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Abstract

In 1987theNationalInstitute for Coastal andMarineManagement(theNetherlands) initiatedtheSAWESproject
(SystemsAnalysis WEsternScheldt). The main goals of the project wereto acquire knowledge with respect to
thepollution problemsin theScheldt estuaryandto apply thisknowledgeto managementissuesof theScheldt on
an operationallevel. The main interest was to understandquantitatively the relationbetweeninputsof polluting
substancesand effectson the ecosystem.In the framework of the project, a water quality model for the Scheldt
estuarywasmade.In 1995,themodelareawasexpandedto includetheBelgiancoastal region at themouth of the
estuary.

The model calculates the fate of dischargedsubstancesandestablishesthe relation betweenpollution inputs
andtheresulting waterquality, includinggeneralwaterquality (oxygen,pH, alkalinity, major ion chemistry and
nutrients) as well as pollutant concentrations. The modelincorporatesall chemical processes which affect these
concentrations, including the precipitation/dissolution of metal sulphideswhich to a largeextent controls the fate
of tracemetals. Basedon calibration and verification exercises, it hasbeenshown that themodelprovidesa good
representationof the physical andchemicalprocesses taking placewithin the estuary andcanthereforebe used
to supportpolicy developmentfor the estuary. For example, the modelcancompute how the water andsediment
quality in theestuarywill respondto reducedinputsof waste or to suchhumanactivitiesasdredging.

Intr oduction

The river Scheldt crossesFrance, Belgium and the
Netherlandson its way to theNorth Sea.It hasalength
of 355 km anda drainageareaof about22000 km2,
mostly within Belgium. The average freshwater flow
at Rupelmondeis about100m3/s. The estuary of the
Scheldt coversa length of 95 km, betweenthe village
of Rupelmondein Belgium and thecity of Vlissingen
in theNetherlands.

Theupperestuary(km 0–40)consistsof onechan-
nel with a width between0.4 and 2 km. The lower
estuary (km 40–95)is wider, up to 8 km, andconsists
of deepand shallow parts,with different ebb and flood
channels. Theaveragedepth is about11 m, while the

maximum depth is 40 m. The tidal motion dominates
thewatermovementin theestuaryandsignificantsalt
intrusion may be observed over the full 95 km. Nor-
mally the estuary is well mixed, except in the upper
estuary underhigh fresh water flow conditions. The
main functions of the estuary are shipping, fishing,
recreationand sandextraction. The ecologicalvalue
of theareaand thenaturallandscapesarealso of sig-
nificantimportanceto the region. However, thereare
two significantenvironmental problemsin theScheldt
estuary:

(1) In order to maintain the shipping routes to
Antwerpen and other smaller harbours, intensive
dredginganddumpingof (contaminated)sediments is
necessary;and
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Figure1. Physical schematisation used in thewater quality model.

(2) Theareaisusedto disposeof largeamountsof
domestic andindustrial waste water.

In 1987theNationalInstitute for Coastal andMarine
Management (the Netherlands) initiated the SAWES
project (SystemsAnalysis WEstern Scheldt). The
main goals of the project wereto acquire knowledge
with respect to the pollution problemsin the estuary
andto apply this knowledgeon an operational level.
The main interest was to understand the relation be-
tweeninputsof polluting substancesandeffectson the
ecosystem,with specialattention givento heavy met-
als, specifically cadmium, copperand zinc. A model
instrumentwascreatedto supportpolicy development
andmanagementof the estuaryby meansof systems
analysis. In 1995,the modelwasexpandedto include
theBelgiancoastalregion at themouthof theestuary.
Thecompletestudyareaisshown in Figure1.

The systems analysis approachwhich forms the
basis for the present water quality model and its ap-
plication, has the following main characteristics.The
water systemunder consideration is subject to the
negative impactof differenthuman activities. Conse-
quently, it suffers certaineffectswhich may in turn
influence the human activities. The systemsanalysis
requiresan accuratedefinitionof therelevant impacts
from humanactivities, aswell asthe changes therein,
and the relevant effects. Based on those definitions
the design criteria for the water quality model are
established.

Description of the model instrument

The water quality model is one componentof the
complete model instrument, which consists of a self
standing data base, themodelitself, anda set of post
processing, graphical and analysis tools. The entire
instrument, also known as a Decision Support Sys-
tem (DSS) runsonanIBM compatiblePC. Thewater
and sediment quality calculationshave beenmade us-
ing the general waterquality model DELWAQ v4.02
(Delft Hydraulics, 1995aand 1995b). This is a de-
terministic anddynamicmodeland takes intoaccount
relevant polluting substancesin the estuary, as well as
the main physical, chemical andbiological processes
affecting thesubstancesof concern.

The most important characteristics of the model
are:

• basedon massbalanceof all modelledsubstances;
• transportof dissolved substances,calculatedon

the basisof the water flow (tidally averagedad-
vective transport) anddispersion;

• transport of particulate substances (such as ad-
sorbedmetal species),calculatedon the basisof
suspendedsedimenttransport;

• a numberof non-instantaneous, slow kinetic wa-
ter quality processes,particularly with respect
to metal release due to sulphide oxidation, and
oxygenandnitrogenprocesses;

• calculation of chemical equilib rium for instan-
taneous water quality processesdependent on
macro chemistry (oxygen, pH, alkalinity, ma-
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jor ion chemistryand nutrients), partitioning and
speciation of metalsandphosphorous;

• visualisationof substancemass balancesin or-
der to seequantitatively the importanceof various
differentprocesses.

Measurementsof freshwater balance, sediment
balance and pollution loads into the region are part
of the self standing data base of the Scheldt estuary,
and serve as the input to the water quality model.
The model processformulationsand parametersare
for the most part well acceptedequationsfrom the
general literature on water quality processes.For a
few processes,new formulations werewritten based
on water quality measurements in the Scheldt es-
tuary. The following sections describe the physical
schematisation, transport of dissolvedand particulate
substances,the coupling with external loads, and the
waterquality processespergroup of substances.

Physical Schematisation

The estuaryandthe coastalregion weredivided into
21 homogeneousmodelelements, based on the mea-
suredconcentrationgradients(Figure1). Theestuary
is represented by 14 elements, while the coastal re-
gion is representedby the remaining7 elements.The
coastalregion is schematisedin two rowsof elements
parallel to the coast, the first of which has a width
of about15 km. The secondoff-shorerow is wider,
andcorrespondsto thedeeperregionof thecoast. The
division of these two rows into individualelements is
basedon the location of dischargesinto the coastal
region.

Transport of dissolvedandparticulatesubstances

The transport of dissolved substances is calculated
by the advection-dispersion equation, which includes
termsfor loadsas well as chemical processes. In one
spatialdimension theequation reads:

∂CA
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= −∂CUA
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∂C
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)
+ A(W + P) (1)

with:
A = wetcrosssection(m2)
C = concentration in thewaterphase(g m−3)
D = longitudinaldispersion coefficient(m2)
P = source and sink terms from water quality

processes(g m−3 s−1)

t = time (s)
U = flow velocity, averagedover thecross section (m s−1)
W= pollution loads (g m−3 s−1)
x = longitudinaldistance(m)

The hydrodynamic coefficients in the equation are
basedon tidally averagedflow. The water depth in
the model is constant, and is taken to be the average
water depthfor eachsegment.Theexchangebetween
model elementsin the estuaryis basedon the mass
balance of fresh water inflow into the estuary. The
total fresh water discharge into the coastal region is
furthertransported alongthecoast based on principles
of continuity, using certain assumptionsaboutthe di-
rection of transport, e.g. water inflow to the estuary
occursthrougha northernchannelalong the coast of
Walcheren, and water outflow from the estuaryoc-
curs through a southern channel, along the coast of
Zeeuws-Vlaanderen.Thetidally averagedtransportis
basedon the averagemeasuredchloride concentra-
tions and the chloride balanceper element. In the
coastalzone, the advective and dispersiontermsare
coupled in oneoverall transport term. This approach
is possible due to the fact that the largest tidal mix-
ing occurs in the direction of the smallestobserved
concentrationgradient(i.e.alongthecoast).

Theapproachfor suspendedsedimentis similar to
that for dissolvedsubstances,with the difference that
theadvectivetermin equation(1) is replacedby aterm
thatcontainsthenettransportof suspendedsolids. The
time and spacedependentnet transport of suspended
solids is an input item to the model. It is supplied
on a seasonallyintegratedbasis,so that theeffectsof
high dischargesor storm events are included.In the
coastal region,thisapproachcould notbeused,dueto
a lackof data. In thatareathe transport of suspended
sediment is modelled identically to that of dissolved
substances.

Additional attention has beengiven to the accu-
mulation of toxic substancesin the bottom sediment.
This is animportant processaffecting the fateof these
substances in the environment, specifically with the
adaptation of the systemto changes in the pollution
loads. In the model, the bottom sediment hasa thick-
ness of 0.5 meter. The exchangebetweenthis layer
andthe overlying water column is determinedby the
presenceof so-called ‘megaripples’ which areinflu-
enced by the tidal flow over the migrating bottom
ripples. The exchangebetweenthese sanddunesand
the water column results in a residence time of 0.5
yearsfor the bottom sediment at any onepoint. The
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mass of sedimentin the bottom is the reason that the
water quality in the model areaneeds approximately
15 yearsto come into equilib rium with the decreasing
loadsfrom upstream.Figure 2 providesan overview
of the modelling of the transport of suspended solids
andadsorbedpollutants.

Loadsof substances

Thesubstanceloadsinto theestuaryandcoastal region
aregivenin the SAWESdata base.Sincethereare no
measurementsavailable,assumptionshadto be made
concerningtheconcentrationsat theboundariesof the
modelarea:
• the inflow of metals at the southernboundaryof

the modelled coastal region was estimated based
on the available measurements of bottom concen-
trations;

• for the open ocean boundaries, the concentra-
tionsof sulphate, sodium,potassium,calcium and
magnesiumwerebased on measuredchloridecon-
centrationsanda fixedratio of eachof theionsin
seawater;

• for the upstreamboundaryin the estuary by Ru-
pelmonde,as well as for the openseaboundary,
the algae concentrationsare basedon measured
chlorophyll concentrations and the assumption
that half the algaearediatoms and the other half
arenon-diatoms;

• the CO2 concentration at the upstreamboundary
in theestuary(Rupelmonde)isestimatedbased on
the measured pH and alkalinity, and the relation
betweenpH, alkalinity and CO2 concentration.

Water quality processesfor oxygenand nitrogen

The waterquality model includes a number of water
quality processes that contribute to the oxygenbal-
anceand to the nitrogencycle. All theseprocesses
including the exchangeof oxygenand carbondioxide
with the atmosphere,the mineralizationof carbona-
ceousorganic waste (BOD) and organic nitrogen,
nitrification and denitrification are incorporatedin the
source/sink term of the model equation. The formu-
lationsused are conventional and have beenderived
fromtextbooksonwaterqualitymodellingandaquatic
chemistry, such asCrank(1973),DiToro et al. (1987)
and Stumm & Morgan(1981). However, due to the
specialcharacterof theScheldt estuarywith averylow
oxygenconcentration during summer, anextra factor
was addedto accountfor the changein the reaction

rateswith a decreasing oxygenconcentration.A com-
pletedefinition of the model formulations is given by
Van Gils etal. (1993).

Thepresenceof algaeaffects theoxygenbalance,
the nutrientcyclesas well as the adsorptionof trace
metals throughthe pH. Thereforealgaewere also in-
cluded in the water and sediment quality model. The
model distinguishes between diatoms and all other
non-diatomspecies. In thepresentstudy themortality
was increasedin theareawith thehighestsalinity gra-
dient, to accountfor theeffect of salt stress on algae.
Van Gils etal. (1993)provideadetaileddescriptionof
thealgaemodel.

The exchangeof oxygen and CO2 between the
water and atmosphereis calculatedbasedon their
over or undersaturation in water relative to the at-
mosphere.Decay reactionsare basedon first order
reactionsincluding a temperature function as well as
anoxygenconcentration function.ThepH in thesys-
tem is calculatedby the thermodynamicequilibrium
model CHARON as a function of the alkalinity and
the CO2 concentration. This samemodelis also used
to calculate metal speciation (Smits et al., 1985).Fig-
ure3 showsaschematic overview of thegeneralwater
quality model.

Water quality processesfor heavy metals

The behaviour of tracemetalsin aquatic systemsis
influencedstrongly by adsorption to organic and in-
organic particles.The dissolvedfraction of the metals
aretransported by water, while the adsorbedfraction
is transportedby sediment. The distribution of a trace
metal into adsorbedor dissolvedfractionsdependson
the trace metal itself, the adsorption characteristics
of the particles and the local environmental condi-
tions (e.g. temperature, pH, redox state,salinity and
ionic strength). Thedistribution canbedescribedby a
mineral equilib rium and/or adsorption to a particulate
surface.This phenomenonwas includedin the water
and sediment model as an equilib rium computedby a
chemicalsub-modelCHARON.

In the Belgian part of the estuary, the metals
Cd, Cu and Zn often exist as precipitated sulphides
(Zwolsmanet al., 1990,Zwolsman& VanEck,1992).
Thefield data suggest that these sulphidesare present
wheretheoxygenconcentrationis low. Because these
sulphide minerals have a low solubility , a large frac-
tion of themetalsarein particulateform. In a seaward
direction, as the oxygenconcentration increases, the
sulphidesbecomeoxidised. However, the field data
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Figure 2. Schematic overview of the transport processes for particulatematter (suspendedsolids and adsorbed pollutants) which were
incorporatedin themodel.

Figure3. Schematic overview of thegeneralwaterquality model.

Figure4. Schematic overview of themodelfor thebehaviour of tracemetals.
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Figure 5. Calculatedconcentrationsof oxygen(a), BOD (b) and ammonium(c), comparedto measuredconcentrations(*) on July 8 1987,as
a functionof thedistancefrom Rupelmonde.
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Figure 6. Oxygenbalancefor the total modelareaduring thefinal model calibrationrun: positive terms are above x-axis, negative terms are
below thex-axis.

also show that the oxidation is a slow process, de-
pendantonthetemperatureandoxygenconcentration.
Thereforeoxidation cannot be modelled as an equi-
librium process and a kinetic formulation for the oxi-
dation of metal sulphideshadto bedeveloped.In the
water quality model, the tracemetalsenter the estu-
ary as sulphidesand thusarenot incorporated in the
sorption equilib rium system. This happens only af-
ter the oxidation of the sulphides. Figure4 shows a
schematic overview of themodelfor the behaviourof
tracemetals.

Calibra tion of the water quality model

Measurementsusedfor calibration

For calibration of the model, the consistency of the
loadsto thesystem,the transport and otherprocesses
within the system, and the measured concentrations
within the system must be assessed. For calibration
of the general water quality model and the model
of the behaviour of metals andphosphate, two years
are relevant. In 1987, the results of 8 specific mon-
itoring campaigns were available from the SAWES
project, providing detailed longitudinal profiles of a
wide varietyof water quality parametersover a range
of seasons.As part of the SAWES project, water
quality measurements were also gathered from the
standard waterquality monitoring programfor amore

recentyear, namely1991.This yearcontrasts to 1987
with regard to discharges and large scaledredging
in the harboursof Antwerp. Both years are mod-
elledusingthesameprocessformulationsandprocess
coefficients.

Stepsin thecalibration process

Themodel calibration took placein threesteps:
• calibration of the dispersion coefficient by fitting

to theaveragechlorideprofile in theestuary;
• calibration of the parameters in the oxygenand

nitrogen related processes, including the algae
model; and

• calibration of the parametersin the heavy metal
relatedprocesses.
Thefirsttwo stepsareimportant primarily to deter-

minethegeneralwater chemistrywhich affectsmetal
partitioning. They were executed by iteratively run-
ning the modeland adjusting thecoefficients by hand
until sufficient similarity between the model results
and field datawasachieved. A postprocessing facility
supported thisprocedure,enabling theuser to observe
the magnitudeand the spatial and temporalvariabil-
ity of all modelled processes.In this process, the
known rangesof the process coefficients asgiven in
theliteratureweretaken intoaccount.

The third step of the calibration procedure was
dedicatedto the trace metal behaviour. The metal
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Figure7. Calculatedconcentrationsof Kjeldahlnitrogen(a),nitrogenin nitrates(b)andtotalnitrogen(c), comparedto measuredconcentrations
(*) on July 8 1987,asa functionof thedistancefrom Rupelmonde.
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Figure 8. Nitrogenbalancefor the total modelareaduringthefinal modelcalibrationrun: positive terms are above thex-axis, negative terms
arebelow thex-axis

sulphidesof Cd, Cu and Zn have a very poor solu-
bility and their occurrencecan be recognised by an
extremely high partition coefficient. Lower partition
coefficients indicate a ‘normal’ reversible partition
betweenadsorbedanddissolvedmetalspecies.

All samples from the monitoring campaigns in
1987weredividedin sampleswith andsampleswith-
out sulphides,basedon the magnitudeof the partition
coefficient. Thesamples withoutsulphideswereused
to calibrate the Gibbs parametersof the adsorbed
metalspeciesin the chemical equilib rium model rep-
resenting theadsorption characteristicsof theparticles
present. For thispurposean automatic calibration pro-
cedurewas used (Ouboter & De Rooij, 1990). The
adsorption of tracemetalsto fine particlesdiffersbe-
tween different water systems,due to the different
characteristicsof the particles.In the WesternScheldt
estuary the adsorption is relatively strong, possibly
dueto thestrongadsorptionto reactiveironhydroxide
FeOOH,which formsat the oxic-anoxicinterfacein
theestuary.

The samples with sulphides were used to cali-
brate the kinetics of sulphide oxidation. Based on
the calibratedequilib rium model, the adsorbed frac-
tionexcludingsulphideswascalculatedandsubtracted
from themeasuredparticulate fraction in thesample.
The differencewas assumed to consist of sulphides
andthusthesulphideconcentration in thesampleswas
estimated. A kinetic formulation for the oxidation of

sulphides, dependentontheoxygenconcentration and
thewatertemperaturewasderived from themeasure-
ments. Both a high temperature and a high oxygen
concentration stimulate theoxidation process.

Discussion of thecalibration results

The results of the model calibration give a clear un-
derstanding of the functioning of the water quality
processes in theScheldt estuaryandcoastal zonesys-
tem.It mustbenotedthatmany moremeasurementsof
loadings and waterquality concentrationswereavail-
able for the estuary than for the coastal region. The
description of thesystemis thusfocused primarily on
theestuaryandthemouth up to theregionof Cadzand.

The loadingswith BOD and ammonium causelow
oxygenconcentrationsin the upstreamregionsof the
estuary, especiallyduringthesummer(Figure5). The
mass balance of oxygen(Figure 6) shows that con-
sumptionof oxygenoccursdueto thedecayof organic
material (mostly anthropogenic of origin) andnitrifi-
cation. The concentration profiles in the estuary show
wherethe differentoxygenconsuming processes are
dominant. A detailed analysis of the model results
showsthatin theupperestuaryoxygenconsumption is
mainly due to nitrification, whereasin the lower estu-
aryoxygenisconsumedmainlyby thedecayof BOD.
Therefore,nitrification is themain cause of anoxia in
theupstreampartof theestuary.
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Figure 9. CalculatedpH (a) and chlorophyll concentration(b), comparedto measuredvalues (*) at the location Grieten-Hoodplaat(83 km
downstreamof Rupelmonde)for 1987.

The total nitrogenconcentration is controlled by
waste loads in the river Scheldt and in the upper
Scheldt estuary (Figure 7). In the seaward direction
the concentration drops, mainly due to dilution with
seawater. Theoverall massbalancefornitrogenshows
thatabout25%of thetotal nitrogenloadisremovedby
denitrification (Figure8). With a methodof parameter
analysis, it canbedeterminedwithin whichflux ranges
the measurements canbe reproducedwith the model.
From this analysis, it is shown that between15–30%
of thenitrogen isdenitrified in theestuary.

Looking at the differentnitrogenforms, it canbe
seenthat the loads to the system are primarily in the
form of Kjeldahl nitrogen, which is the sum of or-

ganic nitrogenand ammonium. However, almost all
of the organic nitrogenand the ammonium is min-
eralisedand nitrified, especially in the upstreampart
of the estuary. To illustratethis, Figure 7 shows the
Kjeldahl nitrogen profile. The nitrification reaction
producesnitrates,and together with the dilution from
thesea,this results in atypicalmaximum in thenitrate
concentration.

Thetransport and concentrationsof the tracemet-
als are dominated by the transport of silt in the lon-
gitudinal direction in the water column, and in the
vertical directionbetweentheactive bottomlayerand
thewatercolumn. Thedissolvedconcentration, which
is importantfor bioaccumulation,dependson thesul-
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Figure 10. Calculatedand measured concentrations of dissolved cadmium at the location Grieten-Hoofdplaat (83 km downstream of
Rupelmonde)for 1987.

phide oxidation and after oxidation on the pH, alka-
linity, temperature and salinity. The pH is determined
by theacidformingprocesses(nitrificationand decay
of organic material), and the exchangeof CO2 with
theatmosphere.An anotherimportant influenceonthe
pH is the production of organic material during an al-
gaebloom. This occursprimarily betweenmid April
and mid July in the mouth of the estuary. Different
amountsof productionoccurin differentyears, usually
dueto theturbidity conditions. In1987therewasasig-
nificantamountof production (Figure9), which was
coupledtoanoticeableincreasein thepH.By highpH,
heavy metalsaremorestrongly adsorbedto particulate
material.As a result, the concentration of dissolved
metals(e.g.cadmium)decreases(Figure10).

The concentrationprofile of dissolved cadmium
along the estuary is determined by the oxidation of
sulphide in the areaof the Belgian-Dutch borderand
from the dilution with seawater. The two processes
determine a profile for dissolved metalswith a max-
imum in the central part of the estuary (Figure11).
This maximumis further enhancedby the desorption
of cadmiumdueto the influenceof chloride in thesea
water.

Following the calibration and verification of the
model, a sensitivity analysis has beenexecuted. This
analysis focused on about 10 important input para-
meters.The sensitivity analysis was the last step in
a modeling exercise aimed at a better understanding
of the water system under consideration. It is also
led to a generalunderstandingof thereliability of the
model as a decision support tool. This understand-

ing was communicatedto decision-makers using the
model(DELFT HYDRAULICSetal., 1995).

Model application for policy analysis

Based on the ability of the model to accuratelyre-
producethe most important transport and chemical
processes occurring in the estuaryandcoastal region,
it is possible to usethe model to assessdifferent man-
agement policies and scenarios. One such evaluation
canbe madeof the effect of the largescale dredging
in theharboursof Antwerp.

Accordingto internationalagreementsbetweenthe
NetherlandsandBelgium,a largeamountof sediment
hasbeenremoved from the estuaries since 1990(ap-
proximately 300000tonsperyear).Rijkswaterstaatin
theNetherlandshasmadeacalculationof thesediment
balancein the estuary, in which this amountis taken
into account(Vereeke, 1994). The model has been
used to calculate the effects of the dredging on the
dischargeof cadmium from theScheldt estuaryto the
North Sea. Two calculationshave beenmade,based
on the sedimentbalanceswith andwithout dredging
activities in the harbours(as calculatedby Vereeke,
and Van Maldegem, respectively). Both calculations
use themeteorologicalconditionsandloadsfor 1987.
For substanceswhich areadsorbedto particulates,the
reaction time of the water quality systemis on the or-
der of 10–20years. This is due to the large amount
of material in the bottom sediment, which changes
slowly due to kinetics. Therefore,both calculations
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Figure 11. Calculatedconcentrationsof dissolved (a) and particulate (b) cadmium, compared to measured concentrations (*) in December
1987,asa functionof thedistancefrom Rupelmonde.

have beenmadefor a period of 10 years. The results
for thelastyeararepresented.

Near Vlissingen, the dredging activities are ex-
pectedto resulted in a 25% decreasein the total
cadmiumconcentration(Figure12).Thisdecreaseim-
plies that approximately 33% of the cadmium enters
the North Sea,whereas prior to dredging this frac-
tion iscomputedas50%(Figure13).Thesevaluesare
basedon the equilib rium betweenthe water column
and bottom.

Evaluation and recommendations

Theanalysis of Western Scheldt estuaryby meansof
a mathematical modelwaspossible dueto the avail-
ability of a large setof wasteload and waterquality
data. Themodelsystem thathasbeendevelopedseems
to match its main objectives. Its set up as an inte-
grated tool, based on available knowledgeaboutthe
system, increasedthe understandingof the water sys-
temwith respectto therelationbetweenwastedisposal
and water quality. With the calibration, verification,
sensitivity analysis and application of the water qual-
ity model to the Scheldt estuary it hasbeenshown
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Figure 12. Effect of dredging(starting in 1990)on theconcentrationsof particulatecadmium (a) and dissolved cadmiuim (b) at the location
Vlissingen(pollution loadsfrom 1987).

that a model for the combined eastuary and coastal
regioncanbeanimportantaid for themanagementof
sucha system.Theuseof themodelindicatedclearly
which processesare the most important in this partic-
ularestuary. Themodelalso proved to bean important
tool to decideaboutthe necessities and the priorities
for further investigations. For the estuary, a large set
of measurementswere available, for both the loads
to the system as well as for the waterquality in the
system. For the coastal region, fewer measurements
were available. Especially for the Belgian region of
the coast, dataavailability was the limiting factor in
the model development. In this region, the model is

based only on large scale transport features, process
dynamicsin the estuary, on a limited nuumberof nu-
trient, oxygen,andon somemeasurements of bottom
sedimentconcentrationsof metals.

Furtherinvestigationsmaybeaimedat two aspects
in particular. Firstly, it is necessaryto have more in-
sight on the adsorption characteristics of suspended
matter. It must beverified if it is actually ironprecipi-
tatesthathaveahighaffinity for metals.It mustalsobe
checkedwhat is the influenceof the loss of the redox
boundarycaused by a reduction in theloads. This as-
pectis important in orderto make a goodestimate of
the effect of large scale loadreductionson the metal
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Figure 13. Comparison of cadmium, balancesfor the total model area,with andwithout dredging(dredgingstartedin 1990,pollution loads
from 1987).

concentrations. In thesecondplacefurtherwork may
bededicatedto establish moreaccuratedataaboutthe
net transport of suspendedsolids throughthe estuary,
for example by multidimensional modelling.
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