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Summary

In this work, a multipurposetitrimetric sensorwasdeveloped.Thehardwarepartof thesen-
sor developedin this work consistsof a titrator unit, capableto performacid-basetitrations
of aquaticsamples.A titration curve hasa typical S-shape,andcan be transformedinto a
buffer capacityprofile with anappropriatemathematicalalgorithm. Thesoftwaresensorpart
of this work canbe seenasthe completedatainterpretationof the recordedtitration curves.
Thedevelopedhard-andsoftwaresensordifferentiatesitself from mostexistingsensorsby the
fact that thewholeanddetailedtitration profile is usedfor model-basedinterpretation.It is a
multipurposesensorbecause,on theonehand,it is usefulfor thequantificationof buffering
components(e.g. ammoniumandortho-phosphatein effluentsor in destructedanimalma-
nuresamples),and,on theotherhand,it canbeusedasanalarmgeneratoror earlywarning
system(e.g. thedetectionof accidentalpollutantdischargesin rivers). An importantpartof
the researchdescribedin this thesiswasperformedin the framework of researchprojectsin
which industrialpartnerswere involved. Therefore,the researchdescribedin this thesisis
interdisciplinaryandpracticallyoriented.

Thefirst partof thethesisdescribesthefundamentalsandthebackgroundof theresearch
work. The constructive approach,illustratedwith didacticexamplesshouldallow the reader
to obtaina solid introductionandaconsistentoverview of pH buffer capacitymodelling.This
overview waspartiallybasedon literatureresearch,however, majorpartswereadaptedor fur-
therdevelopedto fit therequirementsof this work. Furthermore,in theliteraturea numberof
pitfallsandseriousconfusionsrelatedto thissubjectwerepointedout. An interestingaspectis
thatnotonly buffercapacitymodelsweredevelopedfor thesimplesttypeof chemicalreactions
(acid-baseequilibria),but thatalsomorecomplicatedbuffer systems(i.e. wherecomplexation
and/orprecipitationreactionsoccur)couldbeconsideredin thesameframework. Appropriate
simulationsoftwarewasdevelopedfor eachof thepresentedapproaches.Further, a literature
review on field technologiesfor on-linemeasurementin wastewatertreatmentsystems,rivers
andotheraquaticstreamsis presented.

Thesecondpartof thethesissummarizesthemainsoftwaredevelopments.A commercial
automatictitratorwith abuilt-in dynamictitrationalgorithmwasusedto collecttheexperimen-
tal titrationcurves.Usingthisalgorithm,somedisadvantageswereencountered,andtherefore
a combineddata-andmodel-driventitration algorithmwasdeveloped,capableof performing
thetitration taskasneededfor thepurposeof this work. A dosingsystem,coupledto a com-
puterandusingthedevelopedalgorithmalsooffersperspectivesfor usein thelaboratoryasan
alternativefor traditionalend-pointtitrators.Thecompletedataprocessingpartof thetitrimet-
ric sensoris implementedin thesoftwarebomb (buffer capacityoptimalmodelbuilder),with
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strongemphasison the robustnessfor field-use. From a particulartitration curve, this soft-
wareextractsinformationaboutindividual buffer systemsandestimatestheir concentrations.
Further, thesamesoftwareis capableto automaticallybuild buffer capacitymodels.

The third partof this work is applicationoriented.Threeon-line(field) applicationareas
for thedevelopedsensorwereinvestigatedin detail: effluentandriverwatermonitoring,algal
wastewatertreatmentmonitoringandanimalmanurenutrientmeasurements.The minimum
amountof ammoniumandortho-phosphatethatcanbesuccessfullyrecoveredwith thebuffer
capacitybasedsensoris around0.5 mg N l

� 1 and0.5 mg Pl
� 1 respectively. Thesevaluesare

only indicative, becausethey arecasedependent.The resultsobtainedshow that the buffer
capacitybasedsensoris anusefulmeasurementsystemfor on-linemonitoringof ammonium
andortho-phosphatein effluents,riverwatersandalgalwastewatertreatmentsystems.Because
thetitrimetric measurementmethodologyis undoubtedlysensitive to interferences,thesensor
applicationshouldin the first placebe seenin the context of alarmgeneration.In an algal
wastewatertreatmentplant,theinorganiccarbonbuffer couldaccuratelybeassessedwith the
developedsensor, andthismeasurementwasinterpretedasanusefulcontrolinput. Thesimul-
taneousmeasurementof ammonium,ortho-phosphateand inorganiccarbonwith onesingle
devicewasexperiencedasanimportantadvantageof thedevelopedmethodology.

Theon-linemeasurementof nitrogenandphosphorusin animalmanureis a new applica-
tion area,for which the developedsensorwasevaluated. In Flanders,a taxationsystemon
theproductionandsurplusof nitrogenandphosphorushasbeenapproved(Mestdecreet,May
11th, 1999). In this framework, increasingdemandsfor analysesof N andP in animalma-
nureandotherorganicstreamsareto be expectedin the comingyears. The mostimportant
differencecomparedto theotherapplicationsis thatthetitratedsampleis now freeof organic
interferencesbecauseof a destructionstepwith H2SO4 andH2O2 prior to titration. Complex-
ation reactionswith Ca2

�

andFe3
�

weremodelledandpointedto be responsiblefor extra
buffer capacitiesaroundpH 5, pH 8 andpH 10. It wasalsofound that the buffer capacities
of o-PO4 andNH

�

4 (thebuffersof maininterest)areonly influencedto a limited extentby the
complex formationreactions.Takinginto accountsomefurtheroptimizationsdiscussedin this
work, theanalysisresultswith this titrimetric sensorareexpectedto becomparablewith the
laboratoryresults.Thestrongestpointsof the titrimetric methodare: SimultaneousN andP
measurementwith onemethod,minor samplemanipulations,N andP resultswithin 30 min-
utes,low andinexpensivechemicalconsumption,consumptionof only oneandnon-hazardous
reagent(NaOH).

Thefourthpartof thiswork describestheautomationof buffer capacitymodelbuilding,of
which the purposeis to efficiently find anusefulandadequatebuffer capacitymodel,tailor-
madefor eachindividual sample. This methodologysupportsa new ideadevelopedin this
work, being‘quality proportionalsampling’in effluentsandriver waters.This is proposedas
an alternative to time or flow proportionalsampling. It is suggestedthat the buffer capacity
profile is usedasa fingerprintfor the watercomposition.Whenthe fingerprintis changing,
analarmis triggeredanda sampleis automaticallytaken for further laboratoryanalysis.For
a numberof selectedsamples(e.g. industrial effluent samples),the estimationswith auto-
maticallybuilt modelswerehighly superiorto the fixedmodelapproach,becausethe buffer
compositionwasdrasticallychangingduringthemeasurementperiod.Otherbenefitsof theau-
tomaticmodellingapproachareits usefulnessfor titratorproblemdetectionandits application
asa supporttool for thecharacterizationof unknown buffer capacityprofiles.


