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Summary

In this work, a multipurposetitrimetric sensowasdeveloped. The hardware partof the sen-
sor developedin this work consistsof a titrator unit, capableto performacid-basditrations
of aquaticsamples. A titration curve hasa typical S-shapeand can be transformednto a
buffer capacityprofile with an appropriatenathematicahlgorithm. The softwaresensorpart
of this work canbe seenasthe completedatainterpretationof the recordedtitration curves.
Thedevelopedhard-andsoftwaresensodifferentiatestself from mostexisting sensordy the
factthatthe whole anddetailedtitration profile is usedfor model-basedhterpretation.lt is a
multipurposesensoibecausepn the onehand,it is usefulfor the quantificationof buffering
componentge.g. ammoniumand ortho-phosphat@ effluentsor in destructedanimal ma-
nuresamples)and,on the otherhand,it canbe usedasan alarmgeneratomor early warning
system(e.g. the detectionof accidentalpollutantdischagesin rivers). An importantpart of
theresearctdescribedn this thesiswas performedin the framewnork of researchprojectsin
which industrial partnerswere involved. Therefore,the researchdescribedn this thesisis
interdisciplinaryandpracticallyoriented.

Thefirst partof the thesisdescribedhe fundamentals&ndthe backgroundf theresearch
work. The constructve approachjllustratedwith didacticexamplesshouldallow the reader
to obtaina solid introductionanda consistenbverview of pH buffer capacitymodelling. This
overview waspartially basedon literatureresearchhowever, major partswereadaptedr fur-
therdevelopedto fit the requirementsf this work. Furthermorein theliteraturea numberof
pitfallsandseriousconfusiongelatedto this subjectwerepointedout. An interestingaspects
thatnotonly buffer capacitymodelsveredevelopedor thesimplestypeof chemicakeactions
(acid-basexquilibria),but thatalsomorecomplicatecbuffer systemgi.e. wherecomplexation
and/orprecipitationreactionsoccur)couldbe consideredn the sameframeavork. Appropriate
simulationsoftwarewasdevelopedfor eachof the presentedpproacheskurther a literature
review on field technologiesor on-line measuremerih wastavatertreatmensystemsrivers
andotheraquaticstreamss presented.

The secondpartof thethesissummarizeshe mainsoftwaredevelopmentsA commercial
automatiditratorwith abuilt-in dynamictitrationalgorithmwasusedto collecttheexperimen-
tal titration curves.Usingthis algorithm,somedisadantagesvereencounteredandtherefore
a combineddata-andmodel-driventitration algorithmwas developed capableof performing
thetitration taskasneededor the purposeof thiswork. A dosingsystem coupledto a com-
puterandusingthedevelopedalgorithmalsooffersperspectiesfor usein thelaboratoryasan
alternatve for traditionalend-pointitrators. The completedataprocessingpartof thetitrimet-
ric sensolis implementedn the softwarebomb (buffer capacityoptimalmodelbuilder), with
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strongemphasison the robustnesdor field-use. From a particulartitration curve, this soft-
wareextractsinformationaboutindividual buffer systemsandestimategheir concentrations.
Further the samesoftwareis capableto automaticallybuild buffer capacitymodels.

The third partof this work is applicationoriented. Threeon-line (field) applicationareas
for thedevelopedsensomereinvestigatedn detail: effluentandriver watermonitoring,algal
wastevater treatmentmonitoringand animal manurenutrientmeasurementsThe minimum
amountof ammoniumandortho-phosphatthatcanbe successfullyecoveredwith the buffer
capacitybasedsensoiis around0.5mgN|1~1 and0.5 mgPI~! respectiely. Thesevaluesare
only indicative, becausehey are casedependent.The resultsobtainedshow that the buffer
capacitybasedsensolis an usefulmeasuremergystemfor on-line monitoringof ammonium
andortho-phosphatim effluents riverwatersandalgalwastevatertreatmensystemsBecause
thetitrimetric measuremennhethodologyis undoubtedlysensitve to interferencesthe sensor
applicationshouldin the first placebe seenin the contect of alarmgeneration.In an algal
wastevatertreatmenplant,theinorganiccarbonbuffer could accuratelybe assessedith the
developedsensorandthis measurememwasinterpretecasanusefulcontrolinput. Thesimul-
taneougneasuremendf ammonium,ortho-phosphatandinorganiccarbonwith onesingle
device wasexperiencedsanimportantadvantageof the developedmethodology

The on-line measuremertf nitrogenandphosphorusn animalmanureis a new applica-
tion area,for which the developedsensomwasevaluated. In Flanders a taxationsystemon
the productionandsurplusof nitrogenandphosphorusiasbeenapproed (Mestdecreetviay
11th,1999). In this framework, increasingdemandgor analyseof N andP in animalma-
nureandotherorganicstreamsareto be expectedin the comingyears. The mostimportant
differencecomparedo the otherapplicationss thatthetitratedsampleis now free of organic
interference®ecausef a destructiorstepwith H,SOy andH»O0, prior to titration. Comple-
ation reactionswith C&2* and Fe** were modelledand pointedto be responsiblefor extra
buffer capacitiesaroundpH 5, pH 8 andpH 10. It wasalsofound thatthe buffer capacities
of 0-POy andNH (thebuffersof maininterestjareonly influencedo alimited extentby the
comple formationreactions.Takinginto accounsomefurtheroptimizationsdiscussedh this
work, the analysisresultswith this titrimetric sensorare expectedto be comparablewvith the
laboratoryresults. The strongespointsof thetitrimetric methodare: SimultaneousN andP
measuremenkith onemethod,minor samplemanipulationsN andP resultswithin 30 min-
utes,Jow andinexpensve chemicalconsumptionconsumptiorof only oneandnon-hazardous
reagen{NaOH).

Thefourth partof thiswork describeshe automatiorof buffer capacitymodelbuilding, of
which the purposeis to efficiently find an usefulandadequatéuffer capacitymodel, tailor-
madefor eachindividual sample. This methodologysupportsa new ideadevelopedin this
work, being‘quality proportionalsampling’in effluentsandriver waters.This is proposecdas
an alternatve to time or flow proportionalsampling. It is suggestedhat the buffer capacity
profile is usedasa fingerprintfor the watercomposition. Whenthe fingerprintis changing,
analarmis triggeredanda sampleis automaticallytaken for furtherlaboratoryanalysis.For
a numberof selectedsamplege.g. industrial effluent samples)the estimationswith auto-
matically built modelswere highly superiorto the fixed modelapproachbecausehe buffer
compositionwasdrasticallychangingduringthemeasuremenmteriod. Otherbenefitsof theau-
tomaticmodellingapproactareits usefulnessor titrator problemdetectiorandits application
asa supporttool for the characterizatioof unknovn buffer capacityprofiles.



