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DEVICE TOR MONITORTNG WÀTER Q{T.A.LITY

F'MLD

The invcntion relales to a clevice and a method for monitorjng water quality

BACKGROT]ND

Drinlcíng water is a potentíal source of uumerous diseases and infections afflicting
humals, some of which rnay even be lethal. Some well laior¡m examples include cholera,

dysentery and typhoid. To substantially reduce the risk of contraction of diseases and

infections, drinking water is generally treated with chlorine i-n water heatment plants prior to
clist¡ibution folhuman consumption. The chlorine acts as a disi¡fectant, killing numerous

bacteria and viruses found in water by bonding to, and destroying Their oute¡ surfaces.

CÍilorine ín the water treatment plant is generally added into water as clrlorine gas,

sodium hypochlorite ald/or chloride dioxide, Monitoring of a concent¡ation of chlorine is

usually performed both in the plant and jr monitoring stations located at various points in a
water distribution network. Monitoring is performed to ensure that the cblorine concentration

in the drbking water is maintained below a level which may pose a hazard for human

consunption, yet above a mi¡jmum level necessary to substantially eliminate possible bacteria

and viruses. Levels of cblorine concentration in water are generaliy controlled by government

regulations in each country, ald may vary.ûom country to country, In some countries, the

levels are regulated by state or'provincial governments, while in some others, munioþal

governrnents regulate the levels. Typically, drhking water should contain chlorine

concentration of 2 to 3 part per million (ppm), although levels ranging flom 0.5 - 10 ppm may

be consiclered acceptable.

Measruement of chlorine conceuhation in the monitoring station is generally done

using any one oi or any combination of, the following methods: DPD (N, N-Diethyl-p-

Phenylenediamine) method, Iodide method, and Amperometric method.

a- The DPD rnethod generally comprises the use of a DPD automatic system or,

alternatively, the use of a handheld ldt. 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

mixh¡e 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 charl, with the variation that all processes are automatically performed by the DPD

automatic system.
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2009/0574PC1702008/054428 DEVICE FOR MONITOR NG 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, Stinking 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 M water by bonding to, and destroying, their outer surfaces.
Chlorine in the water treatment plant is generally added into water as chlorine gas, sodium
hypechtiorite 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 hi 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 n level
necessary to substantially eliminate possible bacteria and viruses. Levels of chlorine conc.entation in
water are generally controlled by government regulations in each county, 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. 
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b, The Iodíde method tpically comprises the use of a sensor connected to a water pipe,

tåe sensor adapted to collect water samples which are mixed with DPD comprisecl in the

sensor. The chlorine level in the water is then determined by processing a sigrial from an

opticai sensing element comprised in tho sensor.

c. The Amperometrio rnethod typically comprises the uss of a sensor conrrected to a water
pipe, the sensor generally comprising an elechocle with a membrane, which the water flows by.

The chlorine ion (HOCI) passes through the membrane to produce arr electric crurent 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 witli a greater concentration

of ctrlorine.

SUVI]VIARY

An aspect of some embodiments of the invention relates to providing a method and a

device for monitoring of water qualrty; the device may be adapted to work in low and/or

normal power consumption and/or in low maintenance environments. The device is fi:rther

adapted for use in both populated and remote geographical areas and/or itt any environment.

Devices for monitoring water quahty are knor¡rn in the art. Many use oommercially

available sensors to measure water pH, water temperature, and chlorine conceirtration in the

water. Generally, these devices are limited for use ín geographical areas sewiced by electric

po\¡/er lines or solar panels, as the power requirements of the devices are rather high when

constant monitoring of water qualþ is requíred. As a result, none of thcse 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 aleas be conducted by trained persomel, typicaily

usíng handheld testing kits. A problem frequently encounteted lvith tlained personnel

conducting the water quality checks is that the frecluency l,vith 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, Amperomeh'ic-type sensors, comprise

electrodes which may suffer from out of scale reading as a result of sontinuous exposure to

relatively low chlorine levels for long time (rnore than a weeþ. Relatively low chlorine levels

may occur when there is not enough chlorine in the v/ater. As a result, il areas where

personnel visit the monitoring station relatively ínfequently, one may assume that the

ftequency of breakdowns in the devices is relatively hígh as the quality of the water is not

Measurement of chlorine concentration in the monitoring station is generally done using any one cf. or
any combination of, the following methods: DPD (N, N-DiethyllPhenylenediamine) method, iodide
method, and Amperometric method. a.The DPD method generally comprises the use of a DPI)
automatic system or, alternatively, the use of a handheld kit. When using the handheld kit, a user
takes a water sample, xtiixe.s the chemical DPI) 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 -th- came comparing the color of the mixture with a color chart, with
the variation that all processes are automatically performed by the DPD automatic system.  WO
20091057034PCIMOMOS/054a2S U.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 he water is then determined by processing a signal from
an optical sensing element comprised in the sensor. a.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 (Hod) 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. Gerterallya larger current is associated with a
greater concentration of chlorine. 
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regulaily monjtored, This is in addition to the potential health hazards posed by substantially

low ch-iorine concentrations in the water.

According to an aspect of some embodiments of the invention there is provicled a

device for monitoring chlorine in water, the device adapted to measule chlorine concentration

in the water and to disconnect a chlorine sensor when tire 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 (l/h). The device is

optionaliy adapted to measure chlorine concentration and/or water flow rate more than once

over a predetermined period of time, and to discorurect the sensor if chlorine concentration

and/or flow rate are belorv the predetelnrined value. Optionally, the device is adapted to

mcasure chlorine concentration and/or water flow rate non-periodically, utó/ot when remotely

initiated by a source extemal to the clevice,

According to an aspeot 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 maintainìng 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 retum tlre elechode to operation after being de-energízed, is saved. Usually, most

functions in the sensor are operating during the stabilization time, substantially increasing

device power consunption. In the sieep mode of operation the sensor is wolten up relatively

quickly whenever recluired for making measulements, and then retums to sleep, substantially

reducing device power consuurption. Additionalty, the method provides for a shut do.¡m mode

wherein the device disconnects power to most frrnctions in the sensor, including the electrode.

'When power ìs connected baclc to the electlodq tLe sensor is genelally ready for measurements

after the stabilization time, Measuements are performed druing arr 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 whiclr water is bypassed ftom a pípe conductirig water for measulement purposes; a

chlorine sensor; a pH sensor; a water temperahue sensor; a flow sensor; a controller and

associated electronic circuitry; a communications module for remote wireless, optionally

wired, commrrnications; a powef module comprising a battery package and, optionally, a

means to connect to other altemating current (AC) or direct cu¡rent (DC) power sout'ces.

In accordance.with an embodiment.of the invention, there is provided a device for

monitoríng chlorine in water, the device comprising a chlorjne sensor adapted fo measure a

J

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 wrsi- ir low and/or normal power
consumption andlor in low maintenance environmems. The device is ityther adapted for use in both
populated and remote geographical areas and/or in any environment.       Devices for monitoring water
quality axe known in the art. Many use commercially available sensors to measure water pH, water
tempt:maze, and chlorine concentration in the water. Generally, these devices are limited for use in
geographical :irtaa 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, TIOltle 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 cheeks in these areas be conducted by trained
personnel, typically using handheld testing kits. A problem frequently encountered with trained
personnel conducting the water quality cheeks 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, Airiperometric-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 intquenily, One may assume that the frequency of breakdowns in
the devices is relatively high as the quality ....the water is not  WO 2N9/057034PCU1TS2008/054428
regularly monitored, This is in addition to the potential health hazardv posed by substantially low
chlorine concentrations bathe water.       According to an astoect of sorne 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 i.s
below a predetermined value, such as, for example 0,03 ppm. Opl;ioi.mil.y. the device is adapted to
measure water flow rate (value) and to disconnect the chlorine sensor when the water now rate is
below a predetermined value, such as, for movie, 25 liters per hour (1/11). The device is optionally
adapted to rfleaselO 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 admired .to measure chlorine
concentration andier water flow rate Firm-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 pcwer to roost 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
actual the electrode to operation after being dc--energized, is saved. 'Usually, most functions in the
sensor are operating during the stabilization time, substantially increasing device power consumption,
in the steep 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 disectimects power to
most functions in the sensor, including the electrode, When power is connected hack 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 Iliac:Ions in the sensor are poweredb 
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chlorine concentration in water; ancl a conholler adapted to facilitate conversion between an

active mocle, during which water analysis may be performed, and a low energy sleep mode irr

wlúch the chlorine sensor is still energized, but water analysis may not be performed. In sleep

mode, a polarization vollage is maintained on an electrode comprised in a chlorine sensor,

which allows for a substantial reduction in a stabilization time required by the eiectrode

lollowing coruection to an energy source after having been discorurected. Conversion l¡etween

the active mode ancl the sleep mode may be according to predetermìned parameters such as, for

example, a predetermined time peliod, 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 firrther

adapted to disconnect the cl{orine sensol npon receiving a signal indicative of the chlorine

concent¡ation being at or below a predetermined value. Optionally, the controller is firrther

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 concent¡ation

beíng 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

predeteunhed value. Additiolally, fhe conholier is further adapted to courect the chlorine

sensor after the predetermined period of time.

According to some embodiments of the invention, the conholler is fi:rther adapted to

receive a second signal indícative of a chlor'íne concentation 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 concenfiation being at or below the predetermined

value. Additionally, the controller is frrther adapted to connect the chlorine sensor after a

predetermined period of time.

In accordance with an embodirnent of the ûrvention, there is provided a device for

rnonitoring chlorine soncentration in water, the device comptising a cblorine sensor adapted to

measure chlorine concenhation in water; and a controller adapted to disconnect the chlorine

sensor npon receiving a signal indicative of a chlorine concentration in water being at or below

a predeterrnined value.
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Tn accordance with CO 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 (pc) power sources.      In accordance with an 1 embodiment, of the invention, there is
provided a device for monitoring chlorine in water, the device comprising a chlorine sensor adapted to
measure a  WO 210;057034PCIM320081H4428 chlorine 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 i.s maintained on an electrode
comprised. in a chlorine sensor, which allows fora 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
a9, 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 eltilbOdlinetitS 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 predetemiiried ;Paine. Optionally, the
controller is Rattner adapted to receive a second signal indicative of a chlorine concentration in water
after a predetermined period of tune, 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 farther 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 anther 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 nuttier
adapted to connect the chlorine sensor after a predetermined period of tirtie.       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.  
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In some embodiments of the invention, the controller is fl:¡ther adaptecl to facilitate

periodic colrversion l¡efween an active mode and a sleep mode, wherein the conversion

depends on a predetermined parameter. Optionally, the conholler is further adapted to

disconnect the ch-lorine sensor upon re ceiving a signal indicative of a water flow value being at

or below a predetemrined value, Adclitionall¡ the controller is fi:rther adapted to connect the

chlorfure 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 fi:rther

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 fi:rther

adapted to connect the chlorine selrsor after a predetennined period of time.

In accordance with some embodiments of the invention, the chlorine sensor comprises a

chlorine sensing elechode.

In accordance with an embodiment of the invention, there is provided a method for

monitodng chlorine in water, the method comprising measuring chlorine concentration in

water using a clilorine sensor; and oonverting between an active mode, cluríng 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

mai¡tained on an elecfoode comprised in a clilorine sensor, which allows for a substantial

reduction in a stabilization time required by the electrode following connection to an energy

source after having been discorurected. 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 tom an independent tímet, or by remote initiation

from an external source,

According to some embodiments of the invention, the method provides for the

controller disconnecthg the chlorine sensor upon receiving a signal indicative of the chlorine

concentration being at or below a predetemrined value. Optionally, the method provides for the

controller disconnecting the chlorine sensor upon receiving a second signal indicative ofthe

chlorine concentration in water being at or below the predetermined value, after a

predetermined period of time upon receiving the frst sigual indicative of the chlorine

concentration being at or below the predetermined value. Additionally, the method provides for
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WO 21009/a571111PCTIEB2005/0:5.S       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 flew 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. :he sleep mode, wherein the conversion
depends on a predetermined parameter. Optionally, the controller is further adapted to connect the
chlorine sensor after a medetermined 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 con-vetting
between an active mode, during which water analysis may he 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 art electrode comprised in a chlorine sensor, which
allows for a substantial reduction in a ambilization time required by the electrode following connection
to an tmaergy source after having been disconnected. Conversion between the active mode and the
;deep mode may be according to predetermined paraneters such as, fir example, a predetermined
time period, upon re-ipt of an indication from an independent timer, or by remote initiation from an
external source,       According to some embodiments of the in:Ye:Ain-1E, the method provides for the
controller disconnecting the chlorine sensor upon receiving a signal indicative M. the chlorine
concentration being at or below a predeterinnaed 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 for  WO 20091057034PCULB200S105,442
the controller disconnecting the chlorine sensor upon receiving a signal indicative of a water flow value
being at or below a predetermined value.. 



WO 2009/05703,f PCT/I82008/0s4428

the controller disconnectíng the cilorine sensor upon receiving a signal indicative of a water

flow value being at or below a predetermined value.

In accordance with some ernbodiments of the invention, the method provides for the

controller disconnectirig the chloríne sensor upon receiving a signal indicative of the cblorine

concentration beilig at or below a predeternrined value. Optionally, the method provides for the

controller corurecting the chlorine sensor upon receiving a signal indicative of the chlorine

concentration being above a predetermined value.

In some embodimenls of the invention, the method provídes for the controlle¡

disconnecting the chlorine sensor upon receiving a second signal indicative of the chlorine

concentration in water being at or below a precletermined value, afrer apredetermined periocl of
time upon receiving a first signal indicative of the chlorine concentration being at or below a

predetermined value. Optionall¡ the method provides for the contr'oller connecting the

chlorine sensor after apredetennined period ôf time.

ln accordance with an ernbodinent of the invention, there is provided a metàod for

monitoring chlorine concenhation 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 chlori¡e concenlration in water being at or below a

predetermined value.

In some embodiments of tlie invention, the method provides for the controlle¡

facilitating periodic conversion between an active mode a¡d a sleep mode, wherein the

conversion depends on a predeteruined palameter. Optionally, upon receiving a signal

indicative of a water flow value being at or below a pledetermìned value, the method provides

for the c.ontroller disconnecting the chlorine sensor. Additionally, aftet a predetermiled period

of time, the method provides for the conholler connecting the chlorine sensor.

In some embodiments of the invention, the method provides for the chlorine sensor

comprising a chlorine sensing electrode.

6

In accordance with some embodiments of the invention, the method provides for the controller
disconnecting the chlorine SeDS01" upon receiving a. signal indicative of the chlorine concentration
being at or below a predetermined value. Optionally, the method ptovides for the controller connecting
the chlorine sensor upon receiving a signal indicative of the chlorine concentration being above a
p:edetemiined. 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 u 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 ef time,          accordance with. rui enChodiment of ffie 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 h.ceiving 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 CatiVer31.0E1 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 ermixoller 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.  WO 2009/0571;
34PC1/111200S/1)54428 BRIEF DESCRIPTION OE FIGURES       Examples illustrative of
embodiments of the invention are described below with reference to figures attached hereto, In the
figures, identical sfructure,s, elements or p-arta that appear in more than one figure ate generally
labeled with a same numeral in all the figures hi which they appear. Dimensions of components and
features shown in the figures ate generally chosen Mc convenience and clarity of presentation and are
not necessarily shown to scale. The figures are listed below. 
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BRIEF' DESCRTPTION OF F'IGURES

Exrunples illushative of embodiments of the invention are described below with
teference to figues aftached hereto. Lr the figures, identical structures, elements or parts that

appear ìn more than one figue are generally labeled with a same ilulleral in all the figures in
which they appear. Dimensions of components and features shown in the figues are generally

chosen for convenience and clarity ofpresentation and are not necessarily shown to soale. The

figrres are listed below.

Figite 1 schematically shows a bloclc diagram of an exemplary device for monitoring

water quality, in accordance wilh an embodiment of the invention; and,

Figure 2 schentalically shows a flow diagram of a method of using the exemplary

device of Figure 1, in accorclemce witir an embodiment of the invention.

DETAILED DESCRIPTION

Reference is made to Figure 1, which schematically shows a block diagrarn of an

exemplary device 100 for monitoring water quality, i¡ accordance with an embodimelrt of the

invention. Device 100 is adapted to measure pH, temperature, and chlorine concentration in

wate¡ conducted in a pipe line 104, and is fluther adapted to arralyze the measurements, to store

data associated with the measureinents, which may include the measurements and results of

performed analyses, and to ouþut ihe data through a local interface and/or remote interface.

Device 100 comprises a sampling cell 106, a chlorine sensor 107,a pH seusor 108, awater

temperatue sensor 109, a flow sensor 105, a controller including associated electronic circuity

and peripherals 101, a communications module 103, and a power module 102.

Device 100 ruonitoring of water quality is generally performed by diverting a portíon of

the water in pipe line 104 into sampling cell TÐ6, which comprises a chlorine sensor 107, pll
sensor 108, and water temperatule sensor 109. Chlo¡ins sensor 107, pH sensor 108, and r,vater

ternperature sensor 109 a¡e adapted to perform water qualify measuremerts of the water

flowing through sampling cell 106, and may be commetsialTy available sensors. Optionally,

clrlorine sensot 707, pH ssnsor 108, and water ternperahue sensor 109 are adapted to perform

water quality measurements of the water flowjng tluough pipe line 104. A flow sensor 105 is

adapted to measure the water flow rate into sampling cell tr06 aud, optionally, in pipe line 104.

Controller 10tr comprises peripherals and associated control circuitry requiled for

operaling device 100, including controllíng the operation of communications module 103,

Figure I schematically shows a block diagram of an exemplary device for monitoring water duality, in
accordance with an embodiment of the invention; and,       Figure 2 schematically Chows a flow
diagram of. a method of using the exemplary device of Figure 1, 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 perthimed 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 commartications morkile 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 14)6, which comprises a chlorine sensor 107, pH sensor 108, and water
temperature sensor 109. Chlorine sensor 107, pli sensor 108, and water temperature sensor 109 are
adapted to perform water quality measurements of the water flowing through sampling cell 1106, and
may he 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,  WO 2909/057034PC111132008/954428 power module 102, and, all the sensors.
Controller lin is adapted to receive measurement inputs aGn-, 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; Ilona periodic time initiations;
mid/of non-periodic time initiations. For F;EXCIVelluillUC hereinafter, external signals from sources
external to the device may be referred to as external interrupts, and periodic and non-periodic time
initiations may he referred to as time interrupts, Controller 101 optionally is adapted to perform a
self-test to evaluate proper operation of some, or optionally at], auctions of device 100, 
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power module 102, and all the sensors. Controller 10tr- is aclapted to receive rneastu.ement

i:rputs ùom flow sensor 105, chlotine 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.

Confroller 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 soruces external to device 100; from periodic time initiations; and/or non-

periodic time initiations. For convenience hereilafter, extemal signals from sources external to

the device may be referred to as extemal intemrpts, and periodic and non-periodic time

initiations may be refened to as time interrupts, Contooiler 101 optionally is adapted to

perfonn a self-test to evaluate proper operation of some, or optionally all, frrnctions of device

100.

Communications module 103 is adapted to enable co¡nmunications between device 100

and other conmrurication 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 a¡id external devices such as, for example,

external controliers and/or storage mediums, may be done by means of a USB connection

and/or other type of wired data tralsfer connection such as, for example, Ethemet connection

or other LAN (local area network) connection suitable for wired data hansfer. Optionally, local

interfacing ís done using removabie storage mears such as disks, flashcards, 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 standalds 802.11 (W-ireless

LAN - \MiFi), 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 comrnurìcation devices is generally

through wireless means. Communications unit 103 is adapted to remotely interface via RF

commu¡rications, which may comprise direct antenna to antenna microwave li¡l<s, sateliite

communications, cellular phone networks, and/or through a WLAN. The 
'WI,AN 

may conforrn

to IEEE starida¡d 802.76 (Broadband'Wireless Access - WiMAÐ, 802.20 fMobile Broadband

Wireless Access - MB'WA), and/or 802.22 (Wireless Regional AreaNetwork - WRAÐ, or any

combination thereof, the above-mentioned IEEE Standards all incorporated herein by

reference. Optionally, remote interfacing is tlrough wire communications means such as, for

example, telephone lines, dedicated cables, and/or power lines.

B

mraminations modtde 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 ITSB connection and/or other type of wired data
transfer commotion such as. Mc exampies, alien-let 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, flashcards, and similar Optionally, local interfacing is done using
wireless means such as, for example, a WLAN (wireless local area network). The WL.AN may conform
to WEE standards 802.11 (Wireless LAN - Wild), 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 cormuunication devices is generally through wireless
means. Communications unit 103 is adapted to remotely interface via RR communications, which may
comprise direct antenna to antenna microwave links, satellite communications, cellular phone
networks, and/or through. a WLAN. The WIAN may etinkrria to IEEE standard 802.16 (Broadband
Wireless Access - 802,20 (Mobile Broadband Wireless Access ?WA), and/or 802 22 (Wireless
Regional Area Network WRA1N), or any combination thereof the above-mentioned IEEE Standards all
incorporated herein by reference. Optionally, rem.ote interfacing :is through wise communications
means such as, for example, telephone lines, dedicated cables, and/or power lines.  WO
2109(057034PCT7EB20081054428       Commmileations mochne 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 daia related to equipment operational status, and
warrthicstalarins related to equipment malfunction and/or to poor water quaiity. Communications
module 103 may be further adapted to receive external interrupts, and optionally, prompts or requests
for data. Optionally, commardeations module 103 may be adapted to receive and transfer to catinner
101 reprogramming instruotionslinfotniatiom       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
he connected through a USE internee for power supply from a PC, laptop computer, or other DSB
interface de power supply source.      Reference is made to Figure 2, which schematically shows a
flow diagram Lir' an algorithm for a method fur using the exemplary device of Figure 1 to measure
chlorine concentration, in accordance with DR embodiment of the invention. It may be appreciated by
a person skilled in the act that the algorithm described below is for illustrative purposes; that there may
be numerous other combinations which may he implemented in the algorithm; and that the algorithm
described below is in no way intended to be limiting in any form.       [STEP 2011 An interrupt signal is
received by controller 101 while device 1.00 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 he predetermined and periodic, or alternatively, non-periodic. 
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Conrmunications module 103 is adapted to transmit data associated with the

measulements, whích may include the measurements and results of performed arralyses.

Optionally, data foansmitted may include data related to equipment operational status, and

warnings/alamis related to equipment malflnction and/or to poor water qualþ.

Commrurications module 103 may be fi.rther acfapted to receive external írrtemrpts, and

optionally, prompts or requests for data. Optionally, communications module 103 rnay be

adapted to receive and transfer to controiler 101 reprogramming instructiols/info¡mation.

Power module 102 cornprises a battery paclcage adapted to serve as a DC voltage

soruce for powering device 1-00, Power module 702 may conrprise non-rechargeable batteries,

or optionally, rechargeable batteries, Power module 702 may optionally comprise an AC/DC

voltage converter for connection of the devìce to por,ver lines. Adclitionally or alternatively,

pov/el module 702 may be connected to a genetator. Optionally, power module 102 may be

con¡.ected through a USB interface for power supply from a PC, laptop computet, or othe¡

USB interface dc power supply sourco,

Reference is made to Figule 2, which sohemalically shows a flow diagram of an

algorifhm for a method for using the exemplary device of Figure 1 to measure chlorine

concentration, in accordance with an çmbodiment of the invention. It may be appreciated by a

person skilled in the art that the algorilhm described below is for illusbative purposes; that

there may be numerous other coml:inations which may be implemented in the algoríthm; and

that the algorithm descdbed below is ín no \ilay intended to be limiting in any fonn.

ISTEP 2011 An intemrpt sipal is received by controller 101 while device 100 is in

sleep mode or sþut down mode. The interrupt sígnal may be an external intemrpt received

thro¡gh the local interface or, altematively, the remote interface. Optionally, the intemrpt

signal may be predetermined and periodic, or alternalively, non-periodic'

ISTEP 202] Controller 101 verifies that the signal is an extenial intemrpt or an

intemal intemrpt. If the signal is not ær external or an ilternal intemrpt signai, go to STEP 203.

If tlie signal is an extemal or an internal intemipt signal, go to STEP 204.

ISTEP 2031 Device 100 goes into sleep mode. In the sleep mode, fi:nctions in device

tr 00 may optionally be disconnected to fruther reduce pow€r consumption in addition to those

discor:nected in chlorine sensor 107. Electrode in chlorine sensor 107 is energized'

ISTEP 204] Conholle¡ 101 processes measurement input from flow sensor to

detennine if water flow rate is greater than a predetermined minimum value' If water flow rate

9

[STEP 202] Controller 101 verifies that the signal is an external interrupt or an internal interrupt. lithe
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 he 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 flew sensor to
determine if water flow rate is greater than a predetermined minimum value. If water flow rate  WO
200t '057034PCTILT32008/054428 is less ton or equal to the predetermined minimtun value, go to
SUP 205. If water flow rate is greater than the predetermined minimum value go to S IEP 206.
rSTEP 205] Device 100 goes into shut down mode. Power to electrode in chlorine sensor 1197 is
disconnected, in addition to most other functions in the sensor, in the shut down mode, functions in
device 1.00 may optionally be disconnected to further reduce power consuraprion, in addition
disconnecting chlorine sensor 107.       [STEP 206] Controller 101 checks if the eiectrode in chlorine
sensor 107 is disconnected. If electrode is not disconnected go to STEP 207. If electrode is
dLn,011tie,Cied go to STEP 211.       [STEP 207] Controller 101 receives and processes measurement
data lion chlorine sensor 107. 
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is less than or equal to the predetermiled minimum value, go to STEP 205, If water flow rate is

greater than the predetermined minimun vaiue go to STEP 206.

ISTEP 205] Device 100 goes into shut down mode. Power to elechode in chlorine

sensor 107 is disconnected, in addition to most other frurctions in tlie sensor. In the shut down

mode, firnctions in device 100 may optionally be disconnected to further reducs power

consumption, in addition disconnecting chlorine sensor 107.

ISTEP 206] Cont¡olle¡ 101 checlcs if the elecù'ode in chlorine sensor 107 is
disconnected. Ifelectrode is not disconnected go to STEP 207,If electrode is disconnected go

to STEP 213.

ISTEP 207] Controller 101 receives and processes measurement data from chlorine

sensor 107,

ISTEP 208] Confuoller 101 compares measured chlorine concent¡ation iu water with

a predetemrined minimum value. lf measured chlorire concenfuation ìs equal to or greater than

a predetermined minimum value, go to STEP 209. If meastued chlorine concsntration is less

than the predetennined minimum value, go to STEP 210.

ISTEP 2091 Device 100 goes irrto sleep mode.

ISTEP 210] Cont'oller 101 compares, over a predetermined time interval þeriod),

períodically measured chlorine concentrations in lvater with the predetermíned minimum

value.

ISTEP 211] If the measuled chlorine concentration is equal to or greater than the

predetermined mi¡rimum value during the predetermined tine interval, go to STEP 209. If the

measured chlorine concenhation is less than the predetermined minimum value during the

predetermined time interval, go to STEP 212.

ISTEP 212] Device 100 goes info shut down mode; power in chlorine sensor 107 is

disconnected.

ISTEP 213] Controlle¡ 101 checlcs if the electrode is discomected because of

previously measured low cblorine concenrradons in water. If noi disconneoted because of

previonsly measured low c.lrlorine concenhations in water, go to STEP 214.If yes discomected

because of previously measrued low chlorine concentrations in watet, go to STEP 2L6.

ISTEP 214] Controller 101 activates cblorine sensor 107 and energizes the electrode.

ISTEP 215] Contloller 101 receives and processes measurement data from cblorine

sensor 107. Device 100 goes into sleep mode'

ISTEP 216] Contloller 101 checks if tlie time passed since the last measwement is

greatel than a predetermined tirne interval. If the time passed is less than the predetermiled
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[STEP 20] 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
mininmm 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 precieterartinecl minimum value.       [STEP 211] If the measured
chlorine concentration is equal to Cr greater than the predetermined minimum value during the
predetermined time interval, go to STEP 209, If the measured chlorine concentration is less dim the
predetertnined minimum value during the predetermined time interval, go to STEP 21.2.       [STEP
212] Device 100 goes into shut down mode; power in chlorine sensor 107 is disconnected. [STEP
2133 Controller 101.if the electrode is disconnected because of previously messuted low chlorine
concentrations in water, bf 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
seTINT 107 and. energizes the electrode,       [STEP 215] Controller 101 receives and processes
measurement data from chlorine sensor 107. Device 100 goes into sleep mode. 
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lime interval, go to STEP 2l2.If the time passed is greater than or equal to the predeternrined

time inÎerval, go to STBP 217.

ISTBP 217] Controller 101. activates chlorine sensor L07 afld energizes the electrode.

ISTEP 218] Conholler 101 receives and processes measurement data from chlorine

sensor 107. Go to STEP 109.

In the descrþtion and claims of embodiments of the present invention, each of the

words, "conprise" "include" and "have", and forrns thereof, are not necessarily limited to

members in a list with'r¡ihich the words may be associated.

The i¡vention has been described using various detailed descrþtions of enrbodiments

thereof that are provided by way, of example and a¡e not irfended to limit the scope of the

inventio¡. The described cmbodiments may comprise different featutes, 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 featu¡es noted in the described ernbodiments will occur to persons with skill in

the art.

1T

[STEP 216] Controller 101 checks if the time passed since the last measurement is greater than a
nredetertained time interval. If the time passed is less than, the predetermined I 0  time interval, go to
STEP 212. lithe time passed is greater than or equal to the predetentained 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 SlisP
109.       in the description and claims or embodiments of the present invention, each of the words,
'comprise" "include" and "have", and forms thereof, are net 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
vithich are required in all embodiments of the invention. Some embodiments oi the ini,ention 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 orb  CLAIMS 



CLAIMS

l. A device for monitoring chlorine in water, the device comprising:

a chlorine sensor adapted to measure chlorine concentration in water,

said sensor comprising a chlorine sensing electrode, said sensor operative in an active

mode, during which water analysis may be perforrned, a low energy sleep mode, in

which said chlorine sensor is energized but water analysis may not be perfouned, and a

shut down mode, during which said device disconnects power to said chlorine sensing

etectrode; and

a controller adapted to facilitate conversion between said active mode,

said low energy sleep mode and said shut down mode, wherein said conversion depends

on a predetermined parameter.

2. The device of ctaim 1, wherein said controller is adapted to cause said

chlorine sensor to go into said sleep mode after receiving and processing measurement

data lrom said chlorine sensor.

3. The device of claim 1, wherein said controller is adapted to cause said

chlorine sensor to go into said sleep mode upon receiving a signal indicative of a

chlorine concentration in water below a predelermined value for less than a

predetermined interval.

4. The device of claim 1, wherein said controller is adapted to cause said

chlorine sensor to go into said shut down mode upon receiving a signal indicative of a

chlorine concentration in water below a predetermined value over a predetermined time

interval.

5. The device of claim 1, wherein said controller is adapted to cause said

chlorine sensor to go into said shut down mode upon receiving a signal indicative of a

water flow value at or below a predetermined value.

1)

I.A device for monitoring chlorine in water, the device comprising:            a chlorine Se.1180" adapted
to measure chlorine concentration in water, said sensor comprising a chlorine sensing electrode, said
sensor operative in an active mode, during which water analysis may be performed, a low energy
sleep mode, in which said chlorine sensor is energized but water analysis may not he performed, and
a shut down mode, during which said device disconnects power to said chlorine sensing electrode;
and            a controller adapted to facilitate conversion between said active mode, said low energy
sleep mode and said shut down mode, wherein said conversion depends on a predetermined
parameter. 2,The device of claim I, wherein said controller is adapted to cause said chlorine sensor to
go into said sleep mode after receiving and processing measurement data from said chlorine sensor.
3. Thedevice of claim t, wherein. said controller is adapted to cause said chlorine sensor to go into
said steep mode upon receiving a signal indicative of a chlorine concentration in water below a
predetermined value for less than a predetermined interval.  4. The device of claim I, wherein said
controller is adapted to cause said chlorine sensor to go into said shut down mode upon receiving a.
signal indicative of a chlorine concentration in water below a predetermined value over a
predetermined time interval. 



6. The device of claim l, wherein said controller is adapted to cause said

chlorine sensor lo go into said active mode after a predeterrnined period of time.
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5. The device of claim I, wherein said controller is adapted to cause said chlorine sensor to go into
said shut down mode upon receiving a sigtal indicative of a water flow value at or below a
predetermined value.  6,The device of claim 1, wherein said controller is adapted to cause said
chloriee sensor to go into said active mode after a predemninined period of time, 




