1 A SYSTEM AND METHOD FOR DETECTI NG ONE OR MORE ANALYTES IN A FLU D 5
TECHNI CAL FI ELD Vari ous enbodi nents relate to a system and net hod for

det ect i ngwonze1sger¥dre anal ytes in a fluid. 10 BACKGROUNBCIISG2&1200@30 t O
detect one or nore analytes in a fluid. For exanple, where the fluid is
water, it is known to detect the presenge of one or nore analytes in order

to establish the quality of the water. Establishing water 15 quality can be
an inportant pr&8YSIEM ANRMETHRIDFOR DETEQENG ONE {OR MGREhUman

consunption. Analysis of fluid ' ra s is usually perforned

of f-1ine and using wet chem st%@%ﬁ%%@eﬁ'ﬁggzﬁnet hods can take hours or
days to 20 conplete, require skilled personnel and involve the use of toxic
chemi cals. Accordingly, it is desirable to devel op aut omated systens and
met hods whi ch can be perfornmed in-line with the fluid system and do not
requi re yseTEHCHRNICAL Fepbcal s. 25 SUMMARY Vari ous enbodi mnents provide a

system for detecting one or nore analytes in a fluid, the system
conprising: a controller adapted to obtain one or

Various embodiments relate to a system and method for detecting one or

more analytes in a fluid.
10 BACKGROUND

It is known to detect one or more analytes in a fluid. For example, where
the fluid is water, it is known to detect the presence of one or more
analytes in order to establish the quality of the water. Establishing water
15 quality can be an important precursor to determining if the water is fit for

human consumption.

Analysis of fluid quality parameters is usually performed off-line and using
wet chemistry methods. These methods can take hours or days to
20 complete, require skilled personnel and involve the use of toxic chemicals.
Accordingly, it is desirable to develop automated systems and methods
which can be performéd in-line with the fluid system and do not require

use of toxic chemicals.
25 SUMMARY

Various embodiments provide a system for detecting one or more analytes
in a fluid, the system comprising: a controller adapted to obtain one or
more sample streams of the fluid, the controller being configured in use to
30 form a plurality of output streams, each output stream comprising at least
part of one of the one or more sample streams; and a detector adapted to
receive from the controller the plurality of output streams and comprising a

plurality of sensors, each sensor being operable to detect an interaction



nore sanple streanms of the fluid, the controller being configured in use to
30 forma plurality of output streans, each output stream conprising at

| east parwoabimeelr40f the one or nore sanpl e streans; an@Ca/Séee®v@s1 adapt ed
to receive fromthe controller the plurality of output streanms and
conprising a plurality of sensors, eachgensor being operable to detect an
I nteraction 2 between a correspondi ng detecting agent and a correspondi ng
anal yte, th@edﬁe@rmtaocoweismcﬁm]fde@mm agentsend @ detrespording mnalytee sai d
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cor r espondi mge:hﬂtlenslus@ngigm\blwéhtwtﬁf aftpthstredme abi deteahingeifigios Sluics f or ned
on said one seps n enb i men the interaction detected by said one
sensor corerPQQ%“%”%Oﬁm%aS&f A respondi ng anal yte to the
correspordi ng detecting agent, and wherein the controller is adapted to
obtain a flushing fluid configured in use to renove a bound anal¥ t he
control l er Wei#y «Bhedigiantd the epseespongdingyidgtedting ppaBhiohgone wfd he the

det ect or topﬁL?rgl?t‘{leoftsléﬁsQr%‘%Qq?ﬁﬁécISﬁ%Q 66’8§§H§dryte fromsaid one sensor. 15
he

I n an enbodi ment contro I's adapted to obtain a regeneration fluid
configured in use to forma detecting agent when exposed to a sensor, the
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detector to e correspon urality
20 of sdnsobindiyg ekpmmcrrgessmrmngwenalwestorthe@otr’reepoa@negefeaéa:tb@ agentd. In an
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t he correspands@to feheed artbundedtalyte, ébrﬁﬂﬂleﬁ@@ﬁ@rconfgured in use to
pfovide the flushing fluid to the detector to remove the bound
corresponding analyte from said one sensor.
15
in an embodiment, the controller is adapted to obtain a regeneration fluid
configured in use to form a detecting agent when exposed to a sensor, the
controller being configured in use to provide the regeneration fluid to the
detector to form the corresponding detecting agent of one of the plurality

20 of sensors by exposing said one sensor to the regeneration fluid.

In an embodiment,b the regeneration fluid comprises the corresponding
detecting agent and exposure of said one sensor to the regeneration fluid
transfers the corresponding detecting agent to said one sensor.
25 _

In an embodiment, the system further comprises: a regeneration fluid
reservoir adapted to temporarily store the regeneration fluid beforé the
controller obtains the regeneration fluid, the regeneration fluid reservoir
being configured in use to control the temperature of the stored

30 regeneration fluid.

In an embodiment, the controller is adapted to obtain at least one

amplifying fiuid configured in use to amplify an interaction to aid detection



25 In an enbodi nent, the systemfurther conprises: a regeneration fluid
reservoir adapted to tenporarily store the regeneration fluid before the
control | ewoabtzioesiot he regeneration fluid, the regeneratriconchiriodieser voir
being configured in use to control the tenperature of the stored
30regeneration fluid. 3 thereof by a sgnsor, the controller being
configured in use to add the at |east one anplifying fluid to one of the
plurality othemabfplluy fasserwnsf | thddoomlmh@mhﬁgnm Bycse o fadkit mier at ]
conprises: an i fyil ujd 5 resgervoir a to tenporarily store the
at | east on%%ﬁﬁnﬁ?@ﬁm@ﬁ?g dre eeans @ tthﬁe""d'@ﬂ?yr‘gft?‘&wbgf § the at | east
one anplifying fluid, the anplifying fluid reservoir being configured in
use to control the tenperature of the stored at |east one anplifying fluid.
10l n an enb8Yiafesmbadi@epbntheoisystem Suhaptempriseshtan ramPiyingefitisly 1 ui d
configured i mto

whi ch |t§| sh%gﬁﬁr thgpécd;&]?rtgﬁg @gféﬁgfé& %éﬁ?g%tnpﬁau%gbﬁgin{gzgﬁ@ﬁe
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enbodi nment , t pl IRY i ou thin sor cel |
havi ng an aaj %gfy%)q ﬁ& r#é&lv'cqr rbeeé v?ﬁgﬁiursgr oi"ggf V%AgngOB { pI urality
of out put stermaemtursanfdh@amreelastHasbeneganmﬂéyiaglﬂeld.0 detect the interaction

using the portion of said one output streamreceived in the sensor cell. 20
In an enbodi ment, the controller conprises a punping device operable to
adj ust whe frl aw @ﬁwb@auﬁemnah@md@mfouéi i€ AdaphsP 4@ oBthiR 8 ehEriree fliid I n

an enbodi nent, the punping device is configured in use to ﬁrOVIde an 25
i nt er m t t enfORigHkEGAN $5PJOIRAINAIN A PradatedineH Rt ¢h apheutpEh&bpametd . 1 n an

embodi ment, wihitg GO AIdk8! the @dmfdnaws'éing Nedhiuréd nhouséietooaedO{het he
plurality of output streans to the detector at a different tinme to another

of the pl uravifegngfividde pne ofithe Riwralitg®f output streams.

15 In an embodiment, one of the plurality of sensors is housed within a
sensor cell having an adjustable volume for receiving a portion of one of
the plurality of output streams, said one sensor being operable to detect
the interaction using the portion of said one output stream received in the
sensor cell. |

20 .

In an embodiment, the controller comprises a pumping device operable to

adjust the flow of said one output stream through the sensor cell.

in an embodiment, the pumping device is configured in use to provide an

25 intermittent flow of said one output stream through the sensor cell.

in an embodiment, the controlier is configured in use to provide one of the
plurality of output streams to the detector at a different time to another of
the plurality of output streams.

30 ‘
In an embodiment, the system further comprises: a sampler adapted to

receive the fluid from a fluid source and comprising a storage unit for



4 tenporarily storing the fluid, the sanpler being configured in use to
formthe one or nore sanple streans fromthe fluid stored in the storage
uni t. | n a0 2emB9di4ent, the system further conprises: aP@afS&2¢e@0023er
adapted 5 to receive electronic data fromone of the plurality of sensors,
wherein the el ectronic data indicates defection of the analyte
corresponding to said one sensor. In an enbodi nent, the data acquirer is
oper abl e t o temperardy slarinar thei Quidathe samplesrbeiag ¢oofigursgninonse jorihen t he

puTiNg. deviie obl Wn gl e MBI r kT RAMAOYAN, e emaprufel | o an

enbodi nent, "sard one sensor I Ona opera background
noi se and include in the electronic data an |nd|cat|on of the 15 background

noi se detec ed at_ said one, sens wher ei.n t he data acqui
Cont L gur ed. i 2acemBaUmey e “Ratk o JEMBs GrmpHEet R g Asrb it dsptes cancel
backgrougd n@ireseive etéwoﬁicﬁﬁétbcfﬂbrﬁ oHt &f thelplaraligepskmevns, wheRis ysd em
further conprises: a notifier adapted to 20 receive the electroni¢ data

fromthe dateéecé@di‘tﬁ deta 'W%?t@?'rfj?tﬁét‘%ﬁf fth%raW%yt@o‘Fﬁrf%iﬂoé"ﬂ“ri% o said o
generate a pEkiddnzati on in dependence on the received electronic data. In
an enbodi ment, the corresponding detecting agent of one of the 25 plurality
of sensors is different to the correspondi ng detecting agent of another of

the bl ural i 4y oflerfigaict, RIS Rot RobdtuEIAB! EBBNESIALI Wi r 2l d one

sensor i ndi cates e presence correspon analyte to the
i nt er actidon froeh aaldrrg'le sessoronly mvensba pumpitg dlemcerﬂoarvd)saidrmra outone of the
plurality of sens gperable to detect a level of interaction using the

i,s
correspondi N eag}@' ll’%t %erﬂsor\?ﬁ@rel n the level of interaction indicates
an anmount of the correspondl ng anal yte which is present. 5

In an embodiment, said one sensor is additionally operable to detect
background noise and include in the electronic data an indication of the
15  background noise detected at said one sensor, and wherein the data
acquirer is configured in use to use the indication of the background noise

to cancel background noise in the electronic data.

In an embodiment, the system further comprises: a notifier adapted to
20 receive the electronic data from the data acquirer, wherein the notifier is
configured in use to generate a notification in dependence on the received

electronic data.

in an embodiment, the corresponding detecting agent of one of the
25 plurality of sensors is different to the corresponding detecting agent of -

another of the plurality of sensors, and wherein the interaction relating to

said one sensor indicates the presence of a different corresponding

analyte to the interaction relating to said other sensor.

30 In an embodiment, one of the plurality of sensors is operable to detect a
level of interaction using the corresponding detecting agent, wherein the
level of interaction indicates an amount of the corresponding analyte

which is present.



In an enbodi ment, the interaction conprises binding together of the
correspondi ng detecting agent and the correspondi ng anal yte, and wherein at
| east oneWOEABYN6 Bt ect s the interaction by detecting aPphip&2eRRI00R3thange
caused by the binding operation. In an enbodi nent, the correspondi ng
detecting agent and the correspondi ng amal yte bind together and the

I nteraction conprises unbinding of the corresponding anal yte and at | east
part of the 10 correspondi ng detecting agent, and wherein at |east one

sensor et eqhSah NembBLfi&! R0 Blerdelicit oMbl BhidiA) OB Gfined by the
unbi ndi ng operation. In an enbodi ment, the 1 nteraction conprises at |east
one cheni calcotrgspendingodetestiiowiagest nand theastoreapondingranidytect and he

chen cal  odRiarg & ko8l AR R B TRORERIAER /R BuR o fRleal e of

t he fol | aw rnhagygeupusad byahgdindingrapserationchange in el ectrical resistivity,
a change in 20electrical conductivity, a change in refractive index, a
change in electric current, a change in electric potential. In an

enbodi ment, |hhexphgfibealmeMaNgge OeeHESpdMdinge dtettRRFt a§8Kt SEAGOIthe 25 I N an
enbodi ment, the detecting agent is one of the follow ng group: an antibody,
a protein, &PTESPEBAKEI ebaivie, bindydpgatier andi W glereChen eFPRIPIISEH or gani c
subst ance. - IhAfuifgOBH! RN corRABoRMINGN ariHEaldnty A1 ISR BaRt It dhe! cast
10 corresponding detecting agent, and wherein at least one sensor detects
the interaction by detecting a physical change caused by the unbinding

operation.

In an embodiment, the interaction comprises at least one chemical
15 reaction, and wherein at least one sensor detects the interaction by

“detecting a physical change caused by the at least one chemical reaction.

In an embodiment, the physical change is at least one of the following
group: a change in mass, a change in electrical resistivity, a change in
20 electrical conductivity, a change in refractive index, a change in electric

current, a change in electric potential.
In an embodiment, the physical change occurs to the at least one sensor.

25 In an embodiment, the detecting agent is one of the following group: an -
antibody, a protein, an oligonucleotide, a polymer, an inorganic material,

an organic substance.

In an embodiment, one of the plurality of sensors is at least one of the
30 following group: a piezoelectric sensor, an electrochemical sensor, an
electrochemical quartz crystal microbalance sensor, a surface plasmon

resonance sensor, an oxidation reduction potential sensor.



30 follow ng group: a piezoelectric sensor, an el ectrochem cal sensor, an
el ectrochem cal quartz crystal mcrobal ance sensor, a surface plasnon
resonanceW9aABd6148n oxi dati on reducti on potential sens8CT/SGRINAPI23LS
enbodi ments provide a nethod for detecting one or nore analytes in a fluid,
t he met hod conprising: obtaining one or grore sanple streans of the fluid,
formng a plurality of output streans, each output stream conprising at

| east part ofarioye embasiments grovideeasamihedsfaredgtectisgdenecer ngoshe or
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sensors, wherei'n each sensor IS opera ct an interaction between a
corr espondi sfredetseof itimg flaitknformind a ploraldyg pdnolitpgt strabytse ,eamhdodipuér m ni ng

if the fluid tai .0Nn I re sal d an tes based on the .one or nore
ot osed | notPam PiRErsRg el B henitnéidie PRt St e nin: | ces.
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sensors on said one ensfor. 15 I n an_enboﬁi nment, .the interaction detected
by said one aé‘@n%tﬂlur@ﬁtﬁ(p?i§%’Ls°6?'n\ﬁfhﬁ'§e"61ea€ SHBOF 43 PHRIANG ta98t9%taR o t he

correspondi RgepRiiBAtHIFeBE &NEorrédibridiy HBIRAAg fdgenlahd @aBrE §hdifgoVi ng
t he bound correspondlirag anal yte from said one sensor by exposing said one

sensor to aaRAHi agd [deteraniadar if doe dwid sontaing enecPrrwre seid sma yte. 20
In an enbodiyirEl onithe dﬂ%%ﬂﬂo%’ étlé%feocfﬁ@%hﬁt?r%. form ng a correspondi ng
t

detecting agent of one of e plurality of sensors by exposing said one
sensor t16 a regeneration fluid. 25 In an enbodi ment, the regeneration fluid

conprises t rr | d ctj g d e pf said,one sensor
fo The regenir 2 ofTERHER, JTaf criefad Tk EE L sRARRE LS. Bor 4. To
sai d one semsmespbmdiag detbetihgragent vhenewifhibe plurdling of cenpoisses said
tenporarily stori nﬂ the 30 regeneration fluid before exposing said one
sensor to t &S ¥GE€REration fluid; and controlling the tenperature of the
regeneration fluid whilst it is being tenporarily stored. 7 In an
enbodi nent, the nethod further conprises: adding at |east one anplifying
fluid td5ondn&n emeogimand theyintaragiinrpdetestedinsaid Aee senpecempkises =
anpl i fying fdiﬁtliﬁ? BetHOc P BdiRflah&yiesd the c%rr‘?f@s'pf)ﬁdﬁ‘l'@ db&RfFAGOR, tO al d
detection thereof by a sensor. »

and the method further comprises removing the bound corresponding

analyte from said one sensor by exposing said one sensor to a flushing

fluid configured in use to remove a bound analyte. -

20
In an embodiment, the method further comprises: forming a corresponding
detecting agent of one of the plurality of sensors by exposing said one

sensor to a regeneration fluid.

25 In an embodiment, the regeneration fluid comprises the corresponding -
detecting agent and exposure of said one sensor to the regeneration fluid

transfers the corresponding detecting agent to said one sensor.

In an embodiment, the method further comprises: temporarily storing the
30 regeneration fluid before exposing said one sensor to the regeneration
fluid; and controlling the temperature of the regeneration fluid whilst it is

being temporarily stored.



In an enbodi ment, the nethod further conprises: tenporarily storing the at
| east one anplifying fluid before adding the at | east one anplifying fluid
to said owe0wsut40st ream and controlling the tenperat ece/schomweo2at | east
one anplifying fluid whilst it is being tenmporarily stored. In an

embodi ment, the nethod further conprises: adding a buffering fluid to one
of the plurality of output streans, the buffering fluid being configured in
use to nai mlraiam ambaddiaem nthaecheghdd rﬁur$|aaérdcmerise|$ paddisgr ataieash roren

enbodi nent {urt her, | east one

f
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20intermittent. In an egb Iment, said step of detecting one or nore

i nteracti ongetﬁﬁﬁ'ﬁpltg%@o QVﬁgsedﬁ'é"'of the plurality of output streams at a
differeng tine to another of the plurality of output streams. 25 In an
enbodi nent, the nethod further conprises: obtaining the fluid froma fluid
source; andIn eppnhediment: the methok futhel earapisas: demeprdy srinthihea he one

or nore Samng$&55g%n@[%.h§%¢ phfbrér%‘iﬁ fhel SMRAEABAL Unit ‘lﬁhﬁé’ﬂu&'d 30

In an enbodi er conprises: recerving e roni c data
from one of ta heudpd)me @utpqx shfease et sontrdibng itime tebmpeltaémter ohihe afaleast ndi cat es

det ecti on of the t r di.ng,to sai ensor. 8 In an

enbodi nent, 8?@@9‘? éf@'é‘fghf@' '333 |Q,§&erpp%r@]ngya 8"% e sensor only when said
one outpot stream flows through said one sensor. In an enbodi nent, said one
sensor is additionally operable to ct 5 background noi se . an i clude in
The- ol ect r ot e BOGIS BRI L RS ORABES, ACAG: & Buleras i at sai d
one sensor; t@nghd hes mfeéhgdréwt&ferou@aﬁprstrésmscam@elbhrfegn@aﬂ&ar Bifify noi se in
the el ectronic data using the indication of the background noise. 10 In an

enbodi ment , COREAYFELNA UPrtohBaIRaIfp A Bradeteratiaedt P Nasaidt PRE calttPeh in
dependence g@p eé,lq]e received electronic data. In an enbodi nent, the
correspondi ng detecting agent of one of the

15

In an embodiment, the method further comprises: adjusting a flow of at

least one output stream through at least one of the piurality of sensors.

In an embodiment, the method further comprises: adjusting the flow to be

20 intermittent.

In an embodiment, said step of detecting one or more interactions
comprises using one of the plurality of output streams at a different time to
another of the plurality of output streams.

25 ,
in an embodiment, the method further comprises: obtaining the fluid from
a fluid source; and temporarily storing the obtained fluid before forming the

one or more sample streams of the fluid from the temporarily stored fluid.

30 In an embodiment, the method further comprises: receiving electronic data
from one of the plurality of sensors, wherein the electronic data indicates

detection of the analyte corresponding to said one sensor.



plurality of sensors is different to the correspondi ng detecting agent of
15 another of the plurality of sensors, and wherein the interaction

rel ati ng wo 2es/@6mmme sensor indicates the presence of aPpdirisiGeorndo23l
correspondi ng analyte to the interaction relating to said other sensor. In
an enbodi nent, the nmethod further conprigses: detecting a level of 20

I nteraction using one of the plurality of sensors, wherein the | evel of

i nt eract i onln adi emabedimEntaeleatroniof dateds ceceiweg drudn regichvakydensehiooly | s

present. In_an enbodinment. the interaction conprises binding together of
the 25 corr&%&nﬁﬂ'ﬁana&u&qtisﬁr&a%ﬁ?ﬁws HQUBRSALPPESEBRA ng anal yte: and,
the nmethod further conprises detecting the interaction by detecting a

physi cal change caused by. the binding operatign. In an enbodi nent, the
cor r espondi ﬁ'@ %tegiiiqdr‘u’@eébeﬁ'da‘h@et 80 it AYHURAIY; ARerabig \IPedpleRt

t oget her san@abk§rolRl HASS AR iRENBE! iRSHeUOBLRGhBUAE N hdstiSBPIHE Ng
anal yte and at Teast part of the correspondi ng detecting Gggent; and, the

met hod f urt Raek@oHpe i Raise dpterted @ti sajdtane sansera@ndthepnatbed duither a
hysi cal ch : i ndi ng. ' hoent, th
physical C %g@%@?gzcg%gtempg%a@g%u%m.s%-ofrr gﬁé Qbctronid' ddth & tHEEN €

I nteraction em ca reaction; and, e met hod
further comndicationdafitbe bianggroedinuise.acti on by detecting a physical change
caused by the at |east one chem cal reaction In an enbodi nent, the physical
change is at |east one of the follow ng group: a change in mass, a change
i n el ectioi cah anesnisédimeny, the méthodduither comprises: generating a notification

in dependence on the received electronic data.

In an embodiment, the corresponding detecting agent of one of the
plurality of sensors is different to the corresponding detecting agent of
15 another of the plurality of sensors, and wherein the interaction relating to
said one sensor indicates the presence of a different corresponding

analyte to the interaction relating to said other sensor.

In an embodiment, the method further comprises: detecting a level of
20 interaction using one of the plurality of sensors, wherein the level of
interaction indicates an amount of the corresponding analyte which is

present.

in an embodiment, the interaction comprises binding together of the
25 corresponding detecting agent and the corresponding analyte; and, the -
method further comprises detecting the interaction by detecting a physical

change caused by the binding operation.

In an embodiment, the corresponding detecting agent and the
30 corresponding analyte bind together and the interaction comprises
unbinding of the corresponding analyte and at least part of the

corresponding detecting agent; and, the method further comprises



10el ectrical conductivity, a change in refractive index, a change in
electric current, a change in electric potential. In an enbodi nent, the
physi cal wbangaoerours to the correspondi ng sensor. 15 PaoT&G2envoe3ment,

t he detecting agent is one of the follow ng group: an antibody, a protein,
an ol igonucleotide, a polyner, an inorggnic material, an organic substance.
20 In an enbodi nent, one of the plurality of sensors is at |east one of the
fol | owi ng gdetqmting theeinterbetion by detesting aaphgsicalt coamgaricaased drysthrg an

el ect rochem c§ q‘uart ? stal m crobal ance sensor, a surface plasnon
resonance s&f '<5\|d PR aétlon reduction potential sensor. 25 BRI EF

DESCRI PTI ON OF THE DRAW NGS Enbodi ments of the invention will be better

under st ood and readjly apparent.to ope of ordi nar kill in the art from
Ehae ol o 5 [ ambndighRe 6F | intraglonacorBp e dl Bbshi gne inbmigal

conj unct 50n rgddtidnt '&ﬂddﬁl@é’“nﬁlétﬁoda’grtl"\@lebéhfbrﬂsbgedétéétﬁfgeﬂfeeuﬂéﬂa‘&'ﬁoﬁQi(}ﬁt e to
| i ke conponents, in whic 10 Figure 2 illustrates a nethod for detecting

one or nor edgiestipg @sphysical change caused by dag ableast ana shericaliraastion sFi gure 3
illustrates a systemfor detecting one or nore analytes in a fluid in
accordance wth an enbodi nent;

In an embodiment, the phyS|cal change is at least one of the following

group: a change in mass, a change in electrical reS|st|wty, a change in
10 electrical conductivity, a change in refractive index, a change in electric

current, a change in electric potential.

In an embodiment, the physical change occurs to the corresponding
Sensor.

15 |
in an embodiment, the detecting agent is one of the following group: an
antibody, a protein, an oligonucléotide, a polymer, an inorganic material,

an organic substance.

20 In an embodiment, one of the plurality of sensors is at least one of the
following group: a piezoelectric sensor, an electrochemical sensor, an
electrochemical quartz crystal microbalance sensor, a surface plasmon

resonance sensor, an oxidation reduction potential sensor.
25 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and réadily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the drawings,

30 wherein like reference signs relate to like components, in which:

Figure 1 illustrates a system for detecting one or more analytes in a fluid in

accordance with an embodiment;



Figure 4 illustrates a sanpler in accordance with an enbodi nent; 10 Figure

5illustrates a systemfor detecting one or nore analytes in a fluid in
accor danogowhidnogineenbodi nent; Figure 6 illustrates a seas®G26@J00o2310
accordance with an enbodi nent; 15 Figures 7A and 7B illustrate a sensor in
accordance with an embodi ment, Figure 74,showing a front view and Figure 7B
showing a side view, Figure 8 illustrates a conputer systemin accordance
wi th an enbodi nent; 20Figure 9 illustrates a nmethod for det ecti ng one or

nore analytes in.a flui cordan th an enbodi nent . ure 10
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accordance W aécordaddedh@émbadintdrgure 11 illustrates a nethod for
detecting one or nore analytes in a fluid in accordance with an enbodi nent;

and Figure 12 illustrates sensor coating recipes according to various
30 enbodine 1 HendrERAH) mtfie to a
system a%d ﬁ@ﬁeg gu get e?lt?lS%ﬁ(ﬁle(F%%m gﬁ%%a yc?es |nﬁ€§§ ﬁif@.‘f@

accordance with an embodiment;
Figure 4 illustrates a sampler in accordance with an embodiment;

10  Figure 5 illustrates a system for detecting one or more analytes in a fluid in

accordance with an embodiment;
Figure 6 illustrates a sensor cell in accordance with an embodiment;

15  Figures 7A and 7B illustrate a sensor in accordance with an embodiment,

Figure 7A showing a front view and Figure 7B showing a side view;
Figure 8 illustrates a computer system in accordance with an embodiment;

20 Figure 9 illustrates a method for detecting one or more analytes in a fluid

in accordance with an embodiment;

Figure 10 illustrates a method for detecting one or more analytes in a fluid
in accordance with an embodiment;

25
Figure 11 illustrates a method for detecting one or more analytes in a fluid

in accordance with an embodiment; and

Figure 12 illustrates sensor coating recipes according to various

30 embodiments.



Figure 1 illustrates a system 2 for detecting one or nore analytes in a
fluid, in accordance with an enbodinent. In an enbodi nent, the system 2

i ncl udes wocorstmeiser 4 in communi cation with a sensi ngpdesicee2ondet ect or
6. In an enbodi nment, the controller 4 is in comunication with the detector
10 6 via a plurality of output streanms 8,of fluid. In an enbodi ment, each
out put stream 8 nmay be contained within a tube which is in fluid

communi cat | OETAILEDDESCRIPTION rol l er 4 and the detector 6. In an

enbodi ment, the controller 4 is also in communication with at |east 15 one
sanpl e stream 10 of fluid. In an enbodiment, the fluid of the sanple stream

10 i s obt ai negiohs @mbbdimentd rerits &6 aldystém At ATEINSH TBNEeteklify THEPbE Stream
10 may be contained within a tube which is in fluid communication with both

the fluid soereanaytgnip aflBicontrol | er 4. However, in another enbodi nent,
no fluidgsource 12 is present and the 20 sanple stream 10 i s obtained

directly froma tube in fluid comunication with the controller 4. In an
enbodi nent , anﬁecbnltumat@s a4systenodffogetecting ase aromone ainalyes lirast one

sanpl e st reg . , e e obtain
the sanple s ngnQIiBé@%nééW%eangghé)%wB flntali): @8&%@?&% {T& Jggé{mcz);a t ube
cont ai ni ng umt&ud;ﬁmloenn'bhaa4nn tomarurdedtioo withta, sdrising daviceldreletdctory obt ai n
the sanple stream1 a, pu evj ce (not sho controller
4 oy por Enit 88 sprbodifieBt A4 Bo ol Eonpaimuncatos sithdgAedor om a
fluid saqorce A a3flutditf estpat aﬁreémstseofcmmar%leﬁf efbadiment,i eaged i n use
to formthe pIurallty of output streans using at | east one sanple stream

10. In an ey}t nﬁﬁ?ame&ﬁn%t?ﬁutc%t?'é'&ﬁ] S"w‘ﬁbl%dé'geat”h'%# Wafluidf one

sample 12 ghhfadhiétior Wltﬁ%ombém%lbru%d3%d&bbﬁ64 may formthe
plurality of -output streans 8 by conbi ning and/or splitting one or nore

sanpl e streans 10 using a punpi ng device (not shown) and a sw tching device

(not showun) 4, L &Rp8Y; t”ﬁ{étcoﬁtﬁt?llé‘gr IsChs0 9n LOAENERYOA Wit 8E1eBsp NELVOT K

of tubes an al ves Ich are co use to channe east part of
each i npét mmﬁaa!nBIErsimaanOmﬁfbudmm an emiyadiment, tbe fluid af they safmpait put

streams 8. stream 10 is obtained from a fluid source 12. In an embodiment, the
sample stream 10 may be contained within a tube which is in fluid
communication with both the fluid source 12 and the controller 4.
However, in another embodiment, no fluid source 12 is present and the
20 sample stream_10 is obtained directly from a tube in fluid communication

with the controller 4.

In an embodiment, the controller 4 is configured in use to obtain at least
one sample stream 10 of the fluid. For example, the controller 4 may
25 obtain the sample stream 10 by virtue of a direct or indirect coupling to a -
tube containing the sample stream. In an embodiment, the controller 4
may obtain the sample stream 10 via a pumping device (not shown), i.e.
the controller 4 may pump the sample stream 10 to the controller 4, for
example, from a fluid source 12.
30 ‘
In an embodiment, the controller 4 is conﬁgured‘ih use to form the plurality
of output streams 8 using at least one sample stream 10. In an

embodiment, each output stream 8 includes at least part of one sample
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SLELEG A

to the detector 6. In an embodiment, the detector 6 includes a plurality of
sensors. In an embodiment, the plurality of sensors are arranged to form a
sensor array or a sensor bank. In an embodiment, the detector 6 includes
a different sensor for each output stream 8 provided by the controlier 4. In
an embodiment, the controller 4 is configured to provide a plurality of
output streams 8 to the plurality of sensors of the detector 6, such that the
system 2 provides a multiple channel sensor system 2 for detecting one or
more analytes in a fluid. Specifically, each channel may be considered as

one fluid connection between an output stream 8 and a sensor.

In an embodiment, each sensor is operable to detect an interaction using
a corresponding detecting agent in the presence of a corresponding

analyte. In an embodiment, the interaction may be a physical interaction or

SO5h <aeD R e

a chemical interaction. In an embodiment, the sensor is a biosensor -

configured to detect a change in a physical property caused by the
interaction. In an embodiment, the physical property is a physical prdperty
of the sensor itself. In an embodiment, the biosensor is a piezoelectric
biosensor which detects a change in vibration frequency caused by the
interaction. In an embodiment, the biosensor is a surface plasmon
resonance biosensor which detects a change in bptical properties caused

by the interaction. In an embodiment, the biosensor is an electrochemical



13 bi osensor which detects a change in electrical properties caused by the
I nteraction. In an enbodi nent, the anal yte corresponds with the detecting
agent andwve 2013dW6iersa. I n other words, the detecting ag€mSGamanaedl yt e
form an associ ated set, wherein each nenber of the set interacts with the
ot her menber when they are put together.q3ln an enbodiment, the detecting
agent corresponds with the sensor. In an enbodi nent, one or nore of the
sensors are bMBbaMtibrwki'etects aecharge s plactrical tonopertids fdaasedtbyéheect i ng 10
agent. In anat her. ﬁnbodlnent one or nore sensors correspond with the sane
detecting aﬂe [aC'P an enbodi ment, a coating which is applied to an
external surface of a sensor includes the detecting agent corresponding to

t hat sensor. |In an er enhodi nent, the co rovi des to the sensor
L e et i e EPBadE ee hirepaable, coneuAnds pith dhe et incsgeRt A e onor

I'n an e”’QOd'vFQ%mveréa\helndétr%itWBrcﬁ '@\ecﬁefécﬁHéngérﬂ Hﬁé éﬁalgt%t‘?&ﬁrnoé}? or nore
I nteractions usmgj the plurality of output streans to determne if one or

nmor e anal yt @sagiatagr sate Nthearaint erch maraber @H%ﬁ@h'mW@C%Wﬁhethgmtbﬁf eans 10
were taken. n%}ﬁ 5f WiH Yhe f%ﬁ? ?1?% LthkP. RPS Qhﬁoﬁﬂngﬁtt §hE @éleggﬁfaﬁ!on

caused when etecting a orre pondi ng € sensodr Is co ed with
an anal yte menbsmmﬂo@stwnthﬂmdmmrt Imagn agebadimaat ord agpre iof théne sensor

i ncl udes an ai, tecting,. nt, .and.the sensor
I s exposed t%’y}'gﬁ'rso%{ep%ggéé E%gm%lh R '%Eﬁ?ﬁ‘g ‘?’ﬁi’ gn%{ﬁ?}?eé"& da%efgwﬁ%r action
may occup ara@ehhanmlmer em}oodmemtt ohéeorimber gehsars. coffespehdneith the sensor
may be used to dgt ec{

same detecting agent In an embodiment, a coating which is applied to an

external surface of a sensor includes the detecting agent corresponding to

that sensor. In another embodiment, the controller 4 provides to the

sensor a fluid which includes the detecting agent corresponding to that

15 sensor.

In an embodiment, the detector 6 is configured in use to detect one or
more interactions using the plurality of output streams 8 to determine if
one or more analytes are present in the fluid from which the sample
20 streams 10 were taken. Specifically, each sensor is operable to detect an
interaction caused when a'detecting agent corresponding to the sensor is
combined with an analyte corresponding to the detecting agent.
Accordingly, if the sensor includes an external coating containing the
detecting agent, end the sensor is exposed to an output stream 8
25 containing the analyte, an interaction may occur and the sensor may
detect the interaction. Therefore, the sensor may be used to detect the
presence of the analyte in an output stream 8 to which the sensor is
exposed. If the plurality of output streams 8 is provided to the plurality of
sensors, multiple analytes may be detected. In an embodiment, each
30 output stream 8 is provided to a different sensor, and each different
sensor is configured to detect a different analyte. Therefore, detection of a
plurality of different analytes in the output streams 8 may be performed. In

an embodiment, each output stream 8 may originate from the same fluid,



presence of the analyte in an output stream 8 to which the sensor is
exposed. If the plurality of output streans 8 is provided to the plurality

of sensongg 5 é(foisi%e anal ytes may be detected. In an e”?@‘il}s@g&%mo&%?h 30
|

output stream8 Is provided to a different sensor, and each ferent
sensor is configured to detect a different analyte. Therefore, detection of
a plurality of different analytes in t hd4out put streanms 8 may be perforned.

In an enbodiHgBfore Cfele NP Wi 5hé €8 RofBYadIy@sN# ahbf Aid hRasae f1ui d,
14 therefore, detection of one or nore analytes in that fluid my be

perforned. Parfaimeskodi nent, one or nore output streams 8 may originate
froma 5 different fluid source 12 to one or nore other output streans 8,
i.e. they may contain sanple streans 10 fromdifferent fluid sources 12. In
an enbodi neitt ancerabodinmte oné drhmoseabpE stegardet& atayt begisatee franalayt e. I n

an enbodj me one, or, nore the sensors detect ,a differenf anal yte.
" an enboansren i SHEfE J focindB) iR HBs BRIt et LS bt ol e

di fferent anrmlyytestair-eanpi@iteams N® FORE Aiffaralt ORI vdarcas Xt &y coating
conprising two or nore detectin ents, wherein two or nore of these

detecti ng a§BRCSINERY 0BG ENA? Phiner $RTSOE May detechifneswaite apriviedint f er ent
anal yte. 15hR gmbBaRRentT®SHe orNRCPONSH Md &erdolss AP ddEEed bifreront rol the

time at which each sanple stream 10 is obtained. In an embodi ment, the
control | er analte;dnfaparelpdimensng rengleheensofremay ehpearakie Ho glatpel st ream

8 is proyi d%lﬁﬁeadiﬁ@ﬁ%ﬁ{ja%l e gt "e%g{plé- tlf&%%n%[‘%}égi idfudeCyy ol Ler 4

may be configured to or'store flurd'during 1ts transitiron froma
sanpl e 20 sexieamlk®atiog aonmrising two oemord. détactinge agents, wherein tewbardi nent ,

the control | er b [ gur | h,u to_praovide sa or _all of the
out put st reién, eéfg@ﬁ%getggﬁ&gggﬁ% #%Crh §§%\ ey?'g '@3[66@9?16&%3? PEHdEnt i al | y
t he sane ti oka differehi snaigte, the system 2 may be configured in use to

si mul t aneously detect the presence of different analytes in the fluid. In

an enbodi nent,
15 In an embodiment, the controller 4 is configured to control the time at

which each sample stream 10 is obtained. In an embodiment, the
controller 4 is configured to control the time at which each output stream 8
is provided to a sensor of the detector 6. Accordingly, the controller 4 may
be configured to hold or store fiuid during its transition from a sample
20 stream 10 to an output stream 8. Furth'ermore, in an embodimént, the
controller 4 may be configured in use to provide some or all of the output
streams 8 to the detector 6 for analyte detection at substantially the same
time. In this way, the system 2 may be configured in use to simultaneously
detect the presence of different analytes in the fluid. In an embodiment,
25 the controller 4 may be configured in use to provide some or all of the -
output streams 8 to the detector 6 for analyte detection at different times,
such as, for example, in an ordered sequence. In this way, the system 2
may be configured in use to periodically detect the presence of a single
analyte in a fluid. Stated differently, the controller 4 may be configured in
30 use to implement a queuing system 2. Accordingly, different samples and,
therefore, different output streams 8, may be held in the queue such that

they are only examined for analytes once it is their turn.



25 the controller 4 may be configured in use to provide sone or all of the
output streans 8 to the detector 6 for anal yte detection at different
tinmes, 5%32@%/00}}&5 exanpl e, in an ordered sequence. | NnplhisE¥B¥ooke
system 2 may be configured in use to periodically detect the presence of a
single analyte in a fluid. Stated differently, the controller 4 may be
configured in 30 use to inplenent a queﬁf’ng system 2. Accordingly,
different s | ; ¢ if i5&dT% -be hel d
in the queug@g‘lﬂ%% hazdﬁgﬁg’\?g% rﬁﬁ) ‘ies;gfriﬂﬁleeg%g?tdaeﬁgflyt es pgﬂegermlyltnbi s their
turn. 15 Fhgeardancewivivdsious embndioieaty.am 48 of the above-descri bed
operation in accordance with various enbodi nents. At 50, one or nore sanple
streans 10 of a fluid under test are obtained. 5 In an enbodi nent, the or
each sanpl eAst0eane D merepsamppke $treama 10l of a flsi@liunder {est are ebbaidedent , t he

fluid source relating to, one or re sapple streans 10 y. be different to
the f1uidl sBLPREVRAIMERt 1 dread SagPl srvRn inpUMerRde aduidio A 52,
the or eachssaice! i aih eafBdlPent thé adid sodres Relating to ahbtor rAdrecstpple st reans
8, wherein each ou#gut stream i ncl udes at | east part of an obtai ned sanple

stream 10. $iheamsechbhomnbatdifferent 4o thglfluid seurer folating tte 0165 0B Maref or ned by
conbi ni ng ag@ePsanfié irbAGsUHp obt ai ned sanple streams 10. 15 At 54, one or
nore interactions are detected using the plurality of output streans 8 and
a plurality of sensors. In an enbodi nent, each sensor is exposed to a
differens OResof w6 BLK Airipfe WreBH! Rl SEEAB oty 4 Biuifins TRl R
sensor i S operable to detect 'an interaction using a correspondi ng
det ecti ng agieeamsn8t whaereims eack obitpat csireaes piooldideg anddadteparicoidiaai ngl y,

detection of,an ipteractiQn b sensor indi.cate the.presence of a
specific angP%fréeJ;&H’cﬁq%tsg@ﬁtﬁ)‘t'Heage%@ng¥§l'n??{‘ta %r%%@i"ﬁ%ﬁf,o PUbxt er nal
coating of &fhearnensds forpkddes cohtbikiagesihd/op spiring-up Pbadintbesarmpleodi ment ,
the controller 4 provides the detecting 25agent to the sensor in a fluid.

At 56, it iSUeRMENS ned whether or not the fluid contains one or nore

anal yt eg5 based on which sensors detected interactions. In an enbodi nent,
the specific anal ytes contained within the fluid may be 30 identified based
on whi ch spBEPfi eneRisHpPEe Hiewstiens ane detegted ysgrg the plurality of output

streams 8 and a plurality of sensors. In an embodiment, each sensor is

each

exposed to a different one of the plurality of output streams 8. In an
embodiment, each sensor is operable to detect an interaction using a
20 Corresponding detecting agent in the presence of a corresponding analyte.
Accordingly, detection of an interaction by a sensor may indicate the
presence of a specific analyte associated with the sensor. In an
embodiment, an external coating of the sensor includes the detecting
agent. In another embodiment, the controller 4 provides the detecting

25 agent to the sensor in a fluid.

At 56, it is determined whether or not the fluid contains one or more
analytes based on which sensors detected interactions. In an
embodiment, the specific analytes contained within the fluid may be

30 identified based on which specific sensors detected an interaction.

In the above-described embodiments, analyte detection may be indicated

by any suitable indicator. For example, the detector 6 may provide a light



16 and/or a sound to indicate that one or nore particular analytes are
present. In an enbodi nent, the detector 6 may include a display screen; and

t he det ecyenofs/gsgiopPr esent the detection results on thepgirgghaisosezgen. 5
According to the above-descri bed enbodi nents, it is possible to detect the

presence of one or nore analytes in a flgid. In an enbodinment, the fluid is
wat er and each detected anal yte indicates the presence of an inpurity.

Accor di ng: Yandlmaﬁl\éﬁlgﬁﬂ%aﬁdtc?&a étg@tlerriée%ﬁrﬂcri\bﬁﬂ ﬁfﬁ@lﬁlbﬂaﬁﬁaiytbs afeat %0
wat er qua It can be det ned an noni tore not her aav age 1s that
many differ@ Se@ﬁal"y@%?"’ﬁ%ﬁ{g"ﬂénﬂéf‘%&eé%ctgf Rureydeeuce @ disp q%Fg'ﬁ?\"'al ly.

Therefore, BRAY GeRIEH 6f byd pRedeHTeingr defBtYioRereleit8CoR dhel Risplay
enbodi ment, it Is an advantage that many different water paraneters and

wat er inpurﬁ@“@@ can be detected and nonitored. 15 An advantage of the

above-degcribed enmbodi ments is that nultiple analytes may be detected

si mul taneously since one or nore of the sensors may be exposed to an out put

stream at s@sstmimng i the aboyesdessribedenalsodiments, ihiermseﬁlﬂmto detesbtte It is

al so an advant e at _different 20 sens ose n out put

tream s ai POTSGP S One SRlSreBuglFthef s . FT Sa R STt he B fhe

presence of waiter and rezich detebicdeanaipte helicatos aie reséndes ofmnaivauritage of t he

above-described enmhodi nents t hat g ntlnuous 25 QItOE ggga be, achi eved.
P eAnRant

Speci fical | ﬁ‘cc’%' YreAR S2QAN RE ADYYE-QFCH dsitheb a
correspapdi REhtSEGILAIRE Ba®be UidMinEdl A ThoRitered. Mam%dvanﬁagé%eﬁépr

sensor in the tine order in which they were generated. For exarrple a first
out put st r e8AYoHEreNt apadytes rmay %n%@cﬁﬁdr sigtyitemept§lyber sepéydt@llyo a first

sensor for qﬁEF‘é?féﬂeO”rr%h adffferrértlt tﬂ';/ﬁH3 patdn{dRéRY Fhay d5d EdtbORRd B TRAUI re ten

time units to perform Accord
embodiment, it is an advantage that many different water parameters and

water impurities can be detected and monitored.
15
An advantage of the above-described embodiments is that multiple
analytes may be detected simUItaneously since one or more of the
sensors may be exposed to an output stream at substantially the same
time as one or more other sensors. It is also an advantage that different
20 sensors may be exposed to an output stream 8 at different times.
Accordingly, periodic monitoring of the presence of one or more analytes

may be achieved.

It is an advantage of the above-described embodiments that continuous
25 monitoring may be achieved. Specifically, a sequence of sample streams -
10 may be converted into a corresponding sequence of output streams 8
and exposed to a detector 6 sensor in the time order in which they were
generated. For example, a first output stream comprising a first sample
stream 10 may be exposed to a first sensor for detection at a first time.
30 However, detection may require ten time units to perform. Accordingly,
during the subsequent nine time units, second to tenth corresponding
operations may be performed in sequence. It is then possibleb to provide a

detection result every time unit following the tenth time unit, in spite of the



during the subsequent nine tine units, second to tenth corresponding
operations may be perforned in sequence. It is then possible to provide a
det ect i orwpesis/mwervery tine unit following the tenth ti meETSGR2012/000238pi t e of
the 17 fact that it takes ten tinme units to generate a single detection
result. This process may be | ooped in orqger to continue to provide one
detection result every tinme unit. Accordingly, continuous and real-tine
moni t ori ng faot that ik dakes tenh tihe Tumits ol gendrate desinglebdetectiany st dbwspri si ng a

mul tiple chapnel. _pi I ' n ray in accordan i.t h _var,j ous
enbodi nment s.%r%ﬁgﬁ%giggf'g%%de& %ﬁgf?é ﬁgétg}%en@t %'% 'd%a?ﬁ%égﬁﬁg'%( ﬁglﬂ{ of f-1ine
usi ng wet l@vehetimetunit. PeichedinglyTbestnutrishants reésiime eneritiring magd daul ky

i nstrunents, Lpn operation tinme, skilled personnel and the usage of toxic
chemical s. B6PN€¥the paraneters, the analysis time required may be hours or
days. Soge of these nethods have been automated and utilized in-line with a
wat er system However, the tedious procedures which they necessarily

i ncl ude” hi ndég felipwing dsseiihesia aystemsconmrisiig 2 melltiple ghapnetpiersglacdit i nuous

moni toring gbnyg Fay%%ké&r&ané\@%ﬁt?\é&ﬁoustQﬁb@&lﬂm‘éﬁbOf toxic chem cals

introduced into the'water systemincreases as the demand for water quality
anal ysis increases. The usage and di sposal of these chem cals can becone a

i gnificant ' . t] ‘ , d
S0 moni sor (pReiscof PRI Runth ctefereld cpfihe MRABILEY JEI 8B pel® |°°
cheni cahlooxyhemistrympettodCbEese methbdstenaire @ogtyeand batan thstidlentsamshg ot al
("o visPOPEYERdtne SEH erstrabant e e TuprB asehtiint o ot (o
conpounds WphfmdtersS thenardlysiatia’ feguisd ntdyche Asurkl driftgb] Som@l df@kesem NoO

aci ds and car bohydr at es. so, the accuracy of the results obtained from
t hese met hofet haxe | baege pylomated cando wilZad: insinewithha watesr SYstemi es used

and the | ocalohegdr, 4Ré tddidld BrocedGrednbhiBl ey hEes3SAIY IROYdERIMAR  eir
significantly between applications, for exanple, 1n"a range from60%to

90% Fuf®heppblicationnfer enlive, reaktimendadneantinuonst raenitiiagi efywaler anelityr s such

as pH, turbpgl ave?,”ﬁ]ec%%ﬁﬁ{ b itéx{%%ﬁgm%lsr flilodBEYa FRE! the PP s &tEnHST NY
t hese sinpl e physical nethods. .
increases as the demand for water quality analysis increases. The usage and

disposal of these chemicals can become a significant public concern.

20 Also, optical spectral methods can be used to monitor water quality
parameters, such as, nitrates and nitrites, chemical oxygen demand (COD),
biochemical oxygen demand (BOD) and total organic carbon (TOC)
containing substances absorbing light-in Ultraviolet (UV) to visible spectra
range. However, these methods do not respond to compounds without

25 unsaturated bonds, such as aliphatic amines, amino acids and carbohydrates. -
Also, the accuracy of the results obtained from these methods depends
largely on the composition of the water samples used and the localized
calibration. Accordingly, the accuracy may vary significantly between
applications, for example, in a range from 60% to 90%. Furthermore, only a

30 few fundamental water quality parameters such as pH, turbidity and
conductivity can be reliably analyzed online usihg these simple physical

methods.



I n an enbodi nent, at |east one of the sensors of the detector is a

pi ezoel ectric sensor. In an enbodi nent, the piezoelectric sensor includes
quartz cryet@alsmosoezoel ectric sensors are advant ageous peegedse/ obésy
provi de good sensitivity at a relatively lowcost. In an enbodi nent, the
pi ezoel ectric 5 sensor is configured squ that when its surface interacts
wth a target species (i.e. an analyte) change is produced in the

sensor's physigalentaid@ehi, eat (Sasthods  off Ble eeABBIsE of Viner dbteRtorf [seaency,
surface i npedance and surface acoustic wave. For exanple, the frequency

change (Af) PigFeciealrigagdnsohaliyan anpodmenbethex pieaseletrisysanser fibgivdei ng _
Sauer brey egyaf Qr‘}sga%r. rﬁi'éz%%léc?rﬁfgé%}grt rezadcv‘érfw)talg;eﬁgé Pgé%tﬁthggEH\ﬂﬂn wher ei n

fo is the resonant frequency ( € senso _ e piezoelectrically
active crysgabd gepsitiyitynal) a relgtively love-cdstndn ep emhbedienent: the ple@etgatis) ; and,
pq is thg s L AT- I [, . .

159/ cm sg) . Q?ﬁgozgn@g%f@{%{e%@ha@%ﬁgﬁgé}tﬁngfg%er F] é%r%&%fwérﬁ%?%rrz;égge Sric
sensor i s c(at eah anhaligtedree changenise progiuepd dn the iseasorcke pagsicalgpragerties) , such

as, for exanple, antibodies and polynmers that can.interact wth _a specific
Lype of gr oBCbPSofaPHRRIS VbEton fApiensy. Syriack mpsiichans SufRes

pi ezoel ect r kgosRidsPdveTFYr BRampRf tigdifrequdrizyashante Qapldue foakasekraideochem cal
measurenents. |n an enbodi nent, the sensor may be an el ectrochem cal quartz

crystal mi ckoBAFaMPe SXRIEeRFd B edollowipgsauerbriey equation formulae (1):

10
—2AmfE 212 :
Af = fo __ 0 _Am (1)
A\/Paliq A/Pqltq
wherein f; is the resonant frequency (Hz) of the sensor; A is the
piezoelectrically active crystal area (cm?); Pq is the density of quartz (2.648
g/cm®); and, Hq is the shear modulus of quartz for AT-cut crystal (2.947x1011
15 glom.s?).

In an embodiment, an external surface of the piezoelectric sensor is coated
with one or more receptors (i.e. detecting agents), such as, for example,
antibodies and polymers that can interact with a 'specific type of group of

20 targets (i.e. analytes).

In an embodiment, the piezoelectric sensor may be configured to additionally
take electrochemical measurements. in an embodiment, the sensor may be -
an electrochemical quartz crystal microbalance (EQCM) sensor. However, in

25 an embodiment, differently from conventional EQCM methods, the EQCM
sensor may be used to measure oxidation reduction potential (ORP) which is
an indicator for general water quality parameters such as nitrate, COD, BOD,
and TOC.



25 an enbodinent, differently from conventional EQCM net hods, the EQCM
sensor nmay be used to neasure oxidation reduction potential (ORP) which is

an i ndi cayorofsmos@eneral water quality paraneters such aeTRIGRIRI6023CCD,
BOD, and TOC. 19 The followi ng provides a detailed description of a system

for detecting one or nore analytes in a,fluid containing the
above- nenti oned sensor in accordance with an enbodi nent. 5 Figure 3 shows a

system 100 frhe fellowimge prosides aldetbiléd/dﬁwipﬁlﬁh iof@ dydteds ¢ dasstimgvéridiodn

enbodi nent. I n an enbqdi u\&g t he sy tem 100 inclu @es a sa Ier (not shown)
to int roduc@%?@?'yﬁeﬁd%?ge gcg}talgwrt 8 aBPVeINtigney seRsAr In ﬁ cRIdMeSodi nent ,

t he system JfR anerhssidsem. control ler 101 to distribute fluid sanple and
other fluids to detector 102 sensors in an 10 appropriate order. In an
enbodi ment, the system 100 includes an array of sensor cells with drai nage

(i. . a et @L ) %w S@mo%@%} ,?ﬁ\%h' A8s uaﬁ@l lmdrﬁ g{?’ped W th

pl ezoel ect ri sensors t ense Specl es con Ing to a
range of wabecordarxe wih pareamwnent Imamembdodoentetine, systmn QQQUmmmdlfﬁsO

i ncl ud a dat | sif,ion dule (i,e. .a data 15 cqui r

Irn'ngr lcj)prezcesgo?%ﬁéﬁ%%h%fé&@%%ﬁ%&?e sW%iﬁ'élqrs)”f & Eﬁaz ﬁ?urﬁﬁt%[ B'@f”@r e dat a
processi ng. systeran |ﬁm®mmemthehey§/smim irbhiided Begtiolleg 10001l e (i .
20F gur es. A9ERBUS  THESARE 706 UPE dBER 10 LSSHBT ciO SeBsOR Ead i ng
por ti on)g 208phrapAsteosrdanc ah ehbdaikeRoddrepiter NOGIN@IRAIbR B ay bhe
sanpl er 200 1 ncludes a sanple collection container (i.e. a storage uni t)

201. In an S¢AMiGRIRLWIth Iﬁ’éa@%@ﬁ)l(b? aoteteetenutes Ié‘[’naﬂ rgrabodiggnieadh | i nks
the sanpl e ggldspcldiog &ﬁjﬁpﬂdnﬁﬁthzﬂ%z%éé e@rif&eRs %6%55 | ?Rgﬁ .o an

enbodi nent, the 25 sa 200 1 nc s an out s t he
sanpl e col | ecelyien) c@mrzsbweg 2 1a t tangiee of owates| Iqealltiomaralmetans elmbaai nent ,

the outl et baer r. f t om of
the sampte SapPiinsts PRGN 08 pGubs bibaif KEySRBn dRGuliE e % BBty
i ncl ude1% ubasquarer) ¥@3 with, a microprocessor that converts physical signals to digital
data before data processing. In an embodiment, the system includes a
reporting module (i.e. a notifier) 108 to display real-time results and send

notifications.

20 Figures 4 and 5 illustrate in more detail a sampler (i.e. a samplihg portion) 200
in accordance with an embodiment. In an embodiment, the sampler 200
includes a sample collection container (i.e. a storage unit) 201. In an
embodiment, the sampler 200 includes an inlet 203 which links the sample
coliection container 201 to a main water stream 202. In an embodiment, the

25 sampler 200 includes an outlet 204 which links the sample collection -
container 201 to the controller 101. In an embodiment, the outlet 204 is
submerged under a fiuid level 205 and near a bottom of the sample collection
container 201. Accordingly, the sampler 200 may include tubes and valves,
such as inlet 203 and outlet 204, which connect the sample collection

30 container 201 on the one side to the main piping stream 202, and on the other
side to the controller 101 (Figure 3). In an embodiment, the sampler 200 is
configured to provide one or more sample streams 116 to the dontroller 101.

In an embodiment, the collection container 201 is configured in use to buffer



such as inlet 203 and outlet 204, which connect the sanple collection 30
contai ner 201 on the one side to the nmain piping stream 202, and on the

ot her si d®oO01Ydde146ontrol l er 101 (Figure 3). In an enbo@#CwE6R)12t0h&23sanpl er
200 is configured to provide one or nore sanple streans 116 to the
controller 101. In an enbodi ment, the calg ection container 201 is
configured in use to buffer 20 the wat er sanple streamfromthe water
source. St attleel Wetef ssasmle ystreame feamt tienwaterosoyreap Stater| 9'ff§t€lﬂﬂ¥s th@t er from

the water S%Bﬁﬁ%er%ﬁ Prﬁ)??éﬂl){ g{br%]mfaﬂﬁ f@%&/@?&%o e. lsc8&%r5ﬁ¢rll ed via

one or nore valves e sa Yact as a
bet ween t he afitiensamapler 268Q pﬁy;,bemm\trtolﬂed 5|ac<mﬁ orahbey vz—il@és A'Ebendm‘g]y ghet he

sanpl er 200 r ct the cont |l ey 101 f m damage causged t he
pressure anc?aﬁpé?% ?@f@%‘ ath 8y & F’H ThRetigen trBf’"ns g% yuP §'é%r§h?mre
parti cul ar | yohtrolfdrgon e TRerefdre Athe@apIer T may beoteetithé ebhtesliekAd1 ¥dm ncl udes
a punping device 104 and a sw tchi n% device 105. I n an enbodi nent the

r

punpi ng devid@EeE84CaHRRY RY G PrEsRYr ar\ﬁ’of"éwﬂﬁ‘Fﬁ)é’f filuid i RerseRin nedter t he or
each punp |SSUE9|19f| gured in use to provide an adjustable flowrate. In an
enbodi nent e punping device 104 is configured to control the fluid
streans flowi ng through tubes 106. 15 As seen nore particularly in Figure

5, in an em)%déé@rmnor Baﬂ%latrleH Hi é%‘ﬂh%%ﬁé&ﬁ«é&ﬁmet&%ﬁg ? Ier 101

is in fluid communication wth con ners I reservoirs)
fluid 120, rirgedesapumping devicel?, arahpbwitghing dévioe dOﬁZh‘h anmeihbodnfriamis h| ng

fluid 126. n bes 106 are co ed at ,20.0ne end to
cont ai ners dre BImBIECORIE o4 B g% o Sr Miste SRARRCIT Hp HrerE g

anpl i fyi ng fthelodead?durapds configagehiarael togrévide ds aﬂiﬁ%tadlmﬂm r@t&bﬁﬂbrmsnt , the
tubes 106 are ,connected at the o uts of the swtc devi ce
10 1 on e e mbubhfgntents T S iahtiRg o otioh oS kit o o
are connect %ﬂehmsfb%g)thfr@jghstuﬁésﬁb@ controller 101. In an enbodi nent, the
25 outputs of the controller 101 are connected to the inputs of the

det ect 0r19102. In an enbodi nent, the inputs of the detector 102 are

gonpﬁcgﬁde%é%ﬂhw@é]dﬁlé’ Ilé’iycltﬁlq*g%@r%% rﬁén %ﬁ%dﬂ@érﬁ iR ddition! t8'skgid Figure

’ streams 116, the controller 101 is in ﬂund communication with containers (or
reservoirs) of buffering fluid 120, regeneration fluid 122, amplifying fluid 124

and/or flushing fluid 126. In an embodiment, the tubes 106 are connected at

20 one end to containers of samples 116, flushing fluids 126, buffering fluids 120,
amplifying fluids 124 and/or regenerating fluids 122. In an embodiment, the

tubes 106 are connected at the other end to inputs of the switching device

105. In an embodiment, the outputs of the switching device 105 provide, or

are connected to, the outputs of the controlier 10,1' In an embodiment, the

25 outputs of the controller 101 are connected to the inputs of the detector 102. -
In an embodiment, the inputs of the detector 102 are connected to the

plurality of sensors.

As seen more particularly in Figure 3, in an embodiment, the direction of fluid
30 flow in the tubes 106 and/or the switching device 105 is controlied by a series
of valves 107. In an embodiment, the valves 107 are also configured in use to
permit or prevent fluid flow in the tubes 106 and/or the switching device 105.

In an embodiment, the values 107 and tubes 106 provide contamination



30 flowin the tubes 106 and/or the switching device 105 is controlled by a
series of valves 107. In an enbodi nent, the valves 107 are al so configured

in use taoyBeh{dosy Prevent fluid flowin the tubes 106 pg %/GQ 2;09@231
swi t chi ng evﬁce 105. In an enbodi ment, the values 107 an ges 10

provi de contam nation 21 control and f gldlc hol ding. In an enbodlnent,
the controller 101 includes the tubes 1 and the valves 107. In an

enbodi ment , cérteol @Hﬁffﬁlrdlélﬁolﬁir? th aaa(énh&)cﬁmem @ @6nﬂrc5neuae1tlﬁcm@ém@ nabs
pr edet er m ned pH in which it is added. In an enbodi nent, the

buf feri ng ftupes 19§@nﬂﬁB$M@é§Sﬂ% parts, an acidic part and an al kal i ne

part, wherein the two parts are m xed together in appropriate proportions
by the controller 101 to provide a m xture having a predeterm ned pH For
exanpl e, itImalyeinbodinerdathe huftering fluidnt 20 scecardigubed ewse 4o deaistain g agent

't or act T onPrasingd PPt v TRL xR 3R, R sFufiflnebufies ™ = ©

particul ar puiferiar fuidi 120 includes Wpamlm atilc past dred anrdlkagimeepant,n use to
obtain buffe iFr%c]Bfl UW%MO and add, it to one or nopre of output stﬁqreams 118.

Accor di ngl yY the QR RabE AL MIXFd LRFthehiE, RRSPRMIAE RIPPPRIORS ! eon nay be

15nore rel i adhtoliekN1@N eNpastidey .mixiaebnb{ing BIpfddétermidBdi pHC drai ned
within a reservoir which i1s in fluid comuni cation with the controller 101.

In an enbodPX&RAPle. itHeay bRtthe cree thatianiyersetien hetweerad detepling agentone or

di § Og ' Qut t an
enbodi ment . g S YTy et best K tnkf piviBe Piord dRidlebiable, TC o1
reservoir ointeragtion.even theaflyidtin ovhio tlpe)mtemtigﬂ qdegrss @t @ padioubdrr . I n an
embodi ment, a4 SASAindIC A RS nA0IE 61 MRby FRAELARIRY R%d%o obtain

bUffering fluid 120 and add it to one or more of output streams 118.
Accordingly, interaction detection and, therefore, analyte detection may be

15 more reliable.

in an embodiment, the buffering fluid 120 is contained within a reservoir
which is in fluid communication with the controller 101. In an embodiment,
the controller 101 may be configured to provide one or more different
20 buffering fluids 120 to an output stream 118. In an embodiment, each
different buffing fluid 120 may be stored in a different reservoir or a

different partition or portion of the same reservoir.

in an embodiment, a sensor includes an external coating having the
25 corresponding detecting agent. Accordingly, when an analyte -
corresponding to the detecting agent is present, the analyte binds with the
detecting agent. This binding action provides the interaction which may be
detected by a sensor to indicate that the analyte is present. However,
following detection, the analyte bound to the external surface of the sensor
30 may be removed, for example, to permit subsequent separate sensing
operations. Accordingly, in an embodiment, the controller 101 is adapted
to obtain a flushing fluid 126 which is configured in use to remove a bound

analyte. In an embodiment, the controlier 101 is configured in use to



25 correspondi ng detecting agent. Accordingly, when an anal yte
corresponding to the detecting agent is present, the analyte binds with the

detectin This binding action provides the inter ' ' may be
det ect edqggggfiagglsf‘gr to indicate that the analyte is prggyﬁt%ao%\b\@\gler,

foll owi ng detection, the analyte bound to the external surface of the
sensor 30 may be renoved, for exanple, £ permt subsequent separate

sensi ng Opegﬁc%\:jidw?ﬂe ﬁfié’tﬂﬁ&iﬂn XQGL}B GHe SITRRAL BeRkord BeteCddteeldrefp2101 i s

adapted to ain a ushfng fluird 126 which is configured in use to renove
a bound anatyremove koundnaoalytesntAccordinglyntheldostroller1 104 manfrrgpared i n use

to 22 provide I i g1 t ne 0T S t.he

det ect or 109% oggﬁsn%vﬁgogﬁgg%ﬁ%%t gsg?an%t%or%ﬁ%'F@, %tp%e&fzog'r?frg']lzl eaP‘ 101 may
pr epar e t heesdosionefitythe flostingdioid $2panay be thesane apdhabuffadng faidan

enbodi ne t,éﬁg flushing fluid 126 nmay be the sanme as the buffering fluid
5120. In%an odi nent, the flushing fluid 126 is contained within a

reservoir which is in fluid communication with the controller 101. In an

enbodi ment, the controller 101 may be configured to provide one or nore
different In an embodiment, the flushing fluid 126 is contained within a reservoir

which is in fluid communication with the controller 101. In an embodiment,
the controller 101 may be configured to provide one or more different
10  flushing fluids 126 to one or more sensors of the array. In an embodiment,
each different flushing fluid 126 may be stored in a different reservoir or a

different partition or portion of the same reservoir.

In an embodiment, a detecting agent is provided to a sensor via a
15 regeneration fluid 122. For example, the regeneration fluid 122 may react
with the sensor surface to form the detecting agent on the sensor surface.
Alternatively, the regeneration fluid 122 may include the detecting agent
such that contacting the sensor surface With the regeneration fluid 122
transfers the detecting agent to the sensor surface. In any case, in an
20 embodiment, the controller 101 is configured in use to obtain a
regeneration fluid 122 and provide the regeneration fluid 122 to one or
more sensors of the detector 102. In this way, the controlier 101 may
prepare the one or more sensors for interaction detection and, therefore,
analyte detection.
25 ,
In an embodiment, the regeneration fluid 122 is contained within a
reservoir which is in fluid communication with the controller 101. In an
embodiment, the controller 101 may be configured to provide one or more
different regeneration fluids 122 to one or more sensors of the array. In an
30 embodiment, each different regeneration fluid 122 may be stored in a

different reservoir or a different partition or portion’ of the same reservoir.



10 flushing fluids 126 to one or nore sensors of the array. In an

enbodi nent, each different flushing fluid 126 nay be stored in a different
reservoi rwonros/@sfsaber ent partition or portion of the sameT/sesenwoszs1 | n an
enbodi ment, a detecting agent is provided to a sensor via a 15 regeneration
fluid 122. For exanple, the regeneration,fluid 122 may react with the
sensor surface to formthe detecting agent on the sensor surface.

Al t er nat i velryan ehsbodegertethet anopliffihg fldid 1122 isepnfigadedde udectodsmhplifyiarg agent

such that contact.ing fhe sensor. surface with the regeneration f]Juid 122
transfers t e@&&'@@%\whﬁﬁaﬁwstﬁ ?ﬁ@"igﬂs‘%@cgd?f'ﬁ ded, tﬁﬁ??’é’a@@,'nq n an 20
enbodi ment, deftisANGT Hd @itetdblions FepnéxaiHprRd it tnals del thePlagbNthat an
regeneration fluid 122 and provide the regeneration fluid 122 to one or

nor e sensor §tgractine hedween G datgoting agent andyap analgednas BeY rioduge amy
prepare the I ; inat ef; i i : refore,
anal yte getg I :Jdr%.nt %lbﬁﬁﬁgﬂﬁégé é)JI 'rir%r?!té Fe'?‘%gwr gggggﬁﬁboﬂpfﬁ@ggm&%’ i's
cont ai ned withehinteracticssmay deramwiifiet byshe analyte dindimgntarthe @ampdifying fllidt he
controller : n i , e ni.Lo e.confiqured to
provi de one%%réo'}ét')r?% ’ditff?ggcr?cgeirﬁf@rg‘ég&\ﬂrrg%?ohéf{:Jﬁlﬁﬁ&u]r%zﬁ?)ésgn 80&9%%;’6
sensors of ahpligirgafiuidl i24mndOaddritotd orator macd of idutputesirearag et at i on

fluid 122 may be stqred i.n a different reservqgjr or a diffgrent rtition
or portion gﬁv?rﬁ%e scgrrﬁe'? og, that routpy; sfrealy, Q%néﬂi?reﬁ‘?r,‘sqh raﬁB"f"Q %i ng
fluid 124 | getsvlibhgunesbrdinghis e ifteradtibhi faetédtionnt SidC théreforel Chnggeirs in a
fluid to which it is added, thereby aiding detection of the interaction.
For exanpl e delqcliRym@ebe HBPEYEE - t hat an i nteraction between a detecting
agent and an anal yte does not produce a significant enough interaction to

be reliably detected. In an enbodinment, the interaction may be anplified by
t he anal yt e Ibiancemiodinarniethengmplfyinafluid Ji24. is monéaiaeed gyithin @heeseoyrir ol | er

101 may be A : | : i i £y |y dit to
one or mor e i et fid Polffurliga @t St (FEECHEUIAATY th ameoBBMERY (1 cam
118 to a5setimrcontollemalytmaytaetcecfigaed fc poodideging or mheraadifferantiet ect i on
and, therefqre..analkyt ction e _imr,eved. 1 n _an enbodi nent, the
anpl i fying Flﬂ"’&" hx'idg ﬁ%ﬁ%i%‘ea“@{h%?'}?ag“nﬁégeﬁ(}o?’} e\y\lﬂ?occﬁmfaggi ?‘la(fq] uid
communi cat i diffesehthainbifyingnfividl 124 nidd bel stoeed énraodiffeeait, rekeridiceoeant rol | er
101 may be royj d e or nore different anplifying fluids

124 to an o(éi fr‘l?'qtlsjﬁgqe'gg‘%‘?ﬁwﬂﬁoﬁquﬂ%ﬁﬁm HERTVOYaach different anplifying
fluid 124 may be stored in a different reservoir or a different partition
or portion of the same reservoir. 20 Various enbodi ments include a
reser voP fb’@rpéﬁ}ﬁpﬁ?ﬁ"ﬁiﬁ’g? d'i“i"H‘éjea? fesarMoir Joe keraporarthy storitgopefluig,
buffering flyed dL0¢oraekhipit,Ng blittbithgl 3Rrid 2120, a flushing fluid 126, a
regenerating fluid 122, and/or an amplifying fluid 124. In an embodiment,
such fluids are temporarily stored before the controller 101 obtains the
fluid, for example, for provision to a sensor or for addition to an output
25 stream. In an embodiment, the reservoir is configured in use to control the -
temperature of the fluid stored therein. In an embodiment, the reservoir is
configured in use to control the temperature of the fluid leaving the
reservoir. For example, the reservoir may include a heat sink to remove
heat from the fluid to lower the fluid temperature. Additionally or
30 alternatively, the reservoir may include a heat exchanger to add heat to
the fluid to raise the fluid temperature. Accordingly, it is an advantage that
where a fluid performs optimally at a particular temperature, or within a

particular temperature range, the system may be configured in use to



regenerating fluid 122, and/or an anplifying fluid 124. In an enbodi nent,
such fluids are tenporarily stored before the controller 101 obtains the
fluid, fovoeREMobBY for provision to a sensor or for ad@#CTiSEGRORMEI1 out put
25 stream 1In an enbodinment, the reservoir is configured in use to contro
the tenperature of the fluid stored thergin. In an enbodi ment, the
reservoir is configured in use to control the tenperature of the fluid

| eavi ng t he enssrer \that . thEomuw(ailsplneaintdi@ed esmzh)s/tahiriallyayati tichtupearictieat si nk

to renove heat fr mthef he f er gt ur ddltlonally
o 50To Cor TpoERe. BE witrih Sidrparfiiibr iBphtatuss (R adiahiin Bolg had hew
to the flui dsk@. Additienailg iff isWrflad edftagatthatewhéerc 8l @sys Idriger wifdh
advant age that where a fluid perfornms optimally at a particul ar

t enper at ur e SRRk Ri RAEIGYA P%l'lat‘frérrﬁ%!r Wthie & m@@cw%ée@p@faémemy be
configurgd irfhdis&nhkOsystémemay’ e chﬁth&% H Hég tbseﬁgi‘lrgttﬁéf‘% siuRpfantial l'y

at that particular temperature. or Wt hat particul ar tenperature
range, vxhenmamiiametﬁeusggsw@ally A@idthatonamcylaru temperaturgdvinvdigén tthat where a

fluid | asts t i erature, or within a
AR t%@@gﬁb% F‘a‘kg% whehdt {s Ja@"sto[gsap

particul ar tenperatur range,” the sys e configured in use to
ensure that the fl UI d I S mai ntained substanti aI |y at that particul ar
;?gfg&ét Y %rn \e/:VIm |merl1¥it HLe}lrdt Is:gzzrlrJ]lper n;t'aeyn% sro grt%rr{paor}grlly %?end Ilrtl |s being
10 reservoir before use by the controller 101. Accordingly, it may be possible
to set the temperature of the output stream by controlling the temperature
of the fluid sample, rather than, or in addition to, controlling the
témperature of the buffering fluid 120, the flushing fluid 126, the
regenerating fluid 122, and/or the amplifying fluid 124.
15
Figure 6 illustrates a sensor cell 300 in accordance with an embodiment. In an
embodiment, the sensor cell 300 has an inlet 301 and an outlet 302, both of
which are equipped with a connector for a tube, such as, a tube 106 of the
controller 101. In an embodiment, the sensor cell 300 includes an upper
20 portion 303 and a lower portion 304 which are arranged together to define a
sensor chamber 305. In an embodiment, the sensor chamber 305 is
configured in use to house one or more sensors of the detector 102. In an
embodiment, the sensor chamber 305 is formed in between the upper and
lower portions by pressing the two portions together with screws, nuts and/or
25 any other mechanical or chemical fasteners. In an embodiment, a volume of -
the sensor chamber 305 is adjustable, and may range from microlitres to
litres. In an embodiment, the sensor chamber 305 is sealed water tight at the
joint between the upper and lower portions with one or more rubber O-rings
(not shown). In an embodiment, the chamber 305 is linked to the inlet 301 and
30 the outlet 302 via two internal flowing channels 306. In an embodiment, the
widths of the channels 306 are identical. In an embbdiment, the widths of the

channels 306 are not more than about 1.0mm.



In an enbodinment, a fluid sanple may al so be tenporarily stored in a 10
reservoir before use by the controller 101. Accordingly, it nay be possible
to set thwotemmesabure of the output stream by control | ipog/sGher2toesper at ur e
of the fluid sanple, rather than, or in addition to, controlling the
tenperature of the buffering fluid 120, 4 he flushing fluid 126, the
regenerating fluid 122, and/or the anplitying fluid 124. 15 Figure 6

i I'ustrat esFyusersitlusteates a366nsar 40(Cacctkading tol vdrioas embodimeaty. .inlan an
enbodi nent, the sen 0{ cell 300 has %Epinlet 301 aE% an outlet 302, both of
whi ch are e§MPOAERERL the SERSAN AR I5r @ fRial-Sryeiah PIez0gIastrics Sensor 1Bk "83Y of ¢ he
controll er b ndise @miggtsidi nent, the sensor cell 300 includes an upper 20
portion 303 and a | ower portion 304 which are arranged together to define a
sensor chanber 305. In an enbodi nent, the sensor chanber 305 is configured

in use tp h r S f.: e 1 : N ephodi ment
t he sensgr gﬁ?ﬁbgﬁﬁgﬂggﬂéﬁg %o?ﬁggﬁﬁaghgivﬂw@gﬁgﬁ eg%'ggpoerrgg(?]dtjf%év@ lrgcg)rti ons by
pressi ng t hquanwciystals ist ingenteck intavthehabaveanentiongdsseasdr craraiseradfp ot her
nechani cal ﬂfi Sr}%géf' ﬁ}a f%ﬂ)gfﬂﬁén' 3@4@ se"?%%i%%@t hg.dvgl ?ﬁ gf tge sensor
chanber 305'i'9"% 1'us a'bFe, n Z\a%/ a gé F I‘d(S|Il[F Sy riyﬂass_ In an
enbodi ment , 40hearskreonectodnbemel) Selestrodsn lveibswa0®.r In izphtentbodinhent] ai nt
Sroves | v sRREER N B aShi el Bovidhechir o0 A5 el 183 ne 5o
the outhet @Q&tali401t ¥® impreVenakfirityoud B GornRks theCorydtaisanoemppdinent, the
wi dt hs of the channels 306 are identical. In an enbodi nent, the w dths of

the channel §M308imend. fbe Hipkoeshapl dbputntariaygmis aBow P enm-iln Wrates a
sensor 400 gafBHMhEH, e MATckfess %ﬁhﬁ@l@@at@%ﬂr iy %Ioﬁm@@'.m.1 I gy, sensor

400 is a dual-crystal piezoelectric sensor real -ti ne noise ellmnation.
5l n an erbo@mbedimeny, epnsideging shetwprrysiads 4@t,rdne aresislotO4igdon deteetitiong t wo

quartz crystal 1.5 I, 2L 104 - i r _chanber 305
(Frgur e o). ftahaftied e ST brhse GO GRAN R IRGhgt 2

cryst al $540an ambodonertcbettt drgstaisteaé nedunded inde paviatlelFortB&ionl andain adodeodi nent ,
a chromumor titaniuminterlayer is coated hetween the gold, 402 and the

10 crystal BE%"P'&}' ir{ﬂp%% %E'?ri' nﬁ fnoienionr?g"'@%rlad %ﬁ??'oc ga'c‘syfm{f'ga' 01. In an
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enbodi nent, the thickness o e gold |ayer is_aboyt 100.0 nm In an
enbodi ment | SEURSITRIL FEFR eSS epicabeapied Ay teyaihsl B by aor

det ecti ng apogftiehyag.40mi |l e the other crystal 405 is for background noise

referencing. In 15 an enbodi nent, both crystals are nounted in a parall el
formati 8% and in close proxinity to each other. In an enbodi nent, each

crystal is F?Néﬁiéhjf%%d{m%ﬁﬁﬁét&r#%g%yﬁt@np&ogfeﬁﬁ-fc é‘édé%f abohyﬁs%u# %ét?fiyng or

screeni ng spacer 6. I n an enmb , each crystal is electrica
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microprocessor. In an embodiment, the two sensor crystals 401 are linked to
the circuit board separately. In an embodiment, the circuit board contains
eight channels of data acquisition, each of which contains two sets of identical
circuits connecting to two sensor crystals 401 of one dual-crystal piezoelectric
30 sensor 400. In an embodiment, data acquired by the referencing crystal 405 is
used to cancel off background noise and interference in the data from the

sensing crystal 404.



25 board equi pped with an oscillation generator, a frequency counter and a
m croprocessor. In an enbodi nent, the two sensor crystals 401 are |inked to
t he circuw0 2omzmocidgseparately. I n an enbodi nent, the cir egrtsGheardoxsont ai ns
ei ght channels of data acquisition, each of which contains two sets of
identical circuits connecting to two sengor crystals 401 of one

dual -crystal piezoelectric 30 sensor 400. In an enbodi nent, data acquired
by t he ref elreanienpodirgettathedial cystad pikzbelectriccsainsof 40®bmckugies @wsliltii se and

interference dn the data fromthe sensing I 4, 6.1n an
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FRP el ect r o@gbodim&tas eNBn EOOM SR EOMd ghldadlattsdeSen tHe @ia gigient , as
in an EQCM sensor, the gold electrode on the quartz_ crystal surface can be

used as a V\éldﬁ??ﬁg caneka Usae ast aawotae eleskede . an (ORR dedrmsisdilfedt, a
metal wi e lohiRhefl, bbBPyiR TP bRRBAE ARbIOthABENSOT of8ldenddP as a
counter electrode. In an enbodi nent, suitable el ectrode netals are gold,
pl at i num an@ehi38Rdls. a rouniar elgpivederdntan embegimedh suitabieeslecitdecsnetals ode can
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reporting. Afectede canealsar thecwsad! o oimprioger ¢he3, acdueacyy sdferthera@RMcl ude
the data acquirer 103 for collecting electronic data fromthe sensors, for
exanpl e, thSRHERE " or nore anal og-to-digital convertors. In an 15
enbodi mapt, electronic data may be processed using mathematical nethods,
such as, the Fourier Transform for exag%ye;%to elimnate noise in the
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el ectroni c cfat3l embodimentydag rystem ik i eNfigure P R d3that er and

wat er qual i tyodeRsmBRIrRI pBffgC Ak GdleARreUsrlituIaf@bh Higera! 3, TRE k9gem such as,
for exanpl e,  principal con*‘ponent_ anal ysis and partial | east squares
regressi on. MAY influgle Eebdaanaequirer t 10 jorbeolierting piectionia dateafrpe thiet ect i on
s best whegeRet ofoRSaMbled BN BHHE 3 ridtRREbIHbSigll dbhbdidts anPay {1 cul ar
tenperature range. For exahple,“this tenperature or tenperature range may
be depenfenteniodirnentpelecireric datepmsy tieqprocesseausing mathesmatisahmetimdsyer, it

25 not i. bl ' t t put St Q. t ticul
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be possi bl e eleztronigsdate. irhen amthalimesteenaénirationfoft gudiutantin watdereand and

e i 11 or e AR PURERArE NG A AL FAICURIFar ATl SoUeiral MRASs RUSH BortBbr at urc.

30 Accor di ngikdmpld)@rifi@ibal cdefpones! addiysisiad partiaPrbbtdtiRfed RgR&sion. M a
tenperature conpensation algorithm 27 In an enbodi nent, the sensors 400

are operPble to detect a level of interaction, wherein the |evel of

I nteractionh il ERAbEGinfnt, AIRHY t|>é’fthé *&%séﬁﬁéte&ﬁ)é?\?\i@i At Kt l?eéslgkﬁéh IS

present. In an enbodi nent, the level of interaction correspon to the
quantity of Pereened tat ompagiquiart tampsratue or within a particular temperature

range. For example, this temperature or temperature range may be
dependent on the precise composition of the output stream. However, it may
25 not have been possible to bring that output stream to the particular -
temperature or within the particular'temperature range. Accordingly, it may be
possible to measure the actual temperature of the output stream and adjust
the electronic data received from the detector 102 to compensate for the
difference between the actual temperature and the optimum temperature.
30 Accordingly, the data acquirer 103 may be configured to perform a

temperature compensation algorithm.



5 sensor. An advantage of this operation is that the anount of an analyte
present in a sanple may be detected, rather than sinply detecting the
presence Wb 20t3®06m3al yte. For exanple, the fluid may be wrarTsSGendoedie
analyte may relate to a particular conponent of the water. In an

embodi ment, the presence of only a snmallyyquantity of the analyte may not 10
make t he vvater unfit for human consunption; however, the presence of a

| ar ge quant in yannambndimaertth#le/vaeesomﬂoo are dptenwlecmsletqmla)nevélhef efore,

it is an ad@n}aeth rthet Ee dltn to.%/%rious errb0| ts may
detect an afbER“"8f & ?/'Perk?y r%&' UIGRIeR L ALY 9’90n Fi gure
3, the syst esiré8fomdilig iaralytdevhieh mqbrefsemr 14 0dh @mﬁdoummd the les8l bp di spl ay

real -tinme results on a display, screen. 2)2 i ment, the data acquirer
r

103 may be HBRRCHARecPIIESRORACSICathe cSW@”BT‘Y 'etev%twé@ felestach dv; they

quantitys(i sBnsérev@ hd@anta é'dfttﬁlﬁéb&%ttléﬁ |§ych9f‘ﬁ1é35n{&’1rn? of YhSShalyte
Accordi ngly, one or nore threshol ga/%e est abl i shed, 20 V\/nerel n each
8

threshol d r eresest in@ gample|may b@ 9 | ratherntiiap simply eteteetingathsor di ngl y,
the notifie f r r d

dependence gné%ﬁegg%ft gﬁgggﬁéréou'r:\@atekggﬁé%r hlgcﬁlﬁlgr}n% %%étgt%tgfteﬂ to the
val ue of thanalyte ewpyndelate tthr as Imaﬂatulaxcwmmmrry of rthanwatdrodinent ,

notificatio ual i | ow rtain

Tt eshor ds. SBRmER: 368 briie iy Adtnpl ¥uahBordtn AaBREaEarhi ngs,

al ar s, 1and nml@cte.eswat@nmmt for dumaaa sonsumptiyn cmmemt tnpidyeheefofdependi ng
on the detetedlevJtl an gb rrent the Peft er 108 is configured in
use to send'#8Fi AHEY t?’orﬂ%a%sma Br upfi umaR RESHIPEPAet and a
wi fi networ Rharsory, A Bhaht adREsRGe thme,e dyStdvh BBSSTAER) \tbavaridesM or 3G

cel lular 30 network. 28 conputing device 1000. The foll ow ng description

of conput i n&”&@ﬂ"@émfdvé)’ﬂ@%?‘@%fﬁéﬁu'bﬁpfvmﬁhdﬁ REQRSEAS e only and is not
intended to be limting. As shown in Figure 8, exanple conmputing device
1000 includes a processor 5 1004 for executing software routines. Although
a singl 45pr dsesspmars paiinmtartyom Figeres3ikbe oystehatQ may dnsipde thegqadiei ce 1000
may also in t. SXYel( o) etedtoa
Communi cat | aRCap adEy b eI 2Ry Kok BHe ReRRERRCH Py SPeEP Wafbonent <
of conputi ngnﬂb@Wrm@t,lﬁ(&daﬁoamuuiecMomayrﬁa astfigurédinte chtemne acl ude,
for exanple,_a 10 co tions bS, . CF Ss- bar r uting
devi ce 1000 MAIPHLES; rr‘? a,(g %qHﬁP yn(bﬁ‘o elidgga!nagﬁ% i\ %A(Pé{rfﬂ@?access
menory (RAMnorartcbraoﬂeeqmnmmglypmeyorlm&e fhesshlt Yndye Ber ¥stablikBedny

1012 and/ or a renovabl e storage

| ud f di sk d
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drive, an omkt@r@ingw $te HbliflER 108 m&y1Send K@HflCBﬁGi‘?é’&)bﬂ)r%séMHoar@%lp@gdté/ﬁw 1014
reads fromand/or Wwites to a renovable storage unit 1018 wel | known

manner. Ren8¢agNdense anahe dﬁﬁi?‘itGQ@ﬂB)%y’f arﬁaméaraamalﬂsprpnmagﬂd thﬁg-het ic
tape, opticgh,di gk, hQr chgsﬂfnlﬁivsg e%H%l'ds A@c%qdlhgty QH Whi bhBRdinve

renovabl e st orage r|ve recil persons s iIIed in
the 20 rel evatificationg s)ay b@ﬁ@l&tablh@ watﬂfacg@htyndnopmr_ee:w neﬂtaldébre&holdaput er

Code 1 netr ubl (iSRRG R onoRaRng BTk GR R FaEn BRI S onaary

menory 1010 praxgsadaintrobsainimanads, or any combination thereof depending on the

L,J)

detected level. In an embodiment, the notifier 108 is configured in use to send

notifications as, for example, an email via the internet and a wifi network

and/or a short message service (SMS) message via a GSM or 3G celliular
30 network. -

In an embodiment, the role of the data acquirer 103 and/or the notifier 108
may be performed by a computing device. Figure 8 depicts an example



alternatively include other simlar neans for allow ng conmputer prograns or
25 other instructions to be | oaded into conputing device 1000. Such neans
can i ncl wste,2of3meemanpl e, a renovabl e storage unit 1022pamgcam2iondstf ace
1020. Exanples of a renpvable storage unit 1022 and interface 1020 incl ude
a programcartridge and cartridge interfgce (such as that found in video
gane consol e devices), a renovable nenory chip (such as an EPROM or PROV)
30 and assocompatmgsdmkmwmld' r‘(etfanwmgnieserbjtlensifoompetmmde\sscéomowd 29

interfaces 1020 ch al]low s re a tra ferred fromthe
renovabl e sPEVHS: n‘f"? b{0rpal) b \Aﬁ‘pqﬂcg g@eé}ﬂle%de% ting device 1000
al so i ncludes at | east one communi cation interface 1024 Conmuni cati on
interface 1024 all ows_software and data to be 5 transferred bet ween

conput i ng déSiKOWRODJ IgHE & @*ePPi carpHtng doyiae 40B8 ARRlvHeS? iPARFESEPh 1026.
In vari ogs Q@@%ﬂ%@tnn&%gﬁw&&ﬂﬂ}tlﬁés',Qlftr?dufgﬁcé st pRIIeEL rSis KeHorf O be

transferred between conputing device 1000 and a data communi cati on network,
such as a piasi the sritea obclasity, vearaputinga deyeenifi0famaynalaetingpie arawii es of

communi cat | FbéeQ &”?ggén%o%?‘o&e%oﬁq dlc'é’d&rfnéﬁ’ébe% 2 'E%H}ﬂ&@c% £ face

(such as Et erne a communi catl on por and the like war e and
dat a transf enfrastiuctuse ¢ 00Bniorn cmhrrmnmaahbervﬁﬁtcethbﬁz;d;rrmoeents ofheorhpnmng)f

si gnal s whi | ectroni.c |ca or er signal s
capabl e of D8 1R FoBT s SRR ER A6 v, BBlbE3ler Sl @ gnal <
are provpdedomenunitaitibhs basranosscledn, oNnétoel.f ace vi a conmuni cati on path 1026.
For exanple, the conputing device 1000 nay use the communi cation interface
1024 to communicate with the internet and/or external devices wirelessly
via WFi, BGoﬁrﬂautiG@MevBieuet)mbthhdﬁaacluEéeIadn@mnmmhorayt 1008, |ich. as ra an

enbodi nent utln devi 000, is confi uredto nicate with a
ot e 50, 5oyt S5 RS Oh (Rl ame Aceconda T daeRoha ORE St 1 and
retrieved fhwmdrbammfa@ ﬁbl@ﬁégﬂ)rV@lame hnhard @imbwlwammz bh@/oE @put i ng
devi ce 1000 may communi cate with the renote storage vol une using the at

| east one cHRMAYAN@SIAOE rriver 484 19Digh M3y JRclAgodifiapRY | dishdriven# e
st orage 50l WRnkfic da5e AHde SAR GEBaISYiRk &Five, or the like. Removable storage

drive 1014 reads from and/or writes to a removable storage unit 1018 in a well
known manner. Removable storage unit 1018 may include a floppy disk,
magnetic tape, optical disk, or the like, which is read by and written to by
removable storage drive 1014. As will be appreciated by persons skilled in the
20 relevant art(s), removable storage unit 1018 includes a computer readable
storage medium having stored therein computer executable program code

instructions and/or data.

In an alternative implementation, secondary memory 1010 may additionally or
alternatively include other similar means for allowing computer programs or
25 other instructions to be loaded into computing device 1000. Such means can
include, for example, a removable storage unit 1022 and an interface 1020.
Examples of a removable storage unit 1022 and interface 1020 include a
program cartridge and cartridge interface (such as that found in video game
console devices), a removable memory chip (such as an EPROM or PROM)

30 and associated socket, and other removable storage units 1022 and



25 As shown in Figure 8, conputing device 1000 further includes a display
interface 1002 which perforns operations for rendering i mages to an

associ at a0 a0 1030 and an audi o interface 1032 f or PE#ESGRONI0NER31
operations for playing audio content via associ ated speaker(s) 1034. 30
installed in hard disk drive 1012, or a garrier wave carrying software over
communi cation path 1026 (wireless |ink or cable) to comunication interface
1024. A conpntedaces 4020 |vwhige dillom seftware candl dateatmdei tamsfelired frgon itbal nedi a,

ot hor 51 gnareriracE el 0P E) SrbafbrbiReRa0,S, Ok For or ovi i ng

software to conputer system 1000. Conputer prograns (also called conputer

br 0gr am o kil A6 Bofdh FRIREY RG08H BbnSREANIRE YoitbaRLY 1010

Conput er prograns e recelved via conmuni Ca errace 1024.

Such conput ef028r ogoramsinickomhiatertacec 1024, alimys esuftwaret bed cdatautto nhe devi ce

1000 to perf,orm one Br mor e featﬁres of t%ﬂgata acquirer, and/or. notifier
n

di scl osed hdPAESIETed, PEYSED, SOUREERY SIS Ay pal, dg¥raERsviayfen

execut ed, enahirsuritatiopr satesI9e6. MOMMtidue ambddneniseabmntmicitiohheteftate
acquirer and{ grg notifier discl oseg herei n. Accordingly, .such conputer

prograns repCL4eRRMIE 3R 1¢ destrafisierry PeiANeFomButibsdRYice 4880 2582 ware may

be stored i iyafa COIMMLAICAISP ISR, OdUeH 2Nda | papiRd dal oorc?mafé htglevi ce
1000 using renovabl e storage drive 1014, hard disk drive 1012, or interface

1020. Al t er rRMMENigEtionh eerouFEpMplasy PhmoptBdlicstianajntedacidZdaded t o
conput er osyﬁﬁﬁ@aemgon%%h,c WoA | iRfeFrakat gsJéPuZ.GasT eﬁ%ts%@g’,arﬁ’ when

execut ed by the processor '1004, causes the conputing device to perform
functi ons ofconimunicatnaggdi rand 108 dikel/ dSofivatref eed de® diansfeyssd Vi@rei n. |t

3,018 S Ny 108 R0 e AL, SRR RS LY Y
25 conput i nglettronice eledGOmaaeiis optitaiterdthél signals Bapabte ot bbipdiraesived one or
o, 12t Ur 58, okl SOIBUL g, S2) 8 LOR0 Iy, cambIed LOSEEL.
devi ce 1800 gammieicaidni intérfdce GBECOMMIPIRLIER RARETI2E FdrSexample, the
computing device 1000 may use the communication interfface 1024 to
communicate with the internet and/or external devices wirelessly via WiFi,
3G/4G, GSM, Bluetooth, Near Field Communication, etc. In an embodiment,
the computing device 1000 is configured to communicate with a remote
20 storage volume (not shown) such that data may be stored in and retrieved
from the remote storage volume. In an embodiment, the computing device
1000 may communicate with the remote storage volume using the at least
one communication interface 1024. In an embodiment, the remote storage

volume is a cloud storage system.

25 As shown in Figure 8, computing device 1000 further includes a display
interface 1002 which performs operations for rendering images to an
associated display 1030 and an audio interface 1032 for performing

operations for playing audio content via associated speéker(s) 1034.

As used herein, the term "computer program product” may refer, in part, to

30 removable storage unit 1018, removable storage unit 1022, a hard disk



31 An advant age of the above-described enbodinent is that a nmultiple
channel piezoelectric sensor systemis provided for online nonitoring of
wat er quawpR9139WsEfret ers. I n an enbodi nent, the system PREISGAER/08023Ar r ay of
pi ezoel ectric sensors with different types of receptor coatings for
detection of nultiple water 5 quality papaneters covering inorganic,

organi ¢ and biol ogical species. Stated differently, different sensors may

i ncl ude di f installed wobardndisk sirivelet®, iofgp sgeier svavgheamrsying sefiwaceo@veng may be
capabl e of I G iof : A f .the

above-descr gg@%ﬁ%&&ﬁ%ﬁ 51 6?@%’“%? g%)f@gr?f F g?'?g}{oa?ré@g%@%&yé&ﬁ%f%?e sanpl es
from a wat erl024uAC eompufer peadatsg stnediuandah ninclade caaghetics argali® dmticahe sensor
cell array (i.g. detector rein.the piezagelectric, sensors are nounted.
Advant agesu Bt i b Hebrddp, B & Be Ay et baais Fo00F die & B ng.
change i p aomursdigedl. Fhede doynpitert PRGFAASHoTuctEUareh8&eviBesE fort PRVRNIRS em may
be configured such that warnings, alarnms and 15 process control comands

may be di speaffearedn commsielisysie™m d@d@R-e nonitor and be sent to one or nore
prescri bed recipients when certain water quality thresholds are reached.

The foll ow descri bes nethods of online nmonitoring of fluid, paraneters,
11 20 mocor ARt PRGET (IS BRLETBARET PRSI Aresioied BTt hod

for detecti pgendory! 1008! dddvoradecaRahytBemboRy #00.TbrApStaRBIRrams \|RGIdd cal 1y,
in an enbodi ment, the controller 500 receives as separate inputs: a sanple
stream S, aR@ faceiyedi\daremmunisaign fterace 1'024s Sreh t eonumiters pragiams.

enbodi t, SRS | | &R 0S1 to
0S8 usirrﬁg tk\@@ﬁnput géal’ rﬁyﬂ@@%}%%ﬁ%@ﬂéﬁ; ﬂ&%\}l}ﬁépﬁ)ogﬁ gﬁo@t\ont al nrs sonme of
t he sanpl e smaredeatnieseef the datapaequiter mndéor glotifigrediscipsed hénein. dn vadows For

exanpl e, 0S]: j , 0, ] 0 i 04
cont ai ns Rl%g%%ﬁ[@%ﬂ%g@%ccgn alt%rs%?} ansd%n é%gﬁgé%?glgﬁlse%%gﬁ%e r 30 0S7
cont ai ns R1 1804 térperfanma féxBres @fittlee dataRicqmirdr B3d/ot notifier elidaiudiederdrein.
Accordingly, such computer programs represent controllers of the computer
15 - system 1000. o

Software may be stored in a computer program product and loaded into
computing device 1000 using removable storage drive 1014, hard disk drive
1012, or interface 1020. Alternatively, the computer program product may be
downloaded to computer system 1000 over communications path 1026. The
20 software, when executed by the processor 1004, causes the computing
device 1000 to perform functions of the data acquirer 103 and/or notifier 108

disclosed herein.

It is to be understood that the embodiment of Figure 8 is presented merely by
way of example. Therefore, in some embodiments one or more features of the
25 computing device 1000 may be omitted. Also, in some embodiments, one or
more features of the computing device 1000 may be combined together.
Additionally, in some embodiments, one or more features of the computing

device 1000 may be split into one or more component parts.



each different amplifying fluid and different m xture of anplifying fluids
may facilitate detection of a different analyte. Stated differently, each
anpl i fyi ngof2ow/adedp each anplifying m xture may anpli fyPCRESG2OM2600ES1 i on
produced by a 32 different detecting agent / analyte pair. Accordingly,
the controller 500 may be configured to-getect nmultiple analytes in a
single sanple. Figure 10 illustrates a nethod of detecting two analytes in
a plural ity Asf advamitddecofethe abmvpidescidied emBrdingméds fhat &l inyltiplenclzannel

second anpi FSRSEE FrsShevddn BaToUR AT FTRPLRe ot A drinai s .
It is to be puraiﬁétetsocmd ahherhbodimewit, ite aystemLinblades bﬁrar@s&bfmezoeﬁectﬂ@ 100,

500, 1000, etc. nbo i ment, the controller 502 . f or urallty of
output st esREseR T UTRIRLLRET htrecRlor SomtRer dgRcien erBuBPROREr cach

out put skr e%ﬁhﬁt?rﬁa?érﬁéte%‘@o@rmbhﬁor?é%' Breinican® b l@e\|tsla@b.e§n3ta9édthe two
anplifying fluids. For exa S10 contains Si and Rl, whereas 0S15

contai ns S2 dffaently, differgnt eﬁ?@é@isnﬁﬂﬂy irclede differeptmoatings iafyfalgctingii d may
f | h
L e oy SO AR M

anplifying may arrp Ity th eraction erent
det ecting agent / analyte pair. Accordingly, the controller 502 may be

fi dt
Sompl o ©F o SEETe B oS A0 ShhdohiriERR € ndl icbbfold s
fi nger priont idraw afater $drplds %nuad/m'tem sadrce oo pipEn@Bpstem zhditelrftﬂod?de thkwey :)e ar
ence O ar | CU

water and the_ s ste be e o d t.th

speci es of 54 itQ R/\ﬁl %T‘Pﬁ?ﬁyc 'eﬁ @Y ﬁe c%;?cg‘?r)u‘ﬁg?rt% ifﬂe kﬂiﬁ%ﬂ?'%h%unptl on.
Fur t her nor e seflsdrk esr@nimothted. nsmhtatdé@ua@ctv@tera qUabty bearaBieterd amnal Ue t han

ot hers. Accordingly, in an enbodi nent, sensors of the detector may be

confi gured @Ralysed tky aletesting o ShangRainy e PAKTIEH ROPEEY ofndhe 1seneers.
bacteri a. AggithbRRgrel the sybtén rﬁgpsélaa%ﬂgure@!'wcﬁrtﬁaf waﬁ{msesalé}fnst&ed fluid

under test may be conbined wth different a flulds. For exanpl e,
di fferedf stregess avhtroheommandsimayhy dsplgre onroa éoqaaétoecrembteemamter action

in the preseng eoéeﬂ'tfafo%re ﬁmﬁ@ob}e‘%}éh% Féd%?rﬁ;yl ng &bﬁﬁw&t@ﬁq&@{t}?ro' er

may conbi ne each Sanple T a6 e of
anpl i fyi ng fihreskislds Brd teashedy whi ch, interactions may be detected using the
various out put streans. The detection data obtained for all output streans
may be conbi ned and consi dered as a whole by the data 33

The following describes methods of online monitoring of fluid parameters, in

20 accordance with various embodiments.

Figure 9 illustrates a method for detecting a plurality of analytes in a single
sample S. Specifically, in an embodiment, the controller 500 receives as
separate inputs: a sample stream S, and first to fourth amplifying fluids R1 to
25 R4. In an embodiment, the controiler 500 forms a plurality of output streams -
0S1 to 0S8 using the inputs. In an embodiment, each output stream contains
some of the sample stream mixed with one or more of the amplifying stréams.
For example, OS1 contains R1, OS2 contains R2, OS3 contains R3 and R4,
0S84 contains R1 and R2, OS5 contains R1 and R3, OS6 contains R2 and R3,
30 OS7 contains R1 and R2, and OS8 contains R1 and R3. In an embodiment,
each different amplifying fluid and different mixture of amplifying fluids may
facilitate detection of a different analyte. Stated differently, each amplifying

fluid or each amplifying mixture may amplify the interaction produced by a



acquirer to investigate the presence of the bacteria in the water under
test. For exanple, the presence of the bacteria may be detected using

mul ti pl e wolpisioosagp! es and multiple different anplifyi pgrisicdi@so@ad
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embodi ment, dtepalc§ed using the various output streams. The detection data obtained for all

output streams may be combined and considered as a whole by the data



25 process is controlled by the controller and is performed in a cyclic
way for continuous nonitoring. Figure 11 illustrates the above enbodi nent
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In an embodiment, sample streams pumped from the sampler are combined
20 and/or split into muitiple channels in the detector to form a plurality of output
streams. In an embodiment, the plurality of output streams are directed to
sensor cells with sensors coated with various receptors (i.e. detecting agents)
to interact with target species (i.e. analytes). In an embodiment, a frequency
change resulting from interactions detected at one or more of the sensors are
25 recorded. Accordingly, direct measurement of target species or pollutants (i.e. -
analytes) is achieved. In an embodiment, the sensor may be additionally
configured to perform ORP analysis. Accordingly, carbohydrates and amino
acids may be analyzed to determine the concentration thereof, so that the
concentration may be used for prediction of water quality parameters, such
30 as, for example, COD, BOD, and TOC. Therefore, data acquired from ORP
analysis may be complementary to, and correlated with, data acquired from

piezoelectric sensing.



25hi nder the detection of analytes. In various enbodi nents, a punping
device is provided to provide an intermttent flow of an output stream

t hrough aweagasgveel | . I n an enbodi ment, the punpi ng dePCESGeOINIZSEs a
peristaltic punp. In an enbodinent, the intermttent flowis generated by
activation and deactivation of the punpizag 30 device, i.e. the punping
device is alternately switched on and off. However, in another enbodi nent,

t he punpi ng Rie?d? cembadimenbs stepwisfui semriei Bew s withc intermnidemta séaticr Watat abi lity
of the stepwy . f A€ I i n and
off, the I Soagerafihey berbbortiod kT OR SpobAkiat, HRmdl M b o

oper at i on ofintetmeptpd@pid agntielddcly the cintretieranisueh v waethat eample: $teeams put

stream and t rate on. the g ut stream Stated differently,.the

sunpi g devigy GG dae Bshis SEH, < isihs 3Ttk ThERe Faita 1y s
operate en tboperatioh Wiéates aesiow fidoceiteldughy sensihg @egode tabasurdyeffddtivew t chi ng
on and off of the urrlgi ng devi ce rrg/ be avoi ded. Therefore, the stability
of the el ectFBANE Gatfd MR inenty dg __9%%"?‘?'%‘% Hengd 08 t O ‘yh?f_étri“?'rproyed.
I't is an adyaffuRosradm Via" in0dtatRMBRE: N mbNIRG Rafey StcBPbétiveRf OBialief Whi ch
all ows flexible arrangenents of sanple chanbers. For exanple, the system 10
may be conf idijferentlys dheisyeem g canfigheedasughy that idatay i polvagsauiredifranarl es,

anal yteq | n g duila B hben) Aeloflyld heaffTReReOlrbaEE vl te Y
sanpl es 1Any sbasarx dsi istalionaryt heesamet owhefi f ther eoutpui nefgean imeflowingor e ot her

sanples. It 4 nt Qe t . C I .S h,0Qgr lLe to deliver
out put 15 sz rdglgﬁtég%%yr%{’i%lgﬁcgh%%ea% Srr'%&&@ﬁ#ﬁ’?és“%%@? ogp?q%ﬁg]'ﬁ?f??%ne or
nor e buf f er iobtairfiedsiroln aesehsor. one or nore anplifying fluids. In an

enbodi nent, the controller nmay operate according to a protocol which can be

control |l ed, such as, for exanple, by a conputing device (e.g. conputing
device 1000)n & émbedimdyasbagk dfividiagi aHa epdliedisagiéritial Nednsty ifee
nonitoring of a wide 20 range of water quality paranmeters may be perforned.
It is al®adFaRtnupes SRORIRFNg lkaYehd BEIREIG SAeaticelntti Mavtrkeahimeekle ti me
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required, for exanple, to pertormwet chem stry nethods. ‘Il nstead, Vvarious
enbodi nment s completensttéaom  futaonembealirngntt ahe ohlimber fdf usehseangsdlle bt isans and

anal ¥se gbhe ablahinthddboy N9FE2/BL SATH dRbodiRRnR 350 88nRE1cNE RsufDhs:
N is an integral number. In an embodiment, a sample stream is divided into N
sequential portions and each portion is directed to a sensor cell n at time
t=nT/N wherein n is 1, 2 ...N. Accordingly, data from these N sensor cells may
be combined to recover the complete data line. In an embodiment, this
25 process is controlled by the controller and is performed in a cyclic way for -

continuous monitoring.

Figure 11 illustrates the above embodiment in more detail. In an embodiment,
it may take a sensor ten time -units to perform one sensing operation to
30 determine the presence of a particular analyte in an output stream. However,
it may be desired that a new sensing resulit is proVided by the system every
time unit. Therefore, to meet this operational requirement, the system may be

configured in use to take from a sampie stream 600 a new portion (1, 2, N,



37 Accordingly, detection may be perfornmed considerably faster conpared to
met hods utilising wet chem stry nmethods perfornmed by skilled personnel. It
i s an adwsotagmoefsovari ous enbodi ments that a multi-funetireGadizayetemis 5
provi ded. For exanple, the controller can be used to generate different

out put streans conprising different conbjnations of sanple streans, buffer
fluids and/or anplifying fluids. Al so, the controller can be used to
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In various embodiments, aspects of the system may be configured to reduce
bubbling of fluid, i.e. the formation of bubbles in the fluid. For example, the
20 various tubes of the system may be configured with rounded bends, rather
than sharp bends. In this way, it may be possible to reduce turbulence in the
fluid and, therefore, reduce the chances of bubbles being present in the
output streams when they contact the sensors. This can be an advantage
because such bubbles may impede detection of interactions and, therefore,

25 hinder the detection of analytes.

In various embodiments, a pumping device is provided to provide an
intermittent flow of an output stream through a sensor cell. In an embodiment,
the pumping device comprises a peristaltic pump. In an embodiment, the
intermittent flow is generated by activation and deactivation of the pumping
30 device, i.e. the pumping device is alternately switched on and off. However, in
another embodiment, the pumping device includes a liquid motion switch to

enhance the stability of the stepwise sample flow. For example, rather than



being identified as 706a (i.e. the square) and the other type being
identified as 706b (i.e. the triangle). In an enbodi nent, the anal yte 706a
and/ or t REO20B/0960706b i s bacteria. S5Figure 12b ill ust PETES2emO0028tE
exanple of a coating recipe, conprising a sensing agent 704b. In an

enbodi ment, the sensing agent 704b is didgf erent fromthe sensing agent 704a
of Figure 12a. In an enbodi nent, the sensing surface of Figure 12b may bind
to the sanetuyppg ot aadalffythe hguid meotioonswitah way freceordiguridytor eort@d thguch as,
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39 In an enbodi ment, a systemfor detecting one or nore analytes in a fluid
provides a multiple channel piezoelectric sensor system conprising: a
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buffering fluids and/or one or more ampilifying fluids. In an embodiment, the
controller may operate according to a protocol which can be controlled, such

as, for example, by a computing device (e.g. computing device 1000).

It is an advantage of various embodiments that online monitoring of a wide
20 range of water quality parameters may be performed. It is an advantage of

various embodiments that continuous and real-time monitoring is achieved. It

is an advantage of various embodiments that multiple water quality

parameters can be detected simultaneously.

It is an advantage of various embodiments that analytes may be detected in a
25 fluid automatically. Stated differently, no skilled personnel may be required,
for example, to perform wet chemistry methods. Instead, various
embodiments may function automatically to collect fluid sample streams and

analyse the fluid in those streams for the presence of one or more analytes.



5 process/reporting nodule (i.e. a data acquirer and a notifier). An
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Figure 12 illustrates examples of sensor coating recipes. In the embodiment
of Figure 12a, the sensor 700 surface is first coated with a first linking agent
702. In an embodiment, the first linking agent 702 may be avidin. In an
embodiment, a blocking agent (not shown) may be used, for example, if the
25 coverage of the linking agent 702 is less than 100%. In an embodiment, a -
sensing agent 704a is loaded onto the sensor 700 coated with the first linking
agent 702 in order to generate a sensing surface. In an embodimen’t, the
sensing agent 704a may be labelled with a second linking agent that is
complementary to the first linking agent 702. In an embodiment, the sensing
30 agent 704a is lectin. In an embodiment, the second linking agent is biotin. In
an embodiment, the sensing surface selectively binds to an analyte upon
exposure to a sample containing the analyte. In Figure 12a, the sensing

surface may be configured to bind to two different types of analyte, one type



10 advantage in situations where fluids, such as, anplifying fluids, are
added to the output stream Specifically, the controller may all ow the

out put st\rv?a}mg,d%p‘@ pre-processed before it is contacteg stlgoﬁmg&gi;or
Stated differently, while the output streamis being helg

controller, the anplifying fluid may be gcting on anal ytes |n order that a
more detectable 15 interaction is obtai R8d when the detecti ng agent is

later int rogélﬁg%éﬁtlﬁeéa§%€9r(l e.ltRe %u&@?gﬁdl Mthe@tyﬁ@%l '|8erﬁltff%dPJsoceSSi ng
cont ai ner rovid in the cont [er which i's con ured in use to

hold fluid @ (l@oihﬁgtﬂan@ﬁbdlﬂé@@@W@p‘ethﬂamﬁMeW@Gar@n&ﬂﬁ pealyte t he

pr epr ocessi may be one of the above-described reservoirs. 20 In
t he above- dzg%ézlgggeagﬁé}%)odl ments, the fluid in which one or nore anal ytes
are detected is described in general terms. Further, in various

enbodi nept s the1bui”dtis,twateth nlnbfo ?,é theflwdls dr|nk|ng
water, procE@Yely MUBLAleR | anp v%[t%%am??e% U8, "CqRS RFTRIRNG 2

reserv0| I Weérsingagestar G4vrantan2émbediatent, Haeesepsingi d4gent 70ablie difftertst ood

t hat variou odi nents are Zﬁuall ble for detecting one or nore

plic
anal ytes i n?rﬁrl’i'yt St $RE5INg| agent Ogarpffdgu Fo?z%jﬁrﬁﬂ gmbgginant. e SensiNgny gas.
| an embodiieie ofTRLA 26 ey bitidlol thedahiityol of difbib Wsngeerkhga

agueous solution, a Solution of organic conpounds, oil, a bevera €, such
as, nilk, asefaasophigurar 12 suchs @8a foraexample, dhe nanalger FQBk (B § or a

body T ﬁg]g "%ﬁp%)aﬁ‘\ a?lefiddhent! tHe Sé’%"‘@ﬁg@%%d {&Jre Grrﬁéypg fl u' d I's

a gas, may be reathihg air he vapour
out gassi ng onewr mdreqiiffereah@p% of apalytedas tmasemsmgwudm/et Bigsor ﬂaed

enbodi nment ar, t cl ose [ n e r. carried
using a tub%ﬁa\ a\é beL&S nd%r?s%n%@gg ﬁéqﬁ t('he F] ﬁﬁtb@ ﬁﬂ ‘&?)p’lt en to be
limting. | amibedﬂueritélef Figure 12dhend 92b sealy illastranelhud/ea aenysov @sraglhasinigt abl e for
carrying a fluid. exanpl e

b duit, 5
Cnimmel’? adhi B s sors s o irpais, oh dSiactng a6 P e Sl Aes o >

above- descr hRfigheq B QD4R 7083, tnatﬁéﬁ@blmeblén@mechtémovéwr when a
detecting agent and a correspondlng anal yte bind together in each other

presence. However, in an enbodi ment, an interaction may occur not when a 10

single detegpb Wn@ﬂﬁrﬂénlamF@u% ﬁng; Qluéﬂé{éétl?ovp'tﬁ@ sbﬁgﬂlﬂeéan BEtruMign two or

more different detecting agénts bind together wth one’or nore analytes. In
an enbodi neimproved biitasidag ao@Mrdfying egentndis. Wha@n embodigiest,dut avalyieg agent

and singl e 3061 Y14y BindyP 454 18hsinl YbEn ol WRsBindPhE0f IARIARLGNA! V! o0

bi nd together with one or nore agent’s
anal yt e2®rayhdme‘aa1 ﬁreganipdjfy'mg egeﬂte?OSamayntbegatnmd: withl theudralyde 7#06d to
m croor gani s

Mpur 1ty | RRAYCBcarRaReT Trrer i Bngelnagl 4t afalif 40 JRE 1) Dae.
her bi ci des, s@esihd Surtece. Il tHig) Jiay hosteotias of métar@IMe 706d oney; be improved.
In an embodiment, the amplifying agent 708 may be added to a sample
containing the analyte 706d. In an embodiment, the amplifying agent 708 may
25 be a gold nanoparticle (AuNP) labelled with an antibody (Ab), a protein, or an -

oligonucleotide.

It is an advantage of various embodiments that no toxic chemicals are added
to the fluid under test. For example, where an embodiment is used for
30 detecting water quality, the process of testing the water does not render the

water toxic or unfit for human consumption.



20netal conpl ex, particles, bacteria and viruses. In an enbodi nent, a
detecting agent nmay be an organic nol ecule, such as for exanple, an enzyne,

an anti baghy 29{3/@k4@" 9ani ¢ polyner. In an enbodi ment, a detRebiNPoRIENt May
be an inorganic nolecule, such as, for exanple, a salt or 25 an inorganic

polymer. In an enbodi nent, a detecting sgent may be a biologically
sensitive agent or a chemcally sensiti agent. In an enbodi nent,

non-1imting sxamdcimeht, @ SRR TbNEeRBARG dreCbM Aforel aHEdyte8NAla RLRK €1 NS,
anti bodi es, oligonucleotides, and inprint polynmers. In an enbodi nent, the
det ecti ng ap@videsag beultiple aghanpelypiezogigaitiei sensan istejdncenedsinge 2or a 30
pol ynmer, an_i anj c I aL,, r i b e coati ng
of the sensgé'BB\f?ﬁ’ngei% t gérjéoét F%é}ﬁn%?ﬂdgrsrég éé\?égﬁ ngﬂﬁggg%|.£r?%£5n
enbodi nent , pieaoelectnct $ergpoex giiped 3RIBT electrbdeshi(ing Bl detdéctanglandea Wafef er

solutions with different acidi,ty fromthe buffering.flujd, ,detergents, and
oot o8 o1 basesbrdsR i mBaE e A Ao delidiiid s mofiidn AT o BRSSO
whi ch can bearigigdeibofliaients igl ezt the N sRHE BanWmeRitdrt varfoudxwate qualityg sensor .
For exanpl e, ct with the sensor surface to

the regeneration fluid [re |
formthe qepa@m%arsaa@Hglna§$ﬂeB%eg$ yf&ff‘-ﬁa_@é! empedimpnt; penjoringhel
regener ati ogdp, BODERY HOC 9 GoHE Byt Nle SRINSSH diSordPates SahbrhiRBlaci@nt acti ng
the sensor surface with the regeneration fluid transfers the detecting
agent to thesisgriieroeigpticasensing carpleddith R anabysis ilnian ambedimpites of a
regeneragi o | 'y G y ; c m ,
ant i bod?%s, E%M”S‘Sﬁﬁc‘?@h%@s?%ﬁ%@ Bglogérlrlféé g&@%&g BilvotI [ .é?{fgtcﬁér:]%;n
enbodi ment , sequentipl séngingy Ihlam embediment.fsignal sibility is anhbecad by usimganpl i fy

an interact] ed: . I indi. |t d t] ent.. In an
enbodi nent , H?ﬂé&?#@eglgggf(?I%ﬁ”?rans%néé%a%ﬁm&%&%@%ﬂ e grﬁ]%%y?@%&@ﬁrmnh,g to the
anpl i fyi ng sigoaidstabifityais enfapdedtiyt using stépwité isagpiex flowl with driteamittentl i fyi ng
e e S0Rbn P18 51 S Sent e ad A s SRbdetesr

15 methods are used for noise elimination and data processing.

In an embodiment, it is to be understood that the detector may include any
number of sensors. For example, the detector may include 5, 10, 100, 500, or
1000 or more sensoré. Additionally, in an embodiment, each sensor may be
20 the same; however, in another embodiment, one or more sensors may be
different from one or more other sensors. For example, some sensors could
include piezoelectric biosensors, whilst other sensors may include surface
plasmon resonance biosensors, whilst other sensors may inciude
electrochemical sensors. In an embodiment, one sensor may include the

25 functionality of multiple sensors.

In an embodiment, the controller may form or generate the same number of
output streams as there are sensors of the detector. Accordingly, the
controller may provide a different one of its output streams to a different one
30 of the detector's sensors. Additionally or alternatively, the controller may
provide multiple output streams to the same detector sensor. Additionally or
alternatively, the controller may split one or more output streams and provide

each portion to a different detector sensor. in an embodiment, the number of



In an enbodi nent, a buffering fluid is any fluid which can be used to
mai ntain or set a predetermned pHin a fluid to which it is added. In an

enbodi e ~limting exanples of a buffering fl uipdi ,.agueous
sol uti ons%gfzgggfeaglé‘?e, phosphate, 4-(2-hyd roxyethyl )-1- %’?5@?‘?&#&6‘”3?

eet hanesul fon ic acid (HEPES), and tris(hydroxynethyl)am nonmethane (Tris).
In an enbodi nent, an interaction is the Bi ndi ng of an analyte with a

det ecting 38uBae8irearh8 MAy YEORMEBRAN thd U SH9dEBYoPReRESRRIE Hh OF .
alternatively, may be tenporary. In an enbodi nent, the binding may include

coval ent bi aabadiment tha numisdi otowtputistieanisntian denegs ithan theenurabercofoi ndi ng.
In an enbod;“rmggr ft&geéqwnggrsrmy I ncl ude coordinative binding. In an
237t e DTR /

enbodi nment , g may include netallic bonding. In an enbodi nent,
t he binding may include van der Waals forces. In an enbodi ment, the binding

may include electrostatic binding., I n an, enpodi nent. the binding may

nel ude BnzPvEPTE BPRUFHESCHER SRbRAimEney. G eaoyaler & pAMIERdSa ment
an i nt eract ¢grtrdlghé hiens abwaiich eactwbampliesteaimg étgaitedcavhed tHeytite _
presence of an analyte. In an enbodi nent, an interaction is the conversion

of an anal y@k Whigh &RChyoviRpt stieaahde RIPvidedet@ SRESAgehithe |gptagtor.

embodi ment , Akéﬁdﬁ%%éi&'ﬁtr@ﬁ& Rfay! 55BBAAGrea o KHIE Vr ablevbiy .dufiy be 10
permanent. I n an enbodi nent, a detecting agent and a correspondi ng anal yte

bi nd t oget hit¢ trangiticRdromta sagwle streamptad gaLuipwl slveary. dhis maydes B8spondi ng
10 advantage in situations where fluids, such as, amplifying fluids, are added

to the output stream. Specifically, the controller may allow the output
stream to be pre-processed before it is contacted with a sensor. Stated
differently, while the output stream is being held in the controller, the
amplifying fluid may be acting on analytes in order that a more detectable
15 interaction is obtained when the detecting agent is later introduced via a
vsensor. In an embodiment, a specific pre-processing container may be
provided in the controller which is configured in use to hold fluid
undergoing a preprocessing operation. In an embodiment, the pre-
processing container may be one of the above-described reservoirs.
20
In the above-described embodiments, the fluid in which one or more analytes
are detected is described in general terms. Further, in various embodiments,
the fluid is water. In an embodiment, the fluid is drinking water, process water,
recycled water, treated water, ground water, reservoir water and catchment
25 water. However, it is to be understood that various embodiments are equally -
applicable for detecting one or more analytes in any other fluid, such as, for
example, any liquid or any gas. In an embodiment, wherein the fluid is a
liquid, the fluid may be an aqueous solution, a solution of organic compounds,
oil, a beverage, such as, milk, a carbonated drink, a soda, a fruit drink, a fruit
30 juice, or a body fluid, such as, blood or urin. In an embodiment, wherein the
fluid is a gas, the fluid may be breathing air, oxygen’, or the vapour of a liquid,

outgassing from a liquid and/or a solid.



analyte and at |east part of the detecting agent. In an enbodi nent, the 15
unbi ndi ng operation corresponds to at |east one of the above-described

bi ndi ng ogeneiieese | n an enbodi ment, anal yte-specific pphrRedRrodse
I mobi lized on the sensor surface. The inmobilized nol ecul es are conbi ned

W th substrates and signal arrplificatioq particles. In the presence of the
anal yte, the substrate will cleave into frul ti pl e pieces. The 20 signal

anpl i ficati gntRasbove- @éscﬁbé@%h%dﬂﬁeﬁth%ecl/&%(%dﬂlﬁ@Q%éﬁ‘fsecﬁsc%ééd e renoved,
resulting in an observable change in detection signal. Thus, t hrough the

noni t ori ng HRNSRQYIeS orgREiRfbusIng altﬁbf'pdé@ltﬁlb@ ltr@eéﬁét)@? Hahéhe leemdube ént r at i on
of the anal yf ta'k@nttG%eslﬁﬁlﬂﬁ? Ftegé {a RinsIhoH U?%b[e to fnlaﬁndlarg kPN

conprises at |east one c reaction, and at [east one nsor det ect s
t he i nt er acsuitabléyfordarrying anfjuid. Ehysxaramlecﬂnartgbecauls!dle ayolpteha cindugast one

chem cal reg;chi?glqel_Agdiﬁgnaqlgﬁ%gltpgghqy bn%eﬂeg}ﬁ?gﬁﬁé reaction may include an

|norgan|% ction, an orgahic cal reaction. 30 44
| ocati on. Non- Iiniting exanpl es of a fluid analysis |ocation may be a water

treatnent f | i a . res r ant onesti.c house or, commer ¢i al

bt i, | lnd ey g by ERBipuisger o iashen g do ERBUEEeh Bat

nuner ous vaaet@t:tm%géna@db% doPdsporidihg Ahalyi@)biMe toFétRert th @aeh asthapr e of

t he above-descri bed enbodi nents w thout departing fromthe S{)I rit or scope

of the i nveRIGS§ACRSHBWRVRN i JLSEPPEERENtNaR ng@.sb@ma@d QqCHI ARt WiRR a
above- degcr ihgrt &@@emg”ﬂsaéﬁt a'woea dihgeelriRe ity e@ms bgﬁm@n'twoabﬂ

respects to bé illustrative and not restrictive. I's also to be
under st ood freae diieserddetratiog Paanigriird tfgetras vl mernprermal!desdom ned with

one o or o Eaie o BB e ORI RRNCE BrBolily BEBar ' O
appended cl alngle anallBteGbnAdl\ngéIheA Bt swteen two odaherst dlﬁngEanalytembmdanal ytes
inafluid, tog %er)(/v eomnt'ecéjr Brlescietgctlng agents.
15

In an embodiment, an analyte may be an organic molecule, an inorganic

molecule or a microorganism. In an embodiment, an analyte may be a

contaminant or an impurity. In an embodiment, non-limiting examples of an

analyte include: herbicides, pesticides, drugs, hormones, cations, anions,

20 metal complex, particles, bacteria and viruses.

In an embodiment, a detecting agent may be an organic molecule, such as for
example, an enzyme, an antibody or an organic polymer. In an embodiment, a
detecting agent may be an inorganic molecule, such as, for example, a salit or
25 an inorganic polymer. In an embodiment, a detecting agent may be a
biologically sensitive agent or a chemically sensitive agent. In an embodiment,
non-limiting examples of a detecting agent include: functional proteins,
antibodies, oligonucleotides, and imprint polymers. In an embodiment, the
detecting agent may be an antibody, a protein, an oligonucleotide or a

30 polymer, an inorganic material, an organic substance.

In an embodiment, a flushing fluid is ahy fluid which can be used to remove a

bound analyte from a sensor. For example, the analyte may be bound to an



5a controller adapted to obtain one or nore sanple streans of the fluid,
the controller being configured in use to forma plurality of output

streans, WwaGhisAMERAYt Stream conprising at |east part of ppRRc9h12icbezpne or
nore sanple streans; and a detector adapted to receive fromthe controller

the plurality of 10 output streans and conprising a plurality of sensors,
each sensor being operable to detect an 4nt eraction between a correspondi ng

det ecting agentRBathd 6 the SBASKE RACRITING GoathBnditied BbteBfldo&Nt | gur ed
in use to detect one or nore sald interactions using the pluralTty of

out put st r edm@nt embediment,neori-fimiting éXanples ohtaaflushing éluisk inciude: bbfei d

anal ytes. 2. cl ai. er ek . €Ol I di ecting
agent of onSO@p 8?%éﬁ%%meg%?ttgf%6&féd&% égﬂfés}mbgﬁ’r'rééodr eéﬁagﬁqubﬁﬁggiai‘hcsor. 20
3. The systsoivefitscl ai m 2, wherein the interaction detected by said one
sensor conprises binding of the corresponding analyte to the corresponding
detectina agent, and wherein the controller is adapted to obtain-a flushing

fluid confi guaR@mbddihént! 8 reervrstich Mad ilampalidtvhich Ban 6eMisealtd srmPei ng
configured in use to provide the flushing fluid to the 25detector to renove

the bound c@r AE5EAGI 2RENANANGR it 1iPoRXRABEY dhed sEERSOF-. Far erganigstheam of any
preceding. ohldRARFAAUIs TS RoR Al (e dendi ARk flely BKARS deibaiRNer ati on

fluid config In use toforma detecting agent en expose 0 a
sensor, theagent ool ther seesery sudace.gdtethativelys déheorggenerationt Huid eaner at i on

Fluid L 9! PHANEHO el o8 Db LA HEP RBALNAG RL SehisBP sAREEL iy One o
the plurality of sensors posing sal d one SBNS3rr A6t he régeneration
fluid. 46 e fégeneyatienfloild tchrafensdthevdheteeiimg Bent gtheeserisonrsuifaced

compr 1525 e 0ERRARIEN " oSTEIL MRV pECEaRRRR, RS Refegls, oene
sai d 50ne seRé&micallp. mbfiesy StiadticHal Clpadteins, Oantibodies! heligoruthgdtisiesg:
imprint polymers, and biotin.
15 : v
In an embodiment, an amplifying fluid is any fluid which can be used to
amplify an interaction caused by an analyte binding with a detecting agent. In
an embodiment, the interaction may be amplified by the analyte binding to the
amplifying fluid. In an embodi'ment, non-limiting examples of an amplifying
20 fluid include: functional proteins, antibodies, oligonucleotides, polymers,

nanoparticles, micro-beads.

In an embodiment, a buffering fluid is any fluid which can be used to maintain
or set a predetermined pH in a fluid to which it is added. In an embodiment,

25 non -limiting examples of a buffering fluid include: aqueous solutions of -
acetate, phosphate, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), and tris(hydroxymethyl)aminomethane (Tris).

In an embodiment, an interaction is the binding of an analyte with a detecting
30 agent. In an embodiment, the binding may be permanent or, 'alternatively,
may be temporary. In an embodiment, the bindihg may include covalent
binding. In an embodiment, the binding may include ionic binding. In an

embodiment, the binding may include coordinative binding. In an embodiment,



a regeneration fluid reservoir adapted to tenporarily store the
regeneration fluid before the controller obtains the regeneration fluid,

10t he reggpeoAldopnof ! Uid reservoir being configured in pggsQoeRdssp! the
tenperature of the stored regeneration fluid. 7. The system of any

preceding claim wherein the controller is adapted to obtain at |east one
anplifying fluid configured in use to aftplify an 15 interaction to aid

det ection tF\‘”e’tﬁﬁcfijYnéy ﬁn@ﬁ‘ﬁ@rmeﬂé\h@ b%ﬂaingolnlsﬁ efBoBfn nﬂ‘hb%cﬁﬁ% {ﬁ%se to

add the at ast ohe anplifying one of the p urallty t put
streams. 8. inThglesyat dar aai$ é¢rne:~7 Inf amterm@bodmﬁptr |tberbg1dlrm)ama>amudw| ng

[0S eser R oABAP AL 1 PR kiert flerohdfoThe) A BRRRAE, Y "0

anpl i fyi ng binding, i.essndiog of Beiengynsenfi gured in use to control the
terrperatgre of the stored at |east one anplifying fluid. 25 9. The system
of any preceding claim wherein the controller is adapted to obtain a

buffering fliaf e@BbiigrErEdah Nntésgetion BIHA abiversibh esfehedateafd Bhehn an
output streamto which it is added, the controller being configured in use

to add the BeHSeSrGemresances’ ananalyte-He apimbadimenbandttefntionds thens. 30
10. The syst ghvafeia s BhoHRME dable gg(tw@sfe%bnc@aﬁagietéd%.ﬁgpégéhalnhtam of

sensors is housed within a’sensor c havi ng an adj usta vol unme for
recei vi ng aepoedimsntothe genvdrsionemayubel tempoesry oar ;ajterrﬁtwebmsna)sdned one 47
sensor @l ng Ie to detect the interaction using the portion of said
one out put ?ream received in the sensor cell. 11.The system of clam 10,
wherein the controller conprises a punping 5device operable to adjust the
flow of sai fin gﬂeer%B Blmen‘ctt reger?ecmé)ua%ent and a corresponding analyte bind
tdgether and the interaction comprises unbinding of the corresponding
analyte and at least part of the detecting agent. In an embodiment, the
15 unbinding operation corresponds to at least one of the above-described
binding operations. In an embodiment, analyte-specific molecules are
immobilized on the sensor surface. The immobilized molecules are
combined with substrates and signal amplification particles. In the
presence of the analyte, the substrate will cleave into multiple pieces. The
20 signal amplification particles attached on the cleaved substrates will be
removed, resulting in an observable change in detection signal. Thus,
through the monitoring of signal change, it is possible to determine the

concentration of the analyte in the solution.

25 In an embodiment, the interaction comprises at least one chemical
reaction, and at least one sensor detects the interaction by detecting a
physical change caused by the at least one chemical reaction. In an
embodiment, the chemical reaction may include an inorganic reaction, an
organic reaction, a biochemical reaction.

30
In an embodiment, the system is provided in a portable casing so that it may

be carried by a user from one fluid analysis location to another fluid analysis



t he sensor cell. 12.The system of claim 12, wherein the punping device is
configured in use to provide an intermttent flow of said one output stream
t hrough hQbheiszeem@r cell. 13. The system of any precedi pgTSlcahiFooy3€r ei n
the controller is configured in use to provide one of the plurality of

out put streans to the detector at a diffgrent time to another of the
plurality of output streans. 15 14.The § stem of any preceding claim
further congichfibd Mon- nmﬂ.ngaéaan%le@@mt ﬂlﬁidt&dlwse!d&tléﬁ&néﬂ Beds iz a fluid
source and conpri Si a storage unit for tenporarily storing the fluid, the
sanpl er bei Hgalewmt fifamédi reﬁta%@tt@dpmemuf Reusser ®compreEcialdiidingst r eans from
20the fluid stored in the storage unit. 15. The system of any precedi ng
claim further conprising: a data acquirer adapted to receive

el ectroni c Hatith berapmreciatedfbyt aepepsan akilled) inothesam slatsnumérensivariatiens

el ectronic nd det e of, 25t he Qrrespondi.ng to said
one_ senchr . Sa/Br mUBNET: BRACES e 0,00 "G R En i FobraRRREE Lo, oF
the data ?Cqmbbdﬁnems Qmﬁbabﬂepérﬂngj em];err\tleeebmt:tgrmabpedﬁttaefum\ﬁmtleaiai;hone )
sensor only e ice flows said one_output strea roug
30t he sensoPro@QR’I Qe%g'ﬂ,"ﬁ 'ﬁd @‘r‘?{tlaﬁ’r"%’pe@he Clgi% gr Bifd a?eavgéea rBﬁ?’[ed at
said one seBgBbdinfdiis &1‘1;-‘9rtl‘i’ér@fdré@etofllﬂat BordidBEd & all Sesiectd BUbEAlusiatiee to use
t he indication of the background noi se to cancel background noise in the

el ect roni ¢ @ad got restrictive.
10

it is also to be understood that one or more features of one embodiment may
be combined with one or more features from one or more other embodiments
in order to form one or more new embodiments, without departing from the

scope of the_appended claims.



5 18. The system of any preceding claim further conprising: a notifier
adapted to receive the electronic data fromthe data acquirer, wherein the

notifier Wa&g%;ﬁured in use to generate a notificati o?glg;eggggzﬁﬁ)@ gpce on

t he receive ronic data. 10 19. The system of any p ng c

wherein the correspondi ng detecting agent of one of the plurality of
sensors is different to the correspondi i§ detecting agent of another of the
plurality ogLag@gors. and wherein the interaction relating to said one
sensor |nd|cates the 15presence of a different corresponding analyte to the
interaction relating to said other sensor. 20.The system of any preceding

claim wher f sensor | S. operaé to d tect a

| evel of in e?‘agyﬁgﬁI fémﬁspe[cﬂﬁszéji e'EBB%&inﬁ %lsét"écat H 388n§ys WHerein the
| evel of i nteranpriding:ndi cates an anount of the corresponding anal yte which
is present. 21.The s precedi ng cl aim V\:hE[EI n the |n eraction

f .a
conpri ses bi ndi rfy°PB glﬁ?fe?g?ﬂtea %"f“r”e% Hﬂlrﬂﬁredé?’@eq sseame Rt thed the 25

correspondi ng flapglyé eonfolbrhang Icanﬁguﬂeaaﬁtus@n@ @%S@ Pll}ﬂ&ﬁt?%tf%u‘t
i nteraction by detectlng a physical change caused he bi ndi ng operati on.

22. The systemssﬁamweﬁﬁa@@mutgst@aa’ ﬁvmm@mail@ﬁétmpéé)p@mi.thg 0pe
det ecti ng agep} m'ad}g stalﬁf'f)% gﬁg@gﬁang anal yte bind together and the
nbi

i nteraction conpri ses n I'ng of the correspondi ng anal yte and at | east
part of the corrasietectohgqdaptesctd mgceiyerfromatie whetrelier the plwality ofo

10 output streams and comprising a plurality of sensors, each sensor
being operable to detect an interaction between a corresponding
detecting agent and a corresponding analyte, the detector being

~ configured in use to detect one or more said interactions using the
plurality of output streams to determine if the fluid contains one or more

15 said analytes.

2. The system of claim 1, wherein the corresponding detecting agent of

one of the plurality of sensors is formed on said one sensor.

20 3. The system of claim 2, wherein the interaction detected by said one
sensor comprises binding of the corresponding analyte to the
corresponding detecting agent, and wherein the controller is adapted to
obtain a flushing fluid configured in use to remove a bound analyte, the
controller being configured in use to provide the flushing fluid to the

25 detector to remove the bound corresponding analyte from said one -

sensor.

4. The system of any preceding claim wherein the controller is adapted to
obtain a regeneration fluid configured in use to form a detecting agent"

30 when exposed to a sensor, the controller beingiconfigured in use to
provide the regeneration fluid to the detector to form the corresponding
detecting agent of one of the plurality of sensors by expoéing said one

sensor to the regeneration fluid.



one sensor detects the interaction by detecting a physical change caused by
t he unbi ndi ng operation. 23. The system of any preceding claim wherein the

mterachwazG%H ges 5 at | east one chem cal reaction, P%E%G%r(ﬂ g at
| east one sensor dfet ects the interaction by detecting a physical change

caused by the at |east one chem cal reaﬁélon 24. The system of any one of
claims 21 to 23, wherein the physical nge 10 is at |east one of the
foll owi ng group: a change in mass, a change in electrical resistivity, a
change in el ectrical conduct|V|ty, a change in refractive index, a change
in el ectricdcUheesistem ehalage 4.nwvaerein the rp@@rmatlan fuids comprisessiet em of

claim24, wherg r@sé@ﬁdﬂ@@é&ﬁ’ng {Ef;élﬂ%n%c&ﬂo%uP?h |da6n«% %éﬁéo he=Ts ot

26. The system o y pr Ing-c wher'elin ete g agent 1 s one of
the fol | owi ngregengratiam flaid troosfers thecotresponding cdatga;imgcagem tesaid

20pol y , an inor an| c material, an organic substance. 27.The system of
any precedi ngogfeasl Oltherein one of the plurality of sensors is at |east
one of the follow ng group: a p| ezoel ectric sensor, an el ectrochem cal

sensor, trochem cal quartz stal 25m crobal ance sensor, a surface
pl asnmon resgngﬁ‘@eﬂ@m Iaél'%‘g ﬁ'afg"f%ﬁr FRAREEINSn potential sensor. 28.A
nmethod for det e%'ﬁé@eﬁ@%ti@h A0ide redat ¥ eadapted td ltéﬂwpo?é}ﬂyn%ﬁa@dthe
cornprising: 30o0btaining one or nore sanple streans of the fluid,

forming a pl uregensraten duic befase rthamontoden obtainsthe reaansratinpiuidng at
| east pggt of tﬁé‘?e@énéraﬁor‘?% ooFe \r/@n BRI ?oﬁfﬁ}{lﬁégﬁln usePto cofifbiefki N9 one
or nore Interactions using t ura ity "of output streans and a plurality
of sensors, V\M@neerate@cwtbewdlrsgembhélum) detect an interaction
bet ween a correspondi ng detecting agent and a correspondi ng anal yte, and
7. The system of any preceding claim, wherein the controller is adapted
to obtain at least one ampilifying fluid configured in use to amplify an
15 interaction to aid detection thereof by a sensor, the controller being
configured in use to add the at least one amplifying fluid to one of the

plurality of output streams.

8. The system of claim 7, further comprising:
20 an amplifying fluid reservoir adapted to temporarily store the at least
one amplifying fluid before the controller obtains the at least one
amplifying fluid, the amplifying fluid reservoir being configured in use to

control the temperature of the stored at least one amplifying fluid.

25 9. The system of any preceding claim, wherein the controller is adapted -
to obtain a buffering fluid configured in use to maintain a
predetermined pH in an output stream to which it is added, the
controller being configured in use to add the bufferingvﬂuid to one of
the plurality of output streams.

30

10.The system of any preceding claim, wherein one of the plurality of
sensors is housed within a sensor cell having an adjustab(e volume for

receiving a portion of one of the plurality of output streams, said one



S5determning if the fluid contains one or nore said anal ytes based on the
one or nore detected interactions. 29. The nethod of claim28, further
conpri si yofeornopot he correspondi ng detecting agent of POmSGa61210hE31
plurality of sensors on said one sensor. 10 30. The nethod of claim 29,
wherein the interaction detected by sai ¢gyone sensor conprises binding of
the correspondi ng analyte to the correspondi ng detecti ng agent, and

the met hod f ursdnsor beingroparsbledaulstest thadntecaciidnaming theopaitiog of Sardl yt e

fromsaid one &gggﬁrgu%trgm%g%geaﬁggjneg 5;,@3;6_?%%? to a flushing fluid

configured in Use nove d boun 1. The nethod of any of
clains 28 to 30, further conprising form ng a correspondi ng detecting agent

of one of t luralit f sensors, by.20exposing said gne sensor.to a
Fegener at i orl 11 R a7StsH #REIHEL ROAVRFEl drencoRtolsie FRmAToRe & BRI | on
fluid cogpri segevid® operdbhs RO Rdjutd tHE R bR GarDBARE APuESPESHr Bréigrai d one
sensor to the regeneration fluid transfers the correspondi ng detecti ng

agent to said tW8$$8seeRlbr . 33. The method of claim 31 or 32, further
conpri si ng: tenporarily storing the regeneration fluid before exposing
sai d one sensor to the regeneration fluid; and 30controlling the

t enper at ur e 18fThehsystegent claimot?, fwherginthe pumping selisienig configured in

use to provide an intermittent flow of said one output stream through

10 the sensor cell.

13.The system of any preceding claim, wherei_n the confrbller is configured
~in use to prbvide one of the plurality of output streams to the detector

at a different time to another of the plurality of output streams.

15
14.The system of any preceding claim, further comprising:

a sampler adapted to receive the fluid from a fluid source and
comprising a storage unit for temporarily storing the fluid, the sampler
being configured in use to form the one or more sample streams from

20 the fluid stored in the storage unit.

15.The system of any preceding claim, further comprising:
a data acquirer adapted to receive electronic data from one of the
plurality of sensors, wherein the electronic data indicates detection of

25 the analyte corresponding to said one sensor.

16.The system of claim 15 when dependent on claim 12, wherein the data
acquirer is operable to receive electronic data from said one sensor
only when the pumping device flows said one output stream through

30 the sensor cell.

17.The system of claim 15 or 16, wherein said one sensor is additionally

operable to detect background noise and include in the electronic data



tenporarily stored. 51 34.The nethod of any of clains 28 to 33, further
conprising adding at |east one anplifying fluid to one of the plurality of

out put stwe3Robig at | east one anplifying fluid beingpeeRicheMfgshsin Use
to anplify an interaction to aid detection thereof by a sensor. 5 35.The

met hod of claim 34, further conpri sing: {aerrporarlly storing the at Ieast
one anplifying fluid before adding the 4% | east one anplifying fluid to

sai d one out pih iplIcARGH oh ik SQ&%@bhd nBideGetbBiBaes i @n@fsehbsr and east one
anplifying fluid whilst 10it is being tenporarily stored. 36. The nethod of

any of cl ai ms wErein ths, d@@rqueé&Tﬁ@ﬂﬁ@@f@daﬂm%toau%m%Mdr‘@atlolnuq’fd to one
of the pluraligy iy gg&&ﬂ& noise® Wﬁan&@lebggﬁégﬁhﬁ'%cf ise!lifl gl QIQacfrB@[?' gured in

use to maintain a prédeterm ned I'n sal one out put stream

met hod of any data.cl ains 28 to 36, further conprising adjusting a flow of at
| east oni out put streamthrough at |east one of the plurality of sensors.
20 38. The nethod of claim 37, further conprising adjusting the flow to be

i nterm ttent8. TheSsyBtemraftangproteding ctfime furtieg cd8ndrisirdl, wherein said step

of detecting 250one or interacti ons conpri ses i ng.one t he
ol ural Toy of aochoter adant 5 e dfis BerEoRis QAR oM dhe: HaBol ur al ity

of output stregdBirer, wherein the notifier is configured in use to generate a
notification in dependence on the received electronic data.
10 ,
19.The system of any preceding claim, wherein the corresponding
detecting agent of one of the plurality of sensors is different to the
- corresponding detecting agent of another of the plurality of sensors,
and wherein the interaction relating to said one sensor indicates the
15 presence of a different corresponding analyte to the interaction relating

to said other sensor.

20.The system of any preceding claim, wherein one of the plurality of
sensors is operable to detect a level of interaction using the
20 corresponding detecting agent, wherein the level of interaction

indicates an amount of the corresponding analyte which is present.

21.The system of any preceding claim, wherein the interaction comprises
binvding together of the corresponding detecting agent and the

25 corresponding analyte, and wherein at least one sensor detects the -
interaction by detecti'ng a physical change caused by the binding

operation.

22.The system of any preceding claim, wherein the corresponding
30 detecting agent and the corresponding analyte bind together and the
interaction comprises unbinding of the corresponding analyte and at

least part of the corresponding detecting agent, and wherein at least



40. The nmethod of any of clains 28 to 39, further conprising: obtaining the
fluid froma fluid source; and 30tenporarily storing the obtained fluid
bef or e f owoi2oms/doberoone or nore sanpl e streanms of the fl ecd/sGremobizet
tenporarily stored fluid. 41 . The nethod of any of clainms 28 to 40, further
conprising: 52 receiving electronic,gata fromone of the plurality of
sensors, wherein the electronic data inél cates detection of the analyte
correspondi ng dne sansorodetetsndbe . interdétiorh dymdetentingf acplysical 1chdrege
dependent on cl ai %8 wherein electronic data is received fromsaid one

[

sensor only V\/rF@’i‘Sr?ng Y BRATBIYING CBHARR: £ 1 ows t hr ough sai d one sensor.

43. The nmethod of claim41 or 42, wherein said one sensor is additionally
10operabl e t g detect bac‘k round noi se and include in the electronic data an
o%h\d

i ndi cati on 8P HHeSHHERYP PHRASSINGSIRER « WHSERIN 4B¢ INGFRCIOBRAYPPIISARI  the
net hod fgrt heryiGoARdnecshemMBaElehition Rafd@harei apfd 4e%hg deP8orlsfelctoni ¢ data

using the indication of the background noise. 15 4 net hod of any of
clains 41 to 4Be intgraction kyestectingg physigahehange gaused byftheaat least n
dependence on e ' ctronic data. 45.The nmethod of any of clains
28 to 44, mherc}er{éncqﬁﬁﬁég%%gg%@ndi ng '

24.The system of any one of claims 21 to 23, wherein the physical change

10 is at least one of the following group: a change in mass, a change in
electrical resistivity, a change in electrical conductivity, a change in
refractive index, a change in electric current, a change in electric

- potential.

15 25.The system of claim 24, wherein the physical change occurs to the at

least one sensor.

26.The system of any preceding claim, wherein the detecting agent is one
of the following group: an antibody, a protein, an oligonucleotide, a

20 polymer, an inorganic material, an organic substance.

27.The system of any preceding claim, wherein one of the plurality of
sensors is at least one of the following group: a piezoelectric sensor,

an electrochemical sensor, an electrochemical quartz crystal
25 microbalance sensor, a surface plasmon resonance sensor, an -

oxidation reduction potential sensor.

28.A method for detecting one or more analytes in a fluid, the method
comprising:
30 obtaining one or more sample streams of the ﬂ.uid,
forming a plurality of output streams, each output stream

comprising at least part of one of the one or more sample streams,



20 detecting agent of one of the plurality of sensors is different to the
correspondi ng detecting agent of another of the plurality of sensors, and
wher ei n tWe 2otw@Eaet i on relating to said one sensor i ndipgaisesot2/ag0Bi esence
of a different corresponding analyte to the interaction relating to said
ot her sensor. 25 46. The nethod of any of.,clains 28 to 45, further
conprising detecting a |l evel of interactron using one of the plurality of
sensors, wher ei nddtbeting\le of moteriaractivonsndsingt tfe Pluraliuoet ltplithe
correspondi ng anal yte ich i esent. 30 47.The net hod, of any of clains
28 to 46, whorsHPATINRN ArRintalfy B SeRsss Wheredh RAFRGONSBRiSHRASTEPIS e

cor respondi ng R HleRRBh LiMlebNS 6OFFESSARING MbtédtMoyhGentoay a 53

the nmethod further conprises detecting the interaction by detecting a
physi cal changerrespeedingyanahdée i ng operation. 48. The nethod of any of

clainms 28 to 47,%%‘@@}&% ﬁQiHrc%?w?é’iﬂgio{P%eorﬁngF‘é sgih!d?we&ng%sé&%nt he

correspondi ng anal yte d together an I nteraction co I'Ses unbi ndi ng
of the correspondnagrancieydateciad intera@desis. part of the correspondi ng
detecting agent; -and, the nethod further conprises detecting the

I nteraction by detecting a physical change caused by the unbinding
operation. 2974 rethatedhodin28afyrtiadr cdraprsing Jotming&heVdoerezsipbndling

FUr thor - conpr FELASIIB A8 RLORT AR BLALY 6 SBS TSI ELiAAG S S8l cal change
caused ly the at |east one chem cal reaction 15
30.The method of claim 29, wherein the interaction detected by said one
sensor comprises binding of the corresponding analyte to the
- corresponding detecting agent, and
the method further comprises removing the bound corresponding
15 anélyte from said one sensor by exposing said one sensor to a flushing

fluid configured in use to remove a bound analyte.

31.The method of any of claims 28 to 30, further comprising forming a
corresponding detecting agent of one of the plurality of sensors by

20 exposing said one sensor to a regeneration fluid.

32.The method of claim 31, wherein the regeneration fluid comprises the
corresponding detecting agent and exposure of said one sensor to the
regeneration fluid transfers the corresponding detecting agent to said

25 one sensor.

33.The method of clairh 31 or 32, further comprising:
~ temporarily storing the regeneration fluid before exposing said one
sensor to the regeneration fluid; and
30 controlling the temperature of the regeneratioh fluid whilst it is being

temporarily stored.



50. The nmet hod of anyone of clainms 47 to 49, wherein the physical change is
at least one of the follow ng group: a change in mass, a change in

el ectrical resist | vity, a change in electrical conductiyvi t?é a change in
refracti VEOIZAHERO14S change in electric current, a chang®CTRGERREPIE

20potential. 51. The nethod of claim50, wherein the physical change occurs
to the correspondi ng sensor 25 52. The bttt hod of any of clains 28 to 51,

wherein the ectin |soeof hefoII Wi n a antlbody, a
prot ein, 3%% ﬁ%cg c?é‘y af & "Vﬁ& 1933 ff &Ia%r fqe'%r% E‘lgl 31% INgrabyr gani ¢
subst ance. 53 Ieé’él&nrf&éﬂm@ﬁfyﬂ‘fg ﬂw tof orsd of e ﬁ&rélﬂ%/@ ou%ﬂiﬁrﬁréhrﬁﬁetr@f the
plurality of 30 sensors is.at least one of the follow ng grou

pi ezoel ect ri c A% OngraBPiYiNGAHEhPeN9 serlighredain Epaclor 63]’93’:'?){ @ quartz
crystal m cr ohabaRteiBnI6 BRPHetRtiSH theresf Bi/%%’é?l@ol‘ esonance sensor, an

oxi dation reduction potential sensor.
5
35.The method of claim 34, further comprising:
temporarily storing the at least one amplifying fluid before adding
the at least one ampilifying fluid to said one output stream; and
controlling the temperature of the at least one émplifying fluid whilst

10 it is being temporarily stored.

36.The method of any of claims 28 to 35, further comprising adding a
~ buffering fluid to one of the plurality of output streams, the buffering
 fluid being configured in use to maintain a predetermined pH in said

15 one output stream.

37.The method of any of claims 28 to 36, further comprising adjusting a
flow of at least one output stream through at least one of the plurality of
Sensors.

20
38.The method of claim 37, further comprising adjusting the flow to be

intermittent.

39.The method of any of claims 28 to 38, wherein said step of detecting
25 one or more interactions comprises using one of the plurality of output -

streams at a different time to another of the plurality of output streams.

40.The method of any of claims 28 to 39, further comprising:
obtaining the fluid from a fluid source; and
30 temporarily storing the obtained fluid before forming the one or

more sample streams of the fluid from the temporarily stored fiuid.

41.The method of any of claims 28 to 40, further comprising:
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receiving electronic data from one of the plurality of sensors,
wherein the electronic data indicates detection of the analyte
corresponding to said one sensor.

42.The method of claim 41 when dependent on claim 38, wherein
electronic data is received from said one sensor only when said one

output stream flows through said one sensor.

43.The method of ciaim 41 or 42, wherein said one sensor is additionally
operable to detect background noise and include in the electronic data
an indication of the background noise detected at said one sensor; and
the ‘method further comprises cancelling background noise in the

~ electronic data using the indication of the background noise.

44.The method of any of claims 41 to 43, further comprising:
generating a notification in dependence on the received electronic

data.

45.The method of any of claims 28 to 44, wherein the corresponding
detecting agent of one of the plurality of sensors is different to the
corresponding detecting agent of another of the plurality of sensors,
and wherein the interaction relating to said one sensor indicates the
presence of a different corresponding analyte to the interaction relating

to said other sensor.

46.The method of any of claims 28 to 45, further comprising detecting a
level of interaction using one of the plurality of sensors, wherein the
level of interaction indicates an amount of the corresponding analyte

which is present.

47.The method of any of claims 28 to 46, wherein the interaction
comprises binding together of the corresponding detecting agent and
the corresponding analyte; and,

PCT/SG2012/000231
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the method further comprises detecting the interaction by detecting
a physical change caused by the binding operation.

48.The method of any of claims 28 to 47, wherein the corresponding
detecting agent and the corresponding analyte bind together and the
interaction comprises unbinding of the corresponding analyte and at
. least part of the corresponding detecting agent; and,
the method further comprises detecting the interaction by detecting
a physical change caused by the unbinding operatibn.

49.The method of any of claims 28 to 48, wherein the interaction
comprises at least one chemical reaction; and,
the method further comprises detecting the interaction by detecting

a physical change caused by the at least one chemical reaction

50.The method of anyone of claims 47 to 49, wherein the physical change
is at least one of the following group: a change in mass, a change in
electrical resistivity, a change in electrical conductivity, a change in
refractive index, a change in electric current, a change in electric

potential.

51.The method of claim 50, wherein the physical change occurs to the

corresponding sensor.

52.The method of any of claims 28 to 51, wherein the detecting agent is -
one of the following group: an antibody, a protein, an oligonucleotide, a

polymer, an inorganic material, an organic substance.

53. The method of any of claims 28 to 52, wherein one of the plurality of
sensors is at least one of the following group: a piezoelectric sensor,
an electrochemical sensor, an electrochemical quartz crystal
microbalance sensor, a surface plasmon resbnance .sensor, an

oxidation reduction potential sensor.



