
THIOPHENE-2-CARBOXAMIDE DERIVATIVES AS MODULATORS OF
CCR9 RECEPTOR 1. FIELD [0001] Provided herein are
compounds, compositions and methods for treating,
preventing or ameliorating conditions associated with
CCR9 receptor activity. 2. BACKGROUND [0002]
Chemokines are chemotactic cytokines that are released
by a wide variety of cells and attract various types
of immune system cells, such as macrophages, T cells,
eosinophils, basophils and neutrophils, to sites of
inflammation (reviewed in Schall, Cytokine, 3:165-183
(1991), Schall, etal, Curr. Opin. Immunol, 6:865 873
(1994) and Murphy, Rev. Immun., 12:593-633 (1994)). In
addition to stimulating chemotaxis, other changes can
be selectively induced by chemokines in responsive
cells, including changes in cell shape, transient
rises in the concentration of intracellular free
calcium ions ([Ca2+ ]), granule exocytosis, integrin
up-regulation, formation of bioactive lipids {e.g.,
leukotrienes) and respiratory burst, associated with
leukocyte activation. Thus, the chemokines are early
triggers of the inflammatory response, causing
inflammatory mediator release, chemotaxis and
extravasation to sites of infection or inflammation.
[0003] CCR9, a seven transmembrane, G-protein-coupled
chemokine receptor was identified as the physiologic
receptor for CCL25/thymus-expressed Chemokine (TECK).
CCR9 is mainly expressed in thymocytes and T
lymphocytes from the small intestine and colon.
CCL25/TECK is predominantly expressed in the thymus
and small intestine. Studies have shown that CCR9
mediates chemotaxis in response to CCL25/TECK and is
likely to play an important role in regulating the
trafficking of developing T cells within the thymus
and be critical for the development, homeostasis,
and/or function of mucosal T lymphocytes. [0004] It
has been shown that CCR9+ lymphocytes are markedly
elevated in peripheral blood lymphocytes in patients
with small bowel Crohn's or celiac disease. TECK
expression is altered in an inflamed small bowel,
being intensely expressed in a patchy distribution in
crypt epithelial cells in proximity to lymphocytic
infiltrates (Papadakis et al. Gastroenterology, 2001,
121:246-254). In mouse models, neutralization of TECK
inhibits homing of CD8+ T cells to the IEL
(intraepithelial lymphocyte) compartment. This
directly demonstrates that CCL25 and CCR9 function in
recruiting effector lymphocytes to the small
intestinal epithelium following their activation in
gut-associated lymphoid tissue (GALT).[0005] Targeting
CCL25/TECK and/or CCR9 may provide a way to
selectively modulate small-intestinal immune responses
as suggested by the fact that activated CCR9(+)
CD8alphabeta(+) lymphocytes selectively localized to
the small-intestinal mucosa, and in vivo
neutralization of CCL25/TECK reduced the ability of
these cells to populate the small-intestinal
epithelium. These results demonstrate an important
role for chemokines in the localization of T
lymphocytes to the small-intestinal mucosa. (Svensson
et al, J . Clin. Invest., 2002, 110:1 113-21). CCR9+
gut-homing lymphocytes have also been implicated in
primary sclerosing cholangitis, a chronic liver
disease that is a common complication of inflammatory
bowel disease (Eksteen et al, J. Exp. Med. , 2004, 200
:1511- 1517). [0006] CCR9 receptor expression on human
eosinophils from peripheral blood and bronchoalveolar
lavage fluid after segmental antigen challenge was
reported recently (Liu et al, J Allergy Clin Immunol
2003 September;l 12(3):556-62). Studies by Singh et
al. 



{Clinical Cancer Research, 2004, 10, 8743-8750)
suggest that the expression and activation of CCR9
affect cancer cell migration, invasion, and MMP
expression, which together may affect prostate cancer
metastasis. In a similar fashion, functional CCR9 has
been detected on the surface of small intestinal
melanoma (Letsch et al., 2004 J . Invest. Dermatol.
122:685-690). [0007] CCR9 was also found to be
selectively expressed on T-ALL CD4+ T cells and
moderately expressed on T-CLL CD4+ T cells. CCL25/TECK
selectively induced TALL CD4+ T cell chemotaxis and
adhesion (Qiuping et al, Cancer Res. 2003 Oct. l;
63(19):6469-77. Annels et al, Blood 2003). A recent
study also demonstrates an increase in the expression
of CCR9 on peripheral blood gammadelta T cells in
individuals having HIV-I infection (Poles et al, J
Virol. 2003 October; 77(19): 10456-67). [0008] Because
of the involvement of the CCR9 receptor in a variety
of diseases, there is a continuing need for compounds
that modulate the binding or function of various
chemokines to the CCR9 receptor. 3. SUMMARY [0009]
Provided herein are compounds that are modulators of a
CCR9 receptor, pharmaceutical compositions containing
the compounds and methods of use thereof. In certain
embodiments, the compounds for use in the compositions
and methods provided herein are of formula I :or
pharmaceutically acceptable derivatives thereof,
wherein the variables are chosen such that the
resulting compounds show activity as CCR9 modulators.
[0010] In certain embodiments, the compounds for use
in the compositions and methods provided herein are of
formula II: or pharmaceutically acceptable derivatives
thereof, wherein the variables are chosen such that
the resulting compounds show activity as CCR9
modulators. In one embodiment, the compounds of
Formula I or II are CCR9 receptor antagonists. [0011]
Pharmaceutical compositions containing a compound of
Formula I or II and a pharmaceutically acceptable
carrier are provided herein. Also provided are methods
for treating, preventing, or ameliorating one or more
symptoms of CCR9 receptor mediated diseases by
administering the compounds and compositions provided
herein. [0012] In certain embodiments, provided herein
are methods for modulating an activity of a CCR9
receptor by contacting the receptor with a compound or
composition provided herein. In one embodiment,
provided herein are methods for antagonizing an action
of a CCR9 receptor by contacting the receptor with a
compound or composition provided herein. In other
embodiments, provided herein are methods for
treatment, prevention, or amelioration of one or more
symptoms of diseases or conditions associated with
CCR9 receptor activity, including, but not limited to
inflammatory bowel disease, including Crohn's disease
and ulcerative colitis, celiac disease and other forms
of intestinal inflammation, including celiac sprue and
gluten-sensitive enteropathy; primary sclerosing
cholangitis; HIV; as well as various cancers,
including, prostate cancer, leukemia, and small
intestinal melanoma.4. DETAILED DESCRIPTION 4.1
DEFINITIONS [0013] Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as is commonly understood by one of
ordinary skill in the art. All patents, applications,
published applications and other publications are
incorporated by reference in their entirety. In the
event that there are a plurality of definitions for a
term 



herein, those in this section prevail unless stated
otherwise. [0014] As used herein "subject" is an
animal, such as a mammal, including human, such as a
patient. [0015] The terms "CCR9 receptor mediated
disease, or "CCR9 receptor mediated condition", as
used herein, mean any disease or other deleterious
condition or state in which CCR9 receptor is known to
play a role. Such diseases or conditions include,
without limitation, Crohn's disease, ulcerative
colitis, celiac disease, primary sclerosing
cholangitis, HIV, prostate cancer, leukemia, small
intestinal cancer or melanoma. [0016] As used herein,
biological activity refers to the in vivo activities
of a compound or physiological responses that result
upon in vivo administration of a compound, composition
or other mixture. Biological activity, thus,
encompasses therapeutic effects and pharmacokinetic
behaviour of such compounds, compositions and
mixtures. Biological activities can be observed in in
vitro systems designed to test for such activities.
[0017] As used herein, pharmaceutically acceptable
derivatives of a compound include, but are not limited
to, salts, esters, enol ethers, enol esters, acetals,
ketals, orthoesters, hemiacetals, hemiketals, acids,
bases, solvates or hydrates thereof. Such derivatives
may be readily prepared by those of skill in this art
using known methods for such derivatization. The
compounds produced may be administered to animals or
humans without substantial toxic effects and either
are pharmaceutically active or are prodrugs.
Pharmaceutically acceptable salts include, but are not
limited to, amine salts, such as but not limited to
N,N'-dibenzylethylenediamine, chloroprocaine, choline,
ammonia, diethanolamine and other hydroxyalkylamines,
ethylenediamine, N-methylglucamine, procaine,
N-benzylphenethylamme,
1-para-chlorobenzyl-2-pyrrolidin- 1'-
ylmethylbenzimidazole, diethylamine and other
alkylamines, piperazine and
tris(hydroxymethyl)aminomethane; alkali metal salts,
such as but not limited to lithium, potassium and
sodium; alkali earth metal salts, such as but not
limited to barium, calcium and magnesium; transition
metal salts, such as but not limited to zinc; and
inorganic salts, such as but not limited to, sodium
hydrogen phosphate and disodium phosphate; and
alsoincluding, but not limited to, salts of mineral
acids, such as but not limited to hydrochlorides and
sulfates; and salts of organic acids, such as but not
limited to acetates, lactates, malates, tartrates,
citrates, ascorbates, succinates, butyrates,
valerates, mesylates, and fumarates. Pharmaceutically
acceptable esters include, but are not limited to,
alkyl, alkenyl, alkynyl, aryl, aralkyl, and cycloalkyl
esters of acidic groups, including, but not limited
to, carboxylic acids, phosphoric acids, phosphinic
acids, sulfonic acids, sulfmic acids and boronic
acids. Pharmaceutically acceptable enol ethers
include, but are not limited to, derivatives of
formula C=C(OR) where R is alkyl, alkenyl, alkynyl,
aryl, aralkyl and cycloalkyl. Pharmaceutically
acceptable enol esters include, but are not limited
to, derivatives of formula C=C(OC(O)R) where R is
hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl and
cycloalkyl. Pharmaceutically acceptable solvates and
hydrates are complexes of a compound with one or more
solvent or water molecules, or 1 to about 100, or 1 to
about 10, or one to about 2, 3 or 4, solvent or water
molecules. [0018] As used herein, treatment means any
manner in which one or more of the symptoms of a
disease or disorder are ameliorated or otherwise
beneficially altered. Treatment also encompasses any
pharmaceutical use of the compositions herein, such as
use for treating inflammation. 



[0019] As used herein, amelioration of the symptoms of
a particular disorder by administration of a
particular compound or pharmaceutical composition
refers to any lessening, whether permanent or
temporary, lasting or transient that can be attributed
to or associated with administration of the
composition. [0020] As used herein, and unless
otherwise indicated, the terms "manage," "managing"
and "management" encompass preventing the recurrence
of the specified disease or disorder in a patient who
has already suffered from the disease or disorder,
and/or lengthening the time that a patient who has
suffered from the disease or disorder remains in
remission. The terms encompass modulating the
threshold, development and/or duration of the disease
or disorder, or changing the way that a patient
responds to the disease or disorder. [0021] As used
herein, the IC50 refers to an amount, concentration or
dosage of a particular test compound that achieves a
50% inhibition of a maximal response in an assay that
measures such response. [0022] It is to be understood
that the compounds provided herein may contain chiral
centers. Such chiral centers may be of either the (R)
or (S) configuration, or may be a mixture thereof.
Thus, the compounds provided herein may be
enantiomerically pure, or be stereoisomeric or
diastereomeric mixtures. As such, one of skill in the
art will recognizethat administration of a compound in
its (R) form is equivalent, for compounds that undergo
epimerization in vivo, to administration of the
compound in its (S) form. [0023] As used herein,
substantially pure means sufficiently homogeneous to
appear free of readily detectable impurities as
determined by standard methods of analysis, such as
thin layer chromatography (TLC), gel electrophoresis,
high performance liquid chromatography (HPLC) and mass
spectrometry (MS), used by those of skill in the art
to assess such purity, or sufficiently pure such that
further purification would not detectably alter
enzymatic and biological activities of the substance.
Methods for purification of the compounds to produce
substantially chemically pure compounds are known to
those of skill in the art. A substantially chemically
pure compound may, however, be a mixture of
stereoisomers. In such instances, further purification
might increase the specific activity of the compound.
When the compounds described herein contain olef nic
double bonds or other centers of geometric asymmetry,
and unless specified otherwise, it is intended that
the compounds include both E and Z geometric isomers.
Likewise, all tautomeric forms are also intended to be
included. [0024] As used herein, the nomenclature
alkyl, alkoxy etc. is used as is generally understood
by those of skill in this art. [0025] As used herein,
alkyl carbon chains, if not specified, contain from 1
to 20 carbons, or 1 to 16 carbons, and are straight or
branched. Exemplary alkyl groups herein include, but
are not limited to, methyl, ethyl, propyl, isopropyl,
isobutyl, n-butyl, sec-butyl, tert-butyl, isopentyl,
neopentyl, tert-pentyl, isohexyl. As used herein,
lower alkyl refers to carbon chains having from about
1 or about 2 carbons up to about 6 carbons. [0026] As
used herein, "halo", "halogen" or "halide" refers to
F, Cl, Br or I . [0027] As used herein, "haloalkyl"
refers to an alkyl group in which one or more of the
hydrogen atoms are replaced by halogen. Such groups
include, but are not limited to, chloromethyl,
trifluoromethyl and 1 chloro 2 fluoroethyl. [0028] As
used herein, "haloalkoxy" refers to RO in which R is a
haloalkyl group. [0029] Where the number of any given
substituent is not specified (e.g., 



"haloalkyl"), there may be one or more substituents
present. For example, "haloalkyl" may include one or
more of the same or different halogens. [0030] As used
herein, the abbreviations for any protective groups,
amino acids and other compounds, are, unless indicated
otherwise, in accord with their common usage,
recognized abbreviations, or the IUPAC-IUB Commission
on Biochemical Nomenclature (see, (1972) Biochem.
11:942-944).4.2 COMPOUNDS [0031] In certain
embodiments, the compounds provided herein have
enhanced tolerability as compared to similar compounds
known in the art. Such enhanced tolerability is
manifested through alteration of the pharmacokinetic
profile of the compounds. The pharmacokinetic profile
is based on a number of factors, including, but not
limited to, bioavailability, in vivo half-life and in
vivo efficacy. In certain embodiments, the compounds
provided herein have improved properties including but
not limited to in vitro or in vivo activity in
modulation of a CCR9 receptor activity, stability and
receptorselectivity as compared to similar compounds
known in the art. [0032] In certain embodiments, the
compounds for use in the compositions and methods
provided herein are of Formula I : or pharmaceutically
acceptable derivatives thereof, wherein R1 and R3 are
each alkyl; R2 is selected from alkyl and halo; and
Ra, Rb, Rc, Rd and Re are each independently selected
from hydrogen, halo, alkyl, alkoxy, haloalkyl and
haloalkoxy, with a proviso that when Ra, R , Rc, R and
Re are each hydrogen then at least one of R1, R2 or R3
is other than methyl. [0033] In another embodiment,
the compound of Formula I or a pharmaceutically
acceptable derivative thereof is such that R1 and R3
are each alkyl, R2 is halo and Ra, Rb, Rc, Rd and Re
are each independently selected from hydrogen, halo,
alkyl, alkoxy, haloalkyl and haloalkoxy. In another
embodiment, R1 and R3 are each alkyl, R2 is halo and
Ra, Rb, Rc, Rd and Re are each hydrogen. In another
embodiment, R1, R2 and R3 are each alkyl; and Ra, Rb,
Rc, Rd and Re are each independently selected from
hydrogen, halo, alkyl, alkoxy, haloalkyl and
haloalkoxy, such that at least one of Ra, Rb, Rc, Rd
or Re is other than hydrogen. In another embodiment,
R1 and R3 are each alkyl, R2 is halo or alkyl; and Ra,
Rb, Rc, Rd and Re are each independently selected from
halo, alkyl, alkoxy, haloalkyl and haloalkoxy. [0034]
In certain embodiments, the compounds of Formula I are
selected such that at least one of Ra, Rb, Rc, Rd and
Re is other than hydrogen when R2 is alkyl. [0035] In
certain embodiments, R1 is methyl. In certain
embodiments, R3 is methyl.[0036] In certain
embodiments, R2 is halo. In certain embodiments, R2 is
chloro or fluoro. In certain embodiments, R2 is
methyl. [0037] In certain embodiments, R1 R2 and R3
are each alkyl. In one embodiment, R1 R2 and R3 are
each methyl. [0038] In certain embodiments, Ra, Rb,
Rc, Rd and Re are each independently hydrogen, fluoro,
chloro, methyl, ethyl, -butyl, methoxy,
trifluoromethoxy or trifluoromethyl. In certain
embodiments, Ra, R , Rc, R and Re are each
independently hydrogen, fluoro, chloro, methyl, ethyl,
f-butyl, methoxy, trifluoromethoxy or trifluoromethyl
such that at least one of Ra, R , Rc, R or Re is other
than hydrogen. [0039] In one embodiment, Rc is
hydrogen, halo, alkyl, alkoxy, haloalkyl or
haloalkoxy. In one embodiment, Rc is halo, alkyl,
alkoxy, haloalkyl or haloalkoxy. In one embodiment, Rc
is halo or alkyl. [0040] In one embodiment, Rc is
hydrogen, fluoro, chloro, methyl, ethyl, -butyl, 



methoxy, trifluoromethoxy or trifluoromethyl. In one
embodiment, Rc is fluoro, chloro, methyl, ethyl,
r-butyl, methoxy, trifluoromethoxy or trifluoromethyl.
In one embodiment, Rc is fluoro, chloro or methyl. In
one embodiment, Rc is fluoro. In one embodiment, Rc is
methyl. [0041] In one embodiment, Rc is fluoro,
chloro, methyl, ethyl, r-butyl, methoxy,
trifluoromethoxy or trifluoromethyl and Ra, Rb, Rd and
Re are each selected from hydrogen, chloro, fluoro and
methyl. [0042] In certain embodiments, Ra, Rb, Rd and
Re are each hydrogen, and Rc is selected from halo,
alkyl, alkoxy, haloalkyl and haloalkoxy. In certain
embodiments, Ra, Rb, Rd and Re are each hydrogen, and
Rc is selected from halo and alkyl. [0043] In one
embodiment, Re is fluoro, chloro or methyl. In one
embodiment, Re is fluoro. [0044] In one embodiment,
the compound is of formula Ia: or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein.[0045] In one
embodiment, the compound is of formula Ib: or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. [0046] In one embodiment, the compound is of
formula Ic: or a pharmaceutically acceptable
derivative thereof, wherein the variables are as
described elsewhere herein. [0047] In one embodiment,
the compound is of formula Id: or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein. [0048] In one
embodiment, the compound is of formula Ie:or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. [0049] In one embodiment, the compound is of
formula If: or a pharmaceutically acceptable
derivative thereof, wherein the variables are as
described elsewhere herein. [0050] In one embodiment,
the compound is of formula Ig: or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein. [0051] In one
embodiment, the compound is of formula Ih:or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. [0052] In one embodiment, the compound is of
formula Ii: or a pharmaceutically acceptable
derivative thereof, wherein the variables are as
described elsewhere herein. [0053] In one embodiment,
the compound is of formula Ij : or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein. [0054] In one
embodiment, the compound is of formula Ik: or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. [0055] In one embodiment, the compound is
selected from:DEVICE FOR MONITORING WATER QUALITY
FIELD The invention relates to a device and a method
for monitoring water quality. 



BACKGROUND Drinking water is a potential source of
numerous diseases and infections afflicting humans,
some of which may even be lethal. Some well known
examples include cholera, dysentery and typhoid. To
substantially reduce the risk of contraction of
diseases and infections, drinking water is generally
treated with chlorine in water treatment plants prior
to distribution for human consumption. The chlorine
acts as a disinfectant, killing numerous bacteria and
viruses found in water by bonding to, and destroying,
their outer surfaces. Chlorine in the water treatment
plant is generally added into water as chlorine gas,
sodium hypochlorite and/or chloride dioxide.
Monitoring of a concentration of chlorine is usually
performed both in the plant and in monitoring stations
located at various points in a water distribution
network. Monitoring is performed to ensure that the
chlorine concentration in the drinking water is
maintained below a level which may pose a hazard for
human consumption, yet above a minimum level necessary
to substantially eliminate possible bacteria and
viruses. Levels of chlorine concentration in water are
generally controlled by government regulations in each
country, and may vary from country to country. In some
countries, the levels are regulated by state or
provincial governments, while in some others,
municipal governments regulate the levels. Typically,
drinking water should contain chlorine concentration
of 2 to 3 part per million (ppm), although levels
ranging from 0.5 - 10 ppm may be considered
acceptable. Measurement of chlorine concentration in
the monitoring station is generally done using any one
of, or any combination of, the following methods: DPD
(N, N-Diethyl-p- Phenylenediamine) method, Iodide
method, and Amperometric method, a. The DPD method
generally comprises the use of a DPD automatic system
or, alternatively, the use of a handheld kit. When
using the handheld kit, a user takes a water sample,
mixes the chemical DPD into the sample, and then
visually compares the color of the mixture with a
color chart which lists increasing chlorine levels
according to a color gradient. The automatic system
operates using the same principle of comparing the
color of the mixture with a color chart, with the
variation that all processes are automatically
performed by the DPD automatic system.b. The Iodide
method typically comprises the use of a sensor
connected to a water pipe, the sensor adapted to
collect water samples which are mixed with DPD
comprised in the sensor. The chlorine level in the
water is then determined by processing a signal from
an optical sensing element comprised in the sensor. c.
The Amperometric method typically comprises the use of
a sensor connected to a water pipe, the sensor
generally comprising an electrode with a membrane,
which the water flows by. The chlorine ion (HOCl)
passes through the membrane to produce an electric
current in the electrode. Signal processing is
performed on the current so as to determine the
chlorine concentration in the water. Generally, a
larger current is associated with a greater
concentration of chlorine. SUMMARY An aspect of some
embodiments of the invention relates to providing a
method and a device for monitoring of water quality;
the device may be adapted to work in low and/or normal
power consumption and/or in low maintenance
environments. The device is further adapted for use in
both populated and remote geographical areas and/or in
any environment. Devices for monitoring water quality
are known in the art. Many use commercially available
sensors to measure water pH, water temperature, and
chlorine concentration in the 



water. Generally, these devices are limited for use in
geographical areas serviced by electric power lines or
solar panels, as the power requirements of the devices
are rather high when constant monitoring of water
quality is required. As a result, none of these
devices can be used in urban areas where electricity
is not available under main road a few meters in the
ground, requiring that water quality checks in these
areas be conducted by trained personnel, typically
using handheld testing kits. A problem frequently
encountered with trained personnel conducting the
water quality checks is that the frequency with which
the personnel may reach remote monitoring or
underground stations may be limited and, therefore,
the quality of the water may not be properly
monitored. Chlorine sensors, such as, for example,
Amperometric-type sensors, comprise electrodes which
may suffer from out of scale reading as a result of
continuous exposure to relatively low chlorine levels
for long time (more than a week). Relatively low
chlorine levels may occur when there is not enough
chlorine in the water. As a result, in areas where
personnel visit the monitoring station relatively
infrequently, one may assume that the frequency of
breakdowns in the devices is relatively high as the
quality of the water is notregularly monitored. This
is in addition to the potential health hazards posed
by substantially low chlorine concentrations in the
water. According to an aspect of some embodiments of
the invention there is provided a device for
monitoring chlorine in water, the device adapted to
measure chlorine concentration in the water and to
disconnect a chlorine sensor when the concentration is
below a predetermined value, such as, for example 0.03
ppm. Optionally, the device is adapted to measure
water flow rate (value) and to disconnect the chlorine
sensor when the water flow rate is below a
predetermined value, such as, for example, 25 liters
per hour (1/h). The device is optionally adapted to
measure chlorine concentration and/or water flow rate
more than once over a predetermined period of time,
and to disconnect the sensor if chlorine concentration
and/or flow rate are below the predetermined value.
Optionally, the device is adapted to measure chlorine
concentration and/or water flow rate non-periodically,
and/or when remotely initiated by a source external to
the device. According to an aspect of some embodiments
of the invention, the method provides for a low energy
sleep mode wherein the device disconnects power to
most functions in the sensor while maintaining
energized an electrode which is comprised in the
sensor. By maintaining the electrode energized, a
stabilization time, of relatively extended length,
which is generally required to return the electrode to
operation after being de-energized, is saved. Usually,
most functions in the sensor are operating during the
stabilization time, substantially increasing device
power consumption. In the sleep mode of operation the
sensor is woken up relatively quickly whenever
required for making measurements, and then returns to
sleep, substantially reducing device power
consumption. Additionally, the method provides for a
shut down mode wherein the device disconnects power to
most functions in the sensor, including the electrode.
When power is connected back to the electrode, the
sensor is generally ready for measurements after the
stabilization time. Measurements are performed during
an active mode of operation, when most functions in
the sensor are powered. In accordance with an
embodiment of the invention, the device comprises: a
sampling cell to which water is bypassed from a pipe
conducting water for measurement purposes; a chlorine
sensor; a pH sensor; a water temperature sensor; a
flow sensor; a controller and associated electronic
circuitry; a communications module for remote
wireless, optionally wired, communications; a power
module comprising a battery package and, optionally, a



means to connect to other alternating current (AC) or
direct current (DC) power sources. In accordance with
an embodiment of the invention, there is provided a
device for monitoring chlorine in water, the device
comprising a chlorine sensor adapted to measure
achlorine concentration in water; and a controller
adapted to facilitate conversion between an active
mode, during which water analysis may be performed,
and a low energy sleep mode in which the chlorine
sensor is still energized, but water analysis may not
be performed. In sleep mode, a polarization voltage is
maintained on an electrode comprised in a chlorine
sensor, which allows for a substantial reduction in a
stabilization time required by the electrode following
connection to an energy source after having been
disconnected. Conversion between the active mode and
the sleep mode may be according to predetermined
parameters such as, for example, a predetermined time
period, upon receipt of an indication from an
independent timer, or by remote initiation from an
external source. In accordance with some embodiments
of the invention, the controller is further adapted to
disconnect the chlorine sensor upon receiving a signal
indicative of the chlorine concentration being at or
below a predetermined value. Optionally, the
controller is further adapted to receive a second
signal indicative of a chlorine concentration in water
after a predetermined period of time, upon receiving
the signal indicative of the chlorine concentration
being at or below the predetermined value. The
controller is adapted to disconnect the chlorine
sensor if the second signal is indicative of the
chlorine concentration being at or below the
predetermined value. Additionally, the controller is
further adapted to disconnect the chlorine sensor upon
receiving a signal indicative of a water flow value
being at or below a predetermined value. Additionally,
the controller is further adapted to connect the
chlorine sensor after the predetermined period of
time. According to some embodiments of the invention,
the controller is further adapted to receive a second
signal indicative of a chlorine concentration in water
after a predetermined period of time. Upon receiving a
first signal indicative of the chlorine concentration
being at or below a predetermined value. The
controller is adapted to disconnect the chlorine
sensor if the second signal is indicative of the
chlorine concentration being at or below the
predetermined value. Additionally, the controller is
further adapted to connect the chlorine sensor after a
predetermined period of time. In accordance with an
embodiment of the invention, there is provided a
device for monitoring chlorine concentration in water,
the device comprising a chlorine sensor adapted to
measure chlorine concentration in water; and a
controller adapted to disconnect the chlorine sensor
upon receiving a signal indicative of a chlorine
concentration in water being at or below a
predetermined value.In some embodiments of the
invention, the controller is further adapted to
facilitate periodic conversion between an active mode
and a sleep mode, wherein the conversion depends on a
predetermined parameter. Optionally, the controller is
further adapted to disconnect the chlorine sensor upon
receiving a signal indicative of a water flow value
being at or below a predetermined value. Additionally,
the controller is further adapted to connect the
chlorine sensor upon receiving a signal indicative of
a water flow value being at or above a predetermined
value. In accordance with some embodiments of the
invention, the controller is further adapted to
facilitate periodic conversion between the active mode
and the sleep mode, wherein the conversion depends on
a predetermined parameter. Optionally, the controller
is further adapted to connect the chlorine sensor
after a predetermined period of time. In accordance
with some embodiments of the invention, the chlorine
sensor comprises a 



chlorine sensing electrode. In accordance with an
embodiment of the invention, there is provided a
method for monitoring chlorine in water, the method
comprising measuring chlorine concentration in water
using a chlorine sensor; and converting between an
active mode, during which water analysis may be
performed, and a low energy sleep mode in which the
chlorine sensor is still energized but water analysis
may not be performed. In sleep mode, a polarization
voltage is maintained on an electrode comprised in a
chlorine sensor, which allows for a substantial
reduction in a stabilization time required by the
electrode following connection to an energy source
after having been disconnected. Conversion between the
active mode and the sleep mode may be according to
predetermined parameters such as, for example, a
predetermined time period, upon receipt of an
indication from an independent timer, or by remote
initiation from an external source. According to some
embodiments of the invention, the method provides for
the controller disconnecting the chlorine sensor upon
receiving a signal indicative of the chlorine
concentration being at or below a predetermined value.
Optionally, the method provides for the controller
disconnecting the chlorine sensor upon receiving a
second signal indicative of the chlorine concentration
in water being at or below the predetermined value,
after a predetermined period of time upon receiving
the first signal indicative of the chlorine
concentration being at or below the predetermined
value. Additionally, the method provides forthe
controller disconnecting the chlorine sensor upon
receiving a signal indicative of a water flow value
being at or below a predetermined value. In accordance
with some embodiments of the invention, the method
provides for the controller disconnecting the chlorine
sensor upon receiving a signal indicative of the
chlorine concentration being at or below a
predetermined value. Optionally, the method provides
for the controller connecting the chlorine sensor upon
receiving a signal indicative of the chlorine
concentration being above a predetermined value. In
some embodiments of the invention, the method provides
for the controller disconnecting the chlorine sensor
upon receiving a second signal indicative of the
chlorine concentration in water being at or below a
predetermined value, after a predetermined period of
time upon receiving a first signal indicative of the
chlorine concentration being at or below a
predetermined value. Optionally, the method provides
for the controller connecting the chlorine sensor
after a predetermined period of time. In accordance
with an embodiment of the invention, there is provided
a method for monitoring chlorine concentration in
water, the method comprising measuring chlorine
concentration in water using a chlorine sensor; and
disconnecting the chlorine sensor upon a controller
receiving a signal indicative of a chlorine
concentration in water being at or below a
predetermined value. In some embodiments of the
invention, the method provides for the controller
facilitating periodic conversion between an active
mode and a sleep mode, wherein the conversion depends
on a predetermined parameter. Optionally, upon
receiving a signal indicative of a water flow value
being at or below a predetermined value, the method
provides for the controller disconnecting the chlorine
sensor. Additionally, after a predetermined period of
time, the method provides for the controller
connecting the chlorine sensor. In some embodiments of
the invention, the method provides for the chlorine
sensor comprising a chlorine sensing electrode.BRIEF
DESCMPTION OF FIGURES Examples illustrative of
embodiments of the invention are described below with 



reference to figures attached hereto. In the figures,
identical structures, elements or parts that appear in
more than one figure are generally labeled with a same
numeral in all the figures in which they appear.
Dimensions of components and features shown in the
figures are generally chosen for convenience and
clarity of presentation and are not necessarily shown
to scale. The figures are listed below. Figure 1
schematically shows a block diagram of an exemplary
device for monitoring water quality, in accordance
with an embodiment of the invention; and, Figure 2
schematically shows a flow diagram of a method of
using the exemplary device of Figure I 5 in accordance
with an embodiment of the invention. DETAILED
DESCRIPTION Reference is made to Figure 1, which
schematically shows a block diagram of an exemplary
device 100 for monitoring water quality, in accordance
with an embodiment of the invention. Device 100 is
adapted to measure pH, temperature, and chlorine
concentration in water conducted in a pipe line 104,
and is further adapted to analyze the measurements, to
store data associated with the measurements, which may
include the measurements and results of performed
analyses, and to output the data through a local
interface and/or remote interface. Device 100
comprises a sampling cell 106, a chlorine sensor 107,
a pH sensor 108, a water temperature sensor 109, a
flow sensor 105, a controller including associated
electronic circuitry and peripherals 101, a
communications module 103, and a power module 102.
Device 100 monitoring of water quality is generally
performed by diverting a portion of the water in pipe
line 104 into sampling cell 106, which comprises a
chlorine sensor 107, pH sensor 108, and water
temperature sensor 109. Chlorine sensor 107, pH sensor
108, and water temperature sensor 109 are adapted to
perform water quality measurements of the water
flowing through sampling cell 106, and may be
commercially available sensors. Optionally, chlorine
sensor 107, pH sensor 108, and water temperature
sensor 109 are adapted to perform water quality
measurements of the water flowing through pipe line
104. A flow sensor 105 is adapted to measure the water
flow rate into sampling cell 106 and, optionally, in
pipe line 104. Controller 101 comprises peripherals
and associated control circuitry required for
operating device 100, including controlling the
operation of communications module 103,power module
102, and all the sensors. Controller 101 is adapted to
receive measurement inputs from flow sensor 105,
chlorine sensor 107, pH sensor 108, and water
temperature sensor 109, to process the measurements
and to perform analysis as to the quality of the
water. Controller 101 is further adapted to cause
device 100 to be in an active mode of operation, a
sleep mode or a shut down mode, responsive to the
inputs received from the sensors; to external signals
from sources external to device 100; from periodic
time initiations; and/or nonperiodic time initiations.
For convenience hereinafter, external signals from
sources external to the device may be referred to as
external interrupts, and periodic and non-periodic
time initiations may be referred to as time
interrupts. Controller 101 optionally is adapted to
perform a self-test to evaluate proper operation of
some, or optionally all, functions of device 100.
Communications module 103 is adapted to enable
communications between device 100 and other
communication devices physically located in close
proximity (local interfacing) and/or distantly located
(remote interfacing). Interfacing may be performed
while device 100 is in the active mode. Local
interfacing between device 100 and external devices
such as, for example, external controllers and/or
storage mediums, may be done by means of a USB
connection 



and/or other type of wired data transfer connection
such as, for example, Ethernet connection or other LAN
(local area network) connection suitable for wired
data transfer. Optionally, local interfacing is done
using removable storage means such as disks,
fiashcards, and similar. Optionally, local interfacing
is done using wireless means such as, for example, a
WLAN (wireless local area network). The WLAN may
conform to IEEE standards 802.1 1 (Wireless LAN -
WiFi), and/or IEEE Standards 802.15 (Wireless PAN -
WPAN), the above-mentioned IEEE standards incorporated
herein by reference. Remote interfacing between device
100 and other communication devices is generally
through wireless means. Communications unit 103 is
adapted to remotely interface via RF communications,
which may comprise direct antenna to antenna microwave
links, satellite communications, cellular phone
networks, and/or through a WLAN. The WLAN may conform
to IEEE standard 802.16 (Broadband Wireless Access -
WiMAX), 802.20 (Mobile Broadband Wireless Access -
MBWA), and/or 802.22 (Wireless Regional Area Network -
WRAN), or any combination thereof, the above-mentioned
IEEE Standards all incorporated herein by reference.
Optionally, remote interfacing is through wire
communications means such as, for example, telephone
lines, dedicated cables, and/or power
lines.Communications module 103 is adapted to transmit
data associated with the measurements, which may
include the measurements and results of performed
analyses. Optionally, data transmitted may include
data related to equipment operational status, and
warnings/alarms related to equipment malfunction
and/or to poor water quality. Communications module
103 may be further adapted to receive external
interrupts, and optionally, prompts or requests for
data. Optionally, communications module 103 may be
adapted to receive and transfer to controller 101
reprogramming instructions/information. Power module
102 comprises a battery package adapted to serve as a
DC voltage source for powering device 100. Power
module 102 may comprise non-rechargeable batteries, or
optionally, rechargeable batteries. Power module 102
may optionally comprise an AC/DC voltage converter for
connection of the device to power lines. Additionally
or alternatively, power module 102 may be connected to
a generator. Optionally, power module 102 may be
connected through a USB interface for power supply
from a PC, laptop computer, or other USB interface dc
power supply source. Reference is made to Figure 2,
which schematically shows a flow diagram of an
algorithm for a method for using the exemplary device
of Figure 1 to measure chlorine concentration, in
accordance with an embodiment of the invention. It may
be appreciated by a person skilled in the art that the
algorithm described below is for illustrative
purposes; that there may be numerous other
combinations which may be implemented in the
algorithm; and that the algorithm described below is
in no way intended to be limiting in any form. [STEP
201] An interrupt signal is received by controller 101
while device 100 is in sleep mode or shut down mode.
The interrupt signal may be an external interrupt
received through the local interface or,
alternatively, the remote interface. Optionally, the
interrupt signal may be predetermined and periodic, or
alternatively, non-periodic. [STEP 202] Controller 101
verifies that the signal is an external interrupt or
an internal interrupt. If the signal is not an
external or an internal interrupt signal, go to STEP
203. If the signal is an external or an internal
interrupt signal, go to STEP 204. [STEP 203] Device
100 goes into sleep mode. In the sleep mode, functions
in device 100 may optionally be disconnected to
further reduce power consumption in addition to those
disconnected in chlorine sensor 107. Electrode in
chlorine sensor 107 is energized. 



[STEP 204] Controller 101 processes measurement input
from flow sensor to determine if water flow rate is
greater than a predetermined minimum value. If water
flow rateis less than or equal to the predetermined
minimum value, go to STEP 205. If water flow rate is
greater than the predetermined minimum value go to
STEP 206. [STEP 205] Device 100 goes into shut down
mode. Power to electrode in chlorine sensor 107 is
disconnected, in addition to most other functions in
the sensor. In the shut down mode, functions in device
100 may optionally be disconnected to further reduce
power consumption, in addition disconnecting chlorine
sensor 107. [STEP 206] Controller 101 checks if the
electrode in chlorine sensor 107 is disconnected. If
electrode is not disconnected go to STEP 207. If
electrode is disconnected go to STEP 213. [STEP 207]
Controller 101 receives and processes measurement data
from chlorine sensor 107. [STEP 208] Controller 101
compares measured chlorine concentration in water with
a predetermined minimum value. If measured chlorine
concentration is equal to or greater than a
predetermined minimum value, go to STEP 209. If
measured chlorine concentration is less than the
predetermined minimum value, go to STEP 210. [STEP
209] Device 100 goes into sleep mode. [STEP 210]
Controller 101 compares, over a predetermined time
interval (period), periodically measured chlorine
concentrations in water with the predetermined minimum
value. [STEP 211] If the measured chlorine
concentration is equal to or greater than the
predetermined minimum value during the predetermined
time interval, go to STEP 209. If the measured
chlorine concentration is less than the predetermined
minimum value during the predetermined time interval,
go to STEP 212. [STEP 212] Device 100 goes into shut
down mode; power in chlorine sensor 107 is
disconnected. [STEP 213] Controller 101 checks if the
electrode is disconnected because of previously
measured low chlorine concentrations in water. If not
disconnected because of previously measured low
chlorine concentrations in water, go to STEP 214. If
yes disconnected because of previously measured low
chlorine concentrations in water, go to STEP 216.
[STEP 214] Controller 101 activates chlorine sensor
107 and energizes the electrode. [STEP 215] Controller
101 receives and processes measurement data from
chlorine sensor 107. Device 100 goes into sleep mode.
[STEP 216] Controller 101 checks if the time passed
since the last measurement is greater than a
predetermined time interval. If the time passed is
less than the predeterminedtime interval, go to STEP
212. If the time passed is greater than or equal to
the predetermined time interval, go to STEP 217. [STEP
217] Controller 101 activates chlorine sensor 107 and
energizes the electrode. [STEP 218] Controller 101
receives and processes measurement data from chlorine
sensor 107. Go to STEP 109. In the description and
claims of embodiments of the present invention, each
of the words, "comprise" "include" and "have", and
forms thereof, are not necessarily limited to members
in a list with which the words may be associated. The
invention has been described using various detailed
descriptions of embodiments thereof that are provided
by way of example and are not intended to limit the
scope of the invention. The described embodiments may
comprise different features, not all of which are 



required in all embodiments of the invention. Some
embodiments of the invention utilize only some of the
features or possible combinations of the features.
Variations of embodiments of the invention that are
described and embodiments of the invention comprising
different combinations of features noted in the
described embodiments will occur to persons with skill
in the art.CLAIMS What we claim is: 1. A device for
monitoring chlorine in water, the device comprising:
a. a chlorine sensor adapted to measure chlorine
concentration in water; and b. a controller adapted to
facilitate conversion between an active mode and a
sleep mode, wherein said conversion depends on a
predetermined parameter. 2. The device of claim 1,
wherein said controller is further adapted to
disconnect said chlorine sensor upon receiving a
signal indicative of a chlorine concentration in water
at or below a predetermined value. 3. The device of
claim 1, wherein said controller is further adapted to
receive a second signal indicative of a chlorine
concentration in water after a predetermined period of
time from receiving a first signal indicative of a
chlorine concentration in water at or below a
predetermined value, wherein the controller is adapted
to disconnect said chlorine sensor if said second
signal is indicative of a chlorine concentration in
water at or below a predetermined value. 4. The device
of claim 1, wherein said controller is further adapted
to disconnect said chlorine sensor upon receiving a
signal indicative of a water flow value at or below a
predetermined value. 5. The device of claim 2, wherein
said controller is further adapted to connect said
chlorine sensor after a predetermined period of time.
6. The device of claim 3, wherein said controller is
further adapted to connect said chlorine sensor after
a predetermined period of time. 7. The device of claim
1, wherein said chlorine sensor comprises a chlorine
sensing electrode.8. A device for monitoring chlorine
concentration in water, the device comprising: a. a
chlorine sensor adapted to measure chlorine
concentration in water; and b. a controller adapted to
disconnect said chlorine sensor upon receiving a
signal indicative of a chlorine concentration in water
at or below a predetermined value. 9. The device of
claim 8, wherein said controller is further adapted to
facilitate periodic conversion between an active mode
and a sleep mode, wherein said conversion depends on a
predetermined parameter. 10. The device of claim 8,
wherein said controller is further adapted to
disconnect said chlorine sensor upon receiving a
signal indicative of a water flow value at or below a
predetermined value. 11. The device of claim 8,
wherein said controller is further adapted to connect
said chlorine sensor sensor upon receiving a signal
indicative of a water flow value above a predetermined
value. 12. The device of claim 9, wherein said
controller is further adapted to connect said 



chlorine sensor after a predetermined period of time.
13. The device of claim 8, wherein said chlorine
sensor comprises a chlorine sensing electrode. 14. A
method for monitoring chlorine in water, the method
comprising: a. measuring chlorine concentration in
water using a chlorine sensor; and b. converting
between an active mode and a sleep mode using a
controller, wherein converting between said active
mode and said sleep mode depends on a predetermined
parameter.15. The method of claim 14, wherein, upon
receiving a signal indicative of a chlorine
concentration in water at or below a predetermined
value, the controller is further adapted to disconnect
the chlorine sensor. 16. The method of claim 14,
wherein upon receiving a second signal indicative of a
chlorine concentration in water at or below a
predetermined value, after a predetermined period of
time from receiving a first signal indicative of a
chlorine concentration in water at or below a
predetermined value, the controller is further adapted
to disconnect the chlorine sensor. 17. The method of
claim 14, wherein upon receiving a signal indicative
of a water flow value at or below a predetermined
value, the controller is further adapted to disconnect
the chlorine sensor. 18. The method of claim 15,
wherein upon receiving a signal indicative of a water
flow value above a predetermined value, the controller
is further adapted to connect the chlorine sensor. 19.
The method of claim 16, wherein after a predetermined
period of time, the controller is further adapted to
connect the chlorine sensor. 20. The method of claim
14, wherein said chlorine sensor comprises a chlorine
sensing electrode. 21. A method for monitoring
chlorine concentration in water, the method
comprising: a. measuring chlorine concentration in
water using a chlorine sensor; and b. disconnecting
said chlorine sensor upon a controller receiving a
signal indicative of a chlorine concentration in water
at or below a predetermined value. 22. The method of
claim 21, wherein said controller is further adapted
to facilitate periodic conversion between an active
mode and a sleep mode, wherein said conversion depends
on a predetermined parameter.23. The method of claim
21, wherein, upon receiving a signal indicative of a
water flow value at or below a predetermined value,
the controller is further adapted to disconnect the
chlorine sensor. 24. The method of claim 22, wherein
after a predetermined period of time, the controller
is further adapted to connect the chlorine sensor. 25.
The method of claim 23, wherein after a predetermined
period of time, the controller is further adapted to
connect the chlorine sensor. 26. The method of claim
21, wherein said chlorine sensor comprises a chlorine
sensing electrode. 


