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‘probes for measuring the environmental parameters,

1510 Title Technical Field A Transducer The

i nvention concerns an integrated transducer for
nmeasuring a plurality of environnental paraneters of
ef fl uent. Background of the Invention Industrial and
muni ci pal wastewater nust_be treated to conply with
the mnimum environnmental standards before di schar ge
into a sewer or watercourse. These standards are
irifeended to protect the sewerage infrastructure,

wor kers mai ntai ni ng hRganz8u&irage system and aquatic
marine life. Also, these standards prevent 15 adverse
effects on treatnent processes at downstream sewage
tbashdERkIgWwor ks. . Stricter environnmental laws, in
particular, water anti-pollution [ aws, increases the

i mportance of nonitoring nmultiple envi ranrrentﬁlai. of
WRé aivehtion scopfernst N (riparated apssluserfor Measifg & Pal

o] o= JMe LeR dphmidne ef fluent. Therefore, there is
ARBhe P2

a nee instrument to neasure these paraneters
conveniently and efficiently. 20 Summary of the
Bavapbundof ke lavéntiost  preferred aspect, there is

provi ded an integrated transducer for neasuring a

I it f [ t al wmt N
Incariial v e eseHger 6 Lo AR Ty by R e

LAiBRNEHRA tstdnards Golel disthiagn W aTBRNAN 08 WY COUTSEy

for nmeasuring ' AhfraR MRS, WkiGrs hiistaining
W%megwtggfog%{pé?%g,pg t &he?g,tstawgd{l%peg&ked
frreosawerage (avelan /winaguatiq Aigring lite; @%Be Sture,  pH,

G kb brPfbafhentprocssses at dowhstredny sawpge eAtAPNtNoES | ved
sol1ds (TDS), oxidation/reduction potential (ORP)

neenL LAl di ' - (n@edsesinby
SReg G anpn e %%‘%ﬁ“%?‘?‘gﬂgi;%ﬁ?g%g ot e

prpmaarse of Meniipdeg Mukiefe @AYIPBRMEFRETERL et er's
g&&ﬂ&ﬂidﬂg befofe. MSchERE iohihe affiubats Theseforeatheriedppaiped for an

di spl ay the prqces [ nivahd et ers. 2 An
insfp¢ree FEIBIGVT é%%"‘?%% cgs’@tgfﬁisng t he ol%glr?ati onal

paraneters of the measurenent probes. The input my
be a keypad or touchscreen integrated with

Summary of the Invention

In a first preferred aspect, there is provided an integrated transducer for measuring

lity of environmental parameters of effluent, the transducer comprisinlg:

a plurality of input ports to connect to a combination of measurement
the environmental

g at least two selected from the group consisting of: temperature, '

parameters bein ;
conductivity, total dissolved solids (TDS),

pH, concentration of anions, | .
oxidation/reduction potential (ORP), concentration of dissolved oxygen (DOQ),

salinity, and concentration of metallic ions;
a processor to process ihe measured environmenial parameters according

1o predefined rules; and
a display to display the processed environmental parameters.
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“using a predeten'nined piecewise function dir

the di splay. The environnental paraneters to be
nmeasured nay be selectable via the input. 5 The
nmeasur enent probes may include at |east one of: a
pl ati num resi stance .thernoneter, pH probe,
oxi dation/reduction potgential (ORP) selective (ISE)
el ectrode, conductivity el ectrode, dissolved oxygen
(DO) electrode and an anode strjppin grethé Y
An(ﬁﬁ}() m3y Se€ Povidi€éd Tore seftiea) g r?@ﬁra?‘{'}%eggﬁégleg%ngrl e one
or  nore of Trrnreﬁélﬁ rn;a?g,etmyp@mrsmmeeeobmafﬁ‘@ wﬁé the
mepsuseraRt APPEs | 'St 'ahce t her t [/3d nfd¢ bE kalbdtabld e
. ,”ﬁ%‘% midastrBd maf b
thetcﬁg@s[wr'ﬁtewnemome@iﬁé’a@'ﬁ%% t; ~ conpensating the
measured pH value with the tenperature of the
tr“*éﬁ“ﬂ“”?‘uent; 15 conpensating the nmeasured concentration
of anions with the tenperature of .. i | fdestbnce
ThE RS HERE Ngobeh enayeia@:;?e’e at 53t P %‘n% :bgaéﬁué [

uction .
I X ial lectrode, . 10N .
oL e%tFﬁl a at(p%%@’ Mdbtbrirbuctienpeteatalir ORG) IR g?fl uent ;

ure of  co t i QgGvbd exygeam0)etectrode
seﬁmsm&bde@wg}@é‘-ﬁm{uﬂﬁjﬁy gﬁflﬁﬁ. a{ifé&?t" he@gffl uent. The
vapremetat (ASM) Y8 be per f or med

angggg'?ﬁdt@%{gg}??g; or manually by an operator. red 25 An
out put port to conrgqe?r%tga\évlirtlgre%pot her device for
THe phedufiriet: ndestrhay CHBR! ol 'parameters be i ded.
Tﬁe anlﬁ%{lllg heSkEMES Bbiamst betha pHERIT @ﬁ‘sﬁﬁgﬁ%?@ O"ﬁe‘?xdt er.
* AMEATEbASE ey be Oﬁh%veiﬁgg,q.to store total dissol ved
s getenninettePMpAPHE G each 30 ef 1 UsRineSRiuEMe. The
. Tpﬁnb@gé{ﬁg&pm@sdreﬂplﬁ yauew i RSPPEEUCe may be

ca

cul at ed,. ugj Fi@htion of aridnsphitcbatarRPer e ©f on
. di@@ﬁ”??‘"ﬁ?@ma%%gmﬁeogsur ed conductivity. The

neRsefiuentent probes may be placed in diff h th
angl Xy $5ARBUSd anicorireductr phett, (BRE[ win e

* TIFE asurement s f’fort he pH probe, oxidation/reduction
pderaperatae of AR

ectrode, and,i thiveRat(ire SE)
. &l ShbérReingriay msasusarodiFeolvRd PYEER (ér@tgvé@?%ﬁq% hg i spl ay,

t he hree nodes including pH (pX) value, potential in
nﬂ‘%ﬂf’f’e‘fﬂc‘)n concentrations in ppmor nol/L.

i an
The temperature compensation may be performed automatically or manually by

operator.

i i ed
An ouiput port to connect with another device for outputting the measur
n

i uter or
parameters may be provided. The another device may be 2 desktop comp

printer.

i i each
A database may be provided to store total dissolved solid (T DS) values for

The TDS value (ppm) for the effluent source may be calculated
ectly from the measured conductivity.

effluent source.

in di i r cells
‘The measurement probes may be placed in different analyhcal chambers O
e me in

at the sams time.



10

15

20

5 The neasurenents of the conductivity el ectrode nmay
be shown in three nodes on the display, including
conductivity, total dissolved solids (TDS) and
salinity. The nmeasurenments of the DO el ectrode may be
shown in two nodes on the display, including

percent age of saturated didssol ved oxygen and absol ute
concentration of dissolved oxygen. 10 The neasurenents

°|{;lwe G PG oﬂh{éipplfdréﬂl, H)@ééﬁ@ﬁ{ﬁﬁftdﬁbn boAHI (ORB) elsetiwds, be
shown I n concentrations or netal..l | S nc
(e sl 50 s LR prOUb S oS Befih B
Thee FRaURGIRR sH ¢fX) vhlee crmtentiaitin witt gndsien seicerEafiopIn

used to, obtain salt- 15 conpensation of DO An
205 e calibration strategy may be pr ovi ded for

measuring the pH, ORP, and the concentr.ation f
ahe eressugmentssit fieregndustvity @M@W?’S Sﬁ%Y“HB%J‘.’??%°%?é’"
il TRikdirgicofduibivity, dbtalsiissotest ssiidsi (BBS)(@FDS)iniay  be
obtained by converting the neasured conductivity by

3 it PERNLLD JReR A B3t Paoanate o be
ysplpgalociugies rrstienigoarl  eateatef ndiegived i %‘Mge"TﬁBd p? Sg]essor

ceﬁtFa%@&%isé&véd%ﬂﬁdensi xt een environnmental paraneters
at t [

e sane tine. 4 effluent may be obtained by
converting the peasured.. T Ahiniid YAl §yaRm may be
dbf &‘lf@?‘f’?)%‘frés. of {'T'gnas?aﬁ?: g;tr"p%;PEtv ﬁle pr eswntgq})i n%g@tzi ONag
ena in sorickatratiensi of metallictiens sughy ahding €8 Uk IGPPPY &Y df

2hi DleaviE@arent al paranmeters of effluent in a
@%%gfgc?%teg#aggd 5 and efficient manner. conducted in
a user-friendly Brief Description of the Draw ngs
described wth reference to the wll now be of the
invention 10 An exanple ~acconpan¥ing gramﬁ gs. in
Whé measuspeEDis@f hg cenguctvityeangor ay de ysed A RBIBIN &R o1 { he
f PRR6ip®f an integrated transducer the preferred
gﬁﬁgﬁfnent of the invention; Figure 2 is a schematic
di agram of the transducer;

An adjustable calibration strategy may be provided for measuring the pH, ORP,

and the concentrations of anions by applying the least square method.

The measurement of total dissolved solids (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.
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'Figure 3 i

s a sche [ '

ol o mati c vi :

Tents other com 15 ponetra]}/vsogft{ﬁﬁerraj or functional

shown in Fi
: ure '
{S a graph ?IlussrgP?nCoPEeCtion transghgéfprogessor
er for three H val ues Q?rfabog'?f Lhe g ’
i fferent

tenperatures; s i _
and es; s illwstrati
Al s of Che: Mt bopsten ng data of the conductivity
The salifity bhmeeﬁﬁlp%rﬂ‘r{febgo&tﬂfedanplcym\ﬁ@ingg([\%e ar%@@@d 20
conducti\\éﬁl tametry; | e’ ofI gure 6 is a graph il ?58 n val ue
odi ¢ stri ppi ng gr urves showi ng sanpl e strating one
peak Figure 7 i Sgaaph illustratin currents of

. ng one e |
~ Adva sipfthd tremsdusar ¢ Fpeaﬂrgsgnt%%ﬁhoﬁ eeahiqsglpﬁ tﬁaas\l;% X am(?re: :1 ;_

TTow di rithm Ej V¢
of multipie VI fgﬂﬁﬁéfrﬁaers of effpent 1A 3¢ ngl(a \}n@??gﬁﬁg@ncﬁé" B process
conductﬁﬁ?@tusg:fﬂg@h{m%ﬁﬁer@?gmsﬂgs 30 provi dedg;ﬁm E)et ail ed
ront view to Figure 1, th .an integrated
ot Desrigh I v.t?efe”lng ””'”'pararrg{g I's of effluent.
Bnengsqugl%?/feree ab sgensducer i for enviro r monitoring 2 :
crystal displ az (aLCC%SG of the transduggfnit a! e sducer
e o L hehareete Sy o
! on_w cessori
ammﬁrum@ﬁrag‘ngs,nu%gﬁ?asurement 0 ands?irl/gs' The 35 for
; O%Ecﬁng*tyncti on

Fiqurel 164 plekedievs PHEER patl et an phegetadoues U Keypad 3

kevys. “Keys: 4 to 11
the pr@?r\égteg%gcgm%ﬁtgmd wention: has ei g?ﬁt t Ioag(lznneCt to: a pl
Figure 2is @ schematic cﬁagtrarﬁ Banswrareddet, on s {5 (ORP

Figure 3is 2 schematic view of the major functional elements of the

microprocessor shown in Figure 2-and connegction to other components of the

transducer;
ustrating the calibration of the transducer for three pH values

Figure 4is @ graph ill
at two different temperatures;

Figure 5-1 and Figure 5-2 aré graphs jlustrating data of the conductivity and TDS

value of the effluent;
Figure 6is a graph fllustrating one example of the method of applying voltages in

anodic stripping voltammeftry;

Figure7isa graph illustrating one example of cUrVes showing sample currents of
anodic stripping voltammetry; and '

Figure 8is 2 process flow diagram of the search algorithm for searching the peak

inthe yoltammogram.

Detailed pescription of the Drawings

Referring 10 Figure 1. there is provided an integrated e\ectro—mechanicai

transducer 1 for environmental multi-parameter monitoring of effiuent. A front view'
of the transducer 1 is shown. The transducer 118 covered by a case 2 except for a
pad 3, liquid crystal display (LCD) 23, a series of input jacks
nes/electrodes and other accessories. The
number Keys, and five areé function
(not

panel containing a key
for connection with measurement pro

keypad 3 includes sixteen keys: eleven are

keys. The transducer 1 has eight jacks (a0 1) 1o connectto: a pH elecirode
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shown),

shown) .

to select 1 has cks (not
co top of ive el ectrodes (ISEat her three jack |

sh the case ) probes ( aa 15
hown) at the 13' not shown)
Di ssol ved Oxyg 2.

oxi dationlr :
edu :
The transducer ction potential

14 to
connect to tenperature ,(ngtnd

en £DO) electr
ode
connect to ht S|dgagk 16 #or COnnect(mConneCt to a
shOWrg hrgﬁnﬁeﬁﬁcﬂoo poteni gl Q) [ elﬁ?el@aﬁ)de (neth éhotw:r:’%l Eroﬁ 19) n
i
selecmlglﬂcg? OWRI% % { §iﬁmﬁeﬁ‘hg,traq?g%%uc hEJ"ﬁr&ﬁter mge@sja ereo{ i 232

12, 1§Dgﬁmmnn@iéor0de§a ?é ?)B?ﬁmdgmg\}qiw qn[a Gikr e and
Oy e gRma) & odes, of th
conneasifs? QlIER s garelR0) 8P °ﬁe concen)t?glﬁfggf)t% nztnolt e
allic

the t
2. Systentenable ransducer i h on
metals. Al so at th:Sr?gﬁ{g'tal ASV
side of the

case 2, co i
nmputing device using heavy
conputer or

R out put po
S232 conmuni cat i oﬁ H Ofo to communicate wth th
e

Attt;insgg “{t m’ét‘cbse(meera 33\? oneljgbkftsdmtcowﬁtg\ hit ol D

N vate
e reda 1
conthicaviydelePd q‘f Aol pr inh.ca cejacks gom i g@?gmzout t on

worFur 8 V\Je%?‘éii\ce tand EME© \{?C% g d fbs &l ar0amdict HEPAN9oNt

?n?%ﬁm frne werkinBel§ Cern&éummeagract@pe{)ﬁr the_CD ”3

Asﬁeécyﬂbm emgblg@regﬁ ot %t tr@rmhce@pratgﬂda Itm%a't_ﬁcgbﬂs&sr@h a8

he{\ger{‘&gg 20 stabe @g{ﬁé\&é %}, chsela, thengansgusey f F'ust :rrag:targo

ot Ion
output port 20ht% ; Fn?rl?.lﬁﬂété @ith a comput QeCto%%r braputing df\g&ekl?

the RS232 communication protocot

nt panel of the case 2 to activate Of deactivate the

An onjoff button o1 on the ol
iransducer 118 provuded Also on the front panel of the case 2, @ contrast knob 22

to adjust the display contrast of the LCD 23is provided.

Heterring to Figure 2, @ schematic of the functional components of the transducer 1
d ion selective

sirated. The pH, oxrdatronlreductron potential (ORP), an
electrodes (ISE) are connected via the jacks 4t0 1110 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 1o @ strobing circuit 55. The

temperature probe iS connecied via the jacks 12 to 14 10 the transducer 1. The
onnected o an analogd

analog input 27 (3 channels) of the temperature probe iS €

amplifier circuit 28 to @ strobing circuit 55. The DO electrode is connected via the

jack 15 o the transducer 1. The analogd current input 32 produced by the Do

eloctrode under the polarizing voltage signal 31 of the polarizing voltage circuit 30

is connected 10 current o voliage circuit 33 for conversion to a yoltage signal 34

The voltage signal 34 is then connected to an analog amplifier circuit 35 10 @

strobing circuit 55. The conductivity electrode 18 connected via the jack 16 10 the

transducer 1. The analog current input 39 produce_d by conductivity elecirode
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transducer 1. The

j to a @ature probe .

anal ogni ﬁgﬁlt og7 22 tenmp of the telrr;e?gpﬂfgt ed via the

AT S e
under ragm 2 mgg:i?lgeea pidoreosciliaton ggagretsly lt ht 375ik r:omleqﬁgq circuit
1o a cyEhkie volaNE ci{fg]t tﬂ%fbg EérvBision paivolgge ﬂg%ﬁﬁ@gae j?_(ﬂﬁbé fier
signalkglié/@nbﬁ ageedédfn 51% agé&%%r%lﬁigﬁ&cuﬂ £1cio theostiopigg pi?cg ggluggr
55. Aq%;mﬁ@tba d)ngﬁr’] g:ahmam;bﬁﬁgu:iirpui i§3 %}ntrgl%h?? ihe@iealdfder t he
of thé’ somiebia 5D 4 J00H oo o) conivlr $GR @l0 "B oy

: n ;
miCroprec é@'t ?@g‘ﬂwes wgiap %thrpge,ta r%ﬁehé?\g% ;Hiﬂggbdhc landl GOYEETt he
electipdey obFECATY Xyl Ghd aomeited o HECR o) 1 T
transéican s.0Theeanalbd cq!’ﬁ%\[f grﬁJ s ploGasdtbyi the lectgies, IuIB G ans
QSCicladaéuii d g_/G.Curre B a Korkdna uced by

depogifiQl ari ﬂbﬁiggﬁwdrgﬁt L 1% ﬁ?rtneggd a gev@89f t he

circulk 49 m@p;\gjgg % Hlltg%esé'i@ﬁﬁéo. Fhe volthge Q;gﬂlals %{)&g Wéﬁ 36@@%15? ;ZI er t
X en

. It 4 .
via azntninlﬁbb ragnplfies @quu(f 53p gll‘j]ga %Fof%@irﬁﬁﬁt{iiﬁ s rihe slepesigl #8%e t he
stvipg%‘fqﬁ? eicﬁ?l{rr!od‘sl r&fe_ive& a corit! sigpal % f{on Zt’ﬂ% iﬁﬁ?;‘?dbﬁﬁbssdr 5% an
he apiticasion gain S{anioh 'Qnmguﬁngaaggw@ﬁ i opAiogdh Q@' g Afﬁé} s20f
i . r . _ is
the \eﬁﬁhtﬁmaﬂléa Cinv &4, hieBnferBY s ft%ér?gfﬁtgig:]%@ig‘() ﬁ{ g‘r"@ afShﬁofA,Z "
t he

) ectrog refe
micraRyPRESTY ? rence el ectrode mc
o the acks (17 to 19) el ec[ ?gggcgfssor 59. The

system .
_Tnet\mmdménr@?%i 8&%&;@%{3’5&&1{1@% to fihe SPREY F'BCHEL‘SE greQSv
dirolo@ ¥ arf Analogitd Bigeal (WD) | 09 CUEF &b A/ porivert8 Sp SueEod b ;‘

by one in & correct order. The digital -

analog input 56 into a digital signal 58, one
a circuit board within the

signal 568 1S input into a microprocessor 59 contained on
case 2 of the transducer 1. Keypad input 66 represents the connection of the

yarious Keys of keypad 3 10 the microprocessor 59. Output 65 from
icroprocessor 59 to LCD display 23 is representative of various control lines that

connect microprocessor 59 to the individual quuid crystal display elements of the
59, Qutput 64 from microprocessor 59 is representative of

components of display
he serial communication

various control lines that connect microprocessor 59 to t

port of the computer using communication protocol Rs232.

Referrfng to Figure 3, & schematic of the microprocessor 59 and its major logic
re are two types of inputs

elements and the connecting elements is iflustrated. The

to the microprocessor 59: the digitized input 58 and the keypad input 66. There are

m the microprocessor 59: the display outputs 6510 LCD 23,

five types of outputs fro
port 20, the channel

the serial digital output 64 to RrS232 serial communication
selector output 60, the gain select output 61, 62, and the deposition and stripping

voitage output 63. The channel selector output 60 controls the sirobing circuit 55 to
determine whether AID Converter 57 is connected to pHiORPIISE jacks 4, 5, 6,7,
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environmental parameters are displayed via the LG

deposition and stri ppi [ [
i pping voltage circuit 47
ggﬂg:c:e? to |l 50 is then connected 10 ciréu:f 49 to
con dgpos?t?oxogggge signal 50. The voltage signal 55
_ via an analog anplifier ci [ '
53 to the strobing circuit 55 reuit 4
( _ . 59 volta [
gfgglggso? c?nyrol signal 63 fromthe tgstc;:guLt e
stripping anplifier circuit 53 is
6. 5[(3 E@t@ %h{oﬁgrr%%?,gﬁ@kg 2a18, aapi tb DICcjaek 1rer BAOMUSV¥nal og
ik et MY BT 1Be T B B C ol
thel BRY bftn& Bmpidits 4855 e daprsiion SesLTREL BEA0E RS 51  obi
TN T s S
areered grggr $ngd;o_gigital (AID) converter 57 in
~Co . . igita anal og i nput '
digital signal 58, one by one 58 isginpﬁg igfolgto :

m croprocessor 59 contained on [ '
Th%nhﬁﬂés bhRpuidnd fisé gprslof Plé@éﬁﬁ%‘"?‘ﬁ gila %%?%@E‘t&”%%%? qi% he
sd sz cer "i" ( A,;fﬁ»ﬁ) gqnib,ag,u&eséé 59efdddlonqd irtpuis 5o AlAbFA

an gatprgfitcOU :
are/tinee SIEDits gyoq igdic@g%yig&grﬂ?rg%,gtit@?c% ATUGH RBAAHS E6ridin 9.

fung enrgreolt]hté Srﬁitglf?gir!t&tﬁhsdr B9\aiso dontains rmd@i[yzgneegqog[s(%&@twﬁ%b \‘LE of
which ¥arpug| propram F%sc%gggﬁﬁnfgﬁgé Iﬁ&hﬁﬁ@ﬁ@ stored @nd caline

by S@U}?O mentopiralied tiskipn- Spnden? ac%ﬁsdﬁ?ngcgﬁ(@ri@ %5 %tdg?(/giseﬁg c
whic E:{)rﬁé’iﬁs SRR VRlued bitasedttyat UG rinediO 67 & 8Pr ocessor 59

_e serial conmmunic é 1;
compeiiIne ST e gl Py A AR arByin RAMICD O DI e

H%gﬁwgemr?gmngxgmsgﬁfﬁoprocessor 59 and its mmjor

_ an e connecting ele [

gLLusgBated. There are two types ad igput gghtihgfe
to the mcroprocessor 59: the digitized essor

Thg St)r.enns'a:ltl]gerd1| rﬁgzlnsa)és QU Riliche SrirbiindritdPpadmeters of the sample
solution, such as pH, ORP, temperature, conductivity, DO, conceniration of some
anions and metallic ions. When the transducer 1 is activated, all the measurable
D 23. The operaior presses a

key to select the environmental parameters to be measured.

The principle and operational procedure for the measurable parameters in the
transducer 1 uses the least square method. This method is performed by the

microprocessor 59 to monitor different parameters for precise measurements.

The least square method is based on a pair of variables denoted as x; and ¥,

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:

y=a+bx

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.

M



'five types of outputs fromthe m cropro nunication
port ort 2020, , the channel the serial digital output
64 to RS232 serial com and stripping 62, and the
depositio selector output 60, the gain select output
6i , The channel gelector output 60 controls the
strobing circuit 55 to voltage output 63. H ORPIISE
jacks 4, 5, 6, 7, aEs?*ﬁmq,g:term_ne whet her Al D Converter
§§8tb§ag@maeccale\dat?% pl 7 8, 9, 101 11 or to tenperature
The values ¢ s 12, 13, 14 or to DO jack 15 or to conductivity
jack 16 or to heavy netal jacks 17, 18, 19. The gain
N select*gutputs 61, 62 control the gains of the
EEanWMWFFV rs 44, 53. The deposition and stripping
p=t ¢ out put 63 control the deposition and
:Sg&ﬁjﬁming vol tage 46 of anodic stripping voltarnneﬂﬂy.
.5 'The two types of inputs and five types of outputs
_ “connect via the 1/0 interface 67 to an arithnetic
a==y—b¥ogic unit (AW 71 of m croprocessor 59. Additiona
Mput s\t AW 71 are tinmer circuits 70 for indicating
Eﬁé%gh?sggx ich AW71 perforns certain functions.
FCTopr ocessor 59 al so contains read only nenory
-iig@p@f (W Wi ch various program routines and
( %hstan; ~are permanently stored and recalled by AW
"71 in a control | ed fashion. Random access menory ( RAM
68 is provided which contains various val ues obtai ned
where by AW 71 from 1/0 67 or from conputations on those
val ues, or stored values already in RAM 6B, or val uegs)
krom ROM 69 or values from other various sources. 15
22& transducer 1 neasures the nultiple environnenta
ranmeters of the sanple solution, such as pH, ORP
_ 1t®nperature, conductivity, DO concentration of sone
-

z|-

Yons and netallic ions. Wen the transducer | is
tivated, all the ng;surable envi ronnent al
par amet ers at@péimtsph#yed via the LCD 23. The operator
5 Nisth@me@’r'@é%”%eas 0 Eey to select the ermia{p ggg@ﬁ;:althe
¢

paraneters to be neasur@d. TiheoF | I'e and
oper al ffick b@@ﬁﬁ?éyéor t he, measur abl e paraneters in
ris the ﬁ(én'e‘?:ltlbl‘i’66“i o P

transduce aﬂ&nsH@e,smeheYP‘éjd%‘F' square nethod. This
mmemmem@n}}@? rmed by the mcroprocessor 59 to
nonitor different paraneters for precise measurenents.
25 The | east square nethod is based on a pair of
vari abl es denoted as xi and yi, where x is an

: i ndepe sOREmENT variable and y is nmeasured | ue
TEMPE&B'EW%E ﬁ?ﬁ\ - {o the transducer 1 via tHe?

ature of
ista res the temper
A platinum rest n |atinum resistance eas:] .
atin atur
iack 12 and 14. The P! rélaﬂonsmp petween tempefr

; e of
and resistanc _
ture
. i o small temperd _
ne sample solution- T imately linear OVe* ast ndard 90 (TS-
o al \
. istance thermo
platinum res sducer 1 adopts the

tran
range. The . S e
90) to determine the reiationship b
15

i ected
ce thermometer P1ri00 s conn

10 thermometer 11

n resistance

(4)

L2
R =Ro(1+a’t+b.t)
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.variable). The line passing through the points (Xxi

%g)m}]zrg?sff! bed by the following equation: ~=a+b
S0 ere is the estimated value ofy for gi ve X
of “the line. (1) 8 The val ues at both. Che gr adi ent
. The val
2:;3(1: cul ated as .tCJ | ows: r:g()ljies_a;) ?%t h\ aY)and b are
S x32)( (Yi - Y) } where x N~ IN Y 5 ’N_?sthe

nunber of neasured ' 9
o R U g B e e
RS iz onen oI v 1) oo
:he transdu%er i, via, 1004 WELUR;RNEAJSSUREIYENT to
~errqomeaauun@ g fesisiafce’ E'F‘gpﬁnumer esj swn e
il U L
and sa' I e pl a~_nu:1n r_?_ﬁi stance tenperatu smaJI ?Ct(elrrg
- | at i onshi
tenpergtir ¢ ﬁp_pfoxirratgre' Sh b Petueen '
| ly l'inear o ' i

[rzsﬂ’s’f fick ‘.[(Rohel)rmmet ers the int er\rgZ{i gniaITS- platinum 5

rd erature: ©

pH MEASUREMENT

is connected to the transducer 1 via the jack 4 to 7. The pH probe

The pH probe
measures the pH value of the sample solution. To commence measuring, the
t menu of the LCD 23.

operator selects the pH measurement via the measuremen
le or multiple point calibration in pH

The transducer 1 carries out a sing
ment is compensated

measurement. The temperature effect on pH measure
automatically if the temperature probe is connected to the transducer 1. The main

functions of pH measurement, incl

compensation, are displayed in the menu
a key 1o select the correspondent function before performing the

juding monitoring, calibration and temperature
of pH measurement. The operator

presses

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

The pH of the sample solution is measured by immersing the pH probe in the

n. Then, miliivolts of potential are produced between i{he reference

sample solutio
cer 1 measures the potential.

electrode and the glass electrode. Next, the fransdu

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

equation:

2.303RT . 2.303RT
log, [H ]=ED+ F pH (6)

£=F, - XL m[H"=E,-
nF

where E (mV) is electrode potential; £, (mV) isthe standar  =ell potential; A isthe

ideal gas constant and equal to 8314 Jf(mole* K); Tis thede -ature in degree
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.range. The transd
] _ ucer er erm [
Rsf\\g(eiza{ Eglt ;; a?ce and teﬁp rr1n5nSO§ h?orgl ptionship
&( 1+ 2) (3) (4 R
resis ) O .
tance at tenperature t C angeORE }esgelf'the
ctively.

For P1100, Ro i
) 1S e
10-3, b = _5.775 x Tual to 100 ohms. a = 3.9083 x

resi stance of Pt100 39 ihAfter measuring the

1 determnes the tenpera? tenmperature, the transducer

Ke!vin;trfgig gre@?hagm Apsaaend pol 10§6¥8[§%él\1é81% al id e cetgeor di ng to
_ &bl probe is pH MVEASURENENT
oﬂhewhamve51éﬁﬁﬁgﬁ§ : onnected to the tr
ot oeh € nmeasuring, the ansducer 1

e sanple solution. 10 measures the pH val ue

_sol 10 operator
Emm@ﬁ@%ﬁéﬁﬂﬁﬁﬁﬁﬂﬂ@ﬁ%he measur ement nenuSgLefL: tgg gg

E=}§e 3P3R . 9‘ﬂﬁf§ﬁgﬁﬁ%n§£t§djﬁﬁgﬁpﬂ%ﬂﬂgﬁe
hE tenp@rature B§%g£ i aSlr eng9R15ut onat i cal Iy i f

1. The mai . s gpnhnected t

ﬁpnitorinb? _functions of pH ected to the transducer

wherg Q? @%?&E&rdtﬁe irhdegreem Gedior %kg E?éj 6:801’@ meadongant 2ed e g
C ) e r

equablodr & 281 Eeﬁkﬁ"g"rr"ét&?‘gﬁ@ dedi irf Evetiaoh S %“feg%ﬁ’é‘; g‘:fny ntg 0

ok The pH .

cahb%h&ffdﬂm%‘ﬂ'le[“ﬁm pH measurement | :
ea i S carrie

gea conbined pH electrode mjthdaOUt

gl ass el ectr [
ode and silver-silver chloride refe
rence.

i mrersing the pH i
S : _ probe in th
olution is neasured by saone ggll??opH of the sanple

millivolts o .
| R _ i
As shewre I"‘e‘f‘ﬂi"@t'Oﬂafg§ l}ﬁ’é)egﬁt %lgeabfo?e @ar_pplgagl%odi IS furé%\?fﬂ ofeutr\;; .
femperature. potential . we e

effect on the pH-miIlivott curve is flustrated

Referring to Figure 4, the temperature
potential

graphically. Three pH standard solutions and their corresponding
differences (shown by “+ and “0" symbols respectively) at two different
temperatures (T; and T,) are shown. The lines to fit the pH-millivolt relationship at
also drawn to indicate that the temperature plays an

different temperatures are
nt. According to Equation 6, the gradient of the

important role in the pH measureme
millivolts is directly proportional to the absolute temperature in

measurement temperature tm

determined and the fransducer

plot of pH yersus
degrees Kelvin. Thus, the gradient of the plot in
which is different from calibration temperature e, is
1 compensates for the effect of temperature on the pH measurement.

The calibration of pH measurement is carried out as follows:

4. Press the key to select the calibration method, one-point, two-point or multi-

point calibration.

2. Place pH and temperature probes in one standard solution with value pHs

press-the key to input the pH vaiue of the standard solution, and wait until the

measurement E; of the standard solution stabii_izes.



. electrode and the glass el ectrode. Next, the
transducer pH units using Nernst's The transducer 1
converts the nmeasured potential to p equation: E=E
-RTID ~ ;]- 223 0 =E2.3P E-f g, dH nF where E
(mV) is electrode potential; E (mV) is the standir '
rell potential; Ris the ideal gas constant and equal
to 8314 Jf(mole K); T i¥ the ature in degree (6) 10 5
Kelvin, Fis the Far adaym;g)nigqag‘tqangggo igg Ir sgdagd§,§485
mol e; i nddae i€ hacgdraiqd, and n =1 for
3. %%{%B’Sﬂqﬁgggt Lon %ﬁjég dn@\Wepdat etBp @surfibthecsaiibration 27
. dcutip] witldhe, game 103 ’298. 15. t +25 H=EEO+ko 298.15 E =
EQeirits Bre28@piéted.( 7) k (59.1 BnV) is the constant and
eret is the tenperature in degrees Cent%gée%ggns oto
k at ﬁS o eTgﬁecfféar@ﬁﬁBﬁonEminmmekmlprﬁprga%fagri PeROS
4. o BERl % ough t .equgl & aloinb reafitration obr twee PR
: : q@%org &ngié Poln?!
5 mams wne s nmuli-pNASRIRFSAN T'n” Equati on 6, the pH val ue
of anpl e solution is a function of its
tgar%%%?g?ure, erature effect on the pHmllivolt curve
is illustrated Referring to Figure 4, the tenp
o#entiai graphically. Three pH standard sol uti ons and
their corresponding adifferent g n and -or synbols
Mol calteation: 15 di ff erences (shown by + Hmllivolt
relationship at tenperatures (Ti,a of 56 Bwn.
WHES a lsbi ot balibfation pHievahies ewew%irm e Bﬁ%gsacaeﬁg di f f er ent
tenperatures are al so drawn touiadi ealortion ténperdie
10 awademperatire has oPREY "8Rt "Fol'e 1 n the pH measur egent .

mﬁggu?e{rrgén{] g’ie}:)igcil%w@ftﬂ £lnd x with pH in Eguation 1 10 3, obtains E,

k in Equation 7 as well asr.

indi vailabili
The informatioh about the condition of pH probe indicates the state and & ty

of the probe.
t +273.15 «59.16

15 For example, an alarm is displayed if the obtained k = 85% " -—59—8—-1—5—-—

andfor ]rl <09.

libration,
If the sample solution is measured at the same temperature as used for ca

the sample pHn value is obtained by the

then, E,, =E, and k, =k, and

following equatior:

E_-E

m o

20 pH,= Z
)

erature
If the sample solution is measured at a different temperature i, the temp

compensation is based on the following equation:

g 427315
K —kemT =
w0 Y +273.5

25 9)
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where '&". aml;J

E

3kl em
where,rﬁig%ﬁlt%ei széd'.ﬁgrg%ewﬁdmmaﬁah’@e mepsuIo

and theulthe sappie

pH,[®

.in Hwversus mllivolts is directly proportional to
the absolute tenp plot of p lot in neasurenent
tenperature 6 20 degrees Kelvin. Thus, the gradi ent
of the p tenperature tr., is determ ned and the
transducer which is different fromcalibration to on
t he pH neasurenent. B} conpensates for the effect of
tenperature The calitration of pH neasurenent is
carried out as follows: ess t tefrBeraldtedet t he
caliE@%&k@ﬁmaﬁmﬁmﬁ$GWKQQHBWﬁ?gﬁ?ﬁﬁgpg?nt or nmulti-

point calibration. value 2. place pH and
tenperature probes in one standard solution until and
th wait tthe press pHf , -the key to input the pH val ue

mn=di;ﬂkﬂ?=§g§QQ§rd sol ution, neasurenent E of the
standakd “sol uti on stabilizes. 11 3.

If nore than one
poi pg) needs to be calibrated, change to another
standard solution with the san¥ﬂ&§gagmﬁnure, and

atron points are

. According to the sel ected calibration

poi nts, tEF n&ﬁg%ﬂ&ﬁﬁﬁﬁﬁpmeEﬁmw@??H@%%' 5 any one of
m¥3Ti bration, single point calibration or

two point calibration. Milti-point calibration: Wen
a rigs of calibration pHp values are i nput into the
'Eﬁepﬁ%cessor 59, the d fromthe individua
"cal i Brati on tenperature 10 average tenperature t, is
obt ajype neasurenment. Replacing y with E and x with pH
in Equation 1 to 3, obtains Ea and k in Equation 7 as
well as r. The information about the condition of pH
probe indicates the state and availability of the
probe. t~+273.15.59.16 15 For exanple, an alarmis

singié pEihtspirali®™ he obtained k s 85% 298.15

The calibration an
measureme .
calibration pHe value is input | .
Equation 7, the sampie pHm val

and En at the catibration and

ials Fe
urement potentia ™
e are obtained by the transducer 1. Th

nt temperature . and tm r 59 during calibration. From

nto the microprocesso

L - b
ue with temperature compensation 1S obtained by

the following equation:

PH. =37 27315

29815 _E,-E.

i +27315 5916

t +273.15 pH, +

(12)

Two point calibration:

During calibration, two call
microprocessor 5
temperatures t; and fez

temperature in
value with temperature com

are input into the
at the calibration

pration values, pH and pHea,

and Ecz
at the measurement

7, the sample pHm

0. The calibration potentiais E:1 '
as well as measurement potential En
transducer 1. From Equation

i the N
are obtained by d by the foliowing equation:

pensation is obtaine

£ +27315 \Ex=Ea s pyr

— -E
t +27315 Egr____ﬁ?—' PH, ”W_S_ E°2 ~Ey

PH. =" 97315 Eo—Ea

(13)
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.20 and/or Irl s 0.9

measur ed at If the

. t he sanpl e : .

cal i brati on, chﬁme t enperature as Eglegtlfgn 'S
; r

sanpl e pHm val ue | Em, = E, and km=
oquati on: E . PHM :msko?tg?' ned by the  fol rbwaﬂg the

nmeasur ed at . If th
a diff e sanpl : .
t enper at ur erqpt tenpera e solution is

e conpensation is batsg[jeotnmt ht hfe
e follow ng

equation: kmt +
gradi ents o 273.15 - 5
wherette igiae &{%AS ‘gm%faﬁﬁé ma@ﬁ‘a{\?%ﬁ ?in ﬁgagaz e%rg k are the
nt

wh
(10) here Emi s th:rgt?t t E =Fo+k m .7

The trﬁprm \%F\U?ﬁestoehﬁgwgr? A ?rﬁ{eﬂsaﬁai bf tpepéﬁ?eagﬁnreﬂw?n t %3. 15
autonetically 19" B4 'azci\i 1) e;idmgwnlj@e sairtion O?‘I ge\g‘mg%drdﬁanm@ theanpl e
rap T s s TR
tempegiure prgﬁéjfsedéﬁdiﬁctepdo thedraii t{l ﬂﬁougﬁthu'méz 0,14 g ials

al ned ration
placed into the identical solution during pH measurement. bﬁ/the Rngefatne gober 1

ected, the transducer 1 raised an alarm and adopts & default

is faulty or is not conn
value such as 25 C o compensate for the temperature offect during pH

measu rement.

When the operator selects the mode of manual temper rature compensation in pH

measurement, the transducer 1 reminds the operator via LCD 23 1o input the

temperature vaiue of the solution 1o the transducer 1. The temperature may be
put the temperature

measured by other instruments. If the operator does not in

value or inputs an unreasonabte value for the temperaiure, for example, higher

than 100°C or lower than O °C, the transducer 1 ral aises an alarm and adopts &
uring pH

default value, such as 25 °C, 1o compensate for the temperature effect d

measurement. Then, the yransducer 1 replaces the measurement result of the

temperature in the earlier described procedure of automatic ternperature

perature value, and jollows the same procedure as

compensation with the input tem
letes the manual temperature

automatic temperature compensation. This comp

compensation of pH measurement.

ANIONS MEASUREMENT

The ion selective electrodes (ISE) are connected 1o the transducer 1 through jacks
ure the concentrations of some

8 to 11. This enables the transducer 1 to meas
anions including: chioride (G- fuoride (F) gyanide (CN) and sulfide (S Y,

neously. The names and calibration concentration {molfL. or ppm) of the

simuita
tested anions aré input into the microprocessor £9. The workind principle of ISE for

s is similar 0 the pH probe for
s Equation the

measuring the concentration of some anion
measuring the pH value of the sample solution. Accordmg 1o Nemst'



measur enent t
: . enper at
calibration » ure tc and
value is in tm calibrati
put lon. From

59 during i . in .

val ue mﬁ?hlfeggéflned by Equat}gntge ?LCrODYOCeSSOr

208.15 E,. ¢ t 2<’;lture conp the fol l ow e sanpl e pHm

273.15 tm + (12) TS' 15 pl1C + 273.15 ng equation: 15

i nput into the Du\rNIO1Q0|nt Ca|ibratioh.52'é‘6 PHtm+

val ues, pH-a at the (r:]gl |Ca| i bration, t WO Cgl I pHgil are
on

Th
ISE x”ﬁgd cal i B&aﬁﬂaomﬁgemc@rﬂf?pgﬁ ﬁ‘ﬁéu? a A%ggmgmdpmc@ereg e
~ otential

asur e
concemiﬂsupfeq@ﬁgtne rM? nX ofieoperiteldBs to and to as E|m at
[ we |

Obt ai e sa
ned by the transduggle pHmM te”peratUr tmareas
g ue with

at ure Ccﬁfpjﬁﬂi .
qm = ApbOX &,
%73 5lopK E% KPHm o ﬁ y tahenf o||
e pHC1 r ti+ 273015 E, 2 g""gg
- +

i s (the aver tm+ 273. 15
age tenperature of cal F[J?at( .13) 13 where -
n sol ution.

erature conpens
ation
5 wherte Sd-ll@JXlamﬁlrgésh%r%?BhﬁeﬁH nmeasur ene
sel ect t erat nt The
dependi ng Iegnaof the op the aut(;)z) When the ending on
Equitdntie sESTENR| jagfun %ﬂggﬁb%efﬁﬁi)m VerRRIES %ﬁ%ﬁ?ﬁ yharanual |y,
t,an?cg,gp,,rmum% o ?e?oﬁmmwm@atmgn% gggg:}a{ acks
ic

e
temperaturerc%FnHérEatﬂh%bﬁg the same pnr¥01r;]) > s h@prosidomes as thP§e Ph e
the pH probe.

10 The iransducer 1 has two modes 10 display the measurement result of the

concentratlon of some anions: one for the unit of mol/L, and the other for the unit of

ppm.

The transducer 1 calculaies the concentration of the anions pased on the following

equation:

| E,~Em |
PXm =k
15 % : (15)

c, =107

where Cxis the concentration of anion X with mol/L. or ppm unit, wiich is

dependent on the unit of original input at tne calibration stage.

CONDUCTNITY MEASUREMENT

20 The conductivity electrode 8 connected 10 the fransducer 1 via the jack 16. The

conductivity of the sample solution. The operator

conductivity elecirode measures
nu of the LCD 23.

selects the conductivity measurement in the measurement me

The transducer i selects the measurement range automatically and does not
conductivity measurement. The result of the

require frequent calibration of the
rted to the vaiue of total dissolved solids (T DS)

25 conductivity measurement is conve
and salinity by the microprocessor 59.



10

15

20

30

.:ﬁnpsrature probe solution during PH a default ected
plgceaarzd?ce{tl rai sed an alarm and adopts H P ’
aulty or into is the not cone i [
tenperature effect during value such as ZSEFn:gca
ggnpensate for the neasurement. 10 tenperathre
ofnﬁgﬂﬁgflon in PH Wen the operator selects the node
neasurenen[enlﬂgstthe gpﬁrator via LCD 23 to input the
_ , ransducer | The tenperat
solution to the transduc e ature "o ate
er 1. the tenperat
val ue of the tor does not i ™ el higner
( . input mp te el hi
other instrunents. if the neasured by erafﬁre h%%rer

GepauetNi®  or inputs an
The crLsiRinPiectroi@ s iwe hlggpr tg%;lo;{rﬁgls S?%%‘gﬁbé%“}“ln :B%cféggp

an f d S . . .

SR e AR i 80 st dtn ot e o
1 appliesda swpsaidal g*gqr%ﬁpg% veliage Nég’gu rag}%en?é rotg grélgtqv fand a
UGy G+ FbAD the dirodsc FteineTos SARATGEES Trough

Fha ind. _ .
e ErRETTEe PN P Lo e e Fol v ¢ he same p

12Rwihgepetiemt i on with the in
put te conpl et
Manua, tenperature aMOmnicteégrmgfe e the

conpensation. This conpensation of
npe . pH nmeasur enent .
A\ MEASUREMENT h jacks are connected to the

transducer 1 throng th :
LN il et
&H&ﬁd’t%dﬂmﬁnhe Bietsnretl turrephthepugh 18 g, probes. odes (I SE)

The transducer 1 switches the measurement range automatically during a
conductivity measurement. The range of conductivity encountered in common

aqueous solutions is very broad, for example, from fower than 1 p,Scm'1 of distifled

water at room temperature to about 1 Sem™ of 30% sulfuric acid. In order to
measure the conductivity for a wide range, the transducer 1 provides an intelligent
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
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 alectrode and the corresponding voltage signal 41 is very
weak, so the controiled gain 42 is set 10 a high valus. Otherwise, in the
measurement of the sample solution of high conductivity, the current signal 39
produced by conductivity electrode and the corresponding voltage signal 41 is very
strong, and the controlled gain 42 is set 1o a low value. By adjusting the gain 42
automatically, the transducer 1 measures the condugctivity of the solution in a wide

range without switching the measurement range manually. This provides intelligent

operation for measuring conductivity.

(16)
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cancenetwork ngl a principle of ISE for input into the
m croprocessor 59. be for tested anions are anions is
simlar to the pH Pro the concentration of sone to
Nernst's Equation, the 30 neasuring H value of the
sanpl e sol ution. Accordinglfeasuring the p 14
potential difference proportional to a | ogarithm

f URGE] BB rRsaliddf 1 bsThrst Hsdd d?g%ﬁﬁ§orﬁiuélﬂﬁ’y ét§ctrode JS connecied to
concentration of a specific ani g S&L" é’rﬁr@ i

2. e 3yensguestoly KPR °F9ra‘2' a9 Feguine gB°, (caljprate E‘he ¢ tvity,
E fheasOfemeit aX feibws: nF (14) 10gl0 X, and n is the
charge of the ion. 5 where pX =r The tion 7 by

repl acing nH.w é&ﬂd&tl‘%ﬁy anff }a‘ﬁﬂe bidpd toaa P'O'IT‘M Fdtassium

function ca's e solutions wt I bration and
transdlﬁb@ﬂd&S%a@,ures pX val ues suing the same
principles and procedures as those for conpensation

t enper akdik@e thetRrrgittpsunh ehe dobductivity lpeobe, and tioidmpertiore ¢
di spl ay{{hhe neasurenent result of the anions: one for

t he uni PO’Hllﬂ"IL and the other for the u 10 The

transd concentration of sone nit of 15 ppm cal cul ates
t he $ofoasutitba ¢copructyity valee gl G peiagsidn shoridg soluiam iieng

The tr anspdumat £ from the handbook of chemistry, and calculate the
proportional constant K of the transducer 1 according to Equation 16 and
then input the value and store it in the memory of the microprocessor 59.

After K is determined by calibration and recorded in the microprocessor 59, the
conductivity value is directly obtained and displayed through the measurement of

the current.

Total Dissolved Solids (TDS)

The transducer 1 is able to convert the conductivity measurement to obtain the
total dissolved solids (TDS) of the sample solution. As the measured conductivity
of a solution depends strongly on temperature and the TDS value does not change
with temperature, it is necessary to standardize the conductivity value at a different
temperature to a reference temperature, such as 25°C. The transducer 1 performs

the standardization:

Oy = i
[1+0.0191(¢ - 25)]

where O is the conductivity value at the temperature t , and Ox is the

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

(17)
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.equation: E-FEom PX mk mn C c¢ 10-~ the

concentration of anion X with nolls- or ppmunit,
which is where Cx is input at the calibration stage
dependent on the unit of original CONDUCTMIY
MEASUREMENT is connected to the of the sanptransducer

i via the jack 20 The operator The conductivity

el ectrode I e solution. codductivity el ectrode nmeasures
conductivity measurenent in the measurenment nenu of

AR AE SarP e dpEraleFinpuidhe SempReise vige ¢ onthaciolutior, yhe
range autonatlcalué a .The t{%@§gé§q¥bd173elects the he
¢ Bangeucer i, nepiorrpsiag canyeipion AP LARIUR T T equire
frequent calibration of renment is conversed to the

val ue of total dissolved solids (TDS) 25 conductivity
measu and salinity by the m croprocessor 59. (15) 15

C?rﬂad{a#ﬁ\}én%’ is alAEs ERPONET biWakidusedoRpbrichricant alsis Lew diicath &0
metal probes

oated with plati.num bl . ) -
cidentinc the\tyrey of dhe effipeH 0 A shiatipl T 7 ei%r‘% é"%gﬁ’]ﬁ“’é"' the
S@dndliicent bbikista ddtitmse e sotuibe rcomuttivity gnd BS value of the
si husoi dal i Wik @ StorTH iht Udabab.
O?’E‘@Iﬁp 5{71 var%l;%&fup%é At ‘QJObQQ@ l%@r 0l

an quency of ord 1 kHz to th .
eTreoelativhehip Friwesn the gopduptyity 'ﬁ%‘“ﬁ& b&ﬁ E'Ha'{‘?%f %Vu%ﬁ?‘”"%"ﬁge

t MR iRaP Rigfessid) §né fravisackise @ rapplies diveviplidwengt festion iy rontinegt a
conductivity value using follow ng equation: a =K,
1§9GFEYe (Sari') is the conductivity of the solution;
K (ScmA-') is the proportional, constant; d! (A

i lon yt e + tebumi - et{Lp T de i) eod” RS 91&’8&23. The
transducer 1 switches the neasurenent range

AL QR P R KGR + 1o (L) ? + me (L) + ne(Lny)®

(19)

where x and y is the conductivity value (mS/cm) and the TDS value (ppm) of the

" effluent respectively, anda, b, ¢, d, &, 1, g, h, 1, j, k, I, m, and nn are the parameters

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 shows the regression result of
Equation 18, while Figure 5-2 shows the regression result of Equation 19. Figures
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 TDS of the effluent, the
transducer 1 performs the regression automatically, calculates the TDS value
based on Equation 18 or 19, displays the FDS value and updates the parameters

of regression. .
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. conductivity neasurenent. The range of conductivity

encountered in comon 15 aqueous solutions is very
broad, for exanple, fromlower than 1 tScm of
distilled water at roomtenperature to about 1 Scm
of 30% sulfuric acid. In order to nmneasure the
conductivity for a wide range, the transducer f
provi des an intelligent fifinction to adj ust the gain
of the anplifier automatically. Figure 2 shows the
controllable gain 42 of analog anplifier circuit 44
for the neasurenent of 20 conductivity. During the

g3 rement of conductivity, the mcroprocessor 59
gg?ﬁé&s the value of the controllable gain 42 until
the anplitude of the anplified in the i gnal
Bt paraiser &g opusiy BeyEmedt s dafy 6F e
emgsgh_esanmﬁaﬁéaelﬁamms afe didsely Seiatpl @ amuuurriritmnzisgyewt
conductivity, the curr . 2r Dinity is
cHMRR 5e0 it Fé%F?%EE%Q%&ébﬁg@%gﬁgéggdﬁgﬁﬁa Vol L age
spagmaler thusand (s As theselglicarhip Sewesbcagvrtiyly| 4 Sd‘aﬁﬁ'}’ﬁs 42
i ' diBer 1bJNREALE 3R, salinftytalze o tresolstiomt
o%pfoﬁténagegy ﬂ'le% g%ltﬁtﬁ% on of high conductivity, the
ceaspdon the folieydna eyatiody oquced by conductivity el ectrode
and the correspondi ng voltage signal 41 is very
sgrqpegsand the controlled gain 42 is set to a |low (20)
val ué. By”adjusting the gain 42 automatically, the
transducer 1 measures the conductivity of the solution
i yhefe Bisdie Snilyanipe solitiohand thewnit is Rbonand dis’s theL0dustiin t
range manual |y, Thislftov'pes intelligent operation
f b therpalyionat A% IR ING 'P§.°"“( 16) 16 Wen the
transducer 1 is first used or a new conductivity
el ectrode is connected to the transducer 1, the
operator is required to calibrate the conductivity

'ﬁgééwéf%kvéénf(ﬁé)lmuﬁsmﬁmr se the conductivity
and tenperature probe into a 0.01 M potassium 5

hlorid | ut i 2 Rugihgtd
et 2o B ressFRRL I g Ui 3, ’
CihrietiperDO Slecsies with a Rlatinsh gabede, Ard, aysiversivgs o4 m

F}ﬁrﬁaf%ﬁéé LHBE B REH GlRrSIpe Wopaite@ iromhies sdngipsahaibu be atgabr om
the handbook of chem stry, and cal culate the 10

(PEBRREPleiPRtA MEB®ant K of the transducer | according
to Equation 16 and then input the value and store it
in the nmenory of the mcroprocessor 59. After Kis

‘determ ned by calibration and recorded in the

G DRSS &SR orRihg o I meadudhist is chingctediathe Fansdiceett | y
Rt i ned ARG AheBb PYBY id ihRHGR i tRE sAMRASSHEER Ther? the
transducer 1 applies a fixed polarizing voltage (component 30 of the transducer)
éround 800 mV to the platinum electrode, and the DO elecirode 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:

[=1I,+B*Cp (21)
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. the current. 15 Total D ssolved Solids (ID] The

transducer 1 is able to convert the conductivity
nmeasurenent to obtain the total dissolved solids
(TDS) of the sanple solution. As the measured
conductivity of a solution depends strongly on
tenperature and the TDS val ue does not change 20 with
tenperature, it is necessadfy to standardize the
conductivity value at a different tenperature to a
r %ﬁéf?ré @9&(%19%2 [23¢151 @fnbﬁ’rﬂgt_ioﬁ wehoAgAAS the mEasured auvsohilrevghl
per standardi zatio -
g'f]-_)r% é‘i‘@ ?hescufrﬁrg%g% 310911 (galetw%n g centlailron (ﬁ Mg' 8&!.‘6‘
t QYRR &ldUBEs the propoidoridPlactos the 25 conduct|V|ty val ue
at 25C. (17) f t he tenperature probe is faulty or not
connect ed, the t ransducer A nds the operator via
aThesalibiglion O BGROSPEISHEMERES az“é 'E]‘g input the tenperature
val ue 17 manual ly. After the operator inputs the
t enperraﬁwmﬁ wed lemperatfe prokes doi satiraled selion of poditeyiPer 1

pert Or BEBARA RO i 16 BorE ARG Curcine
€ U S €O var | s an
it is %KE‘P HPF‘F?%BY POe “519 'Sdgtﬁﬁsprpgg¥ﬁ18?r?§% eg? the

ef fl uent |n this situation. To address this _

di f £j cREntove DOhmd tenaueedtive probes ftem thelsaturaigd seliiips of $agium
store f | HwakdeS val ue of the effluent
from v gﬁ@@%gg%s\égﬁ A@outa 1400 data itens are stored
in the database The rel afi onshi p_bet yee

condudtiacg PQ apddtemperatpfssPriobesy i e day “@(\P@ gtr' fttg'g rrsldﬁmon
nonl i neatinubegy fersabioatrhalf @i bour tesebuiaie tre SQIUWlthetBe P’W@en
foll OW' &}éﬂ&%ﬁn ryz’heng bR niddoirBO RS Scbﬁéht ddpay =

a+bLn Lnx3+e z xoﬁ
g( Lnx)pepdugecis tbyDQ (q_?ﬁ(?d% the fempgipbite, &0 W?nﬁ?}“é‘ 1% M) 4
+ m( Lgddont N(Lnx)6 (19) where x and y is the
conductivity value (nS/cm and the TDS val ue (ppn) of

h 1 ff nt r .
g, h, Guicupte e oot 4 o PRI BupEeafiof O
regreSS|on Referring to Figure 5-1 and Figure 5 2,
typigaly data of the conductivity and TDS val ue of the
ef are illustrated. Figure 5-1 shows the
regression result of :

(22)
where G, is the saturation concentration of DO in the tap water and is calculated by

the following empirical formula’

C - 461.7 (23)
S 307+t

where G, (mg/L) is the saturation value of DO concentration in the water, t (°C) is

the temperature of the water.

Then, Equation 22 is converted into the following equation:

307+t ' (24)
461.7

B=U,-1,)
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- Equation 18, while Figure 5-2 shows the regression

result of Equation 19. Figures 20 5-1 and 5-2

approxi mately represent the rel ationship between the

conductivity and TDS of the effluent. Wen the

operator selects fromthe nmenu, to neasure the TDS of

the effluent, the transducer 1 perforns the

regressi on autonmatically, Ral cul ates the TDS val ue

based on Equation 18 or 19, displays the TDS val ue and

Upatrfsdidee 1pasraeetoar sempefanmganesielmw comppgsatig jihitherhe

transduc t WA Uhé Bpsthtoit O

t?f@cegﬂ'leloﬁ q(?l/ %e?’nq%'érﬁs lﬁ(ﬁ?@gﬂglﬁéﬂﬁfly asur ﬂprrdje}nt

aselects| armayic tehparaidret ad IR CEMPPRSEt '%ﬁ?ﬂ?‘-‘ e g
oﬁgx}éﬁ Hﬁeé'@rb'cﬁﬁ'iecﬁﬂwlﬂé trar@daer bin teljack a/taﬂeand 16

s I es;

Th t of
(reecingly Te POPEETER i BAlY pekenfal ERBFTo @%ﬁ'%w

Si@hnpathtlie tasd saipirSetitireesoblign duringa PO reseuemafisducer 1
estimates the salinity value of the solution based on
{ i Qb OB Pion St i ke 2o Oy ealenidied a5
nity o t e solution and the unit is /pfl, and
of°"qW§ the conductivity of the solution at 25 C and
the unit is nS/cm DI SSOLVED OXYGEN (DO) MEASUREMENT

The digspl veggiexygen (DO neasurenent is carried out
ng&%&ee%ehW—f—y using a 15 Cark-type DO el ectrode,
with 4 ihfcat hode and a silver/silver chloride

reference anode in KCl electrolyte separated fromthe

SR Bs TRl cuirér Bighy prodgesst-byi0 miecttsde inynersed B thackifPerTe,

ThﬁHDO probe for perform ng a DO neasurenent is
Aeted to the transducer 1 20 V|a the Jack 15.

Next, the DO b '
Thvevanecorrcanect s D2 Rgprpoe 2 Sars el i g™

'V&L ik %o &rfeo'aaeérm @Othefsatutagion vaine @gm")g o thsutetoveTtsn

nv to the platinum el ectrode, and the DO el ectrode
fes a current that is proportional to the
concentration of DO in the sanple solution. The
theo etdpgallgh? ationshi p between the concentration of
%ent produced 25 by DO sensor is: (21)
19 vvhere Coo (ng/L) is the concentration of DO | (A
is the neasured current through the probe, 1Q (A) is
tuhereCU] [sQRY suldéiivr @Bndehieatipn o120 inftensabdine efihe tmperFlust ! DO

i's equal
and salinity S, and is calculated as the following:

o 4617~ 2.538
S 307+t

27)

where C; (mg/L) is the saturation value of DO concentration, and t (°C) and S Cloo) _

" are the temperature and the salinity of the measured solution.

Then Equation 26 is converted into the following equation:

I 1, 461.7
= x100%
bo% I.-1, 461 7-2.538

(28)

(25)

 (28)
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. to zero, and ft is the proportional factor. The

calibration of the DO neasurenment is as follows: 5 1.
Pl ace DO and tenperature probes in a saturated

sol ution of sodium hypo- sulfite, whose concentration
of DOis equal to zero, and then the current signal
1o produced by DO el ectrode is neasured by the
transducer 1. 2. Renmove D& and t enperature probes from
the saturated solution of sodium hypo-sulfite, and
rwmna ra,séraw sdecamanual dnp@nsabbiy dlee ysgyier { SRPBISIGr e

%%FOE J8 u'gﬁt’ hetpé qgﬂ%@f&l‘:ﬁ’é %rﬁt bélmﬁyh Qal&é! dﬂth@ Msolution, when

t
Sehessargin diet moqen@e Gk §aylrgtion "i‘{'%d???gg’%ﬁ‘s? “ﬁ‘ﬁw" %"‘t’ 18

tJth%% FR] askhdRASHEYE Sorhge@sation toe:atculaieglﬂmﬂ)o conecemiaiienol| s
el ectrode, the tenperature of the solution t of
tthrunkeeyn o8N 15 4. Cal cul ate the proportional

constant fl as the follow ng equation: I# rls - I. C

~where CS is the saturation concentration of DOin the

tap water and is calculated by the follow ng

‘ﬂB}\Nﬁ AIIQERQUWEM@‘F 461.7 s 30.7 +t 20 where CS
Is the saturatl on val ue of DO concentration in

t h t
e Pt | perons prode SpbFER “%‘}f%‘ﬁftﬁmﬁ {“@?‘T‘f the
Qﬂht&tﬂramn of 28ine (r@@lhcsons,z spcl[n 36 L} , BB,

DA P Blividudi! THoOSS\Dbisie et e il eirad. Sad thrﬁet y
m Sre.s wor ng & ﬁ%’ﬁﬂg {qqg%%eeel%m@aﬁ'@@&%@@%mde

he operator sel ects
amb WNQCeiéc&mws aibuaiie malel o micrannergury.oieis 41858 PPN e
enﬁ . H cér{h@f« Qmﬁhucttdnydd:yr prRDAS jdkel7C The edérentet o

t
mw{gt?;‘ usiseg'fve"rraﬁﬁ@fv HsrateePgie Sest e, il inf it 1o me
dpsiubdral vis DleyadkoB. T enmauelectiode is wﬁlyemmf@'qﬂn%d

salinit ‘iF§ ab tﬁé“ﬁé&ﬂcuuﬂt% tﬂélgdcﬂggan@O\mamememD In

igiué;s %Zﬂpla@ygg QIQ’:UE 46 that %fpg%cﬁg dép%ts#tlonnan%f str ptﬂfﬁg lﬁ%ﬂt%m

the stripping cell in the direct current mode, and a measuring circuit 49 to monitor
the cell current. The measurement of ASY includes two steps, a deposition step

and a stripping step.

Referring to Figure 6, a typical process of applying voltages hetween the working
electrode and the reference electrode in the ASV system is illustrated. During the
deposition step, a deposition potential is applied between the working electrode
and the counter electrode for a specific period of time. The metallic ions in the
solution are deposited onto the surface of the working electrode. The deposition
concentrates the metal jons from the solution onto the electrode in metallic form.
During the stripping step, the potential applied between the working elecirode and
the reference electrode is scanned from the deposition voltage 1o a preset voitage.
Current flowing between the working electrode and the counter electrodes is
measured, and the resultant voltammogram {current-potential plot) is recorded.

The voliammogram provides the analytical information of interest.
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. follows: 1-1 ,461.7 CDOT |S-10 30.7+t 10 where 1 is

the current signal produced by DO el ectrode i mrersed
in the unknown solution. The transducer 1 converts
t he DO neasurenent of the concentration in mlligram
per litre to the percentage of the saturation val ue
according to the follown equation: 15 DO% = C, x
100% s where CS is the safdration concentration of DO
in the solution of the tenperature t and salinity. S,
h@ @,qi.%;p@ al £ gpiasl Volwnrhagrarofomghe Measuremept gAS\CE =

\)%HSH%Ie%fC%@“)&?ﬁg %ﬁb ért ?tg_ﬁte‘ﬂegé l:%rre'sﬁonﬁiﬂ@ 1® BleUs@datiorn of

tihe&als esrey are) pxidizeddstripred) em Hre s)e%(p: g ﬁ%cﬂdég&fﬁﬁ %%utloﬁ €

?Ipt% F btgnruhal Bﬁﬂfy%’ﬁ&th@rh 86 shrapls eohtiant Tek strippwgtchent is

%qpor;tlonal gtg %5% ggnl(:%grfnctnz th:(ntzrg%t |22131 @ﬁéerllgcgr %ﬁﬁ% thel O
Ss%p@ﬁlh Suf@ ﬁ&ibropmﬁqmah@atsl aoncentrationt i AesTAMPE Sojutiog S
SEPH[?QS@E B%gernst% ;lnje!ta? g%‘é\ of the sthifpimduRbnt bRd B domahtratmm yi

when necessary, in the
prnagliconsds:of cal i bration. and neasurenent, and then
foI | ow the sane program as the automatic conpensati on
o,cal gl ate the DO concentration of 5 the unknown
so utfon HEAVY METAL MEASUREMENT The transducer 1

performnms anodi c strjpping Vv asure
Pitere A 6ReGHieK BER O BPPA BHES Al P parobmfefbhdf it

GMHR FandPP Fthe Sopottionaldadn 2+ et c.

To measure metallic ions, the transducer 1 pfovides flexible strategies selectable
through the keypad 3 by the operator. The selectable operational paramgters are:

1. Deposition potential: -1500 mV to 1500 mV

2. Final potential: +1500 to -1500 mV

3. Deposition time: 0 to 3600 seconds

4. Potential scan rate at the stripping step: 0 - 200 mV/second

All the parameters are able to be manually set. The transducer 1 also provides an
intelligent setting of most of operational parameters automatically after the type
and concentration of the metallic ions to be measured are determined by the

operator.

The deposition and final scan potentials used for the measurement of some
metallic ions are related to the type of metaliic ons, and listed in the following

table:

Table 1 - Deposition potential of some metallic ions

Metal Deposition potential (V)

Copper -0.6
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10 sinmul taneously or individually. The ASV system has
three el ectrodes. The three electrodes are a working
el ectrode, a reference el ectrode and a counter

el ectrode. The working electrode is usually nade of

m cro-nmercury, gold, glass carbon and platinum and
is connected to the transg cer 1 via the jack 17. The
reference electrode is uStally made of silver-silver
chloride electrode, and is connected to the 15
transducer 1 Vieadt he j ack |18. The cdtfhter electrode is
usual ly made of platinum | and is connected to the

t r ansdueer 1c¥uﬁuﬁh? ackI9—The ASW System has two
circuits: a polarizing cinfcuit 46 that applies the

deposi tion _and stripping gotential tg —the strpping
cell in the dié®tt current] node, anda nmeasuri ng

circuit 49 to nonitor the cell current. The
measurement of "TASV i ncludes two steps, a deposition
step 20 and a stripping step. Referring to Figure 6,
APl cal PLOCES S InREsurGhdrR IRSIoRés e of tHee
\/W'i‘%i'?fﬁe lh@?%%etr?%%%cqé\rh%agt% reference. el Lgctrode in the
ABpbsitips petentials of the aertesernding Msia's 17 §eten e dgRIsEeR PPN

S B meBsi§Raei tion potential is applied between the
wor ki ng el ectrode 25 and the counter electrode for a

specific periaqd,of tipe. T 1 Gih ic8r 1
sircfrdfrlistent el dR B TR R v
akarchestitbepeal istrppipa syrenbaounddbr dandpigpgtenta) g R PSP ons
f e%n,,{em;ﬁml i BhaHRhOmk iMmet Satching pedknantgedicks bef or m

ring the stripping ste potential applied
ipessieRistles %’F‘%H@%é‘? %e@? $ g%ﬁcg% " the reference
el ectrode is scanned fromthe deposition voltage to a
v egatto idohithethe pE irdhe velisiMOoEM GoFetié R IRNSEYFE" ﬁor ki ng
?yl Rtk QQ? sRBShiLGR RS W Wiscelsedibwades i s neasured, and

Re resu tant vol tammogram (current-potential plot) is
recorded. The vol tanmogram provi des the anal ytica
ﬁnéqrnation of interest. 22 Referring to Figure 7, a
typi gal vol tamogram fromthe neasurenent of ASV is
i1 1USgrated. Current peaks appear at potentials

: qg;r sponding to the oxidation of netals as they are
0

I dizzed (stripped) fromthe el ectrode back into the
sol uki on. Peak potentials identify the nmetals in the
sanphei;gol ution. The stripping current is 5
Qt Q Lonabhdno t he3glanceBtration of that metal on the (30)
el ect Sode. Therefore the stripping current is

propqgtional to its concentration in the sanple
solutpdre The relationship between the peak area of

- tihe= Hppi ng current and the concentration of
metallPc ions is: A=c -C 10 where A is the peak area

qgf =stripping current, Cis the concentration of
metallic ions, and a is the proportional factor.

Referring to Figure 8, after performing data smoothing, the transducer 1 uses a
search algorithm to search the beginning potential (kb) of the peak, its related
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

algorithm:
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. To neasure netallic ions, the transducer | provides

flexible strategies selectable through the keypad 3
by the operator. The sel ectabl e operati onal paraneters
are: 1.Deposition potential: -1500 nV to 1500 nV
152. Final potential: +1 500 to -1500 nV 3_Deposition
time: 0 to 3600 seconds 4.Potential scan rate at the
stripping step: 0 - 200 second All the paraneters
are able to be manually set. The transducer | also
PiAR%h €S jaNthe betkekdd ig@iiulatttat iedoldivingaiyoritoh:
operatfondl paranmeters automatically after the type 20
and concentration of the netallic ions to be neasured
are determ ned by the operator. The deposition and
final scan potentials used for the nmeasurenent of sone
netaugxagons ane related to the type of netallic
i ons, Y aE At ed- (i kD@l Jovii.0G. —Viabl e: Table 1 -
Depog#t i én poteﬁtial of sone netallic ions Metal
Deposition potential (V) (29) Copper -0.6 23 Lead-0.9
muml, 1 Zjnc-1 gmﬁﬁmptallic ion
E@%ﬁ?%ﬁ?-%&%ﬂp%%’ﬁ%'%%ﬁ&@g? val ue of the '
deposition potentials of the corresponding netals is
set as the deposition potential of the nmeasurenment. 5
As the peak potential is dependent of the type of the
et alg ; t trangducer 1 only searches the peak of
slAr:L.@ ke d OV -enliyariphve to <di8hdale) potential of the
spec# i c< netal #netallic ion couple, st8rtens the tine
of searchi ng peak, and reduces the possible m stakes

i n di stinguishi S noi ses. in order to

i e Wyﬁ'ﬁﬁ%’éﬂ%‘?’ﬁ%ﬁé’gﬁ t ammogram correctly, the
transducer | 10 perforns data snDothin% to filter the
néfere messLfing thewancenifation ofhiegvynetals of unknowh solution, the

transducer 1 requires calibration with a series of standard solutions. The calibration

of the transducer 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 to the cell. Begin the ASV
measurement described earlier, and wait until the peak area (A) of the

standard solution {C)} is calculated.

3. Remove the three electrodes from the standard solution, and rinse them

with water.

4. Change to another standard solution, and repeat the steps 2 and 3 until the

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 multiple
pbint calibration or single calibration, calculates the proportional factor £,
and updates the proportional factor for the following measurement of the

concentration of metallic tons.

@31



.when j =3,4...n - 2 (30) Referring to Figure 8, after

perform ng data snoothing, the transducer 1 uses a
search algorithmto search the begi nning potenti al

(kb) of the peak, its related 15 current (i,b) and the
end potential (ke) of the peak, and the rel ated
current (i$e) in the volt gram The transducer |

~calculates the peak area by 'the following algorithm

24 Wen i,, >i,~b , the peak area is calcul ated as

-t haitef cdlibeatiom gheathpe rdlectiories AreAimersed (1 e uoknown spldtiongwith

10

15

Vi , 9 O
¢ &%}ne%ﬁgergﬁh%;%sl ?tﬁrrﬁathgs&lﬁﬁk RERFor isTAloRUTRY @8hsabicet he

oW n Vk%l ,~§V,~_-Vlkb ?ig vmere
A\perfarmsiiee mpsErelgnt 4 ASY ith YigsLe JRRPLRS Pé%ﬂ“i? R as tose
NRAS4libiaN6n profeddRN PeRtaral A, anmeésulediaand thert the soreéntratiemeinn

soj ution, t tran I equires calibration wth
a ‘éee?qu@”rbsfov@?%’ﬁ8%?@%%%{1?@3%’5. The calibration 10 of
the transducer 1 is carried out as follows. 1. Press

the key to select the calibration nethod, one-point,
t Py nt or multiple point calibration. 2. Prepare

the cell with the stirrer and the three el ectrodes as
descri be®earlier, and then add a standard sol ution
to the cell. Begin the ASV 15 neasurenent descri bed

earlier, and wait until the peak area (Al) of the
standard solution (Cl) is calculated. 3. Renobve the

t MyeBrAL&lebl P4RS n&mméﬁm istha Relarshogiv, the @Bncentration bins e
them with water. 4 ange to anot her standard

s dregpeastired soliop SEHP 2P e steps 2 and 3 until the 20

calibration points are conpleted. 5. Replacing y with
A and x with Cin Equations | to 3, the m croprocessor

S5%he HrRSE Al&Rioh MBy B&lidellimiabéiRoqeRaIvsk Bndustribeppidatons
cavipgs afibe decieet BB AU oy or o°, ©
and updates the proportional factor for the follow ng
%? ?ﬁ%ia%- by PBrsofsURMEAN 1A bre haPhunfBRéur! vatitioh®ars/or
" modifications may be made to the invention as shown in the specific embodiments
without departing from the scope or spirit of the invention as broadly described.
The present embodimenis are, therefore, to be considered in all respects

illustrative and not restrictive.
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in the unknown solution with sanme tenperature as
standard sol ution used for calibration. The transducer
1 perforns the neasurenent of ASV with the sane
operational paraneters as those of calibration
procedure. Peak area A, is neasured, and then the
concentration of 5 the unhown solution is cal cul ated

~as follows: (33) If the transducer 1 does not find

aypegkam? the voltammogram the concentration of 10
the nmeasured solution is set to zero. The present

i nvention may be used in | aboratory anal ysis |
i ndust Analntegaleidi tanstusss fors epsusag & PV Ol |e§‘€rﬁ3'i“§f5a of

Egrléﬁrte{ersaéf eﬁﬁem&hﬂﬁher\&aﬁr gt er. 15 1t will be
p

recl at ed ersons skilled in th
nuner o@sP Wﬁ'l"f St g sPoriR 49 SPMERLES ¢ iSRG P%{?é °:fmh§et e
t @robbe fonVimedsurng abe servionniental hpargipelersy i the eﬁ%ﬁ!‘fﬁ%ﬁﬂ’

S i of 2
Ymﬁﬁ}’gﬁ‘?‘t ers | a Hre%% a'f«; 9 deségﬁ'ogrgfg@%rdﬁb coiistihg ofoferipb@ture,

e pHo dfonesniration &f ?’P@Fef‘iﬁ’F‘@-’“"f“@S etk o‘ﬁ%"f’@%‘? ¥piis, gPP

r @ﬁ@ﬁﬁﬁ@dm&ﬂoh Usbteintidl | (OBPRNcbnceratatione st disseivere oxyaen \PO),
éemsducer ‘for measuring a

pP?J'PQI F'?‘i/mb‘fe"er%?%%f)ﬁgrrtgﬂ al:' paraneters of effluent.
the tr apederserto pwpgssiths mepsunsd gnyiogpetal peragietersaegerding
PR drSuekifdG@BN@Rd to a conbination of nmeasurenent
probes for t he envjr meters, the
envi r oﬁﬂ‘éﬂf‘%‘f’%‘s '3¥§ﬁ8f°3?s§e%%'?vr'{§%%% é‘CtEr\i/:'/o sel ect ed
fromthe group consisting of: tenperature, pH,

9! In c S n*?@‘dn@&hc@rf acBOlHiRG 'R, claird A S @ier ¥rhptising @h aputdersstihy ed
SOl 1 ds

| on/ r educt i on otentlal ORP
c@ﬁ@éﬁ?ﬁ%ﬁ'lpéﬁ”ﬁfe%‘g??d?%‘g e0% cl% £ 10 sgal i nl)ty,

and concentration of netallic |ons a pr ocessor to

P5 OCESH,d tE‘ﬁ?JEE&SaUE&rﬂngetB\éiafn‘Pﬂ 3t thdMpaied Rdypad.

accordi ng predefined rules; and a display to
di spl ay the processed enV|ronnentaI paraneters. 15 2.
The t r pRsEineRicernaeatidg g citio 2, velierair thefinput fseg touchscreen

{éggée?wqgth%rb.glpﬁgut for setting the operational

ers of measur enent probes. 3. The
transducer according to claim2, wherein the input is
a5 key pad wradduter ddeerding a0 sthine dy whereiortie mpasurerera iprabes

PRSI Bl B BRI 3 Plabie NSGLERS uichinsiaal o wirbl,

ucer accor % {il [ln él_
mmrwemommaén@m Algsigde, ion selectvb (BE)  electiods,

conductivity electrode, dissolved oxygen (DO) electrode or an anode stripping

voltammety (ASV) system.

6. The transducer according to claim 2, wherein the environmental

parameters 1o be measured are selectable via the input.

7. The transducer according to claim 5, wherein the predefined rules include
measuring the resistance obtained by the platinum resistance thermometer to

determine the temperature of the effluent.

8. The transducer according to claim 7, wherein the predefined rules include
compensating the measured pH value with the temperature of the efiluent. -
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include at | east one of: a platinumresistance

t hernmonet er, pH probe, 25 oxidationlreduction
potential (ORP) electrode, ion selective (ISE)

el ectrode, conductivity el ectrode, dissolved oxygen
(DO electrode or an anode stripping vottamretry
(ASV) system 6. The transducer according to claim 2,
wherei n the environnental 2730 paraneters to be
nmeasured are selectable via the input. 7. The
transducer according to claim5, wherein the
predefined rules in Ll.ng

0Bt ai ndbe FRNstycer i‘ﬂc‘é(fjﬁnﬂg‘f‘r?l?'515| @!'grﬁ@ ?%rg?gﬁg%le'?'g@%ﬁme
d ebrapenbatiag tHeemeapd catcentsation of hrionsfvith emtempgsiuge ofThe
tragésr?ucer according to claim?7, wherein the
predérined rul es include corrpensati ng the neasured pH
value with the tenperature of the effluent. 27 5 9.
The tr FRSFISAIcePaestith ROclkim T WaeneinThe prbdsfieedruleh dnclude

def d I I W
CERBRAG | B Breuo ecoiofROLERAT pBfiel \OrFS ot e

efefriperature of 1@ effifieed. t r ansducer accor di ng to claim?7,
wherein the predefined rules include conpensating the

measur ed oxi dati on/reducti.o Lenti al | e

 Ehrper BafeGoe Eorng LRI - BOOER meredei i ko

auhepensatio the rodaaired dissabvedr eygent () itk dhef emperaiu(g esthe

[ eg'ple_ conpensati ng the neasured dissol ved oxygen

( With the tenperature of the eff luent. 9. The

transducer according to any one of clains 8 to 11,

vder ei Thet fansduker hevopitgatouany crenpiedsiosi ®ip 15 wesréinthed
G &itor.

atf'é‘ﬁ% ec%m gnsgtr lng to %Mon@aﬂcéﬂ?gfrﬁgr@élly by 3n oféthto

ucer accor aim 1, Turther conprising an

.output port to connect with another device for

O} pUtfHeﬁ&n&dmeerf@aﬁdmgifb aamaryindersconPisidglan diigut port to
L anSay es{ng e;ac? k? o&tgutﬁliﬁqhg}n%&re%‘élraﬁfe@rst he aEOt her

o7 er or printer. i2. T
transducer accordi ng to cI aiml, further conprising a

dat abag tFa‘Hsdu‘éérOécﬁorBﬁgaé cRins 30) wieteis el shofhED8gviaeaisue s
for each effluent source. 25 13. The transducer

é%?é'ﬂ?fﬂ?q‘?ﬁ’”"(ebc"cﬁnge?‘n 12, wherein the TDS val ue (ppm for

the effluent source is calculated using a
pledet§ieNiansfictt £66/ng Qo Tl ti, QUithed Eiibivig far eimabase to

. store total dissolved solid (TDS) values for each effluent source.

13. The transducer according to claim 12, wherein the TDS value (ppm) for the
effluent source is calculated using a predetermined piecewise function directly from

~ the measured conductivity.

14, The transducer according to claim 1, wherein the measurement probes are

plaéed in different analytical chambers or cells at the same time.

15. The transducer according to claim 1, wherein the display is a liquid crystal
display.
. 16, The transducer according to claim 5, wherein the measurements of the pH

probe, oxidation/reduction potential (ORP) electrode, and ion selective (ISE)
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. the nmeasured conductivity. 14. The transducer

according to claim1l, wherein the neasurenent probes
are 30 placed in different anal ytical chanbers or
cells at the sane tine. 15. The transducer according
to claim1, wherein the display is a liquid crystal

di splay. 16. The transducer according to claimb5,
wherein the neasurenments 8 the pH probe,

oxi dation/reduction potential (ORP) electrode, and ion
Se%cﬁﬁ:fei AHE sHoWRR) thidd MbdRs b ardealispley, thé tee mores includingpties
on the display, .the .threee &%&(ﬁ%ﬂdﬁ%oﬂﬂ pH (pX)
vayalue. pgtestial IngpY and gy FORRE T ON” Cdilcent rati ons in ppm
or molll. 17. The transducer according to claim th
Wizer eihe tiiaesdoem secadiph tosciaim &, yereinihg Jegas\yppgnts of the

el ect rade.l bin LirBReMRd&s on hbedistilayplisgyding
icﬁgﬁ’ﬁ@‘lﬁ}ﬂga O%%g?ﬁﬁ , totlal di ssol ved solids
(comBtiviydotal gisselyadypolide ] %ﬁ@df’?’g%ducer according to
claim5, wherein the nmeasurenments of the DO el ectE)ode
i18. ShaWe rirsdiicspacroing toekinisewhiereip theymeasyiemgs fighe D

per cent.a f sat lsBRP | iNAMing PR ema satbsEdut e
@geﬁg‘@%t' %ﬁwgﬁmg@ ﬂl SS%?'{I/’ES%‘SE)(? enwg)gﬁ. Thegi{?ansducer
alissolvadi oxggen @né phgplvesonegrisation A ‘???8 X8 enents of the
10 anode stripping voltammeter (ASV) systemis shown
i18. CORRE hnalube Bcodingret adiini & whetsinsthe eepsygments, Of the
(Zn2+) . Copper - i§ Bhtin)in cBricekiAdbRsLITI el ) .
?Uﬁﬁ%@pfnpé'ﬁ%&"ée%é%?oﬁﬁ ‘ 5@' claim 1. wherein the
nraswhasdincdZnbh. Gopger (E8 g Lrad;( ‘?t)y°"?@ﬁl‘§'8¢“(| S lised to
obtai n salt-conpensation of DO 21. The transducer
HCOT &hE FarksBudet aicbidihg td elimHewhareniheimgaagenentaefititst abl e
15 calibration s C Hnighgot he pH, ORP, and
CARERYIE BT AR ?s%goa%}%gﬁtgﬁgﬂ%ﬁﬁl ying the | east

square method. 22. The transducer accor di [ aim
22, wiTbe bansdegspageprding fglRim ! %’8?’5?"3'”8%§s§f’%‘9°é&sol i ds

CTRSkioh Streddly #r Aedsuiivig themtieORP rapdtiisconesatiatiogsgof anions
conducti vi o) m ng a | ookup on the database.
%aggymgﬁﬁ%}eﬁgﬁ%a&%@é&g%mor ding to claim5, wherein
the anode stripping voltametry . (ASV) s ). d

@al i bithe wsdt}ceper&w%g's&%?!ﬂ?‘ﬂé- %}%ﬂé@g eﬁ%i‘%é%ﬁ%’?‘%tﬁ‘. 24,
ThSoNdaBRBYTES) idatandd tygonertod Hiermersuragheanduaivity iy

processor, _proce e | €aSt Si xteen envi ronnent al
ﬁﬁ&%W@H%&%OQﬁéségmeti me. 25 25. The transducer

according to claiml1, wherein the salini t he
@8f | udhe transduashacepiding 1R YRR iy PR S:tr%” g‘ red
GOy YA\ system is calibrated by peak searching and area integration.

24. The transducer according to claim 1, wherein the processor processes at

least sixteen environmental parameters at the same time.

25. The transducer according to claim 1, wherein the salinity of the effluent is

obtained by converting the measured conductivity.



