connected
(e.g., with only those chemical indicators present at any given connection being read by a
corresponding optical sensor). In a further example, an electronics portion (e.g., portion 305) of an
aquatic environment water parameter testing system may have fewer optical sensors than
corresponding chemical indicators of a chemical indicator element. In one such example, not all
chemical indicators would have a corresponding optical sensor for detecting light therefrom. In
another such example, one optical sensor may be configured to detect light from more than one
chemical indicator. An electronics portion may also have more than one optical reader elements
cach with one or more optical sensors to correspond with one or more chemical indicators. More
than one optical sensor of an optical reader element and/or more than one optical reader element may

also be configured to receive and detect light from the same chemical indicator.

[0031] An optical reader element may include a light source element for providing a light to a
chemical indicator. Light may, for example, be produced by a light source of an optical reader
element and directed onto a chemical indicator of a chemical indicator element. Such light may be
reflected by, absorbed by, and/or cause emission by a chemical indicator. In one example, light from
one or more light source elements provides the light that is reflected by, absorbed by, and/or acts as
an excitation energy for emission by one or more chemical indicators. In another example, ambient
light and/or light from one or more light source elements provides the light that is reflected by,
absorbed by, and/or acts as an excitation energy for emission by one or more chemical indicators.
An optical reader element may include more than one light source. Also, an electronics portion
(such as portion 310) may include more than one optical reader element. In one exemplary aspect,
correspondence between one or more chemical indicators and one or more light source elements
and/or one or more optical reader elements (as with the optical sensors) may be one-to-one, one-to-
many, many-to-one, many-to-many, and/or another configuration. Example light source elements
include, but are not limited to, a light emitting device (LED), a laser, an incandescent bulb, a
fluorescent light source, and any combinations thercof. A light source element may include a filter
configured to allow light generation of a desired/necessary spectral content. For example, a light
source element may include an optical filter configured to allow transmission of light of a desired
spectral content. In one such example a short pass filter with a wavelength of cutoff of
approximately 510nm (and longer) can be used to permit blue light from a source to reach the

chemical sensor but eliminate light that would otherwise obscure or interfere with the reading of the
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emissions from the chemical sensor. Some blue LEDs typically emit spectral content as long as
700nm and therefore a short pass filter can be used to limit the spectral content to desired

wavelengths of light.

[0032] An optical reader element may include one or more optics (such as a lens) to assist with
collecting light from one or more chemical indicators and/or transmitting light from one or more
light source elements. An optic may also assist in directing light onto a desired portion of a
chemical indicator. Example optics include, but are not limited to, an optical fiber, a lens, a light
pipe, other optic elements, and any combinations therecof. Example optics and exemplary features
and aspects are disclosed with respect to FIGS. 15 to 18 of U.S. Patent Application No. 13/713,495,
entitled “Submersible Chemical Indicator Apparatuses For Use In Aquatic-Environment
Monitoring/Measuring System,” to James Clark, filed on December 13, 2012, the disclosure of
which and the disclosure of accompanying optical reader elements (also referred to as combined
illuminator/light collectors therein) are each incorporated herein by reference in its entirety. Several
such examples of optical reader elements and their features are shown below with respect to FIGS.

35 to 38.

[0033] An optical reader element may include a temperature sensor configured to detect a
temperature of one or more of the optoelectrical circuits and/or components of the optical reader
element. In one example, one or more of the optoelectrical circuits include one or more light sources
(e.g., one or more LED’s). Circuitry for temperature sensing will be understood to a person of
ordinary skill. A temperature sensor may be positioned proximate to one or more circuits and/or
other components for which a temperature measurement is desired. A temperature sensor may be
connected to a processing element of an electronics portion (such as electronics portion 305).
Processing elements are discussed further below and can be utilized to process temperature
information (e.g., in correlation with one or more memory eclements storing calibration and/or other
information). In one example, a temperature of a component of an optical reader element (e.g., of an
LED) can be utilized to calibrate for a measurement taken from a chemical indicator. For example,
an illumination intensity of an LED may change with the temperature of the LED circuitry. In such
an example, the amount of light directed to a chemical indicator may fluctuate with temperature of
the LED such that the amount of light reflected, absorbed, and/or utilized as an excitation energy for
fluorescence may also fluctuate. In one example, such fluctuation can be calibrated for by having
known correlation information for a given LED and/or chemical indicator type as a function of

temperature of the LED. In a further example, such fluctuation can be calibrated for by having
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known correlation information for a given LED as a function of the temperature of the LED.
Another example of using temperature for calibration is discussed further below. An alternative to
using a temperature sensor to determine the temperature of an LED includes measuring the forward
voltage at a die junction of an LED when a precision current source (e.g., one with 10.00 milliamps)
is utilized. The voltage can be correlated to a change in temperature of the LED via a calibration
step. This calibration can be used to develop one or more coefficients of change in brightness

percentage for an LED as a function of change in temperature.

[0034] One example of a temperature compensation involves an equation:
L = Lys(1+K)" -2

where T is the current temperature of the light source (e.g., measured using a temperature sensor
proximate the light source) in Celsius, Lys is a value of expected light level from the light source of
the optical reader element at 25 degrees Celsius (e.g., a value that can be measured and stored in a
memory of an aquatic environment water parameter testing system), K is a temperature coefficient
for the light source of the optical reader element (e.g., a value provided by manufacturer of light
source, a value measured once the light source is part of the optical reader element, etc.) per degree
Celsius (e.g., a value of 0.5%/degree Celsius, K =0.0005), and L is a computed value of light level
that should come from a light source of an optical reader element at the current temperature of the
light source. K values can also be stored in a memory of an aquatic environment water parameter
testing system. In one example, a K value is a positive value indicating that as the temperature
increases, the amount of light from the light source increases in level. In another example, a K value
is a negative value indicating that as the temperature increases, the amount of light from the light
source decreases in level. An increase/decrease in light level from a light source that is directed at a
chemical indicator may produce a corresponding increase/decrease in light emitted from the
chemical indicator. It is noted that a different reference temperature other than 25 degrees Celsius

can be used as the reference for expected light level at a known temperature in place of the L,s value.
[0035]

[0036] A calibration value (such as the value L) can be used to correct an optical reading from
an optical sensor of an optical reader element. For example, using values from the above example
equation, the computed value L may be divided by the L,s value to get a calibration value that can be

multiplied by the value of the light detected by an optical sensor to correct the reading for the
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temperature of the light source. In one such example, the level of light from a light source at a
particular temperature may be 80% of the light at 25 degrees Celsius (from L/ Lys). Multiplying
80% by the value of the light detected at the optical sensor can give a corrected value for the optical
reading.Other exemplary aspects and features of an optical reader element and its interaction with a
chemical indicator, including multiple reading for error correction, multiple reading for data
collection, reference illumination and data reading, and other aspects are disclosed in U.S. Patent
Application No. 13/713,495, entitled “Submersible Chemical Indicator Apparatuses For Use In
Aquatic-Environment Monitoring/Measuring System,” to James Clark, filed on December 13, 2012,

the disclosure of which is incorporated herein by reference in its entirety.

[0037] Referring again to FIG. 3, optical reader element 315 is shown as part of electronics
portion 305 with an exposed end 325 to allow for alignment of light from one or more chemical
indicators of chemical indicator element 320 to one or more sensor elements and/or to allow for
alignment of light illuminated from a light source element of optical reader element 315 to one or
more chemical indicators of chemical indicator element 320. The exposed end 325 of optical reader
element 315 comes into contact with water and constituents of the water from a sample placed in the
sample chamber of sample chamber portion 310. Exposed end 325 is shown as extending from the
wall of the electronics portion 305. In an alternative example, an optical reader element may be
more flush with a wall of an electronics portion. This exposed end 325 may include one or more
optics. Such optics may become dirty from debris and other matter within a water sample. Cleaning
of an optical reader element may be achieved via removal of a removable chemical indicator element
and/or via one or more other openings in a sample chamber portion (examples of such openings and
removable chemical indicator elements are shown and discussed further below) to obtain access to
the optical reader element. Optical reader element 315 and/or electronics portion 305 may include a

water sealing to prevent water leakage from the sample chamber into electronics portion 305.

[0038] One or more of the components of optical reader element 315 are connected to a
processing element 330. A processing element, such as processing element 330, includes one or
more processors for controlling one or more operations of the components of an aquatic environment
water parameter testing system. A processing element may also include, or be connected to, one or
more memory elements. A memory element may include machine executable instructions for
execution by a processing element for operating one or more components and/or performing any of
the functionalities disclosed herein. A memory element may also include data associated with one or

more functions of one or more components. Example operations for control by a processor element
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include, but are not limited to, control of components of an optical reader element, control of a
temperature sensor and/or temperature regulator, calculation of calibration information, calculation
of temperature values, control of a conductivity element, calculation of a conductivity value, control
of a user interface, storage of information and/or data collected by a component of a an electronics
portion, control of an information storage reader element (e.g., an RFID reader), control of stored
information regarding one or more chemical indicator elements, pump, and any combinations
thereof. Example memory elements include, but are not limited to, a cache memory, a random-
access memory (RAM) (e.g., dynamic RAM, static RAM), a read-only memory, a removable
hardware storage media (e.g., a magnetic storage device, an optical storage device, a flash memory
device, etc.), and any combinations thereof. Example processors include, but are not limited to, an
ARM processor, an AVR processor, an MSP430 processor, a DSP processor, and any combinations

thereof.

[0039] FIGS. 11 to 13 illustrate exemplary implementations of an optical reader element in
relation to exemplary implementations of a chemical indicator element. FIG. 11 illustrates an
exemplary arrangement of a chemical indicator element 1105 including a chemical indicator 1110 on
a holder 1115. In this example, chemical indicator 1110 is secured to holder 1115. With this
configuration, chemical indicator 1110 is directly exposed to water 1130 for which the chemical
indicator is designed for use. In one example of use, chemical indicator 1110 is illuminated by an
optical reader element 1140 (e.g., having a light source and an optical sensor) with light 1145 and
return light 1150 is collected therefrom by the optical reader element. FIG. 12 illustrates another
exemplary arrangement of a chemical indicator element 1205 including a chemical indicator 1210 on
a holder 1215. In this example, chemical indicator 1210 is secured to holder 1215, which in this
example is transparent at least to the wavelength(s) of light necessary for the chemical indicator to
be used as an optical indicator. Alternatively, if holder 1215 is generally opaque to a relevant
wavelength(s), it can be provided with a suitable window (not shown) in the material of the holder
1215 that is transparent to the necessary wavelength(s). A light blocking backing 1220 that blocks
light from the backside of holder 1215 is positioned adjacent chemical indicator 1205 between the
chemical indicator and water 1230. Light blocking backing 1220 can be porous so as to allow water
1230 to reach chemical indicator 1210, since the opposite side of the chemical indicator is not in
contact with the water because of holder 1215 and/or its window. In one example, light blocking
backing 1220 can be a light blocking hydrogel, such as a carbon-containing hydrogel. In one

example of use, chemical indicator 1210 is illuminated using an optical reader element 1240 by light
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1245 and return light 1250 is collected therefrom by optical reader element 1240. FIG. 13
illustrates yet another exemplary arrangement of a chemical indicator element 1305 including a
chemical indicator 1310 on a holder 1315. In this example, chemical indicator 1310 is secured to a
backing material 1320. In one example, chemical indicator 1310 is an indicator dye embedded in a
hydrogel which is bonded to backing material 1320, which can also be a hydrogel with a light
blocking and/or absorbing material embedded therein (e.g., carbon fiber filaments, other light
absorbing material). Backing material 1320 is attached to holder 1315. In one example, backing
material 1320 is glued to holder 1315. Backing material 1320 can provide a variety of benefits.
Examples of benefits provided by backing material 1320 in such a configuration include, but are not
limited to, blocking light reflection from holder 1315, blocking light reflection from holder 1315,
minimizing light passage from behind chemical indicator 1310, minimizing light scattering from
behind chemical indicator 1310, and any combinations therecof. Chemical indicator 1310 is in
contact with water 1330. In another exemplary aspect, this configuration of chemical indicator
1310, backing material 1320, and holder 1310 allows chemical indicator 1310 to be in direct contact
with water 1330. Example benefits of this configuration include, but are not limited to, faster
response time (e.g., indicator is in direct contact with water, such as in a hydrogel that is contacting
water), allowing water sample to be between optical reader element and chemical indicator, any
combination thercof. In one example of use, chemical indicator 1310 is illuminated using an optical
reader element 1340 by light 1345 and return light 1350 is collected therefrom by optical reader
element 1340.

[0040] A chemical indicator according to the implementations of various methods and systems
disclosed herein may also be associated with a partially reflective, transmissive, and/or absorptive
thin film material. In one exemplary aspect, a chemical indicator that emits light in response to an
excitation light (e.g., an excitation light being illuminated by an optical reader element onto a
fluorescent chemical indicator that emits a responsive light from which information about a
component of a water sample can be determined) can be placed in proximity to a thin film material
that absorbs or otherwise allow transmission of one or more of the wavelengths of light of the
excitation light. FIG. 31 illustrates an exemplary implementation of a chemical indicator 3110
attached to a thin film material 3112. In this example, a water sample may come into contact with
chemical indicator 3110 causing a measurable change in the chemical indicator 3110. In one such
example, a water sample may be in direct contact on the same side as chemical indicator 3110. In

another such example, a water sample may come into contact through thin film material 3112 (e.g., a
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thin film material that is porous to part or all of the water sample). A thin film material may be
selected to have a reflective/transmissive/absorptive property designed to minimize excitation energy
illuminated onto chemical indicator 3110 from reflecting to an optical reader that would detect that
energy (e.g., to minimize noise from that excitation energy) and/or to maximize light emitted from
chemical indicator 3110 being reflected to an optical reader that would detect the emitted light (e.g.,
to maximize signal strength of the detected emitted energy). Examples of a property for a thin film
material include, but are not limited to, a property of absorbing one or more wavelengths of an
excitation energy, transmitting one or more wavelengths of an excitation energy, reflecting one or
more wavelengths of an emitted energy from a chemical indicator, and any combinations thereof. A
chemical indicator/thin film material may be attached to a holder. A chemical indicator/thin film
material may also be included with a backing material. A chemical indicator/thin film material may

be part of a chemical indicator element.

[0041] FIG. 32 illustrates another exemplary implementation of a chemical indicator element
3205 including a chemical indicator 3210 and a thin film material 3212. Thin film material 3212 is
attached to an optional holder 3215. In one example, holder 3215 is constructed of an energy
absorbing and/or non-reflective material, such as a black plastic. In another example, holder 3215 is
constructed of a transparent material, such as a clear plastic. Holder 3215 may be backed by a
backing material, such as backing 3220. Chemical indicator 3210 is directly exposed to water 3230
for which the chemical indicator is designed for use. In one example of use, chemical indicator 3210
is illuminated by an optical reader element 3240 (e.g., having a light source and an optical sensor)
with light 3245 and return light 3250 is collected therefrom by the optical reader element. In one
example of use, light 3245 causes a change in chemical indicator 3210 that produces light 3250,
which is indicative of one or more components of water 3230. Light 3250 may emanate outwardly
from chemical indicator 3210 with some of light 3250 directed toward thin film material 3212 and
some directed toward optical reader 3240 to be detected. Additionally, in this example, some of
light 3245 may pass through chemical indicator 3210. Thin film material 3212 may have one or
more properties that minimize light 3245 bouncing back to optical reader 3240 and/or maximize
light 3250 being directed to optical reader 3240. Examples of a property for thin film material 3212
include, but are not limited to, a property of absorbing one or more wavelengths of light 3245,
transmitting one or more wavelengths of light 3245 (e.g., such that it does not reflect back to optical
reader 3240), reflecting one or more wavelengths of light 3250 (e.g., such that it is redirected back to

optical reader 3240), and any combinations thereof.
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[0042] FIG. 33 illustrates one example thin film reflectivity plot for an exemplary
implementation of a thin film material. The plot shows percent reflectivity of light at various
wavelengths for an exemplary thin film material. In this example, a small percentage of light is
reflected for wavelengths up to about 490 nm (nanometers) at which point about 10 percent is
reflected. Above 490 nm reflectivity increases quickly up to an about 80 percent reflectivity at and
above 520 nm. In one such example, an excitation energy of 470 nm would be transmitted through
the thin film material and/or absorbed by the thin film material while allowing significant reflection
of wavelengths above 520 nm. Such an example would be good for chemical indicators that emit
responsive light at one or more wavelengths above 520 nm. Other alternative reflectivity profiles are
also possible, such as with a narrow band of reflectivity at emitted wavelengths and/or a narrow

band of absorption/transmission at excitation wavelengths.

[0043] Referring again to FIG. 3, electronics portion 305 also includes a user interface that
includes a display 335 and a user input/output element 340, each connected to processing element
330. A user interface is configured to allow information from an electronics portion (such as
electronics portion 305) to be presented to a user of an aquatic environment water parameter testing
system. For example, detected and/or calculated parameter values from optical reader element
interaction with one or more chemical indicators can be presented to a user. Other information may
also be presented to a user. Examples of such information include, but are not limited to, a
temperature value, a water constituent value, a conductivity value, a current time, a time remaining
for an event of an aquatic environment water parameter testing system (e.g., a time required to allow
a water sample to be in contact with one or more chemical indicators, a time until a data reading will
be taken, a time until a data reading will be presented to a user, etc.), a value related to an age of a
chemical indicator and/or chemical indicator element (e.g., using stored information from an RFID
reading and a number of light illumination/sensor cycles to determine a remaining viable life of a
chemical indicator), a type of chemical indicator connected to an aquatic environment water
parameter testing system, a parameter being tested for, and any combinations thereof. In one
example, a user interface may include a display device for communicating information to a user.
Example display devices include, but are not limited to, a video display (e.g., a flat panel display
(LCD, LED, OLED, etc.), a CRT display), a touch-screen display, an indicator light display, an
audio display, a non-video flat panel display (e.g., LCD, LED, OLED, etc.), a gauge display, an

analog indicator display, voice synthesis, and any combinations thereof.
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[0044] A user interface may also be configured to allow a user to input or output information
from an aquatic environment water parameter testing system. A user interface may include one or
more user input/output elements. Example user input/output elements include, but are not limited to,
a button, a dial, a touch sensitive device (e.g., a touchscreen), a toggle, a switch (e.g., a membrane
switch, a physical switch), a conductive rubber device, a click wheel and/or dial, a contact snap
button, a communications port, a network connection, a removable memory port (e.g., a flash
memory card slot), a microphone, a cursor control device (e.g., a roller ball, a toggle, a mouse), a
camera element, a keypad, a keyboard, optic touch sensor, and any combinations thereof. Examples
of a communication port include, but are not limited to, a video out port (¢.g., an HDMI port, a VGA
port), a serial bus port (e.g., a USB port), a jack port (e.g., an RCA jack, a mini-jack), a network
port, a FIREWIRE port, an ESATA port, SCSI, advanced technology attachment (ATA), serial ATA
and any combinations thereof. Examples of a network connection include, but are not limited to, a
LAN connection, an Internet connection, a wide area network connection, an Ethernet connection, a
wired connection, a wireless connection, fiber optic, and any combinations thereof. An electronics
portion (e.g., electronics portion 305) may include appropriate circuitry and processor connections
(as well as, corresponding machine executable instructions in a memory) for operation of a user
input/output element. In one example, a user input/output element may be utilized to output data
detected and/or measured related to one or more water samples to a network and/or a computer
device for sharing analyzing and/or sharing information about one or more water parameters.
Examples of ways to utilize information in various networking, computing, and social networking
environments are disclosed in U.S. Patent Application No. 13/713,495, entitled “Submersible
Chemical Indicator Apparatuses For Use In Aquatic-Environment Monitoring/Measuring System,”
to James Clark, filed on December 13, 2012, the disclosure of which is incorporated herein by
reference in its entirety. In the disclosure therein, information about one or more parameters may be
wirelessly transmitted from a water quality monitoring device to a network and/or computing device.
In one example, information from an aquatic environment water parameter testing system of the
current disclosure may be similarly wirelessly communicated and/or transferred to a network and/or
computer device by another user input/output element (e.g., transferring data from an aquatic
environment water parameter testing system to an flash memory card and then to a network and/or

computer device).

[0045] An electronics portion (e.g., electronics portion 305) may also include a power source

(not shown in FIG. 3). A power source may be configured to provide power to one or more of the
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components of an aquatic environment water parameter testing system of the present disclosure.
Examples of a power source include, but are not limited to, a DC power source, an AC power
source, a connection to a standard wall outlet, a battery, a solar panel, and any combinations thereof.
An electronics portion may include any circuitry and/or additional components that correspond with
a particular power source to receive, harness, and/or deliver power from the power source to one or

more components of an aquatic environment water parameter testing system.

[0046] An aquatic environment water parameter testing system may also include a sample
temperature measurement element, a conductivity element, and/or a water agitation element. FIGS.
4 to 7 illustrate examples of such elements in exemplary aquatic environment water parameter
testing systems. Each system may include any of the above components in any combinations
whether or not explicitly discussed with each system. Similar components as discussed with respect
to FIG. 3 and generally above have similar functionality and features, except where illustrated. As
discussed above, the components, features and functionality of each as discussed throughout may be
in any combination in an aquatic environment water parameter testing system. FIGS. 4 to 7 illustrate

the features separately for exemplary purposes only.

[0047] FIG. 4 illustrates an exemplary implementation of an aquatic environment water
parameter testing system 400. As with system 300, testing system 400 is shown as a cross section of
a three dimensional structure. Testing system 400 includes an electronics portion 405 and a sample
chamber portion 410. Electronics portion 405 includes an optical reader element 415 aligned with a
chemical indicator element 420 of sample chamber portion 410. Sample chamber portion 410
includes an opening (not shown). Electronics portion 405 includes, a processor 430, and a user
interface including a display element 435 and a user input/output element 440. Electronics portion
405 includes one or more conductivity elements 445. A conductivity element may include one or
more conductivity electrode and any associated circuitry for providing a conductivity value to a
processing element (e.g., processor element 430). Conductivity element 445 is shown connected to
processor element 430 for providing communicating a conductivity value and/or data for use by
processor element 430 for calculating a conductivity value. Example conductivity electrodes
include, but are not limited to, a solid wire, a rod, a screw, and any combinations thereof. A
conductivity electrode may be coated with a coating, such as a rhodium, platinum, and/or other
platinum metal group coating. A coating may be of a suitable thickness for providing conductivity,
protecting an electrode from corrosion, and/or another benefit. In one example, a coating of 2

micron or more is provided on one or more conductivity electrodes. As discussed above with
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respect to access to an optical reader element for cleaning, a provision for access to one or more
conductivity electrodes for cleaning may also be made. In another example, one or more
conductivity electrodes may be cleaned using an acid-based washing via one or more openings of a

sample chamber portion of an aquatic environment water parameter testing system.

[0048] In one example, an electronics portion of an aquatic environment water parameter testing
system includes two conductivity electrodes. In one such example, measuring a current between two
conductivity electrodes exposed to a sample of water and also knowing a voltage applied across the
two conductivity electrodes can allow calculation of a resistance. A processor, such as processor
element 430 (and an associated memory element), can be configured to control the applied voltage
or current determination for calculating resistance. From a resistance value, a conductivity value can
be obtained (e.g., conductivity = 1/resistance). In one example, a processor can control an AC
pulsed signal across two conductivity electrodes reversing polarity with pulsing. In one exemplary
aspect, such pulsing of polarity can possibly prevent ions from migrating to one of the electrodes and
causing enhanced corrosion and/or error. A conductivity value of a water sample can be used to
correct for one or more errors in a reading from a chemical indicator. Examples of such a correction

are discussed below with respect to the methods of FIGS. 27 and 28.

[0049] FIG. 5 illustrates an exemplary implementation of an aquatic environment water
parameter testing system 500. As with systems 300 and 400, testing system 500 is shown as a cross
section of a three dimensional structure. Testing system 500 includes an electronics portion 505 and
a sample chamber portion 510. Electronics portion 505 includes an optical reader element 515
aligned with a chemical indicator element 520 of sample chamber portion 510. Sample chamber
portion 510 includes an opening (not shown). Electronics portion 505 includes, a processor 530, and
a user interface including a display element 535 and a user input/output element 540. Electronics
portion 505 includes one or more water agitation elements 550. An aquatic environment water
parameter testing system may include one or more water agitation elements and associated circuitry
and components for allowing a processor (such as processor element 530) to control the one or more
water agitation elements. A water agitation element is configured to provide agitation to a water
sample in a sample chamber of a sample chamber portion of an aquatic environment water parameter
testing system. Agitation of a water sample may provide one or more benefits. Example benefits
include, but are not limited to, moving water such that enhanced interaction between a constituent of
the water and one or more chemical indicators, provide movement to materials in a water sample to

help prevent settling of such materials on an optical reader element and or a chemical indicator,
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faster response, and any combinations thereof. Example components for a water agitation element
include, but are not limited to, a spin wheel configured to be in contact with a water sample, a
propeller configured to be in contact with a water sample, a moveable blade configured to be in
contact with a water, a motor element to drive movement of a component of a water agitation
element, ultrasonic transducer, and any combinations thereof. A component of a water agitation
element may project outwardly from a surface of an electronics portion into a sample chamber.
Water agitation element 550 is shown projecting outward and being connected to processor 530 for

allowing processor 530 to control water agitation element 550.

[0050] FIG. 6 illustrates an alternative implementation of a water agitation element. FIG. 6
shows a cutaway cross sectional view of a wall 605 of an electronics portion opposite of a wall 610
of a sample chamber portion. An optical reader element 615 is shown aligned with a chemical
indicator element 620. A first part 650 of a water agitation element is shown as extending from wall
605. In other examples, first part 650 may be more flush with wall 605, embedded behind wall 605,
or placed in another configuration. A second part 655 of a water agitation element is shown as
extending from wall 610. In other examples, second part 655 may be more flush with wall 610,
embedded behind wall 610, or placed in another configuration. In one example first part 650 is an
electromagnet and second part 655 is a permanent magnet. In such an example, first part 650 as an
electromagnet can be pulsed to cause second part 655 to move in relation to first part 650 such as to
cause wall 610 to move (even if slightly, ¢.g., with wall 610 made of a partially deformable material)
with respect to a water sample in the sample chamber. Such movement in such an example will

cause agitation of the water sample.

[0051] FIG. 7 illustrates an exemplary implementation of an aquatic environment water
parameter testing system 700. Testing system 700 is shown as a cross section of a three dimensional
structure. Testing system 700 includes an electronics portion 705 and a sample chamber portion
710. Electronics portion 705 includes an optical reader element 715 aligned with a chemical
indicator element 720 of sample chamber portion 710. Sample chamber portion 710 includes an
opening (not shown). Electronics portion 705 includes, a processor 730, and a user interface
including a display element 735 and a user input/output element 740. Electronics portion 705
includes one or more sample temperature measurement elements 760. An aquatic environment
water parameter testing system may include one or more sample temperature measurement elements
and associated circuitry and components for allowing a processor (such as processor element 530) to

control the one or more sample temperature measurement elements. A sample temperature



25

measurement element 760 includes a temperature conductive element that can be configured to be in
contact with a water sample that is placed in the sample chamber of sample chamber portion 710.
Sample temperature measurement element 760 also includes a temperature sensor connected to the
temperature conductive element for determining a temperature value and/or data for determining a
temperature value (e.g., using processor element 730). A sample temperature value may be used, for
example, to correct for errors in one or more measured values (e.g., salinity, conductivity), to correct
for errors in data values detected from one or more chemical indicators, and for any combination
thereof. An example of using a sample temperature value for correcting conductivity is discussed
below with respect to the method of FIG. 28. One alternative example implementation of a sample
temperature measurement element includes using one or more of a conductivity electrode as
temperature conductive element and connecting a temperature sensor to the conductivity electrode to

determine a temperature of a water sample.

[0052] FIGS. 14 to 18, and 34 illustrate various configurations of an aquatic environment water
parameter testing system showing different implementations of a removable chemical indicator
element. Each example may have any one or more of the components discussed in this disclosure
whether or not expressly shown in the examples. These examples are to show variations on
removability of a chemical indicator element. FIG. 14 illustrates one example of an aquatic
environment water parameter testing system having an electronics portion 1405. Electronics portion
1405 is shown with an optical reader element 1415 configured to align with one or more chemical
indicators 1418 of a chemical indicator element 1420. In this example, chemical indicator element
1420 forms a substantial portion of the outer structural elements of a sample chamber portion with
an opening 1430 for providing a water sample to a sample chamber that is formed by chemical
indicator element 1420 and an outer surface 1440 of electronics portion 1405 when chemical
indicator element 1420 is securely connected to electronics portion 1405. Chemical indicator
element 1420 is shown disconnected from electronics portion 1405. An attachment element and/or a
water sealing element (not shown) can be used to securely connect chemical indicator element 1420.
Chemical indicator element 1420 is shown disconnected from electronics portion 1405. In one
example, when chemical indicator element 1420 is connected the aquatic environment water
parameter testing system appears to be an integral system with a cohesive outer housing. A cover

may be included to close opening 1430.

[0053] FIG. 15 illustrates another example of an aquatic environment water parameter testing

system having an electronics portion 1505 and a sample chamber portion 1510. Electronics portion
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1505 is shown with an optical reader element 1515 configured to align with one or more chemical
indicators 1518 of a chemical indicator element 1520. In this example, sample chamber portion
1510 includes an opening 1530 for providing a water sample to a sample chamber that is formed by
one or more structural wall portions of sample chamber portion 1510 and chemical indicator element
1520 when chemical indicator element 1520 is connected to a second opening in sample chamber
portion 1510 closing the opening. An attachment element and/or a water sealing element (not
shown) can be used to securely connect chemical indicator element 1520. Chemical indicator
element 1520 is shown disconnected from sample chamber portion1510. In one example, when
chemical indicator element 1520 is connected the aquatic environment water parameter testing
system appears to be an integral system with a cohesive outer housing. In one exemplary aspect,
when chemical indicator element 1520 is connected it forms a part of sample chamber portion 1510.

A cover may be included to close opening 1530.

[0054] FIG. 16 illustrates another example of an aquatic environment water parameter testing
system having an electronics portion 1605 and a sample chamber portion 1610 forming a sample
chamber 1612 between one or more walls of sample chamber portion 1610 and a plurality of outer
surfaces of electronics portion 1605. Electronics portion 1605 is shown with an optical reader
element 1615 configured to align with one or more chemical indicators 1618 of a chemical indicator
element 1620. In this example, sample chamber portion 1610 includes an opening 1630 for
providing a water sample to sample chamber 1612. Chemical indicator element 1620 acts also as a
cover for opening 1630. An attachment element and/or a water sealing element (not shown) can be
used to securely connect chemical indicator element 1620. Chemical indicator element 1620 is
shown disconnected from sample chamber portion 1610. In one example, when chemical indicator
element 1620 is connected the aquatic environment water parameter testing system appears to be an
integral system with a cohesive outer housing. In one exemplary aspect, when chemical indicator
element 1620 is connected it forms a part of sample chamber portion 1610. In one example of use, a
water sample is placed in sample chamber 1612, chemical indicator element 1620 is securely
connected to close opening 1630, the aquatic environment water parameter testing system is inverted
to allow air to move away from chemical indicator 1618 and to allow chemical indicator 1618 to be
fully in contact with the water sample (with water sample also in contact with optical reader element

1615.

[0055] FIG. 34 illustrates another example of an aquatic environment water parameter testing

system having an electronics portion 3405 and a sample chamber portion 3410. Optical reader 3415
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is shown directed downwardly directed to a chemical indicator 3418 as part of a chemical indicator
element 3420. In the example shown, chemical indicator element 3420 forms sample chamber
portion 3410. In other examples, chemical indicator element 3420 may take a different form, such
as being removable from sample chamber portion 3410 (e.g., adhesively attached to a surface of
sample chamber portion 3410, removably connected as in one of the other examples disclosed
herein, etc.). Electronic portion 3405 is shown separated from sample chamber portion 3410.
Arrows indicate connectability of electronic portion 3405 with sample chamber portion 3410.
Connectivity may be by a variety of ways including, but not limited to, insertion of electronic
portion 3405 partially within sample chamber portion 3410, snap connection, other connections
described with respect to other examples herein, screw connection, and/or other connection. In one
example of use, a water sample may be placed in sample chamber portion 3410 and made to come
into contact with chemical indicator 3418 (e.g. for a period of time sufficient to cause chemical
indicator 3418 to undergo a detectable change). A user may then connect electronic portion 3405 to
sample chamber portion 3410 such to bring optical reader 3415 in alignment with chemical indicator
3418 (e.g., making contact between optical reader 3415 and the water sample). As with other
examples of this disclosure chemical indicator element 3420 may be swappable to allow for cleaning
and/or use of different chemical indicators configured to test for different components in a water

sample.

[0056] FIG. 17 illustrates another example of an aquatic environment water parameter testing
system having an electronics portion 1705 and a sample chamber portion 1710. Electronics portion
1705 is shown with an optical reader element 1715 configured to align with one or more chemical
indicators 1718 of a chemical indicator element 1720 when chemical indicator element 1720 is
inserted/attached to a door element 1725 that is configured to close over a second opening in sample
chamber portion 1710. In this example, sample chamber portion 1710 includes an opening 1730 for
providing a water sample to a sample chamber that is formed by one or more structural wall portions
of sample chamber portion 1710 and chemical indicator element 1720 and door 1725 when chemical
indicator element 1720 is connected to door 1725 and door 1726 is closed upon second opening in
sample chamber portion 1710 closing the opening. An attachment element and/or a water sealing
element (not shown) can be used to securely close door 1725 and connect chemical indicator
element 1720 to door 1725. Chemical indicator element 1720 is shown disconnected from sample
chamber portion 1710. In one example, when chemical indicator element 1720 is connected and

door 1725 is closed, the aquatic environment water parameter testing system appears to be an
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integral system with a cohesive outer housing. In one exemplary aspect, when chemical indicator
element 1720 is connected it forms a part of sample chamber portion 1710. A cover may be

included to close opening 1730.

[0057] FIG. 18 illustrates another example of an aquatic environment water parameter testing
system having an electronics portion 1805. Electronics portion 1805 is shown with an optical reader
element 1815 configured to align with one or more chemical indicators 1820 of a chemical indicator
element 1820 that forms a sample chamber with an opening 1830 for providing a water sample to the
sample chamber. An attachment element (not shown) can be used to connect chemical indicator
element 1820 to electronics portion 1805. In this example, chemical indicator element 1820 includes
a portion that is transparent to one or more wavelengths of light and aligns with optical reader
element 1815 and chemical indicator 1818 to allow light for illumination and for reading to pass
between the two components when chemical indicator element 1820 is connected. Chemical
indicator element may include a backing material and a holder material as part of the structure of
chemical indicator element 1820 similar to the configuration of FIG. 12. In one example, the aquatic
environment water parameter testing system appears to be an integral system with a cohesive outer

housing. A cover may be included to close opening 1830.

[0058] FIG. 19 illustrates an example of a chemical indicator element 1905 having chemical
indicators 1910, 1915, 1920 arranged on a first face and attachment elements 1925 and 1930 on an
opposite face. In one example attachment elements 1925 and 1930 are magnetic elements that can
mate with one or more magnetic elements of a sample chamber portion. In one such example,
chemical indicator element 1905 attaches to a door element, such as door element 1725 of FIG. 17.
Chemical indicator element 1905 also includes an RFID element1935. In an alternative
configuration RFID element 1935 is displaced above or below the array of chemical indicators 1910,

1915, 1920 to allow for mating with an RFID reader of an electronics portion.

[0059] FIG. 20 illustrates another example of a chemical indicator element 2005 having a
circular configuration with a threaded attachment element 2010 and an array of chemical indicators
2015 and an RFID tag hole 2020 opposite the threaded attachment. RFID tag hole 2020 may include
an RFID element or other information storage and communication element. In an example of use,
the chemical indicator element 2005 may be connected to a sample chamber portion using a mating
of the threading element 2010 with another threaded element of the sample chamber portion (e.g., as

a cover to a water sample opening or another opening in a sidewall of the sample chamber portion.
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In another implementation, the chemical indicator element 2005 includes an alignment assistance

mark to allow for alignment of chemical indicators with corresponding optical reader elements.

[0060] FIG. 21 illustrates an example of a sample chamber portion 2110 having a slot
attachment element 2125 for receiving a chemical indicator element configured to mate with slot
attachment element 2125. Sample chamber portion 2110 may be associated with an electronics
portion in any of the ways that are disclosed in the current disclosure of interrelationships between
sample chamber portions and electronics portions. In one example, a chemical indicator element can
slide into the mating features of slot attachment element 2125 by way of user insertion. When a
chemical indicator element is to be replaced with a new chemical indicator element or new type of
chemical indicator element, a user can slide the element up and out of contact with the chamber
portion. The slot can have end-stops to provide an alignment limiter at the bottom of the chamber or
at any height above the bottom such that the chemical indicator element comes into alignment with

the one or more electro-optical reader element(s).

[0061] FIGS. 22 and 23 illustrate examples of user interfaces on an outer portion of an
electronics portion of an aquatic environment water parameter testing system. FIG. 22 shows an
electronics portion 2205 having a display element 2210 and user input/output elements 2215, 2220,
and 2225. FIG. 23 shows an electronics portion 2305 having a display element 2310 and user
input/output elements 2315, 2320, and 2325. FIG. 24 shows an exemplary surface of an electronics
portion 2405 that in use comes into contact with a sample chamber. The surface of electronics
portion 2405 shows exposed portions of three optical reader elements 2410, 2415, 2420 and two
conductivity electrodes 2425 and 2430.

[0062] FIGS. 25A, 25B, 26A, and 26B illustrate exemplary implementation having a hinged
cover that covers an opening in a sample chamber. Components have similar features as
corresponding components discussed above with other examples. FIG. 25A and B illustrate one
exemplary implementation of an aquatic environment water parameter testing system having an
electronics portion 2505 and a sample chamber portion 2510, an optical reader element 2515, a
chemical indicator element 2520, a processor element 2530, a display element 2535, user
input/output elements 2540, 2580, and a conductivity element 2545. The aquatic environment water
parameter testing system also includes a cover 2570 with a hinged attachment 2575 for opening and
closing cover 2570 over an opening of a sample chamber formed when sample chamber

portion/chemical indicator element 2510/2520 is connected to electronics portion 2505. FIG. 25B
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shows cover 2570 open and sample chamber portion/chemical indicator element 2510/2520
disconnected. In this example, sample chamber portion/chemical indicator element 2510/2520 has a
configuration that brings chemical indicators closer to optical element 2515 while having a larger

portion of sample chamber above.

[0063] FIG. 26A and B illustrate one exemplary implementation of an aquatic environment
water parameter testing system having an electronics portion 2605 and a sample chamber portion
2610, an optical reader element 2615, a chemical indicator element 2620, a processor element 2630,
a display element 2635, user input/output elements 2640, 2680, and a conductivity element 2645.
The aquatic environment water parameter testing system also includes a cover 2670 with a hinged
attachment 2675 for opening and closing cover 2670 over an opening of a sample chamber formed
when sample chamber portion/chemical indicator element 2610/2620 is connected to electronics
portion 2605. FIG. 26B shows cover 2670 open and sample chamber portion/chemical indicator
element 2610/2620 disconnected. In this example, electronics portion 2605 is configured to allow
cover 2670 to swing around when not covering opening in sample chamber to cover display 2635
and/or stow cover 2670 when sample chamber portion/chemical indicator element 2610/2620 is

disconnected.

[0064] FIG. 27 illustrates an example of a method 2700 for calibrating a data reading from an
optical reader element from a chemical indicator in which an optical reading (e.g., information of a
physical change of a chemical indicator exposed to a sample as measured from an optical sensor of
the optical reader element) is corrected based on the conductivity of the sample. At step 2705, a
sample is provided for analysis (e.g., a liquid sample is placed in a sample chamber of an aquatic
environment water parameter testing system of the current disclosure). At step 2710, a conductivity
value for the sample is determined (e.g., using a conductivity measurement element, such as
conductivity element 445 of FIG. 4). At step 2715, an optical reading of a chemical indicator that is
exposed to the sample is taken (e.g., using an optical reader of an aquatic environment water
parameter testing system of the current disclosure a reading including information of a physical
change of the chemical indicator is taken). At step 2720, the optical reading is corrected using the
conductivity value. An optical reading may fluctuate based on the conductivity of the sample. The
correction done in step 2720 attempts to account for this fluctuation. Such a correction may be done
in a variety of ways. In one example, known data curves for optical readings corresponding to
certain known amounts of a constituent (e.g., pH, calcium concentration, etc.) of a sample at specific

conductivities can be recorded and stored (e.g., in a memory of the aquatic environment water
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parameter testing system). In one such example, using data curves for values at two conductivities
(e.g., an example conductivity of a salt water sample and an example conductivity of a fresh water
sample), values for a constituent at other conductivities that are measured for a given sample can be
calculated with reference to the known data curves. Examples of this are shown below with respect

to FIGS. 29A and 29B.

[0065] Conductivity readings may fluctuate themselves based on the temperature of a given
sample. Correction of a measured conductivity reading may be calibrated based on the temperature
of the sample. For example, known temperature coefficients (e.g., well known temperature to
conductivity relationships for given sample types and/or temperature to conductivity relationships
measured for a particular sample type, such as at the manufacturing of an aquatic environment water
parameter testing system) can be utilized. In one example, these values can be stored in a memory
of an aquatic environment water parameter testing system according to the current disclosure. A
temperature coefficient can then be used (e.g., by a processing element) to calibrate a measured
conductivity value to a particular temperature (also measured, such as with a temperature
measurement element of an electronics portion of an aquatic environment water parameter testing
system). In some examples, a cell constant for the device used to measure the conductivity can also
be used to normalize a conductivity reading. Cell constants and how to use them in normalization
are understood by those of ordinary skill. If normalization is not desired, the use of cell constants in
the correction can be omitted. Additionally, as discussed above, a temperature of an optical reader
element may be utilized to correct an optical reading for fluctuations due to the temperature of a

component of the optical reader element.

[0066] FIG. 28 illustrates an example of a method 2800 for calibrating a data reading from an
optical reader element for the temperature of a component of the optical reader element and for the
conductivity of the sample. In this example, the conductivity of the sample is also corrected for the
temperature of the sample. It is noted that either the corrections for the temperature can be omitted
from the method. At step 2805, a sample is provided for analysis (e.g., via placement in a sample
chamber of an aquatic environment water parameter testing system of the current disclosure). At
step 2810, a conductivity measurement is made of the sample and a temperature measurement is
made of the sample (e.g., using a temperature measurement element and a conductivity measurement
element of an aquatic environment water parameter testing system of the current disclosure). At step
2815, a calibration is made of the conductivity to correct for temperature variation in conductivity.

For example, a temperature correction coefficient and a cell constant can be utilized to adjust the
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conductivity based on the temperature of the sample. In one such example, an aquatic environment
water parameter testing system may include a calibration table (e.g., stored in memory) having
information for conductivity values versus temperature values that have been measured previously
(e.g., at manufacture) based on a standard conductivity sample. At step 2820, an optical reading of a
chemical indicator that is exposed to the sample is taken (e.g., using an optical reader of an aquatic
environment water parameter testing system of the current disclosure). At step 2825, the optical
reading is calibrated using a temperature of an electrooptical element (e.g., one or more components
of an optical reader) used to take the optical reading. In one example, such a temperature is taken by
using a temperature measurement circuit/device in proximity to the one or more components of an
optical reader. Calibration may be made based on a known (e.g., measured at time of manufacture
or previously) temperature dependence of a chemical indicator measurement made by the
electrooptical element (e.g., due to LED light source intensity changes due to temperature changes in
the LED light, causing differing amounts of light incident on a chemical indicator). At step 2830,
the temperature corrected optical reading of the chemical indicator is then corrected using the

calibrated conductivity measurement from step 2815.

[0067] FIG. 29A illustrates a plot of exemplary response curves for a given constituent level of
a sample (in this case pH) correlated to the optical light reading (in this case fluorescence light
levels) measured by an optical reading element. The response data curves shown are derived from
measured values of optical readings corresponding to known pH levels for two different samples at
different conductivities. In this example, the two conductivities are at 57,000 micro Siemens
conductivity (the data curve that starts at the left with higher values of fluorescence), which
corresponds to an approximate seawater sample and at 420 micro Siemens conductivity (the data
curve that starts at the left with lower values for fluorescence), which corresponds to an approximate
fresh water sample. Values such as these can be used to determine a constituent level in a sample at
a different conductivity. For example, the two data curves can be related to each other using
formulas that relate the conductivity with respect to the desired constituent to determine the
conductivity corrected value for the constituent at a given third conductivity value for the sample.
One desired constituent, pH, is a log based scale. In one example, the following formula can be
utilized to relate two known data curves for pH versus optical reading values at known

conductivities:



33

log (ﬁ—x)
PHcorrectea = ﬁ (pH,ul - pH,uz) + pH,uz

where u,is the conductivity measured for a given sample (¢.g., using a conductivity measurement
device), u, and u, are the conductivity values from for the two known data curves (such as those in
FIG. 29A) wherein p, is the conductivity value of the higher conductivity curve and y, is the
conductivity value of the lower conductivity curve, pH,, is the pH on the u, curve at the measured
fluorescence value (e.g., the pH at the optical reading measured at the optical reader element), pH,,, is the pH
on the u, curve at the measured fluorescence value (e.g., the pH at the optical reading measured at the optical
reader element), and PH .o rrecteq 18 the pH value that is corrected for conductivity for the particular optical
reading. In another example, a non-log-based constituent may use non-log-based ratio equations, such

as the one above without the log function to determine the interrelationship.

[0068] FIG. 29B illustrates another example of data curves plotted from known values at two
particular conductivities and a calculated data curve determined using an equation relationship such
as the one for pH discussed in the previous example and the two known data curves. Data curve
2905 is a plot of optical reading values (in this case fluorescence) from an optical reader element
corresponding to pH values for a sample at a given conductivity of 50,000 micro Siemens. Data
curve 2910 is a plot of optical reading values (in this case fluorescence) from an optical reader
element corresponding to pH values for a sample at a given conductivity of 500 micro Siemens.
Data curves 2905 and 2910 can be measured for known samples and the data stored in a memory
element accessible by a processing element of an aquatic environment water parameter testing
system. Data curve 2915 is a plot of calculated optical reading values (in this case fluorescence)
corresponding to pH values for a sample at a given conductivity of 18,000 micro Siemens. Data
curve 2915, in this example, is calculated using the data of data curves 2905 and 2910 and the pH

equation from the sample above.

[0069] FIG. 30 illustrates an exemplary plot showing a correction in pH to be applied to for any

conductivity for an example similar to the one discussed in FIGS. 29A and 29B.

[0070] FIG. 36 illustrates an example of an optical reader element 3600 (which is referred to
also in this discussion as a combined illuminator/light collector (I/LC) combined I/LC 3600) that can

be used in an aquatic environment water parameter testing system according to the current disclosure
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or, for example, in any other suitable embodiment of a monitoring unit made in accordance with the
present disclosure. As seen in FIG. 36, combined I/LC 3600 comprises a unitary monolithic body
3604 formed from one or more translucent materials, such as acrylic plastic, polycarbonate plastic,
glass, sapphire, etc. In one example, when made of a moldable material, monolithic body 3604 can
be molded, with little to no subsequent machining or other processing. Combined I/L.C 3600
includes spot lensing 3608 and a light pipe 3612. Spot lensing 3608 is designed and configured to
project individual spots of light, here, two spots 3616(1) and 3616(2) of light 3620(1) and 3620(2),
onto chemical indicator disc 816 (i.e., the target), wherein each spot projected is based on light
emitted from a corresponding light source, here, light sources 3624(1) and 3624(2), respectively. In
a particular embodiment spot lensing similar to lensing 3608 can be used to project four spots of
light onto the corresponding chemical indicator apparatus, two spots for reflectivity measurements

and two spots for fluorescence or absorbance measurements.

[0071] In one implementation spot lensing 3608 is carefully designed and configured in
conjunction with the spacing, S, between combined I/LC 3600 and the surface 3626 of disc 816 to
provide highly precisely sized and located spots 3616(1) and 3616(2). As seen in FIG. 36, spot
lensing 3608 is designed and configured so that light 3620(1) and 3620(2) passing by a principal
point at spot lensing converges at a focal point 3628 that is located at a distance beyond the target
(chemical indicator disc 816) so that the light forms the two individual spots 3616(1) and 3616(2) on
the target. In one example, wherein spacing S is about 3.5 mm, the focal distance F to focal point
3628 is about 7.8 mm. In addition, it is noted that spot lensing 3608 is further designed to provide
very little to no variance in measurements acquired over a relatively wide range of spacing S. In
other words, the amount of light collected by combined I/LC 3600 remains largely unchanged
despite spacing S varying due to wobble and/or other factors. This is illustrated, for example, in the
graph 3700 of FIG. 37, which shows that there is no more than about 1% variance in measurements
over a range of almost 2.0 mm. In graph 3700 of FIG. 37, curve 3704 represents the detected
intensity, as a percentage of the maximum intensity, of an illumination spot formed by a combined
I/LC similar to combined I/LC 3600 of FIG. 36 using a red LED input. Curve 3708 is a similar
curve, but for fluorescent light detected from a spot illuminated using a light of an appropriate
excitation wavelength for the particular chemical indicator used. Curve 3712 represents the ratio of
(R/Rm) / (F/Fm) where R is reflectivity reading and Rm is maximum Reflectivity reading, F is
fluorescence reading and Fm is maximum fluorescence reading. As can be seen from graph 3700,

curve 3712 reveals that no more than about 1% variation in intensity occurs over a range 3716 of
Yy g
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almost 2.0 mm when using this ratiometric correction step. It should be noted that any number of

different wavelengths of light could be used to create this reflectance signal used for correction.

[0072] Referring again to FIG. 36, the relative wide range distance S having low intensity
variation can be important to the quality of results provided by an aquatic environment water
parameter testing system when there is variance in distance S from reading to reading, for example,
due to things like movement of a chemical indicator element with respect to the optical reader
element. In addition, it is noted that the relatively wide range of allowable error for spacing S allows
a designer to carefully choose the size of illumination spots 3616(1) and 3616(2) to control the
amount of photo-aging of the particular chemical indicator at issue. Generally, the lower the
brightness of the illumination, the slower the photo-aging. Thus, by making illumination spots
3616(1) and 3616(2) relatively large, the intensity of the brightness at any location within that spot is
lower than if the same light 3620(1) and 3620(2) were used to form a smaller spot, which would be
of greater brightness intensity. That would be the case if the target (a chemical indicator element)
were moved closer to focal point 3628, thereby increasing spacing S. That said, over a certain
optimal range, despite differences in spacing S, largely the same amount of light is collected from a
more-intense smaller spot as is collected from a less-intense larger spot. When spacing S is selected
to be in this optimal range, substantial immunity to negative effects of disc wobble and other

inaccuracies in spacing S and minimizing photo-aging can be readily accounted for.

[0073] FIG. 35 is a diagram illustrating considerations that can be used to design an optical
reader element (also referred to as a combined I/LC in this discussion) of the present disclosure. As
seen in FIG. 35, which illustrates an I/LC 3500 and a target 3504 (such as a chemical indicator onf a
chemical indicator element) spaced from the I/LC by distance (spacing) S to an upper portion 3508
of a light collector 3512 that collects light from the target in the manner described above relative to
I/LC 3604 of FIG. 36. FIG. 35 also illustrates spot lensing 3516 of I/LC 3500, a light source 3520, a
light detector 3524, and an optional light filter 3528. It is noted that each of light source 3520, light
detector 3524, and filter 3528 can be the same as or similar to any of the like items described herein.
As seen in FIG. 35, the light emitted by light source 3520 is represented by three rays 3532, 3536,
and 3540, which represent, respectively, the inside half-brightness flux line, the full brightness flux
line, and the outside half-brightness flux line. The light from light source 3520 that is directed onto
target 3504 by spot lensing 3516 forms a spot 3544 of light having points 3548 and 3552 that are the
outside and inside half-brightness points, respectively. An angle 3556 is the critical angle for the

interface of the material of light collector 3512 and air (which here laterally surrounds the light
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collector). In the present example wherein light collector 3512 is made of acrylic, critical angle
3556 is 42.5°. The ray 3560 leading to critical angle 3556 indicates the angle that is the minimum
for the light to be reflected onto detector 3524. Any ray that is less than critical angle 3556 will pass
through the side wall 3564 of light collector 3512 and will not reach the detector.

[0074] As distance S is increased, the quantity of rays emanating from between outside half-
angle point 3548 and inside half-angle point 3552 of spot 3544 that will exceed critical angle 3556
such that they will be directed onto detector 3524 goes up. When the distance S increases, the
distance from target 3504 to the aperture formed by the internal TIR center column also increases
and therefore results in a reduction of intensity as a function of 1/S”. So by balancing the rate in
which the rays become less intense due to distance with the rate at which the rays start passing
through the sides of light collector 3512 at less than critical angle 3556, a peak detection point can
be formed at a desired height with spots 3544 at useful distances from the centerline 3568 of I/LLC
3500. By adjusting the angle of side walls 3564 of light collector 3512 relative to centerline 3568,
distance S at which the peak light collection occurs can be tuned. The rate at which the light falls off
as a functions of distance S change can also be tuned by way of changing whether rays inside and
outside half-brightness rays 3532 and 3540 are divergent or convergent as they leave spot lensing

3516 of I/LC 3500. This effectively defines a band of useful operation.

[0075] Referring again to FIG. 36, spot lensing 3608 includes a light-entrance surface 3632 that
has a high curvature due to the interface of the material of body 3604 with air between light sources
3624(1) and 3624(2) and the need to impart a significant amount of refraction into light 3620(1) and
3620(2) as it proceeds through the spot lensing. In this example, this need is relatively great because
the output surface 3636 of spot lensing 3608 interfaces with water, which will typically have an
index of refraction that is relatively close to the index of refraction of the material of body 3604 such
that little refraction is achievable at surface 3636 without exceedingly drastic curvatures that
interfere with other functionality of combined I/LC 3600. It is noted that spot lensing 3608 can be
continuous around central light pipe 3612, or not. As an example of the latter, spot lensing 3608 can
be notched so that lensing is present only at each light source 3624(1) and 3624(2) and not present
therebetween. It is also noted that spot lensing can be provided with one or more contour features at
and/or adjacent output surface 3636 that inhibits internal reflection, both partial and total, back into
light pipe 3612. Indeed, in the example shown, the curvature at output surface 3636 is configured to
direct light coming from light source 3624(2) to pass overtop of light pipe 3612 into spot lensing
3608 on the other side of the light pipe so that it outputs through light-entrance surface 3632 for the
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opposite light source 3624(1), thereby keeping the stray light from reaching the light pipe and,

ultimately, sensor 3660.

[0076] In this embodiment, combined I/LC 3600 includes optional laterally dispersive lensing
3640 that acts to direct portions 3644(1) and 3644(2) of the light 3620(1) and 3620(2), respectively,
emitted from light sources 3624(1) and 3624(2) away from spots 3616(1) and 3616(2). Directing
portions 3644(1) and 3644(2) away from spots 3616(1) and 3616(2), and more generally from the
region where light is to be collected by combined I/LC 3600, those portion do not interfere with the
readings taken by an optical reader element. Those skilled in the art will readily understand how to

design laterally dispersive lensing 3640.

[0077] Each light source 3624(1) and 3624(2) can be any suitable source, including filtered and
unfiltered monochromatic and multiband light-emitting diodes (LEDs), filtered and unfiltered
monochromatic and multiband lasers, filtered and unfiltered incandescent sources, filtered and
unfiltered optic fiber(s) in optical communication with a light emitter, etc. Those skilled in the art
will understand how to select the proper light source(s) and any optical filter(s) necessary to achieve

the desired results.

[0078] As for the light collection aspect, combined I/LC 3600 includes central light pipe 3612
that collects light 3648(1) and 3648(2) from the regions of spots 3616(1) and 3616(2), respectively.
As should be apparent from the foregoing discussion, light 3648(1) and 3648(2) can be reflected
light from spots 3616(1) and 3616(2) or fluorescent light resulting from the stimulation of any
fluorescent dye, for example, from any chemical indicator that includes such dye, from spots
3616(1) and 3616(2), or a combination of both. Central light pipe 3612 include an input end 3652
proximate to chemical indicator disc 816 (when present) and an output end 3656 that directs light
3648(1) and 3648(2) toward one or more suitable optical sensors 3660, which may or may not be
located downstream of one or more optional light filters 3664, depending on the sensitivity(ies) of
the sensor(s) provided. For example, for a fluorescing dye, it is typically desirable to measure
(sense) only the fluorescent light, i.e., without any reflected stimulating light. If the sensor 3660 at
issue is a broadband sensor, then it would be desirable to provide one or more filters 3664 that filter
out the original stimulating light. Alternatively, if the sensor 3660 at issue is sensitive only to the
fluorescent light, then a filter is not needed. It is noted that light pipe 3612 can have any length
desired. In such cases, any losses can be accounted for. In this connection, in some embodiments

light pipe 3612 can be segmentized, as long as the segments are properly optically coupled. It
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should also be noted that filters such as evaporated coating dielectric layer filters and other types can

be coated onto output end 3656 and become an integral part of the I/LC.

[0079] Light pipe 3612 and combined I/L.C 3600 more generally include several features to
ensure that the light 3648(1) and 3648(2) collected by the light pipe and directed toward sensor(s)
3660 is substantially only light from the target, i.e., chemical indicator disc 816. These features
include: the separation of light pipe 3612 from spot lensing 3608 along a portion of the light pipe;
the design (curvatures) of entrance and output surfaces 3632 and 3636, respectively, that inhibits
internal reflection from spot lensing into light pipe within body 3604; the provision of laterally
dispersive lensing 3640; and the design of lateral surface 3668 of the spot lensing that also help
inhibit internal reflections from reaching the light pipe. Sensor 3660 can be a surface mounted
detector on the bottom side of a printed circuit board (PCB) with a sensing area that collects light
through a hole in the PCB. Light sources 3624(1) and 3624(2) can also be surfaces mounted but on
the opposite side of the PCB from sensor 3660. This arrangement permits the use of the PCB
material to act as a light block for making sure light that is internally scattered from light sources

3624(1) and 3624(2) can’t make direct optical path to sensor 3660.

[0080] In the example shown, each light source 3624(1) and 3624(2) comprises a lensed LED
package and is located in close proximity to light-entrance surface 3632 of spot lensing 3608. In one
example, each light source 3624(1) and 3624(2) output light having a beam angle B of about 10° to
about 30°. As used herein and in the appended claims, the term “beam angle” shall mean the angle
between the two directions opposed to each other over the beam axis for which the luminous
intensity is half that of the maximum luminous intensity of the output of the light source at issue.
Depending on the configuration of the reader of which combined I/LC 3600 is part, light sources
3624(1) and 3624(2) can have the same output wavelength(s), or, alternatively, the respective output
wavelength(s) can differ from one another. In addition, it is noted that depending on the spectral
output of each light source 3624(1) and 3624(2), one, the other, or both can be provided with one or
more light filters 3672(1) and 3672(2), respectively, as needed to suit the needs of use.

[0081] Whereas FIG. 36 illustrates an example in which combined I/LC 3600 is made in a
unitary monolithic manner, FIG. 38 illustrates an alternative optical reader element 3800 (also
referred to as a combined I/LC 3800 in this discussion) that is an assembly of multiple separately
manufactured parts. Like combined I/LC 3600 of FIG. 36, combined I/LC 3800 of FIG. 38 includes
spot lensing 3804 and a central light pipe 3808, each having the same functionality described above
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for like portions of combined I/LC 3600 of FIG. 36. However, in FIG. 38, light pipe 3808 is formed
as a separate component relative to spot lensing 3804. The two components, i.¢., light pipe 3808 and
spot lensing 3804 are held together, for example, by press fit, with an intermediate sleeve 3812 that
separates the light pipe and spot lensing. Intermediate sleeve 3812 is made of any suitable material,
such as an opaque material, highly reflective (e.g., mirror-like) material, or a material having an
index of refraction suitably different from the materials of light pipe 3808 and spot lensing 3804
such that light internal to each of the light pipe and spot lensing is inhibited from reaching the other
component. It is noted that in this example, laterally dispersive lensing (e.g., like laterally dispersive
lensing 3640 of combined I/LC 3600 of FIG. 36) is not present. However, in alternative
embodiments it can be provided, for example, in a unitary monolithic manner with spot lensing

3804.

[0082] It is to be noted that the aspects and embodiments described herein may be conveniently
implemented using one or more machines (e.g., one or more computing devices/computer systems
that are part of an aquatic environment monitoring and/or dosing system) including hardware and
special programming according to the teachings of the present specification, as will be apparent to
those of ordinary skill in the computer art. Appropriate software coding can readily be prepared by
skilled programmers based on the teachings of the present disclosure, as will be apparent to those of
ordinary skill in the software art. For example, one or more aspects, features, and/or embodiments
may be implemented using circuitry of an electronics portion of an aquatic environment water
parameter testing system, such as electronics portion 305 shown in FIG. 3. In another example, one
or more aspects, features, and/or embodiments may be implemented in a machine that is connected
(e.g., via a network connection) to an electronics portion of an aquatic environment water parameter

testing system, such as electronics portion 305.

[0083] Such software may be a computer program product that employs a machine-readable
hardware storage medium. A machine-readable storage medium may be any medium that is capable
of storing and/or encoding a sequence of instructions for execution by a machine (e.g., a computing
device) and that causes the machine to perform any one of the methodologies and/or embodiments
described herein. Examples of a machine-readable hardware storage medium include, but are not
limited to, a magnetic disk (e.g., a conventional floppy disk, a hard drive disk), an optical disk (e.g.,
a compact disk “CD”, such as a readable, writeable, and/or re-writable CD; a digital video disk
“DVD?”, such as a readable, writeable, and/or rewritable DVD), a magneto-optical disk, a read-only

memory “ROM” device, a random access memory “RAM” device, a magnetic card, an optical card,
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a solid-state memory device (e.g., a flash memory), an EPROM, an EEPROM, and any combinations
thereof. A machine-readable medium, as used herein, is intended to include a single medium as
well as a collection of physically separate media, such as, for example, a collection of compact disks
or one or more hard disk drives in combination with a computer memory. As used herein, a
machine-readable storage medium does not include a signal. As discussed above, an aquatic
environment water parameter testing system of the present disclosure may include a memory reader
device, such as a memory card reader. It is also noted, that an aquatic environment water parameter
testing system of the present disclosure may also have one or more other memory elements (e.g.,
configured to communicate with a processing element of an aquatic environment water parameter
testing system) for storing software and/or information (e.g., data, equations, relationships, etc.) for
carrying out any one or more of the aspects, features, and/or embodiments discussed above with

respect to the various implementations of an aquatic environment water parameter testing system.

[0084] Such software may also include information (e.g., data) carried as a data signal on a data
carrier, such as a carrier wave. Such a data signal or carrier wave would not be considered a
machine-readable hardware storage medium. For example, machine-executable information may be
included as a data-carrying signal embodied in a data carrier in which the signal encodes a sequence
of instruction, or portion thereof, for execution by a machine (e.g., a computing device) and any
related information (e.g., data structures and data) that causes the machine to perform any one of the

methodologies and/or embodiments described herein.

[0085] Examples of a computing device include, but are not limited to, an electronics portion of
an aquatic environment water parameter testing system , a computer workstation, a terminal
computer, a server computer, a handheld device (e.g., tablet computer, a personal digital assistant
“PDA”, a mobile telephone, etc.), a web appliance, a network router, a network switch, a network
bridge, any machine capable of executing a sequence of instructions that specify an action to be
taken by that machine, and any combinations thereof. In one example, a computing device may
include and/or be included in, a kiosk. In another example, a dosing calculator (as discussed herein)
may be associated with (e.g., be part of, be connected to, be included in, etc.) a computing device or

any part thereof.

[0086] FIG. 39 shows a diagrammatic representation of one exemplary embodiment of a
computing system 3900, within which a set of instructions for causing one or more processors 3904

to perform any one or more of the functionalities, aspects, and/or methodologies of the present
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disclosure. It is also contemplated that multiple computing device may be utilized to implement a
specially configured set of instructions for performing any one or more of the functionalities,
aspects, and/or methodologies of the present disclosure in a distributed computing matter. It is also
contemplated that a computing device may omit any one or more of the components of computing

system 3900.

[0087] Computing system 3900 can also include a memory 3908 that communicates with the
one or more processors 3904, and with other components, for example, via a bus 3912. Bus 3912
may include any of several types of bus structures including, but not limited to, a memory bus, a
memory controller, a peripheral bus, a local bus, and any combinations thereof, using any of a

variety of bus architectures.

[0088] Memory 3908 may include various components (e.g., machine-readable hardware
storage media) including, but not limited to, a random access memory component (e.g., a static
RAM “SRAM?”, a dynamic RAM “DRAM?”, etc.), a read only component, and any combinations
thereof. In one example, a basic input/output system 3916 (BIOS), including basic routines that help
to transfer information between elements within computing system 3900, such as during start-up,
may be stored in memory 3908. Memory 3908 may also include (e.g., stored on one or more
machine-readable hardware storage media) instructions (e.g., software) 3920 embodying any one or
more of the aspects and/or methodologies of the present disclosure. In another example, memory
3908 may further include any number of program modules including, but not limited to, an operating
system, one or more application programs, other program modules, program data, and any

combinations thereof.

[0089] Computing system 3900 may also include a storage device 3924, such as, but not limited
to, the machine readable hardware storage medium described above. Storage device 3924 may be
connected to bus 3912 by an appropriate interface (not shown). Example interfaces include, but are
not limited to, SCSI, advanced technology attachment (ATA), serial ATA, universal serial bus
(USB), IEEE 1394 (FIREWIRE), and any combinations thereof. In one example, storage device
3924 (or one or more components thereof) may be removably interfaced with computing system
3900 (e.g., via an external port connector (not shown)). Particularly, storage device 3924 and an
associated machine-readable medium 3928 may provide nonvolatile and/or volatile storage of
machine-readable instructions, data structures, program modules, and/or other data for computing

system 3900. In one example, software instructions 3920 may reside, completely or partially, within
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machine-readable hardware storage medium 3928. In another example, software instructions 3920

may reside, completely or partially, within processors 3904.

[0090] Computing system 3900 may also include an input device 3932. In one example, a user
of computing system 3900 may enter commands and/or other information into computing system
3900 via one or more input devices 3932. Examples of an input device 3932 include, but are not
limited to, an alpha-numeric input device (e.g., a keyboard), a pointing device, a joystick, a
gamepad, an audio input device (e.g., a microphone, a voice response system, etc.), a cursor control
device (e.g., a mouse), a touchpad, an optical scanner, a video capture device (e.g., a still camera, a
video camera), touch screen, and any combinations thereof. Input device(s) 3932 may be interfaced
to bus 3912 via any of a variety of interfaces (not shown) including, but not limited to, a serial
interface, a parallel interface, a game port, a USB interface, a FIREWIRE interface, a direct interface
to bus 3912, and any combinations thercof. Input device(s) 3932 may include a touch screen
interface that may be a part of or separate from display(s) 3936, discussed further below. Input
device(s) 3932 may be utilized as a user selection device for selecting one or more graphical

representations in a graphical interface as described above.

[0091] A user may also input commands and/or other information to computing system 3900
via storage device 3924 (e.g., a removable disk drive, a flash drive, etc.) and/or network interface
device(s) 3940. A network interface device, such as any one of network interface device(s) 3940
may be utilized for connecting computing system 3900 to one or more of a variety of networks, such
as network 3944, and one or more remote devices 3948 connected thereto. Examples of a network
interface device include, but are not limited to, a network interface card (e.g., a mobile network
interface card, a LAN card), a modem, and any combination thereof. Examples of a network
include, but are not limited to, a wide area network (e.g., the Internet, an enterprise network), a local
arca network, a telephone network, a data network associated with a telephone/voice provider, a
direct connection between two computing devices, and any combinations thereof. A network, such
as network 3944, may employ a wired and/or a wireless mode of communication. In general, any
network topology may be used. Information (e.g., data, software instructions 3920, etc.) may be

communicated to and/or from computing system 3900 via network interface device(s) 3940.

[0092] Computing system 3900 may further include one or more video display adapter 3952 for
communicating a displayable image to one or more display devices, such as display device(s) 3936.

Examples of a display device include, but are not limited to, a liquid crystal display (LCD), a
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cathode ray tube (CRT), a plasma display, a light emitting diode (LED) display, and any
combinations thereof. Display adapter(s) 3952 and display device(s) 3936 may be utilized in
combination with processor(s) 3904 to provide a graphical representation of a utility resource, a
location of a land parcel, and/or a location of an easement to a user. In addition to a display device,
computing system 3900 may include one or more other peripheral output devices including, but not
limited to, an audio speaker, a printer, and any combinations thereof. Such peripheral output devices
may be connected to bus 3912 via a peripheral interface 3956. Examples of a peripheral interface
include, but are not limited to, a serial port, a USB connection, a FIREWIRE connection, a parallel

connection, and any combinations thereof.

[0093] The systems, methods, apparatuses, software, etc. of the present invention have been
exemplified by various exemplary embodiments and implementations as shown in the accompanying
drawings and as described above. However, it should be understood that the discrete presentation of
these embodiments and implementations should not be construed as requiring that: 1) these
embodiments and implementations stand in isolation from one another; 2) that individual
components, features, aspects, and/or functionalities described relative to each one of the
embodiments and implementations cannot be used independently of the corresponding embodiment
or implementation; and 3) that individual components, features, aspects, and/or functionalities
described cannot be used individually in connection with other embodiments and implementations,
either described herein or derivable therefrom, alone and/or in any combination with one another.
On the contrary, those skilled in the art will appreciate that the individual components, features,
aspects, and functionalities of a particular embodiment or implementation can, as appropriate under
the circumstances, be utilized alone and in any subcombination with other components, features,
aspects, and/or functionalities of that particular embodiment or implementation and with any other
embodiment or implementation, including the specific examples described herein in connection with

FIGS. 1 through 39.

[0094] Exemplary embodiments have been disclosed above and illustrated in the accompanying
drawings. It will be understood by those skilled in the art that various changes, omissions and
additions may be made to that which is specifically disclosed herein without departing from the

spirit and scope of the present invention.
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What is Claimed:

1. An aquatic environment water parameter testing system comprising:
a sample chamber portion for directly holding a liquid sample, the sample chamber

portion including:

one or more walls forming a sample chamber; and

a chemical indicator element having one or more chemical indicators, the one or more
chemical indicators designed and configured to indicate levels of a predetermined
constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to
indicate the levels by undergoing a detectable physical change, the chemical
indicator element being removably connected to the aquatic water parameter
testing system, the chemical indicator element including an information storage
and communication element that includes the information of the identity of at
least one of the one or more chemical indicators, wherein the one or more walls
forms a sample chamber with one or more openings, a first opening of the one or
more openings configured to receive the liquid sample, wherein the chemical
indicator element is removably connectable to a second opening of the one or
more openings, wherein when the chemical indicator element is connected to the
second opening, the chemical indicator element closes the second opening; and

an electronics portion including:

a processing element;

an information storage and communication reader designed and configured to read
the information of the identity of at least one of the one or more chemical
indicators from the information storage and communication element when the
chemical indicator element is connected and to provide the information of the
identity of at least one of the one or more chemical indicators to the processing
element; and

an optical reader designed and configured to detect the physical change and provide
information of the physical change to the processing element for determining the

levels of the predetermined constituent, the optical reader element designed and
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configured such that a first end of the optical reader element comes into contact

with the liquid sample when the liquid sample is placed in the sample chamber.
2. An aquatic environment water parameter testing system according to claim 1, wherein at
least one of the one or more walls includes at least a part of an outer surface of the electronics
portion.
3. An aquatic environment water parameter testing system according to claim 1 or 2,
wherein when the chemical indicator element is connected, the chemical indicator element forms
at least a part of the one or more walls.
4. An aquatic environment water parameter testing system according to claim 1, wherein
when the chemical indicator element is connected, the chemical indicator element forms at least
a part of the one or more walls and allows the sample chamber portion to hold the liquid sample.
5. An aquatic environment water parameter testing system according to claim 1, wherein the
second opening is the same opening as the first opening.
6. An aquatic environment water parameter testing system according to claim 1, wherein the
second opening is a different opening from the first opening.
7. An aquatic environment water parameter testing system according to claim 1, wherein
when the chemical indicator element is connected to the second opening, the sample chamber
portion is capable of holding the liquid sample and when the chemical indicator element is not
connected to the second opening, at least a part of the liquid sample escapes from the sample
chamber portion due to gravity.
8. An aquatic environment water parameter testing system according to claim 1, wherein the
chemical indicator element is connectable to a door such that when the door is closed the
chemical indicator element and the door close the second opening and the chemical indicator is
aligned with the optical reader.
9. An aquatic environment water parameter testing system according to claim 1, wherein the
one or more openings is a single opening and when the chemical indicator element is connected
to the second opening, the sample chamber is fully enclosed.
10. An aquatic environment water parameter testing system according to claim 1, wherein the
information storage and communication element includes an RFID element.
11.  An aquatic environment water parameter testing system according to claim 1, further

comprising a conductivity measurement element having a first conductivity portion configured to
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be in contact with the liquid sample when the liquid sample is in the sample chamber and to
detect a conductivity value of the liquid sample, the conductivity measurement element
connected to the processing element for providing the processing element with the conductivity
value.

12. An aquatic environment water parameter testing system according to claim 11, wherein
the processing element is configured to utilize the conductivity value and a first information
stored in one or more memory elements of the aquatic environment water parameter testing
system to calibrate the information of the physical change to the conductivity of the liquid
sample.

13. An aquatic environment water parameter testing system according to claim 12, further
comprising a temperature measurement element designed and configured to detect a temperature
value of the liquid sample when the liquid sample is in the sample chamber, the temperature
measurement element connected to the processing element for providing the processing element
with the temperature value, wherein the processing element is configured to utilize the
temperature of value and a second information stored in the one or more memory elements to
correct the conductivity value prior to using the conductivity value to calibrate the information of
the physical change.

14.  An aquatic environment water parameter testing system according to claim 1, further
comprising a temperature measurement element designed and configured to detect a temperature
value of the liquid sample when the liquid sample is in the sample chamber, the temperature
measurement element connected to the processing element for providing the processing element
with the temperature value.

15. An aquatic environment water parameter testing system according to claim 1, further
comprising a water agitation element designed and configured to provide agitation to the liquid
sample when the liquid sample is in the sample chamber.

16.  An aquatic environment water parameter testing system according to claim 1, wherein the
optical reader includes a light source element designed and configured to provide a first light
energy to one or more of the chemical indicators and an optical sensor designed and configured
to detect a second light energy that is reflected from, absorbed by, and/or emitted by the

chemical indicator in response to the first light energy.
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17. An aquatic environment water parameter testing system according to claim 1, wherein the
optical reader includes a temperature sensor designed and configured to measure a temperature
of the optical reader and to provide the temperature of the optical reader to the processing
element, the processing element configured to utilize the temperature of the optical reader to
calibrate the information of the physical change.
18. An aquatic environment water parameter testing system comprising:

a sample chamber portion for directly holding a liquid sample, the sample chamber

portion including:

one or more walls forming a sample chamber; and

a chemical indicator element having one or more chemical indicators, the one or more
chemical indicators designed and configured to indicate levels of a predetermined
constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to
indicate the levels by undergoing a detectable physical change; and

an electronics portion including:

a processing element;

a conductivity measurement element having a first portion configured to be in contact
with the liquid sample when the liquid sample is in the sample chamber and to
detect a conductivity value of the liquid sample, the conductivity measurement
element connected to the processing element for providing the processing element
with the conductivity value; and

an optical reader designed and configured to detect the physical change and provide
information of the physical change to the processing element, the processing
element configured to use the conductivity value to calibrate the information of
the physical change to the conductivity of the liquid sample and to determine the
levels of the predetermined constituent.

19. An aquatic environment water parameter testing system according to claim 18, further
comprising a temperature measurement element configured to detect a temperature value of the
liquid sample when the liquid sample is in the sample chamber, the temperature measurement
element connected to the processing element for providing the processing element with the

temperature value, the processing element configured to utilize the temperature value to correct
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the conductivity value for the temperature of the liquid sample prior to using the conductivity

value to calibrate the information of the physical change.

20. A method of determining the level of a constituent in an aquatic environment, the method
comprising:
providing a liquid sample of the aquatic environment for analysis;
determining the conductivity of the liquid sample;
exposing a chemical indicator of a chemical indicator element to the liquid sample;
measuring an optical reading from the chemical indicator; and
correcting the optical reading using the conductivity of the liquid sample.
21. A method according to claim 20, further comprising:
determining the temperature of the liquid sample; and
correcting the conductivity using the temperature of the liquid sample prior to correcting
the optical reading.
22. A method according to claim 20, further comprising:
determining a temperature of an optical reader used in the measuring an optical reading
from the chemical indicator; and
correcting the optical reading using the temperature of the optical reader prior to the
correcting the optical reading using the conductivity of the liquid sample.
23. A method according to claim 22, further comprising:
determining the temperature of the liquid sample; and
correcting the conductivity using the temperature of the liquid sample prior to correcting
the optical reading.
24. A chemical indicator element for use in an aquatic environment water parameter testing

system having a light source capable of generating an excitation energy and a light sensor for

detecting light, the chemical indicator element comprising:

a chemical indicator responsive to a first excitation energy to generate a first emitted
energy in response to the first excitation energy;

a thin film material having a first side and a second side, the chemical indicator
associated with the first side, the thin film material being configured to:
absorb and/or allow transmission of one or more wavelengths of light of the first

excitation energy, and
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reflect one or more wavelengths of light of the first emitted energy; and
a backing material, the backing material positioned adjacent the second side of the thin

film material, the backing material being a material that absorbs one or more

wavelengths of light of the first excitation energy.
25. A chemical indicator element according to claim 24, further comprising a holder
positioned adjacent a side of the backing material that is opposite a side of the backing material
adjacent to the second side of the thin film material.
26. A chemical indicator element according to claim 24, further comprising a holder
positioned adjacent a side of the chemical indicator that is opposite a side of the chemical
indicator adjacent to the first side of the thin film material, the holder including a material that
allows transmission of the first excitation energy.
27. A chemical indicator element according to claim 24, further comprising a holder
positioned adjacent the second side of the thin film material, the holder including a material that
absorbs one or more wavelengths of light of the first excitation energy.
28. A chemical indicator element according to claim 24, wherein the thin film material
transmits light with a wavelength below about 490 nm such that about 10 percent of light with a
wavelength about 490 nm is reflected and the thin film material reflects about 80 percent of light
having a wavelength of 520 nm and above.
29. A chemical indicator element according to claim 24, wherein the thin film material has a
reflectivity profile with a narrow band of reflectivity including a wavelength of light of the first
emitted energy and a narrow band of absorption and/or transmission including a wavelength of
light of the first excitation energy.
30. A chemical indicator element according to claim 24, wherein the chemical indicator
element is part of a sample chamber portion of an aquatic environment water parameter testing
system, the aquatic environment water parameter testing system having an optical reader element
positioned opposite the chemical indicator element such that a light from the optical reader
element is directed at the chemical indicator at a side of the chemical indicator opposite the thin
film material and light emitted from the chemical indicator is readable by the optical reader
element.
31. A chemical indicator element according to claim 24, wherein the chemical indicator

element is configured to be removably attached to a sample chamber portion of an aquatic
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environment water parameter testing system, the aquatic environment water parameter testing
system having an optical reader element positioned opposite the chemical indicator element such
that a light from the optical reader element is directed at the chemical indicator at a side of the
chemical indicator opposite the thin film material and light emitted from the chemical indicator
is readable by the optical reader element.
32. A chemical indicator element according to claim 24, wherein the chemical indicator
element is configured to be removably attached to an aquatic environment water parameter
testing system, the aquatic environment water parameter testing system having an optical reader
element positioned opposite the chemical indicator element such that a light from the optical
reader element is directed at the chemical indicator at a side of the chemical indicator opposite
the thin film material and light emitted from the chemical indicator is readable by the optical
reader element.
33. An aquatic environment water parameter testing system comprising:
a sample chamber portion for directly holding a liquid sample, the sample chamber
portion including:
one or more walls forming a sample chamber; and
a chemical indicator element having one or more chemical indicators, the one or more
chemical indicators designed and configured to indicate levels of a predetermined
constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to
indicate the levels by undergoing a detectable physical change, the chemical
indicator element being removably connected to the aquatic water parameter
testing system, the chemical indicator element including an information storage
and communication element that includes the information of the identity of at
least one of the one or more chemical indicators, wherein the one or more walls
forms a sample chamber with one or more openings, a first opening of the one or
more openings configured to receive the liquid sample, wherein the chemical
indicator element is removably connectable to a second opening of the one or
more openings, wherein
a. the second opening is the same opening as the first

opening, and/or
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b. when the chemical indicator element is connected to the
second opening, the sample chamber portion is capable of
holding the liquid sample and when the chemical indicator
element is not connected to the second opening, at least a
part of the liquid sample escapes from the sample chamber
portion due to gravity; and

an electronics portion including:
a processing element;
an information storage and communication reader designed and configured to read
the information of the identity of at least one of the one or more chemical
indicators from the information storage and communication element when the
chemical indicator element is connected and to provide the information of the
identity of at least one of the one or more chemical indicators to the processing
element; and
an optical reader designed and configured to detect the physical change and provide
information of the physical change to the processing element for determining the
levels of the predetermined constituent, the optical reader element designed and
configured such that a first end of the optical reader element comes into contact with
the liquid sample when the liquid sample is placed in the sample chamber.
34, An aquatic environment water parameter testing system according to claim 33, wherein
at least one of the one or more walls includes at least a part of an outer surface of the electronics
portion.
35. An aquatic environment water parameter testing system according to claim 33 or 34,
wherein when the chemical indicator element is connected, the chemical indicator element forms
at least a part of the one or more walls.
36.  An aquatic environment water parameter testing system according to claim 33, wherein
when the chemical indicator element is connected, the chemical indicator element forms at least
a part of the one or more walls and allows the sample chamber portion to hold the liquid sample.
37.  An aquatic environment water parameter testing system according to claim 36, wherein
when the chemical indicator element is connected to the second opening, the chemical indicator

element closes the second opening.
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38. An aquatic environment water parameter testing system according to claim 36, wherein
when the chemical indicator element is connected to the second opening, the sample chamber
portion is capable of holding the liquid sample and when the chemical indicator element is not
connected to the second opening, at least a part of the liquid sample escapes from the sample
chamber portion due to gravity.

39. An aquatic environment water parameter testing system according to claim 36, wherein
the chemical indicator element is connectable to a door such that when the door is closed the
chemical indicator element and the door close the second opening and the chemical indicator is
aligned with the optical reader.

40. An aquatic environment water parameter testing system according to claim 36, wherein
the one or more openings is a single opening and when the chemical indicator element is
connected to the second opening, the sample chamber is fully enclosed.

41. An aquatic environment water parameter testing system according to claim 33, wherein
the information storage and communication element includes an RFID element.

42. An aquatic environment water parameter testing system according to claim 33, further
comprising a conductivity measurement element having a first conductivity portion configured to
be in contact with the liquid sample when the liquid sample is in the sample chamber and to
detect a conductivity value of the liquid sample, the conductivity measurement element
connected to the processing element for providing the processing element with the conductivity
value.

43.  An aquatic environment water parameter testing system according to claim 42, wherein
the processing element is configured to utilize the conductivity value and a first information
stored in one or more memory elements of the aquatic environment water parameter testing
system to calibrate the information of the physical change to the conductivity of the liquid
sample.

44.  An aquatic environment water parameter testing system according to claim 43, further
comprising a temperature measurement element designed and configured to detect a temperature
value of the liquid sample when the liquid sample is in the sample chamber, the temperature
measurement element connected to the processing element for providing the processing element
with the temperature value, wherein the processing element is configured to utilize the

temperature of value and a second information stored in the one or more memory elements to
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correct the conductivity value prior to using the conductivity value to calibrate the information of
the physical change.

45.  An aquatic environment water parameter testing system according to claim 33, further
comprising a temperature measurement element designed and configured to detect a temperature
value of the liquid sample when the liquid sample is in the sample chamber, the temperature
measurement element connected to the processing element for providing the processing element
with the temperature value.

46.  An aquatic environment water parameter testing system according to claim 33, further
comprising a water agitation element designed and configured to provide agitation to the liquid
sample when the liquid sample is in the sample chamber.

47.  An aquatic environment water parameter testing system according to claim 33, wherein
the optical reader includes a light source element designed and configured to provide a first light
energy to one or more of the chemical indicators and an optical sensor designed and configured
to detect a second light energy that is reflected from, absorbed by, and/or emitted by the

chemical indicator in response to the first light energy.

48.  An aquatic environment water parameter testing system comprising:
a sample chamber portion for directly holding a liquid sample, the sample chamber
portion including:
one or more walls forming a sample chamber; and
a chemical indicator element having one or more chemical indicators, the one or more
chemical indicators designed and configured to indicate levels of a predetermined
constituent within the liquid sample when the one or more chemical indicators is
exposed to the liquid sample, the one or more chemical indicators adapted to
indicate the levels by undergoing a detectable physical change, the chemical
indicator element being removably connected to the aquatic water parameter
testing system, the chemical indicator element including an information storage
and communication element that includes the information of the identity of at
least one of the one or more chemical indicators; and
an electronics portion including:

a processing element;
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an information storage and communication reader designed and configured to read
the information of the identity of at least one of the one or more chemical
indicators from the information storage and communication element when the
chemical indicator element is connected and to provide the information of the
identity of at least one of the one or more chemical indicators to the processing
element; and
an optical reader designed and configured to detect the physical change and provide
information of the physical change to the processing element for determining the
levels of the predetermined constituent, the optical reader element designed and
configured such that a first end of the optical reader element comes into contact with
the liquid sample when the liquid sample is placed in the sample chamber, wherein
the optical reader includes a temperature sensor designed and configured to measure a
temperature of the optical reader and to provide the temperature of the optical reader
to the processing element, the processing element configured to utilize the
temperature of the optical reader to calibrate the information of the physical change.
49. A chemical indicator element for use in an aquatic environment water parameter testing
system having a light source capable of generating an excitation energy and a light sensor for
detecting light, the chemical indicator element comprising:
a chemical indicator responsive to a first excitation energy to generate a first emitted
energy in response to the first excitation energy;
a thin film material having a first side and a second side, the chemical indicator
associated with the first side, the thin film material being configured to:
absorb and/or allow transmission of one or more wavelengths of light of the first
excitation energy, and
reflect one or more wavelengths of light of the first emitted energy; and
a holder positioned adjacent the second side of the thin film material, the holder including
a material that absorbs one or more wavelengths of light of the first excitation energy.
50. A chemical indicator element for use in an aquatic environment water parameter testing
system having a light source capable of generating an excitation energy and a light sensor for

detecting light, the chemical indicator element comprising:
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a chemical indicator responsive to a first excitation energy to generate a first emitted
energy in response to the first excitation energy; and
a thin film material having a first side and a second side, the chemical indicator
associated with the first side, the thin film material being configured to:
absorb and/or allow transmission of one or more wavelengths of light of the first
excitation energy, and
reflect one or more wavelengths of light of the first emitted energy,
wherein the thin film material
a. transmits light with a wavelength below about 490 nm such
that about 10 percent of light with a wavelength about 490
nm is reflected and the thin film material reflects about 80
percent of light having a wavelength of 520 nm and above,
and/or
b. has a reflectivity profile with a narrow band of reflectivity
including a wavelength of light of the first emitted energy
and a narrow band of absorption and/or transmission
including a wavelength of light of the first excitation

energy.

51. A chemical indicator element for use in an aquatic environment water parameter testing
system having a light source capable of generating an excitation energy and a light sensor for
detecting light, the chemical indicator element comprising:
a chemical indicator responsive to a first excitation energy to generate a first emitted
energy in response to the first excitation energy; and
a thin film material having a first side and a second side, the chemical indicator
associated with the first side, the thin film material being configured to:
absorb and/or allow transmission of one or more wavelengths of light of the first
excitation energy, and
reflect one or more wavelengths of light of the first emitted energy,

wherein the chemical indicator element is
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part of a sample chamber portion of an aquatic
environment water parameter testing system, the
aquatic environment water parameter testing
system having an optical reader element
positioned opposite the chemical indicator
element such that a light from the optical reader
element is directed at the chemical indicator at a
side of the chemical indicator opposite the thin
film material and light emitted from the chemical
indicator is readable by the optical reader element,
and/or

configured to be removably attached to an aquatic
environment water parameter testing system, the
aquatic environment water parameter testing
system having an optical reader element
positioned opposite the chemical indicator
element such that a light from the optical reader
element is directed at the chemical indicator at a
side of the chemical indicator opposite the thin
film material and light emitted from the chemical

indicator is readable by the optical reader element.
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