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Abstract

In 1987the Nationallnditute for Coagal andMarineManagemenithe Netherlandginitiatedthe SAWES project
(SystemsAnalysis WEsternScheldt). The main goals of the project wereto acaquire knowledge with respectto
the pollution problemsin the Scheldt estuaryandto apply this knowledgeto managemerissuesof the Scheldt on
an operationalevel. The maininteres was to undersandquantitatvely the relationbetweeninputsof polluting
stbstancesard effectson the ecasystem.In the framework of the project, a water quality model for the Scheldt
eduarywasmadeIn 1995,the modelareawasexpandedo includethe Belgiancoasal region at themouh of the
estuary

The model calculates the fate of dischaiged subgancesand establishesthe relation betweenpollution inputs
andthereallting waterquality, includinggeneralwaterquality (oxygen,pH, alkalinity, majorion chemigry and
nutrient) as well as pollutant concentations The modelincorpora¢sall chemial proceses which affect these
concentations including the precipitation/dissolution of metal sulphideswhich to alarge extent contols the fate
of tracemetals. Baed on calibration and verificaion exercises it hasbeenshown thatthe modelprovidesa good
repregntationof the phydcal and chemicalproceses taking placewithin the estuary and canthereforebe used
to supportpolicy developmentfor the estuary. For exampk, the modelcancompug how the water and sediment
quality in theestuarywill repondto reducednputsof wade or to such humanactvities as dredging.

maximum depth is 40 m. The tidal motion dominates
thewatermovementin the estuaryandsignificantsalt
intruson may be observed over the full 95 km. Nor-
maly the estuary is well mixed, exceptin the upper
egduary underhigh fresh water flow conditions The
main functions of the estuary are shipping, fishing,
recreationand sandextraction. The ecologicalvaue
of the areaand the naturallandscapearealso of sig-
nificantimporianceto the region. However, thereare

Intr oduction

The river Scleldt crossesFrance, Belgium and the
Netherlardson its way to the North Sea.It hasalength
of 355 km anda drainageareaof about22000 km?,
mostly within Belgium. The average freshwater flow
at Rupelmondeis about100 m%/s. The estwary of the
Scheldt covers alength of 95 km, betweenthe village
of Rupelmondén Belgium and thecity of Vlissingen

in the Netherlands

Theupperestuary (km 0—40)conssts of onechan-
nel with a width between0.4 and 2 km. The lower
eguary (km 40-95)is wider, up to 8 km, andcongsts
of deepand shallow parts,with differert ebb and flood
channed. The averagedept is aboutl11 m, while the

two significantenvironmengl problemsin the Scheldt
estuary:

(1) In order to mairntain the shipping routes to
Antwerpen and other smaller harbours intensve
dredghganddumpig of (conaminated)sedimensis
necessaryand
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Figure 1. Phydcal schentisation used in the water quality model.

(2) Theareais usedto dispose of largeamouns of
domesic andindugrial wade water.

In 1987the Nationallnditute for Coagal andMarine
Managemert (the Netherlards) initiated the SAWES
project (SystemsAnalysis WEstern Scheldt). The
main goals of the project wereto acquire knowledge
with resgectto the pollution problemsin the estlary
andto apply this knowledgeon an operatonal level.
The main interes wasto unders¢and the relation be-
tweeninpuss of polluting subgancesandeffectson the
ecaystem,with special attertion givento heavy met-
als, specfificaly cadmum, copperand zinc. A model
instrumentwas creatdto supportpolicy development
andmanagementf the estuaryby meansof systems
anaysis. In 1995,the modelwasexpandedo include
the Belgiancoastakegion at themouthof the estuary
Thecomplete study areais shown in Figure 1.

The systems anaysis approachwhich formsthe
basis for the presen water quality model and its ap-
plication, has the following main characteristics.The
water systemunder condderaton is subject to the
negaive impactof differenthuman activities. Conse-
quently, it suffers certain effectswhich may in turn
influence the human actiities. The systemsaralysis
requiresan accuratelefinitionof therelevant impacts
from humanactvities, aswell asthe changes therein,
and the relevant effects. Based on those definitions
the design criteria for the water quality model are
estaltished.

Description of the model instrument

The water quality model is one componentof the
complete model instrument, which consists of a self
standing data bas, the modelitself, anda set of pod
procesing, graphtal and analysis tools. The entire
instrument also known as a Decision Support Sys-
tem (DSS) runsonanIBM compatble PC. Thewater
and sedment quality calcuations have beenmace us-
ing the general waterquality model DELWAQ v4.02
(Delft Hydrauics, 1995aand 1995b). This is a de-
terminidic anddynamicmodeland takesinto account
relevant polluting substancesin the estuary, as well as
the main phydcal, chemical andbiological proceses
affecting the subgancesof concern.

The mog importnt characeristics of the model
are:

e basedn massbalanceof all modelledsubstances;

e transportof dissolved substancescalculatedon
the basisof the water flow (tidally averagedad-
vecivetrangort) anddisperson;

e trangort of particulate subgances (such as ad-
sorbedmetal species),calculatedon the basisof
suspendedsedimenttrangort,

e a numberof non-instantaneous slow kinetic wa-
ter qudlity processes,particularly with respect
to meta releag due to sulphide oxidaion, and
oxygenand nitrogenproce ses,

e calcdation of chemical equilibrium for instan
taneous water quality processesdeperdent on
macro chemstry (oxygen, pH, akalinity, ma-



jor ion chemistry and nutrients), partitioning and
speciation of metals and phogphorous

e visualisationof substancemass balancesin or-
der to seequantitatively the importance of various
differentprocesses.

Measurementof freshwater balance, sediment
balance and pollution loads into the region are part
of the self standing data ba% of the Schedt eguary,
and serve as the input to the water quality model.
The model processformulationsand parametersre
for the most part well acceptedequationsfrom the
general literature on water quality processes.For a
few processesnew formulations were written based
on water quality measwemerts in the Scheldt es-
tuary. The following secions degribe the physcal
schematisatian, trarsport of dissdved and particdate
slbstances,the coupling with external loads, ard the
water quality processeper group of substarnces.

Physicd Schematisation

The estuaryandthe coastalregion were divided into

21 homogeneoumodelelemens, basd on the mea-
sured concentratiorgradients(Figure 1). The estuary
is represertied by 14 elemeris, while the coastal re-

gionis representetby the remaining7 elementsThe
coastalregion is schematisedn two rows of elemerts
parallel to the coast, the first of which has a width

of about15 km. The secondoff-shorerow is wider,

andcorrepondsto the deeperregion of the coag. The
division of these two rows into individualelemensis
basedon the location of dischagesinto the coastal
region.

Trangort of dissolvedandpatrticulate subgances

The trarsport of dissdved substarcesis calcuated
by the advecion-disperson equaion, which includes
termsfor loadsas well as chemical proceses. In one
spatial dimersion the equation reacs:

9CA _ 9CUA 9 (L,0C
ot ox | ox

DA&> +AW+P) (1)

with:

A = wetcrosssection(m?)

C = concertration in the water phase(g m~3)

D = longitudinal disperson coefficient(m?)

P= source ard sink terms from water quality
proceses (g m 3 s1)
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t = time(s)

U = flow velocity, averaged over thecross section (ms—1)

W = pollution loads (gm~3 s~1)
x = longitudinal distance(m)

The hydrodynami coefficients in the equaton are
basedon tidally averagedflow. The water depthin
the modelis condant, and is taken to be the average
water depthfor eachsegment.The exchangebetween
model elementsin the estuaryis basedon the mass
balance of fresh water inflow into the estuery. The
total fresh water discharge into the coastal region is
furthertrangorted alongthe coag based on principles
of coninuity, using certain asumptionsaboutthe di-
rection of transport, e.g water inflow to the estuary
occursthrougha northern channelalong the coag of
Walcheren, and water outflov from the estuaryoc-
cursthrough a southern channel along the coag of
Zeeuws-Vlaanderemhetidally averagedransporis
basedon the averagemeasuredchloride concentra-
tions and the chloride balanceper element.In the
coastalzone, the adwective and dispersiontermsare
coupkdin oneoverall trangort term. This approach
is possilde due to the fact that the largest tidal mix-
ing occus in the direction of the smallestobserved
concentratiomgradient(i.e. alongthe coast).

Theapproachfor sugpendedsedimentis similar to
that for dissdved substarces,with the differerce that
theadvectivetermin equation(1) is replacedy aterm
thatcontinsthe nettrangortof sugpendedwolids. The
time and spacedependenhettrangort of sugpended
solids is an input item to the model It is supplied
on a seasonallyintegratedbasis,so that the effectsof
high dischamgesor storm events are included. In the
coasal region,thisapproaclkcould notbeused,dueto
alackof dat. In thatareathetrangort of supended
sedmert is modelled identically to that of dissdved
subgances

Additional attention has beengiven to the accu-
mulation of toxic substancesin the bottom sedmert.
This is animportant processaffecting the fate of these
Slbstarcesin the environmert, specifically with the
adaptation of the systemto charnges in the pollution
loads. In the model, the bottom sedment hasa thick-
nes of 0.5 meter. The exchangebetveenthis layer
andthe overlying water columnis determinedby the
preenceof so-called ‘megaripples which areinflu-
erced by the tidal flow over the migrating bottom
ripples The exchangebeweenthes sanddunesand
the water cdumn reslts in a resicerce time of 0.5
yearsfor the bottom sediment at any one point. The
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mas of sedimentin the bottom is the rea®n that the
water quality in the model areaneeds approximately
15 yearsto come into equilib rium with the decreasig
loadsfrom upstreamFigure 2 providesan overview
of the modelling of the transport of suspended solids
andadsorbedpollutants.

Loadsof subgances

Thesubdanceloadsinto the estuaryandcoadal region
aregivenin the SAWES data base.Sincethereare no
measurementavailable,assumptionsadto be made
concerningthe concentationsat the boundaresof the
modelarea:

o the inflow of me#ls at the southern boundaryof
the modeled coadal region was estimated basd
on the available measiremens of bottom concen-
trations;

o for the open ocean boundaries the concentra-
tionsof sulphag, sodium, potassium, calcium and
magnesimwere bagd on measiredchloridecon-
centrationsanda fixedratio of eachof theionsin
seawater;

e for the upgreamboundaryin the estuary by Ru-
pelmonde, as well as for the openseaboundary
the algae concentrationsare basedon measured
chlorophyl concentations and the asumption
that half the algae arediatoms ard the other half
arenon-datoms

e the CO; concentation at the upgreamboundary
inthe estuary (Rupemonde)is estimatedbased on
the measuwed pH and alkalinity, and the relation
betweenpH, alkalinity and CO» concentration.

Water quality processegor oxygenand nitrogen

The water quality model includes a number of water
quality proceses that contribute to the oxygen bal-
anceandto the nitrogencycle. All theseprocesses
including the exchangeof oxygenand carbondioxide
with the atmogphere,the mineralizationof carbona-
ceousorganc wage (BOD) and organic nitrogen,
nitrification and denitrification are incorporatedin the
sourcesink term of the model equaton. The formu-
lations used are conventional and have beenderived
from textbooksonwater qualitymodellingandaquatic
chemstry, suchasCrank(1973),DiToroet a. (1987)
and Stumm & Morgan (1981). However, dueto the
specialcharacteof the Scheldt estwarywith averylow
oxygenconcentaton during summer an extra facior
was addedto accountfor the changein the reaction

rateswith a decreaBg oxygenconcentrationA com-
pletedefinition of the model formulationsis given by
Van Gils etal. (1993).

The preenceof agaeaffects the oxygenbalance,
the nutrientcycles as well as the adsorptionof trace
me#tls throughthe pH. Thereforealgaewere also in-
cluded in the water and sedmert quality model. The
model distinguishes bewween diatoms and all other
non-diatormspecies In the preentstudy the mortality
wasincreasedn the areawith the highest salinty gra-
dient, to accountfor the effect of salt stress on algae.
Van Gils etal. (1993)provide adetaileddescription of
the algaemodel.

The exchangeof oxygenand CO;, between the
water and atmospherds calculatedbasedon their
over or undersituraion in water relative to the at-
mosphere.Decay reactionsare basedon first order
reactonsincluding a temperatre function as well as
anoxygenconcentation funcion. ThepH in the sys-
temis calculatedby the thermodynamiequilibrium
model CHARON as a function of the alkalinity and
the CO, concentation. This same modelis aso used
to calculate metl speciation (Smitsetal., 1985).Fig-
ure3 shows a schemaitc overview of thegeneralvater
quality model.

Water quality processesor heavy metds

The behaviour of trace metalsin aquatic systemsis

influencedstrongly by adsorption to organic andin-

organic particles.The dissdvedfraction of the metals
aretrangorted by water, while the adsorbedfraction

is transported by sedmert. The distribution of atrace
met into adsorbedor dissolvedfractonsdepend®n

the trace metal itself, the adsorption characteristics
of the particles and the local environmenél condk

tions (e.g temperature, pH, redox state,salinty ard

ionic strength). Thedistribution canbedesribedby a

mineral equilib rium and/or adsarption to a particulate
surface. This phenomenonvas includedin the water

ard sedment model as an equilib rium computed by a

chemicalsub-modelCHARON.

In the Belgian part of the estuary, the metls
Cd, Cu and Zn often exist as precpitated sulphides
(Zwolsmanet al., 1990,Zwolsman& VanEck,1992).
Thefield data sugges that these sulphidesare preent
wherethe oxygenconcentrations low. Becaus thee
suphide minerals have a low sdubility, a large frac-
tion of the metalsarein particdateform. In a seavard
direcion, asthe oxygenconcentation increass the
sulphides becomeoxidised. However, the field data
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Figure 2. Schenatic overview of the trangort proceses for particulate matter (suspendedsolids and ad®orbed pollutanty which were

incorporatedn the model.
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Figure 3. Schenwtic overview of the generawaterquality model.
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also show that the oxidaion is a slow proces, de-
pendanbnthe temperatre andoxygenconcentaton.
Thereforeoxidaion cannot be modeled as an equi-
librium proces and a kinetic formulation for the oxi-
daion of metal sulphideshadto be developed.In the
water quality model, the tracemetalserter the estu
ary as sulphidesand thusare not incorporaedin the
sarption equilibrium system. This happens only af-
ter the oxidaion of the sulphides Figure 4 shows a
schemaic overview of the modelfor the behaviour of
tracemetals.

Calibration of the water quality model

Measuremerts usedfor calibration

For calibration of the model, the consistercy of the
loadsto the system, the trangort and other proceses
within the system, ard the measuwed concertrations
within the system must be assessedFor calibration

of the gereral water quality model and the model

of the behaviour of metals andphogphak, two years
arerelevant In 1987, the reailts of 8 speciic mon-
itoring campagns were available from the SAWES
project, providing detiled longitudinal profiles of a
wide variety of water quality parametersover a rarge
of seasons.As part of the SAWES project, water
quality measwemens were also gathered from the
stardard water quality monitoring programfor amore

recentyear, namely1991.This yearcontrassto 1987
with regard to discharges and large scale dredging
in the harboursof Antwerp. Both yearsare mod-
elledusingthe sameprocesgormulationsandprocess
coeficients.

Stepsdn the calibration process

The model calibration took placein threesteps:

e calibration of the dispersin coefficient by fitting
to the average chloride profile in the estuary;

e calibration of the parametrs in the oxygenand
nitrogen related proceses, including the algae
mode| and

e calibration of the parametersin the heavy metal
relatedprocesses.

Thefirsttwo step areimportart primarily to deter-
mine the generalwater chemistrywhich affectsmetal
partitioning. They were execued by iteratively run-
ning the modeland adjusting the coeficients by hand
until sufficient similarity betweenthe model resuts
ard field datawasachieved. A postprocessig facility
suppored this proceduregnabing theuserto observe
the magniude andthe spatial and temporal variabil-
ity of all modelled processes.In this process, the
known rangesof the proces coefficient asgiven in
theliteratureweretaken into account.

The third step of the calibration procedure was
dedicatedto the trace metal behaviour. The metal
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sulphidesof Cd, Cu and Zn have a very poor solu-
bility and their occurrencecan be recognigd by an
extremely high partition coefficiert. Lower partition
coefficients indicate a ‘normal’ reversible partition
betweeradsorbednddissolvedmetalspecies.

All samples from the monitoring campagns in
1987weredividedin sampleswith andsampleswith-
out suphides, basedon the magitude of the partition
coeficient. The samples withoutsulphideswereused
to calibrate the Gibbs parametersof the adsorbed
metal speciesin the chemical equilibrium model rep-
reseiing the adsarption characteristicof the particles
preent For this purpo® an automaic calibraton pro-
cedurewas usd (Oubotr & De Rooij, 1990). The
adsarption of tracemetalsto fine particlesdiffers be-
tween differentwater systems,due to the different
characteristic®f the particles. In the WesternScheldt
eduary the adorption is relatively strong, possibly
dueto thestrongadorptionto reactive ironhydroxide
FeOOH,which formsat the oxic-anoxicinterfacein
the estuary.

The samges with suphides were usedto cali-
brae the kineics of sulphide oxidaion. Based on
the calibratedequilibrium model, the adsorbed frac-
tion excluding sulphideswascalculated and subtraced
from the measiredpariculate fraction in the sample.
The differencewas assumedto condst of sulphides
andthusthe sulphideconcentationin thesampleswas
estimated A kinetic formulation for the oxidation of

sulphides dependenvnthe oxygenconcentation and
the watertemperaturevasderived from the measure-
mens. Both a high temperatire and a high oxygen
concentation stimulate the oxidaion proces.

Discussia of the calibration restts

The reslts of the model calibration give a clear un-
derstarding of the functioning of the water quality
procesesin the Scheldt estuaryandcoagal zonesys-
tem.It mustbenotedthatmary moremeasurements
loadngs and waterquality concertrations were avail-
able for the eduary thanfor the coadal region. The
degription of the systemis thusfocused primariy on
the estuaryandthemout up to theregionof Cadzand.

The loadingswith BOD and ammanium cawselow
oxygenconcentatonsin the upgreamregionsof the
estuaryespeciallyduringthe summer(Figure5). The
mas balance of oxygen(Figure 6) shows that con-
sumptionof oxygenoccursdueto thedecayof organic
matrial (modly antropogene of origin) and nitrifi-
cation. The concertration profilesin the estuary show
where the differentoxygenconsuming proceses are
dominant. A detailed analysis of the model resuts
showsthatin theupperestuaryoxygenconsumpionis
mairly due to nitrification, whereasn the lower estu
ary oxygenis consumedmainly by thedecayof BOD.
Therefore nitrificaion is the main cau® of anoxain
the upgreampartof the estuary.
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The total nitrogenconcentation is controlled by
waste loadsin the river Scheldt and in the upper
Scheldt estuary (Figure 7). In the seaward direction
the concertration drops, mainly due to dilution with
seawater. Theoverall mas balancefor nitrogenshows
thatabout25%o0f the total nitrogenloadisremoved by
dentrificaion (Figure8). With amethod of paramedr
analysis, it canbe determinedwithin which flux ranges
the measwemerts canbe reproducedwith the model.
From this anaysis, it is shown that betveen15-30%
of the nitrogen is denitrified in the estuary.

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

ganic nitrogenand ammonum. However, amog all
of the organic nitrogenand the ammonum is min-
eralisedand nitrified, especially in the upstreampart
of the estuary. To illustratethis, Figure 7 shows the
KjeldaH nitrogen profile. The nitrification reaction
producesnitrates,and together with the dilution from
the sea,this resuts in atypical maxmum in the nitrate
concentration.

Thetrangort and concentationsof the tracemet
als are dominated by the trangort of silt in the lon-
gitudinal direcion in the water column, andin the
vertical directionbetweenthe active bottomlayerand
the watercolumn. The dissdvedconcertration, which
is importantfor bioaccumulationdepend®n the sul-
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phide oxidaion and after oxidaion on the pH, alka-
linity, temperature ard salinity. The pH is determined
by the acidforming processefnitrification and decay
of organic material), and the exchangeof CO, with

theatmogphere An anotherimporiantinfluenceonthe
pH is the producton of organic matrial during an al-

gaebloom. This occursprimarily betveenmid April

ard mid Juy in the mouth of the estiary. Differert

amounsof productonoccurin differentyears usualy

dueto theturbidity condtions In 1987therewasasig-

nificantamountof producton (Figure9), which was
coupledo anoticeabléncreaginthepH. By high pH,

heary metalsare morestrongly adsorbedto particulate

material. As a resut, the concertration of dissdved
metals(e.g.cadmium)decreaseéFigurel0).

The concentrationprofile of dissolved cadmium
along the estuary is determined by the oxidaion of
sulphidein the areaof the Belgian-Dutch borderand
from the dilution with seawater The two processes
determire a profile for dissdved metalswith a max-
imum in the cental part of the estuary (Figure 11).
This maximumis further enhancedby the desorption
of cadmumdueto the influenceof chloride in thesea
water.

Following the calibration and verification of the
model, a sersitivity amalysis has beenexecued This
anaysis focused on about 10 important input para-
meters. The sersitivity aralysis was the last stepin
a modelng exercise aimed at a better undersanding
of the water system under consderaton. It is also
led to a generalundersandingof thereliability of the
model as a decsion supporttool. This undersand-

ing was communicatedo decision-makrs using the
model(DELFT HYDRAULICS etal., 1995).

Model application for policy analysis

Based on the ability of the model to accuratelyre-
producethe mog important trangort and chemcal
proceses occurring in the estuary andcoagal region,
it is possile to usethe model to assesglifferert man-
agemert policies and scerarios. One such evaluation
canbe madeof the effect of the large scale dredging
in the harboursof Antwerp.

Accordingto internationabgreementbetweerthe
NetherlandsandBelgium, alarge amountof sediment
hasbeenremoved from the eguaries since 1990 (ap-
proximately 300000tonsperyear).Rijkswatergaatin
the Netherlandshasmadea calculation of thesediment
balancein the eduary, in which this amountis taken
into account(Vereele, 1994). The model has been
used to calkculate the effect of the dredghg on the
dischamge of cadmum from the Scheldt estuaryto the
North Sea. Two calculationshave beenmade,based
on the sedimentbalanceswith andwithout dredging
activities in the harbours(as calculatedby Vereele,
and Van Maldegem, respectiely). Both calculations
use the metorological condtionsandloadsfor 1987.
For substanceswhich are adsarbedto particulatesthe
reaction time of the water quality systemis on the or-
der of 10—-20years This is dueto the large amount
of materialin the bottom sedment, which changes
dowly dueto kineics. Therefore,both calculations



140

. disselved Cd (mg/m3)

012 | v
o .

.00 |
0.0 |

[

[ /
.03 | A

&
ES .l--__

.00 i L

] 1 an il

Decembser 19587

11N} 120 (Bl 16l

Distamnce from Bupelnode (k)

. pardiculbte Cd (mpe'kg)

I ] bl i

Decembser 1987

184} I Ra 18k

[Hstance from Rupelmonds (km)
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have beenmadefor a period of 10 years The reaults
for thelastyeararepresented.

Near Vlissingen, the dredging actvities are ex-
pectedto resultedin a 25% decreasen the total
cadmiumconcentratioffFigurel2). Thisdecreasém-
plies that approximatly 33% of the cadmum entrs
the North Sea,where as prior to dredging this frac-
tioniscomputdas50%(Figurel3). Thee valuesare
basedon the equilibrium betweenthe water coumn
ard bottom.

Evaluation and recommendati ons

The analysis of Wedern Scheldt estuary by meansof
a mathematcal modelwas possible dueto the avail-
ahlity of alamge setof wasteload ard water quality
dat. Themodelsystem thathasbeendevelopedseems
to matchits main objectives. Its setup as an inte-
graid tool, based on available knowledge aboutthe
system, increaedthe undersanding of the water sys-
temwith respectto therelation betweernwastedisposal
and water quality. With the calibration, verification,
sersitivity analysis ard application of the water qual-
ity modelto the Scheldt estuary it has been shown
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that a model for the combined easuary and coasal
region canbe animportantaid for the managemenbf
sucha system.Theuseof the modelindicatedclearly
which processesre the most importart in this partic-
ulareduary. Themodelalso proved to be an importnt
tool to decideaboutthe necesities and the priorities
for further investigations. For the estuary, a large set
of measurementwere available, for both the loads
to the system as well as for the water quality in the
system. For the coadal region, fewer measiremens
were availade. Especially for the Belgian region of
the coast, data availability was the limiting facta in
the model development In this region, the modelis

basd only on large scalke trangort feaures proces
dynamcsin the estuary, on alimited nuumberof nu-
trient, oxygen,andon somemeasiremens of botom
sedimentconcentationsof metls.
Furtherinvestigationsnaybe amedattwo aspects
in particular. Firstly, it is necessaryo have more in-
sight on the adorption characeristics of sugpended
mater. It mug beverified if it isactualy iron precpi-
tatesthathave ahighaffinity for metals.lt mustalsobe
checledwhatis the influenceof theloss of the redox
boundarycau®d by a reducton in theloads This as
pectis important in orderto make a goodegimate of
the effect of large scale loadreductonson the metal
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concentations In the secondplacefurtherwork may
bededicatedo egablish moreaccuratedataaboutthe
nettrangort of sugpendedsolids throughthe estuary,
for example by multidimersional modelling.
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