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ChemicalChemical oxygenoxygen demanddemand (COD)(COD) isis oneone ofof thethe mostmost relevantrelevant chemicalchemical parametersparameters forfor thethe characterisationcharacterisation ofof wastewaterswastewaters beforebefore
(influent)(influent) andand afterafter (effluent)(effluent) treatmenttreatment inin orderorder toto monitormonitor itsits qualityquality andand compliancecompliance withwith thethe lawlaw..
ReliableReliable CODCOD valuesvalues areare importantimportant forfor protectingprotecting thethe environmentenvironment andand toto guaranteeguarantee thethe economicaleconomical sustainabilitysustainability ofof thethe treatmenttreatment
facilityfacility..
InIn thisthis workwork thethe potassiumpotassium dichromatedichromate openopen refluxreflux methodmethod waswas validatedvalidated byby studyingstudying thethe parametersparameters ofof itsits quantitativequantitative
performanceperformance.. ModelsModels forfor thethe metrologicalmetrological performanceperformance ofof thethe determinationdetermination ofof CODCOD inin wastewaterwastewater werewere developeddeveloped aimingaiming atat
producingproducing detaileddetailed estimatesestimates ofof thethe uncertaintyuncertainty associatedassociated withwith resultsresults obtainedobtained inin aa PortuguesePortuguese WastewaterWastewater TreatmentTreatment PlantPlant..

METHODOLOGY
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The determination of COD in wastewaters was determined
according to the standardized method ISO 6060:1989, that
consists on the steps described in Fig.1:

METHODOLOGY

The Fig. 1 shows the description of the measurement
procedure where SolutionSolution AA is 0.04 mol L‐1 K2Cr2O7; 80.0 g L

‐1

HgSO4; 1.80 mol L‐1 H2SO4; SolutionSolution BB:: 10.0 g L‐1 AgSO4; 17.4
mol L‐1 H2SO4 and SolutionSolution CC (FAS)(FAS): 0.12 mol L‐1

(NH4)2Fe(SO4)26H20; 0.360 mol L‐1 H2SO4. Fig. 2 represents
the identifies sources of uncertainty.
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Fig. 1. Schematic description of the measurement procedure including the 
test quality control (QC). 

RESULTS
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Eq. 1. The measurement function used to estimate the concentration C

Fig. 2. Cause and effects diagram for determination of chemical
oxygen demand, where § is COD in wastewater samples; Rep. –
repeatability; Temp. – temperature effect.

Fig. 3 presents the comparison of the estimated (U) and target
expanded uncertainty for the analysis of heterogeneous
wastewater samples [UTg(HS)] measurement uncertainty.
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in COD ( mg O2.L
‐1) in wastewater samples. Where AO – molar mass of the

oxygen; Pur – purity of Potassium dicromate (PDC) reagent; V1(blk) – vol. of blank test
aliquot; V1(spl) – vol. of sample aliquot; V2(blk) – vol. of Sol. A used for blank test aliquot
oxidation; V2(spl) – vol. of Sol. A used for sample aliquot oxidation; V3(blk) – vol. of Sol.
C used to titrate digested and diluted blank test aliquot; V3(spl) – vol. of Sol. C used to
titrate digested and diluted sample aliquot; VA – aliquot of Sol. A titrated with Sol. C
to estimate the FAS concentration; VB – vol. of Sol. C used to titrate VA from Sol. A; VX

– vol. of Sol. A used to dilute mPDC; fDE – factor for the combined efficiency of
oxidation and digestion, and endpoint detection steps for blank test, sample test and
FAS standardisation; fSS – factor for subsampling step.

The developed model for the measurement performance

Results show that the model estimated by the Differential
Approach and uncertainty propagation law :

CONCLUSIONS
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Fig. 3. Variation of the percentage contribution, Pj , of the major uncertainty
components, of the measurement expanded uncertainty (U) and of the target
measurement expanded uncertainty [UTg(HS)] with the COD value.

The developed model for the measurement performance
was externally validated through the determination of COD
values in wastewaters samples from three proficiency tests
promoted by RELACRE are presented in Fig. 4.

Approach and uncertainty propagation law :
1.allowed understatingunderstating thethe wayway percentagepercentage contributionscontributions ofof thethe
uncertaintyuncertainty componentscomponents and expanded uncertainty magnitude
vary with the COD value.

2. was successfullysuccessfully validatedvalidated through the analysis of wastewater
samples from three proficiency tests.

3. allowed the development of a strategystrategy forfor thethe expandedexpanded
uncertaintyuncertainty magnitudemagnitude andand costcost reductionreduction.
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Fig. 4. Results from the participation in three proficiency tests, promoted
by RELACRE (Portuguese Association of Accredited Laboratories).
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