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Transducer Technical Field 5 The invention concerns
vanioeoesgyat ed transducer for measuring a pl ur adwsG20864/000342
envi ronment al paraneters of effluent. Background of

the Invention 10 Industrial and nunicipal wastewater
must be treated to conply with the mnimum

envi ronnent al standards before discharge into a sewer

or waitler cour se. These standards are intended to

protect the sewerage infras{lidghadre, workers

mai ntai ning the sewerage system and aquati c narine

life. Also, these standards prevent 15 adverse effects
on t TesintBantieldr ocesses at downstream sewage treat ment

rks. Stricter environnmental |aws, in particular,
ter anti-pollution |aws, increases the inportance

of ning fnyentiog qentermspire indenrated WaBIiuesr fonMmeasieg ¢ glurality of

ef f | yQmbnlHid BeahB8rs of éidintrent and before di scharge of
the effluent. Therefore, there is a need for an
~instrunent to neasure these paraneters conveniently

and Bédkgooumdtof the Iid@nBommary of the Invention In a

fdrst preferred aspect, there is provided an

I ntegrated transducer for neasurin a pluraljty of .

envi Meviah e maa?'%&@aﬁ@afﬁfmwﬁﬁﬁs%ﬁ? T pRRDY wir i Sapmum
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PN Shdvbis gifdets onlt@BRRABIrtHeeses aplibwrepshesinags iretmert works.

ani ons, conductivity, total dissolved solids (TDS),

oxi d ij:tgpérrvﬁ%etn{a? %8?'%1 %é.&fcﬁ\]ar, %P)anti-gtﬂlg bR RRs0d the
di ssol'ved oxrger] - salinity, and concentratlion

of nigwaltance of Hepitoring pyltiRie gaviypnReYg PaEESters pfeetivgnidyriagthe
envi fRHanbad béiaeaBhL§S o effidergTherefore, there is a need for an

instrument to measure these parameters conveniently and efficiently.

20
Summary of the Invention
In a first prefetred aspect, there is provided an integrated transducer for measuring
_ a plurality of environmental parameters of efiluent, the transducer comprising:
25 a plurality of input ports to connect to a combination of measurement

probes for measuring the environmental parameters, the environmental
parameters being at least two selected from the group consisting of: temperature,
pH, concentration of anions, conductivity, total dissolved solids (TDS),
oxidation/reduction potentiai (ORP), concentration of- dissolved oxygen (DO),

30 salinity, and concentration. of meiallic ions;
a processor to process the measured environmental parameters according

1o predefined rules; and
a display to display the processed environmental parameters.




to predefined rules; and a display to display the
processed environnental paraneters. WO 2006/ 043899
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setting the operational paraneters of the neasurenent
probes. The input may be a keypad or touchscreen
integrated with the display. #The environnent al
paranmeters to be nmeasured nmay be selectable via the

| nputAn BipThenagebs yrefdedt foprsetieg theyyoperatibie epadmdi@asst the
one ' ' ISt robe,. .
oxi doieraoRer peBLE e P TR o kgl Bl Bl Bl IRl wn
sel el daplay; Bie)endrqupepiglraraneaiers (g Megsyreg|neaytbesglectable via
di sstievrgat.oxygen (DO) el ectrode and an anode

stripping voltammetry (ASV) system 10 The predefined
rules may conprise one or nore of: neasuring the

resi ShaRBaswenent eabed ynayhiaclisleasti lsash anesofs e aptieum resistance

t her ieRRinfter! GH QRIbE! BhidSiohAEILLRIFP @bkt ORI) t 8cirode, ion

ef fl . ensati ng the syre H value wth the
F e Siats (ST, piiRyf: S53RHE clrsBiedPosmy Bol Sectoae
meas ke apodredtppinatviamnetry #48\Osgstemt h t he tenperature
@f the effluent; conpensating the neasured
oxi dation/reduction potential (ORP) with the
tenpdﬂ}edjcr‘iﬂﬁgneiﬁifm'?ﬁ@% PPN B MoreHnpensat i ng t he

- measur echastiring theresstancy @pRInCDO) thal gidtinlih edisties tkrdrieté to

20 t he gBLTINERL PSSR Gfife COMPensation may be
performed automatically or manually by an operator.
25 An 6empsreatizg the megsyethpid valuawithihe teotphratureies Wieowdfiueot;

BUt put bbigenbdifg TRARMBRI BACATRIOR P afiBis it Rb WhEeHure of
The an&tegﬁru devi ce nmay be a desktop computer or

printe 84t abase may be provided to store total
di ssol vaopensdtingl thd Bpswad weklaficdfre®RGdh potential (ORP) with the

temperature of the effluent; or
 compensating the measured dissolved oxygen (DO} with the temperaiure of
20 the effluent.

The temperature compensation may be performed automatically or manually by an

operator.

25  An output port to connect with another device for outputling the measured
parameters may be provided. The another device may be a desktop computer or
printer.

A database may be provided to siore total disselved solid (TDS) values for each
30  effiuent source. The TDS value {ppm) for the effluent source may be calculated
using a predetermined piecewise function directly from the measured conductivity.

The measurement probes may be placed in different analytical chambers or cells
at the same time. '

35




30 effluent source. The TDS val ue (ppnm) for the

ef fl uent source nmay be cal culated wusing a
Wi Bde04ese9 ned pi ecewi se function directly fromCryse2004/000342
measured conductivity. The measurenent probes may be
placed in different anal ytical chanbers or cells at

the same tinme. 35 WD 2006/ 043899 PCT/ SG2004/ 000342 3

The neasurenents of the pH probe, oxidation/reduction

pot effhé mkadufnidnisal the pHatshe, oxidation/@buciet prértivqORPSERctrode,

| : ' he. di spl
Che TRPE eS8l ford M Ty He Pt B8 Bkl By, e
nV aH¥rs Bpdesdrduskngrndt (PXhyalie poasiigl dr mybidLion Sorfieatrations in

neasypeoentlis, of the conductivity el ectrode may be
shown in three nodes on the display, including

cond L.Vi ot di ssal ye ol.ids (1DS) an

SO i ¥ dbomehi@ote SRR RediRab BBy be Siunireamodss on
showfie dispievdnclging sonsctivite total idisphved solide dTRR)iangsalinity.

per cent age of saturated di ssol ved oxygen and absol ute

CONCE makdufsmefs 6i1BS DOV BECIRDEY 3R4Y bel SholACin "R8 SHEREBRL e

ft tri ' t t . ((AS t
Shovgehdl” kel pRBrifte” 8t 'RrS TP aieh”Hd Fbsple
( Zn2eencentigiinpef digiyed oxygerad  (Pb2+), or Cadmi um (Cd2+).
The nmeasurenents of the conductivity sensor may be

WS edTHeOmeRURMANE af tthe ARode MMM IHAAMEEr XBv) Alstem may be

adj ble calibration strate may. be_proyi déd for
e PP RGP RR el G0 flencl A e, Yot (G, Load
ani dRE logr Cadpiium (€9°).he | east square nethod. 20 The
nmeasur enent of total dissolved solids (IDS) nmay be

obt ai ned by converting the nmeasured conductivity by
performng a | ookup on the database. The anode

Yk R e R R
1pr ocemaensatipnpf BPocess at | east sixteen environnent al
paranmeters at the sane tine.

An adjustable calibration strategy may be provided for measuring the pH, ORP,
and the concentrations of anions by applying the least square method.

20 The measurement of total dissoived sofids (TDS) may be obtained by converting
the measured conductivity by performing a lookup on the database.

~ The anode stripping voltammetry (ASV) system may be calibrated by peak
searching and area integration.

The processor may process at least sixteen environmental parameters at the same
time. '




WD 2006/ 043899 PCT/ SG2004/ 000342 4 The salinity of
the effluent may be obtained by converting the

We2en4899 conductivity. Advant ageously, the t rPaTesti206H000342

of the present invention enables the neasurenment 5 of
mul tiple environnental paraneters of effluent in a
single integrated device to bé& conducted in a
user-friendly and efficient manner. Brief Description
of t fibe Bralinily ngfs thiOeffuent xmaypbe abfaitedeby remveitingNihel hbasured
now be.dapgyibed with reference to the acconpanying
draw ngs, Ih which: Figure 1 is a plan view of the
front panel of an integrated transducer according to

t he aﬂ@hagwdly,em@msmt of@fie ysrb@ni :mesaﬂ&ri &H&bleEtrQuﬁe%s@rem&t

ra e i
a sc ena Hlecen\?!rrgrgvnegg\ Pﬂ%m%ﬁrsg 'Pl o%le'gﬁeg'%ﬁqt%‘"ﬁ?m be
t he Cqmmt@bn@@e@sfmﬂdwdmffwntmagmre 2 and connection
to ot her conponents of the transducer; Figure 4 is a

graph.illustra the calibration of the transducer
for Eﬂ?fégsﬁrﬁ?tVHI"ug?A}S‘f""g% di fferent tenperatures; 20

Figure 5-1 and Figure 5-2 are graphs illustrating data

m‘ tme:@%@tbﬂhbvdvbm.oﬁ wﬂf nm%e dgéénH@d Wi rEi%FEnF% {ogn;gepthg

gure IS a | ust ralng one eXa

met rﬂ?&o%ﬁangjﬁ%ﬂé Wings: \Vb‘f"'i%ﬁges in anodic st ri ppi ng
vol tFigowel isyg pldri \daw ef the fras-t @anglirch piintegtttsittaR$duber 2RB&ding to

exagﬁcﬁreféﬁrec?%%%ﬁnéfﬁ ﬁlcmpl e currents of 25

ano Stri r y; 'and Figure 8 is a
pro é@ﬁe?lséﬁcmfﬁ@'ﬁﬂﬁgﬁf“ Qfﬂ@t@@‘&ueﬁﬁ- al gorithm for
ﬁe arriduraglistaiehqatils viewdr thb ﬁlajéﬁfuhétm @ledidhislopinai | ed

f Referrin re 1,
Do SRR P PP DD GRS b e B
t r aﬁ@d%é@f 1 for environmental nulti-parameter
NONiFigaFd 18 aQfaphfifubiaing theRailohABk oMh&hnsducer for three pH values
at two different temperatures;

20 Figure 5-1 and Figure 5-2 are graphs illustrating data of the conductivity and TDS

value of the sffluent;

Figure 6 is a graph illustrating one example of the method of applying voltages in

anodic stripping voltammetry;

Figure 7 is a graph illustrating one example of curves showing sample currents of
25  anodic stripping voltammetry; and

Figure 8 is a process flow diagram of the search algorithm for searching the peak

in the voitammogram.

Detailed Description of the Drawings
30
Referring to - Figure 1, there is provided an integrated eleciro-mechanical
transducer 1 for environmental multi-parameter monitoring of effluent. A front view
of the transducer 1 is shown. The transducer 1 is coverad by a case 2 except for a
_ panel containing a keypad 3, liquid crystal display (LCD}) 23, a series of input jacks
35  for connection with measurement probes/electrodes and other accessories. The
keypad 3 includes sixteen keys: eleven are number keys, and five are function
keys. The transducer 1 has eight jacks (4 to 11) to connect to: a pH electrode (not



of the transducer 1 is shown. The transducer 1 is

covered by a case 2 except for a panel containing a

W@ 06d43899 | i qui d crystal display (LCD) 23, a sarirsaRoefooe342
i nput jacks 35 for connection w th neasurenent
probes/ el ectrodes and ot her accessories. The keypad 3

i ncl udes si xteen keys: el ever’ are number keys, and

five are function keys. The transducer 1 has ei ght

j ackshowd), taxidbfign/reduction rpetzitidl (ORR) piteatrbee t{na dshopnp tand\Oon

200646%%%96?6%934 4(41 %R@gzrh E}{bﬂ}é\%})r has another three jacks

oxi dat1 on/reduction o en
showt®) 1antft {0FPNeE] ta dempasalep S¥qbed e S("P‘@E) a'zﬂheme jack 15 io

showshnecl e DisSNEA U@ enl(DOR Sleerbdt ik shidWnpét thaedpSof theXase
, 44 to connect to tenperature probes (not shown),

and ©ne jack 15 to connect to a Dissolved Oxygen (DO
el ectrode (not shown) at the top of the case 5 2. At
the right side of the case, the transducer 1 has one
jack 16 for connecting with a conductivity el ectrode
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prot 0Col on/ o but t ront “pane
t he Mef4293 cpmmupieation pigtogel. geactivate the  transducer 1
Is provided. Also on the front panel of the case 2, a
l6ontrast knob 22 to adjust the display contrast of
the LCD 23 is provided. 20 Referring to Figure 2, a

schegahiof bQﬁorF BEoh HRGHohPRALI &W@d%@ @tté aRveld & deactivate the

transducer IS |Ilustrated The

oxi JESLTY F&H&Y’Pﬁ’ﬂn AlsB B HieiTegnt F‘? e f3ge PohCUBRR KRR 2
el ettadpdtibe (isSky camtrest obthe2CD edlis\pravidetie j acks 4 to 11
to the transducer 1. The analog voltage input 24 (8
channel s) of the pH, ORP or | SE neasurenent probes

are connected via an analog anplifier circuit 25 to a

2 o HEETURRT ST P THEREIE e YPGBpre Copan s Dt feesduper 1
Theis illustrated. The pH, oxidation/reduction potential (ORP), and ion selective
electrodes (ISE} are connected via the jacks 4 to 11 to the transducer 1. The
analog voltage input 24 (8 channels) of the pH, ORP or ISE measurement probes

are connected via an analog amplifier circuit 25 to a strobing circuit 55. The

25 1emperaiure probe is connected via the jacks 12 to 14 1o the transducer 1. The
analog input 27 (3 channels) of the temperature probe is connecied to an analog
amplifier circuit 28 to a strobing circuit 55. The DO electrode is connected via the

jack 15 to the transducer 1. The analog current input 32 produced by the GO
electrode under the polarizing voltage signal 31 of the polarizing voltage circuit 30

30 is connected to current fo voltage circuit 33 for conversion to a voltage signal 34.
The voltage signal 34 is then connected to an analog amplifier circult 35 to a
‘strobing cireuit 55. The conductivity electrode is connected via the jack 16 1o the
transducer 1. The analog current input 39 produced by conductivity electrode



anal og i nput 27 (3 channels) of the tenperature probe

is connected to an analog anplifier circuit 28 to a
Wi 2000043g9ci rcuit 55. The DO el ectrode i s connegird2ve42000342
the jack 15 to the transducer 1. The anal og current

I nput 32 produced by the DO el ectrode under the

pol ari zi ng voltage signal 31 &f the polarizing voltage
circuit 30 30 is connected to current to voltage
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Ci r pott 6f teafputel disgreoinfifni2&tiod pifocd) RE23bhe transducer
1. Keypad input 66 represents the connection of the

Referring to Figure 3, a schematic of the microprocessor 59 and its major iogic
elemenis and the connecting elements is illustrated. There are two types of inpuis
30 tothe microprocessor 59: the digitized input 58 and the keypad input 66. There are
five types of outputs from the microprocessor 59: the display outpuis 65 to LCD 23,
the serial digital ouiput 64 to RS232 serial communication port 20, the channel
selector ouiput 60, the gain select output 61, 62, and the deposiﬁor; and stripping
voltage 6utput 63. The channel selector output 60 controls the strobing circuit 55 to
35  determine whether A/D Converter 57 is connected to pH/ORP/ISE jacks 4, 5, 6, 7,



vari ous keys of keypad 3 to the m croprocessor 59.

Qutput 65 from m croprocessor 59 to LCD display 23 is
WepedasPat i ve of various control |ines that RGRG004/000342
m croprocessor 59 to the individual |iquid crystal

di spl ay el enments of the con'p,?nents of display 23.

Qut put 64 from m croprocessor 59 is represent ative of

25 various control lines that connect m croprocessor
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m croprocessor 59: the digitized input 58 and the
ypad i nput 66. There are five types of outputs from
the rricroprocessor 59: the display out puts 65 to LCD
23, _the serial |taI out put 64 to RS23
cormiTTA RSP 96H AV rhes B oxpRiin comaes) B 0 FOdTIRRGe 67 o
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deposj tion and stripping

anpl

vol t éfé%éﬂiwsg%‘"o Sh‘faf'B‘fsﬁoHrge%epo& tion and
stripping voltage 46 of anodic stripping voltammetry.
B The two types of inputs and five types of outputs
connect via the I/Ointerface 67 to an arithnetic
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inputs . to A etlrrer cir TO0-f
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Pec dey BFelephihegnyronmenial %ar@-agt[s ga F"e'aeﬂsﬁ?ﬁ on. Random
access nenory (RAM 68 is provided which contains

vari ous val ues obtained by ALU 71 fromI/O 67 or from
conput ati ons on those values, or stored values already

i N M $Beipi® and Fp¥afonkl BribedBfdVid? Shed nedUrdtfs parbmBleRt iRehe

var Itr%ﬁs?duggu{ ﬁs(?ess the least square method. This method is performed by the

microprocessor 59 to monitor different parameters for precise measurements.

25  The least square method is based on a pair of variables denoted as x; and y;,
where x is an independent (known) variable and y is measured value (dependent
variable). The line passing through the points {x, y) is described by the following

equation:

P=a+bx (1)

- 30 where: § is the estimated value of y for given x, a is the intercept of the line, and b

is the gradient of the line.



15 The transducer 1 neasures the nultiple

envi ronnent al paraneters of the sanple solution, such
VB200640430RP, tenperature, conductivity, DO, PCT/SG2004/000342
concentration of some anions and netallic ions. Wen
the transducer 1 is activated, all the measurable

envi ronnent al paraneters are 8i spl ayed via the LCD 23.
The operator presses a 20 key to select the

envi Tbaveluss af bqtiaa amdgt e saltudatdsbastalimemr ed. The principle
and operational procedure for the neasurable

paramet gr s in the transducer 1 uses the |east square
rrethod 9;? is perforned by the

mcrg| essor 59 o nonitor different paraneters for
preC| se nﬁw uresrpnts 25 The | east square nethod is
based on é‘é rJof variabl es denoted as x, and Y,
where xis*an independent (known) variable and y is
measured-Vval ue (dependent variable). The |ine passing 2
t hrough ther points (xi, y,) is described by the
fol |l owi ng Qt,laba)@n w=a+bx (1) 30 where: y is the
esti pa ueofifor given x, a is the intercept
ofthel gx ?I is the gradient of the line. WO
2006/ 0 PEI ERX004000342 8 The val ues of both a
and baé‘lcalculat'dasfollovvs (xi-x)(Yi b=1i-~N
fx=x)2 a=y - bx (2) NY, (xi -(Yi = r=-1 NN (L,
(xi whem2)( (Yi -y)2) i-1 where

1 N
x=—-~ X;

2

&)

__1N

3"‘”3}.‘2)’;‘

5  Nisthe number of measured points {x;, y)).

r is the correfation coefficient between y and x. The closer [r! approaches 1, the

more linear dependant the relationship between y and x is.

TEMPEARTURE MEASUREMENT

10 A piatinum resistance thermometer Pt100 is connected to the transducer 1 via —the
jack 12 and 14. The platinum resistance thermometer measures the temperature of
the sample solution. The relationship between temperature and resistance of
platinum resistance thermometers is approximately linear over a small temperature
range. The transducer 1 adopts the International Temperaiure Standard 90 (ITS-

15 90) to determine the relationship between resistance and temperature:

R =R(l+ast+bet?) | 4




I N x=- x. N 1 N(3) Y=-YYi Ni 5 Nis the nunber
of measured points (xi, yi). r is the correlation

WbzéN4eBEnt between y and x. The closer |rl apoTsa2b@00342

1, the nore linear dependant the relationship between
y and xis. TEMPEARTURE MEASUREMENT 10 A pl ati num

resi stance thernonmeter PH 00 Ts connected to the
transducer | via the jack 12 and 14. The platinum
resi wheieBe Aofrdhentesistange atismparatise t°Rend 8139 easpedively. &br Pt100,

oo APt AL I ohe e 400856 Brart A IE ot ance

thernoneters is approximately |inear over a snall

t enphiteangawiring tir gesistanbeoft At tifstitie émmperatite ghestranducer 1

| Nt egdidntnRSMe tehGIBRREAVAE: (&) BBEARNIRY 19 the(rbibRing bau .g),: to
determ ne the relationship between resistance an
tenperature: R =l~(1+a t+bt2) (4) WD 2006/ 043899

PCT/ SG200 /2008341?, where Rt , Ro is the resistance
at temfBergf uF&&c8nd 0 C respectively. For Pt100, R
i% et . a =3.9083 x 10-3, b = -5.775 X

10' 7. After nRasuri ng the resistance of Pt100 at the
tenperature, the transducer 1 determ nes the
tenperature value t (C) according to the follow ng
equation: a+ a2+4a(RRI't -1) 5t=2b (5 pH

- NEA REMENPH Probe is connected to the
transducer 1 via the jack 4 to 7. The pH probe
measures the pH value of the sanple solution. To
ConrTEREB Ribedh PoRGCteq nhe Fencgier AEha P s (a7 FI@ i proe
e asnaasures thevpld vhlne ofrgtas sangiiee sblutivenTo @bminkescel BBasABng, the
1B opEABPCHGR ik FAhdasiEmB vietnd kuFerint Féhd bfthE LD 23,

poi nt calrbratio ) )
The transducer 1 carrles out a single or multiple point calibration in pH

measurement. The temperature effect on pH measurement is compensated
automatically if the temperature probe is connected to the transducer 1. The main
functions of pH measurement, including monitoring, calibration and temperature

15  compensation, are displayed in the menu of pH measurement. The operator
presses a key to seiect the correspondent function before performing the
operation.

The pH measurement is carried out electrochemically using a combined pH
electrode with a glass electrode and silver-silver chloride reference.

20  The pH of the sample sclution is measured by immersing the pH probe in the

- sample solution. Then, millivolis of potential are produced between the reference

electrode and the glass slectrode. Next, the transducer 1 measures the potential.

The transducer 1 converts the measured potential to pH units using Nernst's
equation:

RT 2303RT

: + N 2.303RT
25 E=Eo'-;-F—]11[H ]=Eo'——nF—10gm[H ]=‘—Eo+—-——-——

H
an

where £ (mV) is electrode potential; £, {mV) is the standard cell potential; B is the
ideal gas constant and equal to 8314 J/(mole- K); T is-the temperature in degree

(5)

&)



measurenent. The tenperature effect on pH neasurenent
is conpensated automatically if the tenperature probe
WG320604882% ed to the transducer 1. The main f URAYIGROS/000342
of pH nmeasurenent, including nonitoring, calibration
and tenperature 15 conpensation, are displayed in the
menu of pH neasurenent. The operator presses a key to
sel ect the correspondent function before perform ng

t he Kelviy BisitonFarddey cptdtambarsiegeattni64Bs Clante; aadln isufe charge
el ec LI conmbi ned pH electrode with
a gl gg@gglﬁe%ggﬁodwozmﬁ%eﬁver silver chloride
reference. 20 The pH of the sanple solution is

neasgﬂﬁ'oi’a?‘ﬁrﬁ‘ﬁ%q‘eﬁlaﬁ& P¥2 pH probe in the sanple

solution. Then, mllivolts of potential are produced
bet ween thezg@jfp*@gqg ,e,lmt1r5ode and thet_,giij

el ectf ode r Next - the—t W pH =E_ +ke*pH
pgtential . The transdu convFﬁts th sur ed

potential to pH units usi ng Ner ns equat| on: 25 E
=E RT In [H+] 1 0og 2.303RT pH (6) Itﬁg];E.-~,
| of Hivhere HiS the thmpeiRiedn @qwﬁemr@ee’@ﬂ% \ éa tamegrglant qad
(V) edqul folkeat P5a0Tecconsthit H@hERTN Bhuatibh 79s bigined BRALN the

314 J/(nole' K); Tis th
ten ga?g'?’{ﬁ‘rﬁ‘g‘;ffh%q’g“%&%mei"F% 2008/ oaspge ¢ | o 1N

PCT/ S&004/ 000342 10 Kelvin; F is the Faraday

constant and equal to 96485 o nol e; and nis the

charge of the ion and n =1 for pH probe. Equation 6

1065 rAs\sHowhein Egsatibo 6] eSH valud. o3 @Rsdmptd Soldtfon is & fhéifonld its

+ %Zx&pérgtu = EE + F 298.15 pH = E + k 298.15 pH = Eo
where t is the tenperature in degrees

Centigrade, k (59.16nV) is the constant and equal to

k at 25 C. The constant E and k in Equation 7 is

obt ai ned through the calibration of the pH

e asRefarinegib . Figle: Ashsteoperaiure dEfgeiadni the pB-milliiuit cdNe Sillligrated

of td?ﬁ‘phﬁzgﬂplﬁwréeo Ip'illt is%ﬂdér& &iufl'bmsc;t h&) &t f (:iol;rééponding potential

M

15 differences (shown by "+" and “0” symbols respeciively) at iwo different
temperatures (7, and T) are shown. The lines to fit the pH-millivolt relationship at
different temperatures are also drawn to indicate that the temperature plays an
important role in the pH measurement. According to Equation 6, the gradient of the
plot of pH versus millivolts is directly proportional to the absolute temperature in

20  degrees Kelvin. Thus, the gradient of the plot in measurement temperature t,,
which is different from calibration temperature ., is determined and the transducer

1 compensates for the effect of temperature on the pH measurement.
The calibration of pH measurement is carried out as follows:

1. Press the key to select the calibration method, one-point, two-point or muilti-
25 point calibration.

2. Place pH and temperature probes in one siandard solution with value pH,
press the key to input the pH value of the standard solution, and wait until the
_ measurement E; of the standard solution stabilizes.



tenperature. Referring to Figure 4, the tenperature

effect on the pH-mllivolt curve is illustrated

WP 2p9b0€38P9 y. Three pH standard sol uti ons and tHGIVSG2004/000342
correspondi ng potential 15 differences (shown by "+"

and "o0" synbols respectively) at two different
tenperatures (Tl and T2) are Yhown. The lines to fit

the pH-mllivolt relationship at different

t enpér af woasthan endlpsiat Adedsio He chlrbfﬁtétﬁtcﬁartgbaﬁ ah&iRer standard

t enper t

neasur ?ﬁgﬁ& %Aﬁ)ﬁ?é %Pme {e?@grrébﬁegﬁngﬁ U el § é li’rgg hengeligption
t he pIRS’t“TS‘oGFfeB(F‘FR}%?f—‘%us mllivolts is d| rect |y
proportional to the absolute tenperature in 20 degrees

Kel vign.Actbrding td the s@ledidis @Altbraiibn b&ﬁts{)ihf@tmlérﬁprﬂ?%@ﬁd#rfi@rﬁéﬁ&rms
r al i br

t gnper re tn

terrper gat%gr%net of mu“‘&)ewnér?ﬁ?]?{gt@”aﬁﬁig[éhgo'{]ﬁ' gﬂéfﬁ?%r"r o point
conpensfralﬂé@ﬂﬁor the effect of tenperature on the pH
measurenent, The calibration of.pH neasurenent is
carried out as follows: 1. Press the key to select the
calibration rrethod one-poi nt, two-point or multi- 25
poi %"ﬁﬂ "R gﬁd 2. Place pH and tenperature probes
in one andar d &utlon with value pH, press the
key to input the pH value of the standard sol ution,
~and YBeT 2 geries jof eali ratl@re@fweémme imput o W anieroproekasal 59, the

ol ution :ﬁ / 043899 PCT/ SG2004/ 000342
B Phlefile ToPrratvhn s, BRI {0 BN INAL RN STRRpelure
chanﬁ@sn@namonaﬁéc.@tmﬂ@‘ Shd X5@hYH iR rEqM\Atioh 1408, BRHR £, and

eat step 2 until the cali ‘brati on

ture
porﬂ? aém% F"S‘f% 4. According to the sel ected

cali brat| on points, the m croprocessor 59 perforns 5
any bednfermagion abiouqdm sandition oftpHoprolemindissitesghestpieiant! availability
cal idptratprgpg, Or two point calibration. Milti-point
calibration: Wien a series of calibration pHd val ues
are input into the m croprocessor 59, the_ 10 average

152 T Bt b S B PR - - g1

E and x with pHin Equation t to 3, obtains Eo and k
in Equat|0n7as well as r. '

and/or Jr|s 0
If the sample solution is measured at the same temperature as used for calibration,
then, E,_ =E, and k,=k, and the sample pH, value is obtained by the

following equation:

20 pH = m 4]

If the sample solution is measured at a different temperature &, the temperature
compensation is based on the following equation:

¢ +273.15
= ke Bl
1,+273.15

25 ©)




The information about the condition of pH probe
i ndicates the state and availability of the probe. 15
Wrotenedsp e, an alarmis displayed if the obt d0TEGH04000342
85% t + 873.15.59.16 298.15 and/or Irl s 0.9. If
the sanple solution is nmeasured at the sane
tenperature as used for calibtation, then, Eom= E.
and km = k, and the sanple pH,,, value is obtained by
t he wvhetelkgarertie gradients oNen20s Equatidn in MBukemenBlembratufer,,.
sanple solution is neasured at a different tenperature
t,,,, the tenperature conpensation is based on the
fol | gwi ng equati’en’s t w273. 15 km _ktt + 273.15 25
(9) WE'2006/ 048389F3AGTI SG2004/ 000342 12 where kn are
t he gradi en}1 of Nernst's equation in nmeasurenent
t enperature hn E E+k t-t 7 " tt +273.15 (10)
where ER, is the standard cell potential at the -
meas wheraEht is thersiamdard aelkpateniial at ths mendirdnie@btetiperafipaip e
pHm val ue is obtained by the foll ow ng equation: pHm -
Es E ' DO Ly EOn. The
cali gﬂrldaiﬁﬂ otgé %\arl?) Ierr@g";\% k%r‘rﬁﬁté}rﬁ)egftg ﬁ%ﬁqglﬁgﬁr@%gﬁ%gﬁm at the
calibration and neasurenent tenperature t, and tm
are %a;ﬁed'%g the transducer 1. The

" k

m

(11)

Single point calibration:

10 The calibration and measurement potentials E, and E,, at the calibration and
measurement temperature f, and i, are obfained hy the transducer 1. The
calibration pH, value is input into the microprocessor 59 during calibration. From
Equation 7, the sample pH,, value with temperature compensation is obtained by
the following squation:

15

£, +273.15 29815 E, -E
w= s pH 4 n
¢, +273.15 t,+273.15 59.16

(12)
Two point calibration;

During calibration, two calibration values, pH,; and PpHes, are input into the
microprocessor 59. The calibration potentials E,; and E, at the calibration

20 temperatures &y and #, as well as measurement potential £, at the measurement
temperature t, are obtained by the fransducer 1. From Equation 7, the sample pH,
value with temperature compensation is abtained by the following equation:

t+273.15 E -E, t+273.15 E, -E
= [ . _m cl g Hc e e m 2 o H
Pon = 327305 E,-E, 02 ¢ v21315 E,-E, P'e

cl
(13)




calibration pH, value is input into the m croprocessor
59 during calibration. From Equation 7, the sanple

W26/ 0EBWe with tenperature conpensation i s oRCAYSGR004/000342

by the follow ng equation: 15 pHH =t +273.15 p Hc +
298.15 Em-Ec tm+ 273.15 t_, + 273.15 59.16 (12)
Two point calibration: During-calibration, two

cal i bration values, pHl and pHc2, are input into the

m cr @ﬁé@@e%&ﬁ’é avefhge Hiehdlré Sicalidrain BatwAt i al s E1 and
E2 at the“calibration 20 tenperatures t1 and 1,2 as

wel | _as neasurenent potential E, at the neasur ement

t enpEheirgiisauaen 1 sawie butdPRRIElNP qomeensatignsef e PH Mmeayrement
Equahut&ﬁ?tﬁallytdien@gf@ @epghbmg Mﬁ{hﬁ%el‘ébﬂoh ok HERSertid! When the
conpensat i on a |, owi ng

£ OTDS Sects a8 hite" (g B T ﬁﬂ% 38 Al e
2 3. BFpEgkre EElle isHoRAnacied-to AeStranBdugen HEagh(j4%s 12@0 14 and
2006;519&38\%&@@%@.@?%09 Q%Q%H rﬂéﬂsm@@léﬁ Iﬁ‘thb%erﬁl_:ﬂe?ature probe

averagﬁ@%Pr erature of cal ration solution

tran§ ngtgppnegied. g transtysar hiaisee ag g3 Arhrdosts aglefault
t he yhereabuse@stl, toacdnpeatdte dbr Yheotemparatiad | effect during pH
depe,ﬂgdsggmgﬁt the selection of the operator. Wen the
oper at or ects the node of automatic tenperature
conpensati-on (ATC), the 5 tenperature probe is

- Ponnected to the transducer 1 through jacks 12 to 14
and placed into the identical solution during pH
me aSWineribe bperstbr deieetst teerpedatimanyal eperaiuse éammpehyation in sH

not rﬁé&@ﬁ}%@&?dt 8 t%s&L{C@I’n$q%ﬁ5$ {her@éﬁaﬂg @L@bais'n}oalﬂg*t the

adopts a ue SsucC ensat
t he f?f@%@vfstvawg Oéﬁ'feeﬂu“am {9 R trmsduserals (e ﬁ@nmeratm@ fWVe'PP
t he nogasurad by ottet estraménte Hbd mpefatoﬁlﬂﬁéb’olhottlﬁ;m@ﬂ‘eafeﬂfpﬁrature

1‘30”1?,8@3 3 Iﬁ}r@[}ts'éﬂ 1 asm%%@%e@rt the ¢ tgrﬁperglt re %’é exam;;!e higher

remn
t enﬁ'&namr(é OR/E’WG'E%“’GF 0fGrethe depRdueRs 1t Eﬁlsﬁh@"tdams@hﬁc@iﬂm a

The dbRUOP @4, Biich 8B36°0C 0 compensate for the temperature effect during pH
measurement. Then, the transducer 1 replaces the measurement result of the
temperature in the earlier described procedure of automatic temperature

20 compensation with the input temperature value, and follows the same procedure as
automatic temperature compensation. This completes the manual temperature
" compensation of pH measurement.

ANIONS MEASUREMENT

- 25 The ion selective electrodes (ISE) are connected to the transducer 1 through jacks
8 to i1. This enables the transducer 1 to measure the concentrations of some
anions including: chioride (CI), fluoride (F), cyanide (CN) and sulfide (S%),
simultaneously. The names and calibration conceniration (mol/L. or ppm) of the
tested anions are input into the microprocessor 59. The working principle of ISE for

30  measuring the concentration of some anions is similar io the pH probe for
measuring the pH value of the sample solution. According to Nernst's Equation, the




nmeasured by other instruments. If the operator does

not input the tenperature 15 value or inputs an
wWinhrwesedsetbl e val ue for the tenperature, for eXxEMEsG2H04/000342
hi gher than 100C or |ower than OC, the transducer 1
rai ses an alarm and adopts a _ default val ue, such as
25C, to conpensate for the t erature effect during
pH measurenent. Then, the transducer | replaces the
meas ifte Xemmducessa poteil difierence engrertiatal rie ai logarithen feaetion ef the
des C bdraghabS G e hioR Y RERL n%phﬁan@{sat ure 20
conpensation with the 1 nput tenperature val ue, and

fol |l ows the sarre procedure as automatic terrperature

conpgn i_S, coAPiBRE nuaB03RHp
con‘pensat’lqipl% SH reasgr e Oﬁf"ljf ggENEU Nt 28X

The ion se14ect|ve el ectrodes (I SE) are connect ed to

the transducer 1 through jacks 8 to 11. This enabl es
the transducer 1 o nmeasure the concentrations of sone
ahi offere I=uai‘1$g:. cFdSYs the o gs of M igdri de (F), cyani de
(CM and sulfide (S2), simltaneously. The nanes and

cali Etfuaﬁdnoﬂ l§9@iﬁﬁé\‘tfuri%ﬁérﬁﬂ Eambﬁ b: bprepraem pAhwith BR. The
teste m Cr oprocessor .

The (ROPBIHG riehies pRSelie 1 s roudirs el aiprens
con dempm&unemmpénsemummﬂmrseme prirziptaslaad ptooedite g khose for
' pr olge hiPpropsreasuring the pH value of the sanple
sol ution. ACCOI‘dI ng to Nernst's Equation, the WO
043899 PCT/ S&2004/ 000342 14 | SE X produces a
1éot e frapsayesr { SpR el P%M'SPI%HEm%aanamF@;geﬁulfpﬂm

f uncbngentraion phemecoivoe ohe @t the anibdf neol/s ped ithid adhe for 613 ukit of

(m)IpH=I=1 or ppnm), and is: RT 2.303RT 2.303RT K E E

-1nX—E - Iogl oX—E+ pX—E+ pX nF nF nFrt (14) 5 where
nis the charge of the ion.

Eq o e Hﬂ%fk'ﬁ%fé C%J%?f?ﬁ e, poneeriationyH grke@neaa Brsed an theyigllowing

r eplegedting pH with pX. The transducer | neasures pX

val ues in sanple solutions with calibration and

t enper at :é & npensation suing the sanme principles and
progeduc hose for the pH probe.

15 , (15)
C, = 10-PX~=

where Cy is the concentration of anion X with mol/L. or ppm unit, which is
dependent on the unit of original input at the calibration stage.

CONDUCTIVITY MEASUREMENT

20 The conductivity electrode is connected to the fransducer 1 via the jack 16. The
conductivity electrode measures conductivity of the sample solution. The operator
selects the conductivity measurement in the measurement menu of the LCD 23.
The transducer 1 selects the measurement range automatically and does not
require frequent calibration of the conductivity measurement. The result of the

25 . conductivity measurement is converted to the value of total dissolved solids (TDS)

‘and salinity by the microprocessor 59.




10 The transducer 1 has two nodes to di spllay t he
measurenent result of the concentration of sone

VEhRW9nE4388the for the unit of nol/L, and the ot RIT/SGR004/006342

the unit of ppm The transducer 1 calcul ates the
concentration of the anions based on the follow ng
equation: px = E. -E, 1s k (15) x =10-P-X where C, -
is the concentration of anion X with nol/L or ppm
unit, which is dependent on the unit of original
input at the calibration stage. CONDUCTIVITY

NEAS#QE&%ZO The conductivity electrode is connected
to t sducer 1 via the jack 16. The conductivity
el ecTheowedyrivly elesodedrsl twetRlafe ety Prabpe cagiftyyiib platinum biack.

sol utidddndubiity QREKF e & imniRke Mtike &dnq:le:@nﬁﬁmu\iew, {h¥ transducer
measyrenent i.n t asur enent. men

The Pgﬂgﬁ L?c%'?us'iﬂ%e %@?@gt%ﬁa%@ur ergr%'ﬁlﬁtuureea‘]'ri}fgogdéaw and a
aut onuenzylof grdantl kido esthe electradegiieraurreptde) then tmeasured through

cal iRt ald RhheRl THNRINSRABGUCohveks YhePRASH iCABSHductiVBSvalue using
result of the 25 conductivity neasurenent is converted

to tIREWNA SN t ot al di ssol ved solids (TDS) and
salinity by the m croprocessor 59. WD 2006/ 043899
PCT/ 5&R04/ 000342 15 Conductivity The conductivity
el ectrode has two plane netal probes coated with

~pl-at | i i\ 1 1O i ;
ol 3R i o BB Hth M SH285 oot
5 1 cepgpiteandd (Biisitie peauredsuren HEUoRdaBP PEYRS-wi t h an
anplitude of order 1V and a frequency of order 1 kHz
to the electrode. The current is then nmeasured through

the two probes. The transducer 1 converts the current
L0, ESRANE Y 1 ot Sl sk MBS o
- Yy O
t he coBdustyigrmeaguement ha kange & gaRdugHviypBRcPRFER In common
15  aqueous solutions is very broad, for example, from lower than 1 uScm™ of distilled
water at room temperature fo about 1 Scm™ of 30% sulfuric acid. In order to
measure the conductivity for a wide range, the transducer 1 provides an inteiligent
function to adjust the gain of the amplifier automatically. Figure 2 shows the
controllable gain 42 of analog amplifier circuit 44 for the measurement of
20  conductivity. During the measurement of conductivity, the microprocessor 59
adjusts the value of the controllable gain 42 until the amplitude of the amplified
signal 43 meets the requirement of A/D converter 57. For example, in the
measurement of the sample solution of low conductivity, the current signal 39
produced by conductivity elecirode and the corresponding voltage signat 41. is very
25 weak, so the controlled gain 42 is set to a high value. Otherwise, in the
measurement of the sample solution of high conductivity, the current signal 39
produced by conductivity electrode and the corresponding voltage signat 41 is very
strong, and the controlled gain 42 is set to a low value. By adjusting the gain 42
automatically, the transducer 1 measures the conductivity of the solfution in a wide
30  range without switching the measurement range manually. This provides intelligent
operation for measuring conductivity.

(16)



constant; and / (A) is the neasured current through
the two probes. The transducer 1 switches the
Wwen4sent range automatically during a conddaviGzoe4000342
measurenent. The range of conductivity encountered in
common 15 aqueous solutions,is very broad, for
exanple, fromlower than 1 pScm 1 of distilled water

at room tenperature to about 1 Scrma of 30% sul furic
aci Wvhen thegradeducerd is firistusad e 2 paw eapdplidlyislactrgdefineonnedcipdie
rangg, whfRiubdrans e perhtdd! RV irdlfred®No | Bdliflatd 38 conductivity
function to adjust the gain of the anplifier

aut BIFETH L §e To @Wjure 2 shows the controllable gain
42 of analog anplifier circuit 44 for the measurenent
of 20 cohmiuersd thetconduBivity anp temperpireskiphenipiata @P1 M potassium
gonduct i Miidise sbilfonm Croprocessor 59 adjusts the val ue
of the controlla e gain 42 until the arrplitude of the

o i cheasr S curgapr it b HondyGty BERT Mo e Egerate

sanpl e sditit sabuliomf | ow conductivity, the current
signal 39 produced by conductivity electrode and the
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the controlled gain
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vol tage sign I'S very strong, the contro ed

gain 42 is set to a | ow value. B usting the
32 i fofaieloEmneg by BRI (FoBed e U heoseRst Bol the
c onebuaddtivitytvaluefis tikeetysatitalhadoamdi dispiayed theoudh theanggsurement of
wi th g\ﬁrreﬁ.' tching the neasurenent range manually. This
provides Intelligent operation for neasuring
conductivity. WO 2006/ 043899 PCT/ SG2004/ 000342 16
Bwhen the transducer 1 is first used or a new
conductivity electrode is connected to the transducer
1, Tdmenaspavmsmms g@DBequired to calibr at e the
conductivity neasurenent as follows: 1. Immerse the

Conﬁ*éCthnngcé‘r ﬁ%daﬂfc? &Iﬂ@ér“'[h% &ﬁ&ﬁﬁww&sﬁeﬂeﬁ% Mbtam the

pot assi um e _sol
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200' %h%rﬂ&tré’ﬂﬁé,i iPﬂ‘n&éHSQJ& gesta%gclaildkle e c%ﬁdlrc{f\ﬂy value at a different

temperature to a reference temperature, such as 25°C. The fransducer 1 performs

the standardization:

o

75 = [ 0.0191(r —29)] an

where O is the conductivity value ai the temperaiure ¢ , and Ox is the

25  conductivity value at 25°C.

If the temperature probe is faulty or not connected, the transducer 1 reminds the
operator via a message shown on the LCD 23 to input the temperature value o




tenperature t fromthe handbook of chem stry, and
calculate the 10 proportional constant K of the

WO 200604888 1 according to Equation 16 and t herrQTIVREB2004/000342

the value and store it in the nenory of the

m croprocessor 59. After Ki det erm ned by
calibration and recorded in t'he m croprocessor 59, the
conductivity value is directly obtai ned and di spl ayed
t hr cwghelly haftardles opasierfopus thetthapegipiecydiue 1 tyeglition, the
Di s $igheBsbr $Rbiidims the B verktf abdordkito Eatiatidn 13 abl e to
convert the conductivity measurement to obtain the
total dissolved solids (TDS) of the sanple solution.

As the neasured conductivity of a solution depends
strongly on tenperature and the TDS val ue does not
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i s Wk eydbebnp8ad+sHlvars bikex) compbrent 8¢ is
very difficult to 5 identify the type of the effluent
in this situation. To address this difficulty, the
transducer 1 builds a database to store the

co 2 f

;o WL Kot Y R Bt 5 ap 4 158 i 1

15{ heeftuentigspeetivelyrang & 81 adi ®rishinp) b&i wBedndhare the parameters
CONgtWsgrdssiohy and the TDS is obtained by perform ng

nonl i near regression. The transducer 1 applies the
fol lllé?g}drrpggtof IJ-‘JQE[%. 59 r;dr\:,wpgl 12':] %[cal data of the conductivity and TDS
value of the effluent are illustrated. Figure 5-1 shows the regression result of
Equation 18, while Figure 5-2 shows the regression result of Equation 19. Figures
20 5-1 and 5-2 approximately represent the relationship between the conductivity and
TDS of the effluent.

When the operator selects from the menu, to measure the ‘i'DS of the effluent, the
transducer 1 performs the regression automatically, calculates the TDS value

25  based on Equation 18 or 19, displays the TDS value and updates the parameters
of regression. '

(19)




WQR/D4389%  ( Lnx)

10 regression: Lny = a + b(Lnx) + c(Lnx)2 + d(Lnx)3 +
e(Lnx)4 + f(Lnx)5 + g nx)5 y =h +1i (Lnx) + ]

3+ 1 (Lnx)4 + m(Lnx)5 + n (LAOTSG20@H000342
where x and y is the conductivity value (nS/cm and

the TDS value (ppm of the 15.effluent respectively,

and a, b, ¢, d, e, f, g, h, I, j, k, I, m and n are

the paraneters of regression. Referring to Figure 5-1

and Figure 5-2, typical data of the conductivity and

TDS value of the effluent are illustrated. Figure 5-1
showéﬂmﬂp regression result of FEquation 18, while
Figure 5-2 shows the regression result of Equation 19.

Fi guﬁestrgrgd&ehaaameﬁs B BB AP B rd ol 5 SR sl gt e

rel at| bet ween the con
ef f I I Rl "PeReUrEpeTin fisrclosaly delpigd fccr erndudiigitynweasuretment,

rﬁeasmderet tllsed TDRarbg, dsharikf ean lbﬁﬁkrsh ﬁr&t@r stidi@M AR lof éallnrty is

per f L Sj0 | cul ates t

o ey el MBuRRE LB A e PHERBl Gled s dudiaiisinie

TDS aPaﬂ"iﬁ'@a?Hdmeﬁdﬁeé@nﬂreerriaereamme the satifiityrvaiye e theoslution

WO a6k diRBRIbwHgldgRsaeR04/ 000342 18 Salinity The

transducer 1 converts the conductivity measurenment to

t he ;ﬁg} of the solution. Salinity neasurenents

are 2related to conductivity neasurenent, 5 (20)
—and - are used in marine, estuarine and brackish water :

unr sal.in S pagts per thousand

?o/@) &5 ¢ 1 oot ol it i chrdco i camezeny
sal bfthé yolitdn aBBBPCRXE BILGE ¥ rid/@gar, the transducer |
estimates the salinity value of the solution based on
the follow ng equation. S = 0.68 (20) 10 where Sis
the salinity of the solution and the unit is 0/00, and

I s the conductivity of the solution at 25 C and the
um PISSOLYEP GXYGEN (B BURRMENK (DO) MEASUREMENT The
di ssol ved oxygen (DO neasurenent is carried out

el eBterdissbived oybéry (DO)ink@siement is carried out electrochemically using a

15  Clark-type DO electrode, with a platinum cathode and a silver/silver chioride

20

reference anode in KCI electrolyte separated from the sample solution by a gas-
permeable plastic membrane.

The DO probe for performing a DO measurement is connected o the transducer 1
via the jack 15. Next, the DO probe is immersed in the sample solution. Then, the
transducer 1 applies a fixed polarizing voltage (component 30 of the transducer)
around 800 mV to the platinum electrode, and the DO electrode produces a current
that is proportional to the concentration of DO in the sample solution. The

theoretical relationship between the concentration of DO and the current produced
by DO sensor is:

I=I,+p+C,, | . (21)



15 A ark-type DO el ectrode, with a platinum cat hode
and a silver/silver chloride reference anode in KC
V) 196/p4389 e separated fromthe sanpl e sol uti oPCIYEGR004/000342

gas- perneabl e plastic nenbrane. The DO probe for

performng a DO neasurenent is connected to the

transducer 1 20 via the jack!®15. Next, the DO probe

is imersed in the sanple solution. Then, the

t( r ansderedlpo Inglidps ihe sorgerdtiati@chf DY, A(A) B thgmyahicd @6rrent thro#gh
co . u V. 10.the

bl at a2 R ekl ARG bbpe B oL <dti

cur r torero, afth)f is $heprappoiotal tacmk. t o t he concentration of

DO in the sanple solution. The theoretical

rel agy | e centration of DO and the

cur ryﬁ{&g% G%E@Wm%%uﬁ%%@éﬁgsoﬁﬁ‘?w& I =10+fi Cn0 (21)

WD 2006/ 043899 PCT/ S&2004/ 000342 19 where CDD (ng/L)

i5 t he leoRidehPPane tampsraiurpropes(ipp spiiratqsesolvsierseirsedium hypo-

current tdulie) dhosd Bshcsiuv@idh of DD (sMqubiSto 2B, SAH HheNthe current

o zero, S PG RIOORERMS Skl g vahniert

calibration of the DO neasurenent is as follows: 5 1.
Pl ace BO Raiepve Svpandderoecatyse giobes from the saiti@tedtsedtion of sodium

sol uti on igho-Safts i MXRAhers Whif Whigr, Whose concentration
--0f- DO is equal to zero, and then the current signal -/

oducegd e rode. i s asur ed t he. transducer
B B s T R Bl IS B B8 el e e efiion
sat ur at edogBWoRshar dbutdwtian heurly padursielitia soptiomwnith the nggen

them wi t b Vievh6dpherd0 TRen A GBnIEAN hERDRE ahd! &bt 0BGy
e. solution continuousl| §

inthe ta ter. Lr.t ly fo
about - ha ool DB b e lerbeniei i i i e
oxygen isplub@mosphere. Then the transducer | neasures
the current signal produced /s by DO el ectrode, the
fsenper at L Ui olution. 15 4
ol oul At Sefbpfle b frofftalal Bk 9 o B8 oyB it by llen:
foll ow ng equation: /j=lsl (22)
I.s'_Io
F==c

5

(22)

where G; Is the saturation concentration of DO in the tap water and is calcuiated by
the following empirical formula

C = 461.7
307+t

{23)

20 where C, (mg/L) is the saturation value of DO concentration in the water, ¢ (°C) is
the temperaiure of the water.

‘Then, Equation 22 is converted into the following equation:

307 +t
461.7

p=(,-1)

{24)



Cs where Cs is the saturation concentration of DO in
the tap water and is calculated by the follow ng

Vehoe/43899 fornmula, C - 461.7 s 30. 7+t (23) 2@CHIFE2004/000342

Cs (nmg/L) is the saturation value of DO concentration
in the water, t (C) is the tenperature of the water.
Then, Equation 22 is convert e into the fol | ow ng
equation: Q(1,-1)30.7+ (24) 461.7 WO 2006/ 043899
PCT/ G2 s dien 34 2arri0 otih ntpesinsel wod rsaliniyasampegsatian in the
t emper ahiL & %nﬁ%dr&héﬁf SRIRRBIR L dr MarluBit Mhen the operator
pr od® ooff {

ure measur enent, autonati cal l
1

! or
Py, SRS {aTEPeBTEP G I SSRPESS o R Jegperature and
t eNMPRFAICHiQ pRBes &8 lcbritistitd GNP eargdlideo  viatiesjatietxeriatnd &6

and _conduct.y Vi .0

o arfetiReRey 100 pRERAE R S0 135 1R o) QR o moasure te
r es pempératatey andi$pdnitnS ofthecgojugieredyriay pIDALBRASHIRMENE he
identical solution to neasure the tenperature t and
sal i|piiysiigath, th&BOTOhdshir&Rn dEihk DEmawREDNRADYs RBkilaied Bs
this situation, the DO concentration of the unknown

sol JPI%¥R C is calculated as follows: | -11 461.7 C O
_(25) Il -11 30.7+t 10 where | is the current signal
pr oSgced byr DO 48iect rode i mrersed in the-unknown

sol boo‘ﬁ.“l‘_l;‘e'r“‘ducer 1 converts the DO neasurenent
of ‘the cghEeW}tr(g'??Zn in mlligram per litre to the
percent age of the saturation value according to the
ool |vhatengs thequiaenit signal PEodD@-yTIDEoriIwie Jangsed indge unknown

solution.

The transducer 1 converts the DO measurement of the concentration in milligram
per lifre to the percentage of the saturation value according to the following

equation:

5 DO%-= Cé’? «100%

s

where C: is the saturation concentration of DO in the solution of the temperature {

and salinity S, and is calculated as the following:

Ca _ 461-7 - 2-53S
? 30.7+t
27)

20  where C (mg/L) is the saturation value of DO concentration, and ¢ °C) and 8 (/o)
are the temperature and the salinity of the measured solution.

Then Equation 26 is converted into the following equation:

I-1, 4617
I-I, 461.7-2538
(28)

DO% = x100%

(25)

(26)



where CS is the saturation concentration of DOin the
solution of the tenperaturet and salinity S, and is
W 2H6M48ed as the following: C. 461.7 - 2.53SPaT/SG2004/000342
30. 7+t (27) 20 where Cs (ng/L) is the saturation
val ue of DO concentration, ang t (C) and S (%) are
the tenperature and the salini'ty of the nmeasured
solution. Then Equation 26 is converted into the
f ol | Ylien decRpERiqr iflects mgnealicompgnsation, theiangdyces 1 -reminds the
3&1 3peﬁat5(3ﬁ lrﬂaatsiheV‘@nﬂJQ%erde&89&hH§T 0@@@)@4!‘1@%@6@1 when
en the g tor |l ect s Jmanual ensat.i on,
Ut anGeEn: T 6 ORI A B0y 2y B R Soen low te
t enpednes mpqsaraﬁ@thgamomatiqcomewtm101chleul@t@ thet D@ poncettetion of
necegaadhdhowh Bolltld®. procedure of calibration and
nmeasurenent, and then follow the sane program as the
aut omati c conpensation to calculate the DO
concentration of 5 the unknown sol uti on. HEAVY METAL
'MEASUREMENT The transducer 1 perforns anodic stripping
vol t HRWEY METAIABASUBEMENSUre t he concentration of
some-netallic.ions, such as Cu2, Pb2, Cd2' and Zn2'

et C. Thel{panBéubh § %@ﬁ&ﬂw‘é'dﬁo&b str@hyw\taa{n%ey 'A'Q Measure the
system h Sy t hree el ec { §+od

hecl
a wotRPHY AN ¥t 108N MERIIE é?'@r &t é’ct Pg
- -‘tbuntimultapéaisly rop drelividudilye The IABVrsgsterh é'@ts e elestrqﬂsaaTHeythree

nadeel&:ftroa'@s%eoa {¥Bfkink re)éctr&%' 4 ref@la&%%le@l%c*&%d aunter electrode.
platinum and is connec %‘%‘19‘(6‘6(3 transducer 1 via the

j ackthpMorkipgeelpctiode isysyal Ye’F OMErq8s, 4Pl 9! ?ﬁfo“é"ftl?f‘ and
Si | v@atinem] arelr is clohwaciet eto ahe tansdoey 1avial thesjaclonnetec@fcrance

the éé:trh&qu 5%%1#9 of 'sffl’vg]; giﬁr?ﬂ cﬁ’lrb%délgec’{r-ghée ah§ ké%ﬁﬁected to the

electrode I1s u

Fonregediger ovig e fﬁ?ka*r% die éP“’l"e’\ﬂ'eﬁ“?Q?e'S Jual@l'v ].@de Phalaiiogy,
SyStathEﬂ iS18chnbot toCthé GrbhddBicer & i tharjhcki 190 The IASVI dysiéh Habaio
appl 1 0 . nt.al. .

Stri é&fﬂcﬁs 41@3]%?9:?%“% iU 1R C} B[?Ille%: th%?dgﬁ%at@ﬁ%ﬁ? &g%né‘&mrﬁlgﬁo
mead $twg3|rtg| celt igy the ggeqt gurrmhmptaﬁ, and a measuring circuit 49 to monitor

the cell current. The measurement of ASV includes two steps, a deposition step

etc

20  and a stripping step.

Referring to Figure 6, a typical process of applying voliages between the working

electrode and the reference electrode in the ASV system is illustrated. During the

deposition siep, a deposition potential is applied between the working electrode

25 and the counter electrode for a specific period of time. The metallic ions in the

solution are deposited onto the surface of the working elecirode. The deposition

concentrates the metal ions from the solution onto the electrode in metallic form.

‘During the stripping step, the potential applied between the working electrode and

the reference electrode is scanned from the deposition voltage to a preset voltage.

30 Current flowing between the working electrode and the counter electrodes is

~ measured, and the resultant voltammogram (current-potential plot) is recorded.
The voltammogram provides the analytical information of interest.




the cell current. The neasurenent of ASV includes two
steps, a deposition step 20 and a stripping step.

WRR2086/P438¢9 t 0 Figure 6, a typical process of aReVEG204/000342

vol t ages between the working electrode and the
reference electrode in the A§¥ systemis illustrated.
During the deposition step, deposition potential is
appl i ed between the working el ectrode 25 and the
counRelferriag &cFigwe e, Bdypical sgeaimppempleam 8¢ roeastiement aIASY is

et ?Illhét:‘éteﬁ O0Grrdnh péa@ apﬁsdlr P b@t@rg@fs%oﬁ@sﬁbéﬁﬂ:ﬁ@% PRt RidkdtR of
surrtace ) ect.r.oae
SRR RO FRE e ewer R I heosotaen

cW

conc E'ﬁ?lsaalsetée‘i #e %
el ecPeade@telntlalmEfeatva the niecbafam theDsanipregsoluien. Stihe ispipping current is
f Froﬁ&fongpfoe[ﬂé 'c@hceﬁf?&ioh &4 tﬂ?ﬂ?ﬁ'ﬁ/&ﬁ dnthe WRfddeN §herefore the

rode and he reference el ectrode i s scanned fraom
t he BHERABYI QUTSRt 15 Areragiana! do Hs gencepifation, in higsampls selitipns nithe
f | owietagoriabip \beraet the pasl deéaf thel stripbing dérraanahd the caeermitaion of
eI ect Lofesnd 3. Neasured, and the resultant

ol tanmobgram (current-potential plot) is recorded.

The vol tammgr am provi des the anal ytical informtion
of intdexesC. WO 2006/ 043899 PCT/ S&G2004/ 000342 22
Referring to Figure 7, a typical voltammogramfromthe
P aSIHTR f%tthéjﬁeaﬁ@}éa' of‘stnbd AngﬁFrEfﬁt@ f 'thecr:lbﬁée%ﬂgtld?l%‘?%ﬁtalllc
‘appear- at potentials corresponding t he oxi dation of
met dPrS: ait fﬂ%‘yeafoéor@i%abiaﬁt% (stri pped) fromthe
el ectrode back into the solution. Peak potentials
I derid rigastireenetaiicabss, ha triviveucsa rplogidanienibicarategibeselectable
stri .
con CtgrﬁHfrg{nl < Pﬁ'%?é P%tﬁ? gﬁéé}%tglp?ﬁéé e'b[eelo %ﬂﬁ\g eparameters are:
Therefore the stripping current is proportional to
its cohcAPPEIaNARiential-hRI0III1808HY ut i on. The
rel ati onshi p between the peak area of the stripping
1sur r eng, &gl phientiapptsd0te dsbomvof netallic ions is: A
=e C (29) 10 where A is the peak area of stripping
curreng, bs?tloﬁml?ﬁec@ﬁ%%ﬁé Labhfpn of netallic ions, and
ais the oportlona factor. To measure netallic
ions, the transducer grOV|des flexible strategies
sel ect%thP@te"?ﬂP%bfﬁtetaﬁTé' RiEpRingstep: By 20QBVISEEdt or .  The
sel ect abl e operational paraneters are: 1. Deposition
pot évittheglarametds® Breralfletio bd BOuatiset. I he frafédpnedr 1 pdsb erividas an

*+15QQeikfRnt sbRNG of Yost of operational parameters automatically after the type
20  and concentration of the metallic ions to be measured are determined by the
operator,

The deposition and final scan poientials used for the measurement of some
metallic ions are related to the type of metallic ions, and listed in the following
table:

25 Table 1 - Deposition potential of some metallic ions

Metal Deposition potential (V)

Copper -0.6

(29)



3. Deposition tine: 0 to 3600 seconds 4. Potentia

scan rate at the stripping step: 0 - 200 nVlI second Al
Wha00p84389t ers are able to be manual |y set. THET/SG2004/000342
transducer 1 also provides an intelligent setting of

nost of operational paraneters automatically after the
type 20 and concentration of®3the metallic ions to be
neasured are deternmined by the operator. The

deposition and Ti bedd scan potentials use@ Tor the
measurenent of some netalliclions are related to the

type of i e the
table: 25 Table 1 - position potential of some
netallic_jons Metal Depositilon potential (V) Copper
-0. 6 WO 2006/ 043899¢ PCT/ SG200¢4/ 000342 -»8 Lead - 0.9
Cadmum-1.1 Zinc -1.2 Wen| nore than one netallic
i on requiTEs neasurenment, € Towest value of the
deposition potentials of the corresponding netals is

et er A8 HERORL hlc BV 0o lorbhCy BRASHLEE B e ©

otentl a
rret aﬂePO%'th)@ pp{éafr%%ﬂi thercorrespanding raelalp @rﬁeéa&th@dqpeat@mfotentfa!
st rigdpiemgeauement around the standard potential of the
specific nmetal -nmetallic ion couple, shortens the tine

bl
5 SRR SRS o AR 1
| der???"f’@ﬁst mﬁepq@ba T’TPII?'”Q ﬁ@rr%ammﬁfb@fstamﬁaccbmt@ml|o§/thetsmmc
t 1 ansileRkalib ionluRe,shertews i &mzrmgrwaﬁ nd debihRS tHehe

nol Sp%ss&ﬁe mlslakes indis mgwsﬂ'ng pea%s fromi]'lblses

In order 1o identify the peak in the voltammogram correctly, the fransducer 1
10 performs data smoothing io filter the noise as follows:

- f; w Roo2 when j=3,4.n-2

Referting o Figure 8, after periorming data smoothing, the transducer 1 uses a
search algorithm to search the beginning potential (kb) of the peak, its related
15 = current (i) and the end potential (ke} of the peak, and the related current (i) in
' the voltammogram. The transducer 1 calculates the peak area by the following
-algotithin: ' '

(30)



-k i; =5whenj =34 ... n- 2 (30) 2 Kk 0 Zn-k

Zn-1 =~ 3 in = n Referring to Figure 8, after
200604388y dat a snoot hing, the transducer 1 ud€3/SG2004/000342
search algorithmto search the beginning potenti al

(kb) of the peak, its relat ed2 15 current (ikb) and

the end potential (ke) of the 4peak, and the rel ated
current (ike) in the voltamobgram The transducer 1

cal cuvehes >tihehp padk apdag8 cdnildidieasfind fomiindChigodingr i t hm
VD 2006/ 043889 PCT/ SG2004/ 000342 24 \\hen i1 ke > zkb ,
the peak area is calculated as the foll ow ng
algorithm k-ke ik f "Il 1/~ (~~ A= AV-1 ike-

i kb) ~ ke-Vkb) - Zkbn-Vkb) 2 2 (31) When ike<ikb, the
peak are&g;is;cal cuhated as the following algorithm 5
k- ke Ak F%%%VATQW%O%V@W%*VH)-MV - Va)
(32) e“AV is tthe interval of voltage scanning.
Bef ore neasuring the concentrati on of heavy netals of

unk nepen 5.0l Ute ‘Bﬁak drifis cAiIEARSFMGRE ggorvﬁﬁggéfofﬁcfrﬁﬁn:

calibration with a series of stan uti ons. The

05a| ibration 10 of the transducer 1 is carried out as
follows. 1. Press the key to select the calibration
met hod, one-point, two-point or multiple point

. _Prepare the cell with the stirrer and

Che 8 O e KMV g Borsh Ml criddenio Ve Ve

(32)
where AV is the interval of voltage scanning.

Before measuring the concentration of heavy metals of unknown solution, the
transducer 1 requires calibration with a series of standard solutions. The calibration
10  ofthe fransducer 1 is carried out as follows.

1. Press the key to select the calibration method, one-point, two-point or
multiple point calibration.

2. Prepare the cell with the stirrer and the three electrodes as described

earlier, and then add a standard solution o the cell. Begin the ASV

15 measurement described eatlier, and walt until the peak area (4) of the
standard solution (C}) is calculated.

- 3. Remove the three electrodes from the standard soluiion, and rinse them
with water.

4. Change to another standard solution, and repeat the steps 2 and 3 until the
20 calibration points are completed.

5. Replacing y with A and x with C in Equations 1 to 3, the microprocessor 59
completes the calibration according to the above algorithms of muitiple
point calibration or single calibration, calculates the proportional factor £,
and updates the proportional factor for the following measurement of the

25 concentration of metallic ions.

89




earlier, and then add a standard solution to the cell.
Begin the ASV 15 neasurenent described earlier, and
WRPW6AN48P9 t he peak area (Ar) of the standar PCT/SG2004/000342
solution (C,) is calculated. 3. Renpbve the three

el ectrodes fromthe standard lution, and rinse them
wth water. 4. Change to anotfier standard sol ution,

and repeat the steps 2 and 3 until the 20 cal i bration

poi nt‘*&efa?aébrewpthétt%e elsotrofen Arg dinprgregd i e upknawd salutignt with

C i nsnel aém;ﬁﬁ&ur& | dsébtﬁndaﬁ%ldﬁbrﬁ LR RE eesmﬁnoﬁ 9The transducer 1
e call pr {o. .t

conp t cordin

a1 go P el ol A4l TRk S e pifat e segefg e those
cal i Breglipration prededurp.dieek ateh élx fsrrogroured.cand|thenabe cancéniration of
agd ﬂi@@ﬁkr@&n%&@tndﬁﬁ@%ﬂa&é&%lfol!&%t or for the follow ng
nmeasurenent of the 25 concentration of netallic ions.
WO 2006/ 043899 PCT/ S&2004/ 000342 25 After

calib_;ra_lépn, the three electrodes are imrersed in the
unkno¥n golution with sane tenperature as standard

sol ution us g) for calibration. The transducer 1

per f or ms the nmeasur enent of ASV with the sane
operational paraneters as those of calibration
procedure. Peak areaAX is neasured, and then the
concentration of 5 the unknown solution is cal cul ated
—as f itk darsdu@z 1 dods ro8Bid a fehk inHtiee tatiammdgremr thd catsesiration of
{0 NonamBSRKed Bititifis ¥akd ARFrOgram the concentration of
10 the neasured solution is set to zero. The present

i nvention may be used in | aboratory analysis or

i ndustrial applications such as effluent discharge of

i nduBempresentanventioni neaypel used it lehwedi@y andysisl dr indubttiallapplications
appreeeh & SlieRVaiRRE QGﬁm‘%@irtEI’o@% hl?l LiNGsBlvkref, hat

numer ous vari ation d a' Pcatl ons nay be made
to the invention as shown in the specific enbodi nents
Mi t Howitl bel epgarediatedybyf pedsont BkillgiGn e 0 thayriufristoud varkdiens and/or
' nvﬁ'lﬂ:;dfgého?é mQ%B@H‘J de g‘?ﬁecﬁl@:ﬁ& émﬁm R‘hﬁé S,S‘e ific emb tihments

Rer ef ore, Be>Cons ea Car
r espUiEew Geparinghoma heREOBNEF SRSE of st infestianyes broadly described.

The present embodiments are, therefore, io be considered in all respects
illustrative and not restrictive.
20 |




20 PCT/ SG2004/ 000342 26 WE CLAIM 1. An integrated PCT/3G2004/000342
transducer for neasuring a @eurality of environnental
paraneters of effluent the transducer conprising: a
plurality of input ports to connect to a conbi nation

of measurenment -probes for neasuring the
~environnental paraneters, the environnental paraneters
bei ng'ﬂ@{:l_Al ast two selected fromthe group consi stl ng

- of . tenperature pH. concentration of anions,
conductivity, total dissolved solids (TDS); oxidation
reduct i onApblegiated BnsduCRRY ;meeREN plirdlityl @ Ren@bra@htaiSRtaNEEks of
OXY g efiiudnbX tranScdidodr Bdnfpiising@Nd concentration of netallic
ions; a pa(?l&%ﬁys%rmt cess. the neasured

envi r onmen par Hle‘fun? %’B'Eegrtﬁlan"@m{"ﬂi’"°“p?fé'ﬂfé?“feﬁ1§'a probes for
r ul edneaspng; igpenvironmental paramelery. thix envispererial ipararadterpbeina rat teast dwo
of t lselectsd frart the YIS copsisTYEd:; tenfbBiurepH( b&mnwod A aflbns Hodbictivity,
the WG‘%%ﬁ‘%dSO%WS‘?'mgegrﬁLdu%ﬁ ?&% é&RPr)] rﬁ%ﬁla&n op (darsﬂved

predefln s_incl conpensa asured

- val ué ?‘%” 55'% FIETIRte melicias ef 1 uent

_corrpensatal PieFessse &hrerasea# ¢t weayweh emdenimenial ofaragmiem nascanditighto
t he predefpénag;ur e of the ef f | uent conpensating the --

measur ed at@iﬁﬂu%ﬁs‘eﬁﬁ/ﬂ{e%?#&lgﬂa&gmprg&rg B}tthe %‘lleas(.ll%Pr} erHe%i g ¢ he

t enperature, o uent compensatin
- measured?® & gﬁ‘(?gﬂ' s ppgesRed Rt RAEPRETS: { enper at ur e

of the eW‘Fere\E’eﬁQ predefingt ellqsrlmgdmensam: Ge chisagyretl pHoklgd with the
1, whaeeius dffve: ekt cirperRati@ i aReasuied cbR@ntfalicA S AHBR with the

accq;n%@aretoah&éf@bmcampgwém@%@{%% | ”u%{r‘ 143618} potentia (ORP) with

toug écr een | E% d}/?s

{ r a e eERe ol demts apd competpainathe Rgsers deoctbomgen (DO) with tr
meadenrenivaef refluent | ncl ude at | east .one of a platinum
resi stance thernmometer, pH pr obe oxi dati on/reduction

- pot Qn“ a‘Ilh'ss ‘a%:%a c@&rﬁr?gttggad erern aeeilne glsl\éel?%a | SB)

el ectrode, conductiv el éctrode; d oxygen -
(DO) electrode or an anode stripping voltametry

(ASY) syhe ensdugsr achirding to daie dUgereindiedmiids @ gudhsoreeh ifeprated with
whemhedisplay.ne envi ronmental paraneters to be neasured
‘are selectable via the input The transducer according

to claima4, wherein the predefined rules include .
msa4sur i ﬁl& trlapfgucer according to claim 1, wherein the measurement probes include at loast

. one of. a platinum resistance ‘thermometer, pH probe, oxidation/reduction potential (ORP)
electrode, ion selgctive'(ISE) electrode, conductivity electrode, dissolved oxygen {DO) electrode
. or an anode stripping vbllammelry (ASV) system.

- 6. The transducer according to dalm 1, wherein the environmental parameters fo be
measuied are selectable via the input,

6. . The transducer according to cfalm 4, wherein the predefined mles include measunng the
resistance obtained by the platinum resistance thermometer to determine the temperature of the
efﬂuent
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resi stance obtai ned by the platinumresistance
thernmoneter to determ ne thextenperature of the _
ef fl uent Amended Sheet | PEA/ AU PCT/ S&004/ 000342 27

- 7. The transducer according to claim1l. wherein the
t enperature conpensation is perforned autonatically
or manually by an operator. 8. The transducer
accordi ngyt o claim1, further conprising an out put o
por t .7?0 cghﬁnléag?ﬁovﬁr {FReording, Jp H‘g‘r‘" g'e T {6 CERTEHR: PymRgnsaton is
t he PEPETRIatoTRiralyAs Majuglly bpan ofgsedort r ansducer accor di ng
to claim 8, wherein the another device is a desktop :
conpet er The krarRideiHaBordind B olal : g i
CPTPSL o1 L it & 0 AR GR!0kt v

T el o

di ssol ved Sol'| Pef&ach ef f1 uent source.

I f. The transducer according to claim 10, wherein the

TDS 9.al udh apeducer adcortiifteto @hifnl 8| eHRein 1ROIABRER dévize BaldedtoR ERPuter
- usi ng pant®r edet erm ned pi ecewi se function directly from
~the neasured conductivity. 12. The transducer

‘according to claim1, wherein the neasurenent probes
“are Wi acgt‘f {rapsduggr fapeordiaptio giaiml Y tfirtber combrisind @r database debtbre total

at tdiseclsdsatid (Tha)raludsdor edch etilehtdfim@uUcer according to
claim1l1l, wherein the display is a liquid crystal
di splay. 14. The tr-ansducer according to claim4,

- whergi n 4 ts of the pH y |
ot a5t 1 ol sARASAEHEE 8 cBin. o ookl B REE b oo g e e
sel SUFPRVR Spipultey ushe @tamdetermisieds pistewiam funetion ditertlydfroproitie s1easared

 t hecefiderfiitay, the three npodes including pH (pX) val ue,
potential in nV and ion concentrations In ppmor nolL

i . 1ZThe The ansdidaeicorfing & 6 d, Wre B MeAureNEHEHed ak PRiced in
ma&%&%%ﬁa'gﬁa“wgﬁ@ﬁ?@%g@é*We el ectrode is shown

in three-nbdes on t , I'hcludi ng conductivity,

t ot di I ol i.d T and salinity. 16. The

L ats o i 8y Lo g P st el

measur egent s 11of the DO electrode is shown in two

modés on® FHEYER S61alrg 9 Faim fiviereip diecaessusienig fof the pH probe,

s atoyziprigdugiion Solentisl(OBR Yy getodand ionlxsiedivi ESE] eleaedt 4ra tioan in

Of tiléesaatey ATINOUBBY the three modes including pH (pX) value, potential in mV and ion
concentrations in ppm or mol/L. '

15. ' The transducer éécarding to claim 4, wherein the measurements ‘of the conductivity
electrode is shown in three modes on the display, inciuding conductivity, total dissolved solids
- (TDS} and salinity. '

- 16 The transducer according to claim 4, wherein the measurements of the DO electrodé is
shown in two modes on.the display, including percentage of saturated dissolved oxygen and
absolute concentration of dissolved oxygen.

17.-  The transducer acconding to claim 4, wherein the measurements of the anode stripping
voltammeter (ASV) system is shown in concentrations of metallic fons such as.Zinc (Zn?"),
- Copper (Cu™), Lead (Pb*), or Cadmium (Cd**). ' '
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17. The transducer according to claim4, wherein the

measurenents of the anode stzg pping 'voltameter
(ASV) systemis shown in concentrations of metallic
lons such as.Zinc (Zn2"), Copper (Ct?), Lead (Pb2"),
or. Cadmium (Cd2"). Anended Sheet | PEA/ AU

PCT/ SG2004f.000342 28 18. The transducer according to

clai migdl, WhefRidled nf{fﬁpetra f ndal e QYL
s,ensosr’en,lSorl Seg?oog Qﬁ: |2§sa t conptgnrgeél'11 kit 089158"3‘{@%
The tFansauc %’88 8?'??5“*?9“8@9 m 1, further

corrprJ}S| ng an adjustable calibration strategy for

‘meas Ul ng TRHE§SEEer qopgpsling fplainy 1o rtheotemenising atadioriabledilibration strategy
anj onfar rppsusingshe,iHNQRR. brel tHe@a®éntrSigatadr shiond By bflehg the Rast ke
transedsegr according to claim 10, wherein the

- measurenent of total dissolved solids (TDS) is

obt aized fy hﬁ%@ycgnr auop.igg {o%mqg%%g‘r lggue r%gag%gn%rt]o\f lolaydis?c){ved sofids

per f oku
Ctr angtégé 53"‘%{%’3’?‘ 8‘1"%&‘“& e 'B?a&ff%ca"duwé bifierorpinga legkunn the
~ stri Spelfge-vol tanmet ry. (ASV) systemis calibrated by
peak searching and area integration. 22. The
't r an@tuc ethe aasduce acvgrditgto Cthid i, Wihdrein W8 Bo8d StiphiRErolRinAGR TSV
P 0CE#8A% Aol @B hesllebifiGind SAYIgARENt al par anet er's
-at the sanme tine. . The transducer accordl ng to

gbslalmne d fﬂ@%ng%uﬁe\;tea?:grdiﬁ%} cﬁim ‘y wRerem Ea prgce s]sa[l%r;ﬁeﬁﬁzi}_least sixteen
e Pl pererlop g e pame e,

23, The transducer according to claim 1, wherein the salmlty of the effluent is obtained by-
convenmg the measured ccnduchwty ‘
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