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 priovdaohigtrilsution for ‘human consumption. The chlorine ratssasmacdisiafectant, killing
numerous bacteria and viruses found M water by bondlng to, and destroymg their outer surfaces.
Chlorine in the water treatment pl o ]
hypechtiorite and/or chloride dioxideVo P e i Forire 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 cppgamtration in the drinking water is maintained
below a level which may pogs.ANAZAIEor Mman consumation, vet above a minimum n level -
necessary to substantially eliminate p055|% acteria and viruses. L #8iife 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 reguaEddrnostate or 'provincial governments, while in

Some offers, muniibal SRYEFITERIS coulale e rvels. Tpigalv dunking aler shol capraln

chlorine concentration of 2 to 3 part per million (ppm), although levels rangln from 0 pm may
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be considered accemriﬂn& some of which may even be lethal. Some well known examp es include cholera,

dysentery and typhoid. To substantially reduce the risk of coniraction 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.



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 aveolorsehart which lists increasing chlorine levels accorgingie@/catos gradient. The
automatic system operates using -th- came comparing the color of the mixture with a color chart, with

the variation that allgroce%es (ﬁlre automatically performed by the DPD automatic system. WO
20091057034PCIMOMOS/554 Ber YRIBRE RIS Broian Limipricustred e dresainsor
connected to a watékepipeptirdaged orcadapteddosentizetwiate psaniplé swihiDhAaremixed. withddDPD

comprised in the seasey. The aigrnedevel inhg.wateris, thendeiarmined by, Rrocassing.a signal from

an optical sensing (%Ietgpa(?gt com riseg in the sensor. a.The Amperometric method typically comprises
the use of a. sensor CORNSCIad 16 & WATSERISE HHE ¥8Sor generally comprising an. electrode with a
membrane, which the wal@f FlovrseyiriTheibhioririeiornHpdlphssesothrough thennsermbranatte
produce an electricgpyrentdnsthe-plegiyodenSignal. LIACas Ry dsoarormesanthe, uretsg as to

determine the chiorige gonoentieliond ihe waler, Gerleraliya larger chrent is acsociaten wifl a

. chigrimé
greater concentration o c%’l%_rlne.
electrode. Signal processing is performed on the current so as to determine the chlorine
cancentration 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 consnmption 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 not
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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
guality axe known in the art. Many use commercially available sensors to measure water pH, water
tempt:maze, and chiSAABYERABENntration in the water. Generally, these devibe¥ & fifited for use in
geographical :irtaa serviced by electric power lines or solar panels, as the power requirements of the

devices are rather hj C ant monitoring of water qualjty is required. As a result, TIOltle of
MY GRnSE -
-these devices can%%nusgjuinmuor anqé?éé?sl?/v?‘ldé{]}%o%feocﬁelcﬁ?g %I%E)Xt%g%gf%ﬁgsgﬁs él;% %5‘#%%815'few
meters in the grounk??vrgaﬂﬁﬂﬁg’?ﬁ%{?wg’éérlﬁﬁﬁlf@%heeks in these areas be conducted by trained
personnel, typically usingshandingle testing kits. sSupreblentifaguently eneatintares Withtkained:

personnel conducting, themy ﬂ%‘ﬁ({jitg}ﬁ?é'EXISH%%%)&&]?ntet%&?ee%%&)(o"}ﬂgﬂs‘é@'%lotrﬁt‘% %c‘?ﬁgé’fa% 2L nay

reach remote monitoring or underground stations may be limited and, therefore, the quality of the

water may not be pFOPEHY BB nfsred). SscorRtb in SNLBHE o &sat S, Hr EXSHPRECAIfp&Fdiefric-type
sensors, comprise etettrodssdwvihich mely suffercfromlo008fpealeeadily, acadresuliofidpridnious
exposure to relativelylow chigring, 'exels.fQr Jang trmednere thaif wesk)wRelativel:law.chigrine

levels may occur Wh% there.ia not en§>u h chl rinefin' the viater5 fAs a result, iﬂlﬁreas where personnel
visit the monitoring Statioh rBIatvaR tddeRiRf “Ofe th &y 28Surfie At tHe FadtiBhcy BT Brésk&owns in
the devices is relatiiéigehigadasted docueditye. chibengeqeteisrrion WP NYOSPOCHRCLITS2008/054428
regularly monitoredyy&hispisdn-adaisioniadhe potentialhesithhozaivposeddy substantialyJaw

chlorine concentratio‘@s q?the water. A&cordicpge_to.a asfoe qf sofne em odiments of Bhe
. . . and/p w rate .are bpelow the prederer ed value. 1011%! , the. device 15, adapted to
invention there is provuﬁe a device for monlt(?rlng chiorinein wal%r,_t é/dewce adapted to measure
chlorine concentraff§AsTs theTHaersHEaHSaERReRr AThIsireseHsYicHie A CHRR EFMULDN i.S
below a predetermin@atadtiyie saueh-asmiorexample:0,03 ppm. Opl;ioi.mil.y. the device is adapted to
measure water flow rate (valyg) and fo.discannect.the sRIQHNE SeNSrWheRINE WIS oW afe is

below a predetermined value, such as, for movie, 25 liters per hour (1/11). The device is optionally

adapted to rfleaselChBFEE LSRR AT R O oA T ABRE TR BS MAD I BRS T RE R b efhg sensor
predetermined perigdloftimeinagdtoglist andedttherd@hsordinphiledingleorcentrBfioriandfiog flow rate
are below the predgtermineg.yalue. Qptianally, the.deyics.isadmitedctonaasuwiachloung. iy

concentration andier water flow rate Firm- eriodicallf}/rsi %d/or, when remotf?% initi%tqjis ba¥ a source
0 I

external to the devicl ™ NEEBPAIG & EN RS RErEF S 615 5 odiments ﬁgﬂenyenflprl{’t'ﬁcé%ethod
provides for a low émetigys Steds niote whereirtitlteddenich o BdolmEets sy ertorsisy fipatEEsns in the
sensor while mainigining&nergized.an.clestiedevwhichds comprisethindhersenanenBy mrirtaining the
electrode energized, a stabilization time, of relatively extended length, V\{@; is.gene %Q’ ired to
actual the electrodé {%}3&%&3% ater ﬁelcr)fgm_ C-I}%rlggfgs}%% ?ﬁg’s%\%%e.nﬁesya 3}0 Most f{mcﬁ{cﬂ?}%&]}(n the
sensor are operatifigueirang RISt RYEBR i e SHinsak Rty IHEPE A& T PEWeT R G196 mption,

in the steep mode wi-opermsios hesansesiswakenpiiativel/imlicklyswhenkibgbeicetbfer making
measurements, a”\%&?&&%‘ﬂ @c?n}l%o%é‘&%%ksc%} lﬂ%@ﬂ&'@égéfﬁzg UGIng dexice: RO GRNSUIRLRD:

Additionally, the method provides for a shut down mode wherein the device disectimects power to
most functions in tHESEASBFAIERIGhERETRSAE, W REN BB 18 SR ASLR PREK (P Blectrode,
the sensor is generaly mesidinfoinméabusemenis gfterdihe stabilization time, Measurements are

performed during an actiye,pode,of operatian.¥hen Mastiliasipnmhinithe Sensal-aie Bawsgdb
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 remaote 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 a
3



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) pofRPedliFéEs.  In accordance with an 1 embodiment? of R {fV&titbn, there is
provided a device for monitoring chlorine in water, the device comprlsmg a chlorine sensor adapted to

T o o 2 HABHIRRGIMAR0AS A28 Slaiing.cIRSeOTAten N aler, 00 Aomtor

adapted to Facilitate conversion between an’active mo ng w Water ana ySIS maynbe

performed, and a lof'BR&ERP<fedhs M’B&eWﬁt%ﬁ%’éﬁ%ﬁ@EhRﬁ’rﬁﬁg(’a‘@ﬁ%\ni’saéﬁﬂ@iﬁ@@ SEED Bidgviater
analysis may not berpeifdrnetrile sieepimadenagolytizatian vollagen.s mairianed.on.an gkeetrode

comprised. in a chlofing, %em{zawm%ﬂggwssJﬂm&mﬁlnﬂaél.g&%e&&ms@ém'L«mﬁ{a éme Lfequired

by the electrode follmv%mg connection to an energy source after having been disconnected. Conversion

between the active Hode AREthE S8 AEHe I Be B oS raG {8 o etstiife by phfaristEesuch
a9, for example, a grédeiegnrineditinie periody spore rdeeiptiof eccinticatierditofvar independent timer,

or by remote initiatign fean ApEXHAMMALEOUAERe may i a&%ﬂgm&&«éﬁ&%&&%ﬂ@@@%@ﬂ@ @f,the
invention, the controller i er IS furthedr adagtgd to disconnect the chlo ine.s éor upon rece signal

indicative of the chIGHnG condehtration etiﬁlﬁ o be‘i’gl\}vrgcf)lpeé)et%nn%ﬁrle “Paine. @p E’ffjie
controller is Rattneriggaptdd wrestiaitiatianseyn fe sigmal sprieative of a chlorine concentratlon in water
after a predetermined period of tune, upon receiving the signal indicative of the chlorine concentration
being at or below the pretieterminet velhesoThesobpdioliets isfadiapvditdistomettiibe ishforire sensor

if The second signalkig-indicativenaédhachiorne cansentatiopReing saer llaei@aﬁvmefpnectelefﬁgned
value. Addltlonally, the cgntrollger is ferthg adapt ?ge%o disc nr ect ecéorl ese {eu;l:mﬁ1 ce|V|ng a

111 ¥ oW & pr crmine 0) e CO
S|gnal indicative of a Wal%er ﬁ)OW vagiue %elng at Opl’ elow a pre eterﬁnne itiona

controller is anther ¥&plel tscebArfecaie éﬁﬁlh@@@ﬂ@o?faﬁé]iﬂﬂﬁ‘éep?@%fé@%?ﬁé& B@F?écﬁ%%%e.
According to some geabegdimnenisiod Hﬁeﬂﬁyﬁmmoébeihﬁg}@atﬁ@hlﬂ ingifetithef del apliethiedeecaiveiemsecond

signal indicative of eﬁg'%%@%e?% Al ngewaﬁﬁfeaﬂercgslﬂseg,%ems&%qooegmng&qﬁs%h}aag@

recelvmg a first S|gn icative o hlorine concentration b eing at or below a predetermlned value.

The controller is ao%b?%‘d‘%@&%&?ﬂw@&?%@ Erisiie SEheqhipine CReEHE! SgPM s UidstRE BF the
chlorine concentratierddoeinigedtvalnbelolditheapyetietermitieditier Additibivallysthecdintrdlleriis nuttier

adapted to connect g, cHigfing. S50k Aien e AIRAsierarNedaariap of e veing 2609aNCE With an

embodiment of the invention, there is provided a device for m 'iﬂf or|n r|ne con?entr on |n water,

the device comprisHiy SBRIGHNE &&n %’3 &'t TR CRToHF a Dl somnertiie ¢

ofiné ¢ ncentra I6n in water: and a
controller adapted.stosdis¢eniieotetheechilodneriséngtmeapon receiving a signal indicative of a chlorine

concentration in water being at or below a predetermined value.
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 comnect 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.



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 receivingtee®ihzikbindicative of a water flew value being at or a53V&Z}Fététermined
value. In. accordance with some embodiments of the invention, the controller is further adapted to
facilitate periodic c:onvers?gnS betwegen the act}v&emode.ggqh'he ?1'33'1?% ﬁq]rt d therein the conversion

depends on a predetermlnedO Iﬁlgr%lnrlng ers Ig)sp?lonalir>1/‘,’e he Con?r%cifler IS erl’gd%ﬁl?é%fltg’ ‘BHREL the

chlorine sensor afteP%itfiedeteritie dopeaia drofaaive . modq ek coplian ceodvitivserie dmbediments of the
invention, the chloridgg&gpsar eompeisesaChioihe:se0sitg-alecliodentrolledNAteaaRESMAtRAN
embodiment of the Iiygnian (Nefe:5 brovided.amaihod lormasitarng ehiprinsin waler, (e petnod
comprising measuring chlorine concentratiort in water sinéna chlorine sensor; an con-vefﬁﬁg
between an active rfotfe HuARECREET WAt arlsreivarreetarimeuthani et eiergytdisep
mode in -which the diiteirine:senspsnsstitlienerdizedihiittiatef anatysit mayrobdie: pedosnied.aln sleep
mode, a polarizatiogl.ggg@g‘glég Mm@aintained 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 alteg hayinaes AissaUnERISCRNYPHON AENECAINE AENE Mofeapd the

;deep mode may be according to predetermined paraneters such as, fir example, a predetermined
time period, upon réSSrt A THERERBE FoRPESIAv B ErIhT B OBy ehiotec it ol 16t an
external source, thAcooreling tdegaricoe mbeodlirrenisdbtheniky ©KinndlE, the methdd pyouides for the

controller disconnegfing: the chiQring. SENSAL URQR F&ESIVING @-Sidoaldndicative. M. the chlorine
concentration being at or below a predeterinnaed value. Optionally, the method provides for the

controller disconnecting the chioHne SeNsHlURRRAc RV &i5R5a0d @gmmgkfeamméﬁt}@egalorine

concentration in water being at or below the predetermined value, after a. predetermined period of
time upon. receiving & irst g ksFidfcative of the chlorine concentration being at or below the
predetermined value. Additionally, the method provides for WO 20091057034PCULB200S105,442
the controller disconnectifgtAERRISHE S8rredtetigsAt bR iy A Sy AT ndi SIS O AaRYRES: How value

being at or below arpredeterpilnga:valuedter, 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 elecirode 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 for
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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 disconnectitgttté@hiorine sensor upon receiving a second signdGidreatiedtthe chlorine
concentration in water being at or below a predetermined value, after a predetermined period of time
upon receiving u fir%esicgr%ld'n_d(jcative (t),f th@ck@or_ine concentration being at or below a predetermined
value. Optionally, the method provides 16t 1e" EorFoiTRIE SRALETRG TRE st islisaisop araptar
predetermined perid§'&f#raéeing at ogheterdanistovtineduiainChodiment of ffie invention, there is
provided a method. for monitoring chlorine concentration in water, the method comprising measuring
chlorine concentration in Wwateprdsing vatthlorersedisentarndidisceniecting thadhionnisensas upon a
controller h.ceiving asignaldadisalive,of aEHoNNS £ONGEAYALRMRIN, Water REING AL 4 DEIOV A
predetermined value.n 1jan. qume e[tnb_%dlimentscplz the igveéytio , the {ne%g%grovides_ for the controller
facilitating periodic CanVerst.OE £ Betvaar AR & HVE O A8 Sha A L hodRarEidetHer dhversion
depends on a predétetrlitictpararactercidptioneibpr upon redeinvirg séersigndiciticicafivie ehammater flow
value being at or belovwa-predeiesrinec yakuethe.meathod provides for the ermixoller disconnecting
the chlorine sensor. Additionally, after a predetermined period of time, the method provides for the

controller connecting theighigrine:seR8AENs ofMisOmMEe:RMROMIMEBSOf theiinvention. the,method
provides for the chlgrine sensaor ¢ rising a chlorine sensing electrode.. WO 2009/0571; .
APC1112005/ T BRIEE DL R FION DDA S AE it Sh i Gine
embodiments of th&TKFEFER Are e seErbeEP Dl avitvefeiencels fifeore Satrendebherdd, of the
figures, identical sfruetupessealpmentsrarsprartadbatappeardiomeredthan-one figueeate ganerally

labeled with a same.pumeralin allahedigias iihigh ey, aARS Dimesias.ol sampeneis and

features shown in the figures ate generally chosen Mc convenience and clarity of presentgtion and are
not necessarily shGWAFH5 856 2fa frgireeine retied Heiow.
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.



Figure | 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 -WRAMIBH3Device 100 is adapted to measure pH, temBEFARAES &ré¢PEhlorine
concentration in water conducted in a pipe line 104, and is further adapted. to analyze the

measurements, to store data associatedﬂn{i% lbeE@‘ag@.%ement‘s which may include the
measurements and results of perthimed a a;"tses, 8Ht83t%%%§ through a local interface
and/or remote interface, De&vitees O eeisrise srebedimmiingicel 106nEoshioTidessemsobd 07, aipH
sensor 108, a watenderaperatigersensenc-d0gadlonsenses: 105 acontalies including.assaciated
electronic circuitry apd parphierals, 1% commartications larklle 103..and & power module 102.
Device 100 monitoring of water quality is genergm/ pe}( ormed%y alverﬁng a portion o t2r in pipe
line 104 into samplif§ et 4scantitnces mp Asesacems e Sanssshomn Bihedissss 108candivater
temperature sensori®éh Shiotireiseansar Ay plisenserchO8d archywateEtarperat @ Sensornt09 are

adapted to performMrﬂq@{gybmg@surements 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 AFESdaiSTIEHEHBAR W ERSE JRsIRD HeaSramanduith&warstiéwing
through pipe line 104teAfibw, Sensordd@s isiadaptéditmamed duravthiwatdr flow rate into sampling cell

106 and, optionally, in pipgiae; 10fmariGBNLRILT 1 Adcomprises Reriherals ARd assegiatad-Fontrol
circuitry required f%%%gergg%grdgvice 100, incllé%ingﬁ%gn(}ro Iirt\%{the,o eration of communications
module 103, WO 705 7634P T 1P TS 568185 X TR FEREY MEURE “T85™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. Contrﬁﬁyﬁﬁﬂwéﬁg{ﬁqa&ted 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; llona periodic time initiations;
mid/of non-periodic time Raitigticns madeFEXGHY dljuillize hibeainaiier, sexternabisignéilsfromsSaurces

external to the devigepay, Be &S HiRL.0.a% Srie Al ernts, AR RELoRIC AN poR-Rrigdic time

initiations may he referred to as time interrupts, Controller 101 optionally is adapted to Perform a
self-test to evaluat&Bojsar G5EraidN Sradarisd, Brspichally 'SP Lo A o taE sopeRation 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 inclnding 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. Chlerine 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,
7



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 ${({tHAE5WAE exampies, alien-let connection or other LAN(I5¢¥P4aré&hetwork)
connection suitable for wired data transfer. Optionally, local interfacing is done using removable
storage means suc disks, flashcards, and similar Optignally, local interfacing is done usin
wireless means suc Oqial%sr, %@i%Igdai}\/%%\ﬁn(q\?vﬁsfeIgcg)@ﬁé?(@élqﬁ}eg ??c{e tegrltﬁ.r %VWE?W' conform
to WEE standards 882" Fp/irgiess e ARS-clatay srard TEEEsaiddtus seR2: mnpwitelessiRAN -
WPAN), the above-tgntionedsiEh siandalessineorp oatach hereinsoy: referentelity ofRemQie:.
interfacing betweer deyie: 190 end ifeh o HIcallag. dgyiees. magnaralitoyon Wirgjess

means. Communications unit 103 is adapted to remotely interface via RR communlcaﬁons, Which may

comprise direct antSARa8 e h i e PBWARAS-ifReOS Ko irdie SRRHTL FitsAYRon & OB A de Rendo
networks, and/or theeghl. sighalk Adh SohesddAdhnhayletinkitih fothEl dtancaidtB02:1:.6.(Bmwadhand

Wireless Access - 802,20 £MoRile Broadhand MIRIessACRESS MMk ARL/05 8022 WILEISSS
Regional Area Netvxﬂ(ér WRAILN), or ?Fg%ilomblnatlon thereof the above-mentioned [EEE Standards all

incorporated hereint By T&t&r&Hide O} 19, Fork ST intaPrRRINg™S ASFEGEh st rdtwAtiRiGatfons
means such as, for@kainpleneleptdnediness degidateduablésnamitiotPowsiptaibsis Wiapted to
2109(057034PCT 72B200840544 28 vafopmmilpations meshng 403 sigdapted torangmitdata
associated with the[lm_easurements, 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'egtf#HERe FrirmtYondrere (a6 BB CoratER G Pwremianivatihs
module 103 may benfusther adaptachtioreeeise eijaranyt intarsl pis cland wptinnallyo prompisaigequests

for data. Optionally, cammarsieatians mosls.A03.maY he.adapled IScas anORNSIRL g patnner

101 reprogramming instruotionslinfotniatiom Power module 102 comprises a battery package
adapted to serve a’§§i§@?’8ﬁ£§@e’source for powering device 100. Power module 102 may comprise
non-rechargeable batteriggabinopfiomallysirechargeablétbatte resnFlotveren odeleal, 0@ mayrmagtionally

comprise an AC/DGnplipgs canverierdfokcanneetion ofthe deyige 1o pewelingssAdditionaliy or
alternatively, power module 102&?%@??? connected to a enereilé%’. ﬁ(o)rptiona{'ly ower module 102 may
n )

he connected throdgh°a USE Rt O BoWRT AP HohT S P, ptsp BMpLtar SPBtHErbse
interface de powerrsoibpiy-4difteel areaReferdn cenisaraduiteFiforerd dichnséhenrstealiy leews a

flow diagram Lir' apaigexithm fesauigihed fubusing.therexemplarydeviee ok iguse shdapmeasure
chlorine concentratjon, i rdance with. D embodimePt of the invangg)r%.orlter)p%y pe a;@[ﬁﬂqﬁted by
at

1, in,acco .
a person skilled in ﬁtédg%%ymé)? theé' tzgﬁg(%rl m described below is for illustrative purp8§é§; ere may

be numerous othef"tesiabifsabIEA TR Rhab b & Implende reetPTr thd Gt dadtithat tHesfgorithm
described below ig.isnnowiay, inteba etk roseedindiise. it dnytesmPAN {$PER)202 hrAnciateridpidsignal is

received by CO””Q%%E%Q&&M&U%&?H&?&%'I%Qelﬁ ]ggrgflqu;{gg_node or shut down mode. The interrupt signal
C RS ;

may be an external interrupt received through the local interface or, alternatively, the remote interface,
Optionally, the interrupt QAT HsFREDPetEa s Ahyd oHist R B itEHIA RIS 5 s EAbYiC.

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.



[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,  [STEPY4]8bntroller 101 processes measurement inputiroi Hew Fetsor to
determine if water flow rate is greater than a predetermined minimum value. If water flow rate WO

200t 057034PCTILT32008{054428 5, /e3400 b eoyalintie redalermiaed minimup valhe, go o

SUP 205. If water flow rate is greater than the predetermined minimum value go to S
rSTEP 205] Device T80 o8 nts Hurao i HIB da° ﬁ&%@ﬁ%&@ﬁe%a@%cﬁ&?ﬁ@@@ﬁswﬂw is
disconnected, in ad@itionatty, Masttotiverifeh atipnscindh easensosd itv tbtgusmqmdmtmnm!e;tafmmcmm in

device 1.00 may OPMéX/Qﬁn%S%%@Ctﬁd E-H gﬁ‘i@ﬁr %QH&%BHW%&W%HW&%?“WQ@
e

disconnecting chloré]e sensor 107. 206] Controller 181 checks if ejectrode in chlorine
sensor 107 is discorf foéfeg't%‘ﬂ% g%&%@@oﬁﬁ%‘&té‘ 86 t%ﬁeﬁﬁ‘ﬁvic?’fteﬁ‘%lléﬁ?gﬂ%srsm
dLn,011tie,Cied go ISTER Rahpts or[STERs 207 fCoridrdiber k0 Toeraivesiendmbiedddsmmedsurement

data lion chlorine S%@a’i@é'd]égyeceive 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 de 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 imterrupt signal may be an external interrupt received
through the local interface or, alternatively, the remote interface. Optionally, the inferrupt
signal may be predetermined and periodic, or alternatively, non-periodic.

[STEP 20Z] 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. 1f water flow rate



[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), perlodlcal measured chlorine
concentrations in wattf WS precieterartinecl minimum value.  [STEF-21% %{’ﬁsf?fé‘?ﬁeasured
chlorine concentration is equal to Cr greater than the predetermined minimum value during the

predetermined time \igkaldPdRPERLR R0R:EiEMEASHEPH R I SRRGRRINALLIGISSS, %fg the

predetertnined minimum v%ue ur|n the predetermined time intefval, go to STE

212] Device 100 god&io éh ed’cﬁw %ﬁ@%ﬂ%ﬂﬁ%l%‘?ﬁéﬁ%%&? 107 is dlsconnected [STEP
2133 Controller 101.if the [E[ERY¢ istdiscohifepiediiechuiskof preleidtstyrmesisutedel dwethitiine

concentrations in wat@sebfona aﬁsﬂ%@@tﬁga@ﬁﬁa%%mﬁw%%m%@ﬁur&%&mh@@ﬂﬁ down
concentrations in Wateg gp t to STEP e:‘L’éAf“ﬁlzllg sd|sconne b cause of preyi sly measured low

chlorine concentratlonséf <8 g8 DY [STER 1 Scofm St 161 ANV aled ShiBrHE

n water, go to
seTINT 107 and. en‘éﬁ*}jﬁ@ﬁl@hé@é@ﬁ@d@?wm[m@@ﬂwmwﬂer 101 receives and processes
measurement data from ofstoringsenNeRkENE: DeVice.100igaes UMensRep MARGne 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] Coniroller 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 predetermined
10



[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 | 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 deschifignoasids¢laims or embodiments of the present inverdtidifBeuetséf2the words,
‘comprise” "include” and "have", and forms thereof, are net necessarily limited to members in a list with
Which the words m associa nvention has been scrlbed sing varipus detailed
descriptions of emb %)rﬁénts tﬁer:% Eﬁaztlgre& 'é)r(t)l\l}?agds 555115 539?% %%%5 aL#ldqz%eP do FAtEREd to
limit the scope of thép AR the dédddbed embodiments may comprise different features, not all of
vithich are required in all Emirogimentsmbikelnventian bome embodimentaapthe i artigrdltilize

only some of the feat“res[@ﬁi@"ﬁﬂb'%B%Hép%HPFE%%E"%J‘??%HE%%S M%A&%%ﬁtocfa%“%r%"d'@gms of the

invention that are described and. embodiments of the invention comprising different com ations of
features noted in th&"§&sbEd ' EediMents will occur to persons with skill in the orb CLAIMS

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

3 &L

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,
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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 |, 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 indicati¥8 ™% chiorine 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 cauge;sald GRIRSIRGRENAVAR SoWHe, Sid.shul.aayRirgode upon receiving a.

signal indicative of a chlorine ﬁf)ncentrationdintméater below ah redetermlrtle%j value over a
predetermined tlme intervaﬁ caloring sensor adapte to measure cnlorine 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 be 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 1, 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. 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 predetermined 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 [, 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.
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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,

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

chlorine sensor to go into said active mode after a predetermined period of time.
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