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Summary

Dredging and dumping

To conserve the marine access channels to the Belgian coastal harbours and to maintain
the depth of the Flemish coast harbours, dredging is needed (Flemish competence) in order
to guarantee safe maritime transport.

The competence for dumping at sea of dredged material falls under the federal govern-
ment. The management of dredged material is Belgium is a mixed competence. A coopera-
tion agreement between the Flemish Region and the federal government has been signed
the 12" of June 1990 and was modified the 6" of September 2000.

The legal basis for the permitting procedure is the royal decree of 12" March 2000. Accord-
ing to art. 10 of this royal decree, a synthesis report has to be established per permit period,
accompanied by recommendations which support the development of an enforced envi-
ronmental management.

Dredging and dumping activities

For the previous permit period -1 January 2010 — 31 December 2011, four permits were de-
livered to the Maritime Access Division (aMT) and three permits were delivered to the
Agency for Maritime and Coastal Services (AMCS).

The total average permitted quantity for aMT was 21,045,000 TDM (tonnes dry matter) for 4
dumping sites and 1,170,000 TDM for AMCS for 3 dumping sites. During 2009 and 2010 a
total of respectively 11,910,431 TDM and 10,066,736 TDM were dumped by both permit
holders. The dredging and dumping intensity maps for these years can be found in annex.
For the period 2009-2010 approximately 31,000 m*®* was used for beach nourishment (bene-
ficial use).

Physical aspects related to dredging and disposal operations

The morphological and sedimentological effects resulting from dredging and disposal works
are numerous and site specific. A good understanding of the site-specific dynamics is
needed in order to evaluate environmental impact of dredging and disposal works. The re-
sults of different studies are summarized that deal with sediment dynamics and human im-
pact in the Belgian nearshore area and the implementation of monitoring strategies to iden-
tify environmental changes induced by these activities.

Natural variability of sediment processes

The Belgian near-shore area is characterized by sediment composition varying from pure
sand to pure mud. SPM concentration is high (100 mg/l to a few g/l) in the coastal turbidity
maximum between Oostende and the mouth of the Westerschelde. In order to investigate
the sediment dynamics in such an area multi-parametric tripod measurements are needed.

Sediment mobility during storms events

Tripod measurements in the high-turbidity area of the Belgian nearshore zone allowed in-
vestigating storm effects on near bed SPM concentrations. The data have shown that dur-
ing or after a storm the SPM concentration increases significantly and that high concen-
trated mud suspensions (HCMS) are formed. Under these conditions, about 3 times more
mass of SPM was observed in the water column, as compared to calm weather conditions.
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The following different sources of fine-grained sediments, influencing the SPM concentra-
tion signal, have been investigated: wind direction and the advection of water masses; the
previous history and occurrence of fluffy layers; freshly deposited mud near the disposal
grounds of dredged material, navigation channels and adjacent areas; and the erosion of
medium-consolidated mud of Holocene age. Based on erosion behaviour measurements of
in-situ samples, the critical erosion shear stresses have been estimated for different cohe-
sive sediment samples outcropping in the study area. The results have shown that most of
the mud deposits cannot be eroded by tidal currents alone, but higher shear stresses, as
induced by storms with high waves, are needed. Erosion can however occur during storms
with high waves. Data suggest that in order to obtain very high SPM concentrations near
the bed, significant amounts of fine-grained sediments have to be resuspended and/or
eroded. The disposal grounds of dredged material, navigation channels and adjacent areas
with freshly deposited mud have been found to be the major source of the fine-grained
sediments during storms. This result is important, as it suggests that dredging and the as-
sociated disposal of sediments have made available fine-grained matter that contributes
significantly to the formation of high SPM concentrations and high concentrated mud sus-
pensions.

Sediment mobility in response to tidal and wind-driven flow

The effect of hydro-meteorological forcing (tidal and wind-induced flows) on the transport of
SPM, on the formation of HCMS and on the occurrence of sand—mud suspensions has
been studied using long-term multi-parametric observations. Data have been classified ac-
cording to variations in subtidal alongshore currents, with the direction of subtidal flow de-
pending on wind direction. This influences the position of the turbidity maximum; as such
also the origin of SPM. Winds blowing from the NE will increase SPM concentration, whilst
SW winds will induce a decrease. The latter is related to advection of less turbid English
Channel water, inducing a shift of the turbidity maximum towards the NE and the Wester-
schelde estuary. Under these conditions, marine mud will be imported and buffered in the
estuary. Under persistent NE winds, high-concentrated mud suspensions are formed and
remain present during several tidal cycles. Data show that SPM consists of a mixture of
flocs and locally eroded sand grains during high currents. This has implications towards
used instrumentation: SPM concentration estimates from optical backscatter sensors will
only be reliable when SPM consists of cohesive sediments only; with mixtures of cohesive
and non-cohesive sediments, a combination of both optical and acoustic sensors are
needed to get an accurate estimate of the total SPM concentration.

Cohesive and non-cohesive SPM dynamics

In coastal areas it is not uncommon for benthic sediments to consist of sand and mud mix-
tures, as is also the case in the coastal area between Oostende and the Westerschelde.
The mud-sand ratio influences the transition between cohesive and non-cohesive sedi-
ments and has a major influence on the erosion behaviour, on SPM concentration and on
the benthic ecological properties. Frequently, mixed sediments occur as an alternation of
sand and mud layers. Storms induced waves result in intense sediment mobilization and
the deposition of sand dominated layers. In case of high SPM concentration the segrega-
tion in sand/mud suspensions occurs when the initial mud concentration is smaller than its
gelling point. In such areas, SPM reflects the bed composition and may consist of a mixture
of cohesive and non-cohesive mineral particles. Close to a sandy seabed, SPM is likely to
also contain resuspended mineral grains, whereas higher in the water column or in muddy



environments SPM occurs typically in the form of flocs composed of aggregates of mainly
clay minerals, organic matter and water.

The goal of this study was to investigate flocculation and the floc and particle dynamics.
SPM concentration and particle size distribution (PSD) were assessed in the Belgian near-
shore area during a composite period of 37 days in January-April 2008. PSDs were meas-
ured with a LISST 100X and classified using entropy analysis in terms of subtidal along-
shore flow. The PSDs during tide-dominated conditions showed distinct multimodal behav-
iour due to flocculation, revealing that the building blocks of flocs consist of primary parti-
cles (<3 um) and flocculi (15 um). Flocculi comprise clusters of clay minerals, whereas pri-
mary particles have various compositions (calcite, clays). The PSDs during storms with a
NE-directed alongshore subtidal current (NE storms) are typically unimodal and character-
ised by mainly granular material (silt, sand) resuspended from the seabed. During storms
with a SW-directed alongshore subtidal current (SW storms), by contrast, mainly flocculated
material can be identified in the PSDs. The findings emphasise the importance of wind-
induced advection, alongshore subtidal flow and HCMSs as regulating mechanisms of SPM
concentration, as well as other SPM characteristics (cohesiveness or composition of mixed
sediment particles) and size distribution in a high-turbidity area. The direction of subtidal
alongshore flow during SW storm events results in an increase in cohesive SPM concentra-
tion, HCMS formation, and the armouring of sand; by contrast, there is a decrease in cohe-
sive SPM concentration, no HCMS formation, and an increase in sand and silt in suspen-
sion during NE storms.

SPM concentration as indicator to detect changes in the marine environment
SPM concentration as indicator

Large sets of SPM concentration data from in situ and remote sensing (MODIS) samplings
in the Belgian nearshore area are combined in order to evaluate their heterogeneity and the
sampling techniques. The heterogeneity has been statistically assessed by comparing the
SPM concentration frequency distributions. In situ and MODIS data sets have different dis-
tributions and represent a different sub-population of the whole SPM concentrations popula-
tion. The differences between the data sets are related to meteorological conditions during
the measurements; to near bed SPM concentration dynamics, which are partially uncoupled
from processes higher up in the water column; to the sampling methods or schemes and to
measurement uncertainties. It was found that satellites are biased towards good weather
condition or spring-summer seasons (satellite).

Due to the time and spatial variability of SPM concentration in coastal high turbidity areas,
greater sampling efforts are necessary, as compared to offshore systems with low SPM
concentration. Satellite, tidal cycle and tripod SPM concentrations are very similar at a loca-
tion situated 20 km offshore at the edge of the coastal high turbidity area. Satellites or low-
frequent tidal cycle measurements cannot replace long-term continuous measurements in
high turbidity areas, which include all sea state conditions. They consist of a sub-set of the
population biased towards good weather condition or spring-summer seasons (satellite).
Sediment transport based on these data will thus always underestimate reality. The mean
SPM concentrations derived from satellite data set is included within one standard deviation
of the mean from the tidal cycle data set at both locations, which indicates a good agree-
ment between the distributions of the two datasets. SPM concentrations from tripod, ex-
trapolated to the water surface and sub-sampled following the satellites sampling scheme,
have a mean significantly higher than the mean of satellite surface SPM concentrations.



The reasons are due to uncertainties in the calculation of vertical profiles used to achieve
the extrapolation, and to the fact that probably a filtering of high SPM concentrations (>200
mg I'") occurred, where the visible band saturates.

If the data series collected during different periods have similar log-normal distributions,
geometric means and standard deviations, then we could conclude that - within the range of
natural variability and measuring uncertainties - these data series represent similar sub-
samples of the whole SPM concentration population. Consequently, if disposal of dredged
material has a significant impact on SPM concentration then this should be detectable in
the differences between the statistical parameters of the sub-sample collected during the
dredging experiment and of the whole population. As the heterogeneity and complexity of
the SPM concentrations are high in the Belgian nearshore area, due to their natural high
variability, statistical methods have been used to characterize temporal SPM concentration
variation in a way that it can be used as indicator for changes induced by human activities.

Monitoring the effect of disposal of fine-grained sediments on the SPM concentration

The impact of continuous disposal of fine-grained sediments from maintenance dredging
works in the Albert Il dock (Zeebrugge) on the SPM concentration in a shallow nearshore
turbidity maximum was investigated during dredging experiment. Before, during and after
the experiment monitoring of SPM concentration using OBS and ADV altimetry was carried
out at a location 5 km west of the disposal site. A statistical analysis, based on the concept
of populations and sub-sampling, was applied to evaluate the effect. The data revealed that
the SPM concentration near the bed was on average more than 2 times higher during the
dredging experiment. The disposed material was mainly transported in the benthic layer
and resulted in a long-term increase of SPM concentration and formation of fluid mud lay-
ers. The study shows that SPM concentration can be used as an indicator of environmental
changes if represenative time series are available.

Conclusions

The effect of winds on SPM concentration is variable and depends also on the wind direc-
tion and the availability of muddy sediments. Our data show that high SPM concentrations
are often more closely related to advection rather than instantaneous bed shear stress. This
confirms the idea that the Belgian coastal area can be seen as a congestion in the residual
SPM transport of the southern North Sea, rather than an important source of sediments.

The deposits of fresh mud below the fluffy layer in the navigation channels forms a reservoir
of SPM that will only be resuspended during periods with high shear stresses, e.g. caused
by storms. The data suggest that a major part of the HCMS could have been resuspended
from the very soft mud deposits in the navigation channels and adjacent areas.

Particle size distributions are generally multimodal and consist of primary particles, flocculi,
microflocs and macroflocs. The data suggest that two populations of primary particles (<3
pm and flocculi 15 pm) co-exist and are the building blocks of flocs. Flocculi consist of clus-
ters of clay minerals, whereas primary particles are of various composition.

Mixed sediments have been found in suspension at 2 mab during maximum flood currents
at spring tide and during storms. Near Zeebrugge this occurs more prominently during
winds blowing from SW-W. The size distribution of the local bed sediments is thus only in-
fluencing the size distribution of the SPM when HCMS are not present and when turbulence
induced by currents or waves is strong enough to bring sand or silt into suspension.



SPM concentration can be used as an indicator of environmental changes, if sufficiently
long time series are available that are representative of the natural variability.

Satellites or low-frequent tidal cycle measurements cannot replace long-term continuous
measurements in high turbidity areas. The former datasets consist of a sub-set of the popu-
lation biased towards good weather condition. Sediment transport based on these data will
thus always underestimate reality.

An analysis method was used based on the concept of statistical populations in order to
evaluate the effects of disposal operations on SPM concentration. The method provides a
tool to account for the complexities associated with natural dynamics and the need to
evaluate quantitatively human impact. The disposal results in a long-term increase of SPM
concentration near the bed at the measuring location. This together with ADV altimetry sug-
gest that fluid mud layers have been formed during whole the disposal experiment rather
than being limited to neap tidal or storm conditions as observed during the other periods.

Biological and chemical effects of dredged material disposal

It is important to investigate the effects of dumping of dredged material in the marine envi-
ronment from ecosystem perspective, because it could lead to different responses of the
ecosystem. Therefore, the regular dredging program from ILVO Fishery is evaluating the
impact of these dumping activities at different levels by looking at: i) differences in biological
characteristics of the ecosystem components macrobenthos, epibenthos and demersal fish
i) The (bio)accumulation of contaminants in the marine ecosystem as investigated by
chemical analysis on different biota species and on different matrices iii) biological effects of
pollutants on marine organisms as indicated by the prevalence of fish diseases and by the
measurement of enzymatic EROD activities in the liver of juvenile dab. Besides this regular
monitoring, we also conducted a study on the long term impact of dredged material dump-
ing on the benthic habitats in the Belgian Coastal Zone. Secondly, we explored the benthic
life in the dredging area’s itself. Thirdly, we invested the effect of some adaptations in the
ecological sampling strategy of the routine monitoring program.

Long term impact of dredged material dumping on the benthic habitats

A long term analysis of changes in the benthic habitat characteristics in relation to the
dumping intensity is executed at the five dumping sites. At ILVO, a benthic sampling pro-
gram is running from 1978 onwards and changed strongly over this period, with a clear im-
pact/control sampling strategy at each dumping site in the last years (2004 onwards). Pre-
viously, only a monitoring point inside the dumping zone Br&W S2 is followed up. Based on
the multivariate analysis, we detected a transition in species assemblage. This changes in
species composition can be attributed to the absence of mud loving species in the recent
period. The average density and species richness were also significantly lower in the latest
period (‘01-‘08) compared to the previous ones ('85-90; '93-'00). These observed patterns
coincide with a decrease in the dumping intensity in the recent period ('01-°08). We can
conclude that dumping at Br&W S2 has a small positive effect, by supply of mud and or-
ganic matter to the more sandy environment. This species enrichment pattern at Br&W S2
is observed again in the monitoring of 2010 (see further).

The dumping activities at the five disposal sites have lead to benthic habitat changes at
dumping site Br&W S1, while at the other sites; the benthic community seems to cope with
the existing dumping regime. Especially in naturally more impoverished areas (dumping site
Br&W Zeebrugge-Oost & Br&W QOostende), the impact is less pronounced than in more
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vulnerable benthic habitats (e.g. Abra alba habitat or sandy environments). We suggest that
if an impact is detected, this is mainly related to the physical burial of the organisms
(smothering, incorporation), or to the properties of the dredged-disposal (mud in more
sandy areas), both causing habitat modifications.

Biological and chemical status of the disposal sites: 2009-2010
Biological status

The ecological status of the macrobenthos at the different disposal sites is evaluated with
the benthic indicator BEQI. The observed patterns confirm those of the previous years. The
medium to high dumping intensity at Br&W Oostende and Br&W Zeebrugge Oost has no ef-
fect on the macrobenthic community. At dumping site Nieuwpoort however, the macroben-
thic characteristics showed a high variability which could not be attributed to the low dump-
ing activity. At Br&W S1, where the highest dumping activities occur, a steady loss of Abra
alba habitat could still be observed in the dumping area. The tube building polychaete
Owenia fusiformis however, has exponentially increased in the surrounding area. Despite
the ‘good status’ of Br&W S2, some remarkable changes in the macrobenthic community
appeared. The benthic characteristics of the samples indicate an enrichment of the North-
ern samples with mud ‘loving’ species, whereas the samples in the western part are more
impoverished (lower diversity). If this could be attributed to the higher dumping intensities
over the period 2009 (focus on Northern part) — 2010 (focus on Western part) than in previ-
ous years is not unambiguous. Still, this should be confirmed by further detailed analyses.

For the epibenthic and demersal fish fauna, no effects of dumping were clearly visible. This
could be explained by the fact that most of those species have a high mobility and are able
to flee from the dumping sites. Another possibility is the fact that the statistical power (due
to a low number of samples caused by a switch in sampling strategy) was too low to detect
any possible effects. Nevertheless, some significant differences in the epibenthic and
demersal fish characteristics occurred, probably due to a temporary dominance of certain
species (e.g. starfish, brittle star and goby) and/or by the natural variability of the habitat
(e.g. dumping site Nieuwpoort). For future research, it is advisable to investigate the effect
of dumping on certain functional or sensitive species.

Chemical status
Sediment Assessment

Only limited differences between impact and control assessment are observed for the
measured parameters heavy metals, PCBs and pesticides. With exception of dumping site
Br&W Zeebrugge Oost, on which the pollution levels of impact sites are elevated compared
to control sites. Seasonal variation of these parameters is not significant. Nevertheless, the
levels of lead and PCBs must be followed up in future. Other measured heavy metals and
persistent organic pollutants do not approach the formulated EAC values (OSPAR, MSFD
Task Group 8 Contaminants and pollution effects, Belgisch Staatsblad).

Accumulation of Pollutants in Marine Organisms

Chemical analysis was performed on diverse sentinel species to assess the
(bio)yaccumulation level of persistent organic pollutants and heavy metals. Due to the omni-
presence in the marine environment and relevance in the ecosystem, mainly starfish and
brown shrimp were used to evaluate the chemical health status of the different dumping
sites.
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Generally, during the period 2009-2010 no significant trend between control and impact
zone assessment was recorded, and the seasonal variation was also rather small. Elevated
PAH levels in diverse marine species were observed in the impact areas of dumping sites
Br&W Zeebrugge Oost, Br&W Oostende and Br&W S1 compared to the control areas. A
higher level of Cu is observed on dumping site Br&W S2 and Br&W Oostende. On dumping
site Br&W QOostende a remarkably high CB level was assessed. The measured levels of
CBs, PAHs and heavy metals are the lowest on dumping sites Br&W S1 and Nieuwpoort.

Biological Effects of Pollutants

Externally visible fish diseases (e.g. ulcers, skeletal deformations, nodules, lymphocystis)
and parasite infection were used as parameter for environmental stress and environmental
health status. Most anomalies were due to parasitical infections and did show high variation
in spatial and temporal distribution. The observed prevalence of Glugea stephani and Acan-
thochondria cornuta in the period 2009-2010 (the dumping site vs. the coastal reference
zone) was remarkably higher compared to the mean prevalence over the period 2000-2010.
These diseases must be followed up strictly in future.

Secondly, the biomarker EROD (7-ethoxyresorufin O-deethylase) activity is used as an in-
dicator of xenobiotic substance accumulation in the flatfish dab (OSPAR indicator). The
EROD induction in the liver of juvenile dab is clearly visible during winter and early spring,
while during summer and autumn only a background level is recorded. During the period
2009-2010, no significant higher EROD activity on impact sites versus control sites was ob-
served.

An exploration of the biological life in the dredging areas

One of the aspects that was not studied in the previous decade was the biological life in the
dredging areas, especially in the gullies towards the harbour of Zeebrugge and the harbour
itself. 48 benthic taxa were recorded in the dredging areas of Zeebrugge, whereof 27 (56%)
taxa were only recorded once. Most taxa were found in the gullies towards Zeebrugge and
only a few taxa (9; Cirratulidae spp, Oligochaeta spp, Nephtys juvenile, Mytilus edulis,
Streblospio benedicti, Abra alba, Macoma balthica, Anthzoa spp, Crangon crangon) in the
harbour itself. Not one of the observed species was a rare taxon within the benthic fauna on
the BPNS. We can conclude that the dredging areas around Zeebrugge were characterised
by a very poor benthic community, except for the ‘Vaargeul 1’ area. Input of benthic animals
from the dredging areas towards the dumping areas is possible, but should not lead to spe-
cies enrichments in the dumping zones, due to the low densities and species richness in
the dredging areas.

Optimization of the sampling strategy in the routine monitoring program

In the period 2009-2011, we invested in the optimization of the ecological sampling strategy
of the routine monitoring program at the dredge disposal sites. This was carried out to stan-
dardize the analysis according to European directives (e.g. MSFD) and to make the moni-
toring time and cost efficient. We adjusted the sampling protocol of the epibenthos and fish
tracks (shortening of the duration) and the benthic sieving procedure (alive instead of fix-
ated). Finally, we introduced quality assurance in the macrobenthos analysis (ISO
16665:2005) by achieving a BELAC accreditation certificate under ISO17025 norm.

Concerning the changes in the duration of the epibenthos and fish tracks, we observed that
the rate of overestimation or underestimation varied between tracks and between species
groups. This difference plays no part when tracks of similar kind (short) are taken and com-
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pared within the same time frame. A clear advantage of using short tracks in the dredge
disposal research is the fact that the tracks fit within the borders of the dumping site. Like
this, side effects are minimized and the short tracks seem to result in more reliable density
and diversity estimates of the area.

Sieving alive has a clear negative influence on the density and species richness of the
samples, compared to sieving fixed. Based on analyses, we can trust that data retrieved
when sieving alive on a 0.5 + 1mm sieve is comparable with data retrieved for fixed sieving.
Therefore, we can consider that this switch in sieving procedure will have a minor influence
on the long term trend analysis at the benthic control stations. Since sieving with two sieves
is only used at a certain subset of stations, we have to use conversion factors for analyzing
a long term trend at the other stations.

Perspectives

In the ecological monitoring program, we will keep the current monitoring strategy, because
it seems suitable to evaluate changes within the dumping area and its surroundings. By
high dumping intensities, leading to habitat modifications, a clear impact is detected on the
overall benthic characteristics (density, diversity). In the future, it is advisable to investigate
the possible loss of the ecosystem functioning by this habitat modifications, by using func-
tional traits analysis. Secondly, we have to consider the possibility to determine a critical
boundary of dumping intensity leading to a certain impact.

In the chemical monitoring program, it will be a necessity to investigate the general toxicity
of the environment. General toxicity tests will give information about the presence and
bioavailability of toxic compounds in the environment. Also, special attention must be paid
to chemical monitoring of Br&W Zeebrugge Oost, due to fact that elevated contaminant
concentrations were detected in the sediments and biota. In addition to the assessment of
fish diseases, it would be of main importance to monitor the general health of fish species,
e.g. gonadosomatic index (GSI), quality index method (QIM), liver glycogen content (LGC),
liver-somatic index (LSI), condition index (k), etc.

Long- to medium-term bathymetry changes

Based on a series of historical navigation channels, the long-term (last 150 years) morphol-
ogic evolution of the BPNS has been studied. Additionally, the digitally available topo-
bathymetrical data sets of beach, shoreface and near coastal zone have been used to per-
form a mid-term (from 1997 up till now) morphological trend analysis. Apart from natural
trends (banks, though more or less stable in position, seem to have accreted while the
troughs between the banks have deepened, especially in the near coastal zone), some an-
thropogenically induced changes can also be distinguished: the deepening of the Scheur
navigation channel and sedimentation of beach and shoreface in the shelter of the Zee-
brugge breakwaters being the most clear ones. Dumping activities also seem to have an in-
fluence on the local morphology, though this influence cannot be distinguished from natural
evolution and does not result always in a clear accretion trend.

Dredging and Dumping: Alternative dumping location

One of the long-term goals of the MOMO project is to develop efficient dredging and dump-
ing strategies to. One way to achieve this is to select dumping zones where the recircula-
tion to the dredging zones is small, thereby decreasing the need for dredging. The recom-
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mendations to the Minister in the synthesis report for the period 2008-2009 stated that a
field test for an alternative dumping site should be prepared. As a first step, a report was
produced, using numerical models to investigate possible alternative locations for a dump-
ing site. Based on the report it was decided to perform a one month field test in autumn of
2012. The field test will consist in replacing the dumping site Br&W Zeebrugge Oost (which
is the least efficient) with a new location (Zeebrugge 4) west of Zeebrugge. A comprehen-
sive monitoring program will be set up.

The results of the numerical model predict a 10% reduction in dredging volumes in the
outer harbour of Zeebrugge, and 3% in Pas van het Zand. If the results of the analysis of
the field test confirm these figures a new landfill site might be established west of Zee-
brugge, taking into account both economic and ecological factors.

Research project — Disposal of dredged material from the marina of Nieuwpoort using
a pipeline

The coastal harbours and marinas in Belgium are confronted with the never ending problem
of shoaling and accretion. Depending on the location and in-situ conditions both sandy and
muddy matter can be found.

In the marinas a mean sludge volume of respectively 350.000 m? is being dredged annually.
Currently these quantities have been removed using the classical approach: dredging using
a cutter dredger, transfer the spoil in loading containers and dispose this back at sea at the
designated dredging spoil disposal sites. The yearly dredging campaign runs from Novem-
ber to April. This pilot project will investigate if the dredging activities in the marinas and de-
positing the dredge spoil can be done in a more efficient, environmental friendly and eco-
nomical manner.

Project description

Since the largest quantity of sludge is being removed in Nieuwpoort it is suggested to start
a pilot project in this marina. Research will conducted if a pipeline running a short distance
can be placed at sea for the execution of the limited pilot project. Using this approach, the
dredged material will be retrieved using a cutter dredger and transported to the disposal site
a short distance from the shore line. This in contrast with the current method where the
dredged material is transported with loading containers and disposed at the disposal site of
Nieuwpoort.

In total the dredging will continue for 3 to 4 weeks, with a planned working regime of 24
hours a day. The final disposal site is to be decided in consultation with all partners depend-
ing on the feasibility of the pilot project and the possibilities for the final disposal site loca-
tion.

Advantages
The following advantages of this alternative method can be mentioned.

The efficiency of the dredging activities can be significantly increased. Since time for con-
necting and disconnecting the loading containers is not needed anymore the cutter can be
1,5 times more productive. Furthermore, bad weather will not delay the work being done.

Since the dredging activities can be conducted quicker, the day and night regime (7 days of
7, 24h a day) is not necessary. The (noise) hindrance during the nights and weekends can
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MFSD

be avoided. The period in which the dredging will be conducted will be shortened. The sur-
veillance and control on the works can therefore be intensified.

Navigation between marina and wharf (in this case: Nieuwpoort) is not needed anymore.
This means a considerable decline in CO, emissions and small dust particles.

Follow up

During the pilot project a monitoring campaign will be done for the sediment transport and
ecological impact in consultation with the departments concerned.

The MSFD is the first piece of EU legislation aimed at the protection of Europes marine en-
vironment as a whole. Its main goal is to achieve Good Environmental Status (GES) in all
EU waters by 2020 by applying an ecosystem-based approach to the management of hu-
man activities which have an impact on the marine environment.

By the 15™ of July 2012, Member States must conduct an initial assessment on the status
of their marine waters. By this date they also must define what they understand to be GES
in their marine waters and set environmental targets and associated indicators to drive their
progress towards achieving GES.

By the 15™ of July 2014 Member States will have to have monitoring programmes for all
marine waters, adapted to the assessment of progress towards GES.

This new challenge might have implications on the existing monitoring programmes for
dumping at sea of dredged material.
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1. Dredging and dumping

1.1 Introduction

To conserve the maritime access channels to the Belgian coastal harbours and to maintain
the depth of the Flemish coastal harbours, dredging is needed (Flemish competence) in or-
der to guarantee safe maritime transport. This type of dredging is called maintenance
dredging and it is the only type of dredging which is covered by this report. Most of the
dredged material is being dumped at sea except when the quality is suitable for beach
nourishment. The last use is called beneficial use of dredged material.

Dumping at sea of dredged material is carried out in accordance with the federal law of 20"
January 1999 and a permit is given in accordance with the procedure defined in the royal
decree of 12" March 2000. Corresponding to article 10 of this procedure, a “synthesis re-
port” has to be established for the Minister who has the North Sea under his competences.
The synthesis report needs to include recommendations which support the development of
an enforced environmental management. Permits were given to the Maritime Access Divi-
sion who is responsible for maintaining all maritime access channels to the Flemish ports
as well as to the Coastal Division of the Agency for Maritime Services and Coasts who is
responsible for the maintenance of the Flemish Coastal Marinas.

The international framework for dumping at sea of dredged material is the (regional)
OSPAR Convention (1992) and the (worldwide) London Convention (1972) and Protocol
(1996). These conventions and their associated guidelines take into account the presence
of any contaminants within the sediment and whether some alternative beneficial use is
possible. In implementing these guidelines, e.g. action levels (sediment quality criteria)
have to be defined, dumping sites have to be chosen and a permanent monitoring and re-
search programme has to be carried out.

1.2 Dredging activities

Since 2008, dredging years are following calendar years and since 2006 a distinction is be-
ing made between permits for maintenance dredging (validity 2 years) and permits for capi-
tal dredging (these permits are granted for the period of working). The areas to be dredged
are divided in accordance with the target depth which is defined in function of the expected
vessel types and their maximum draught.

The use of certain dredging technique is dependent upon the site, the hydrodynamic and
meteorological circumstances and the nature of the sediment to be dredged. Evaluation is
being made on the basis of economical, ecological and technical criteria. In Belgium most
commonly trailing suction hopper dredgers are used with a hopper capacity from 5000 to
10000 m3.

In the access channels and Flemish harbours, maintenance dredging is virtually continuous
throughout the year. Maintenance dredging in fishing harbours and marinas is taking place
before and just after the coastal tourist period. A major port - and its connected access
channels - with a diversity of customers may need to carry out a capital project every few
years to accommodate changes in the patterns of trade and growth in the size of the ves-
sels to be accommodated.
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1.3 Dumping activities

Quantities permitted

In the former licensing period 1January 2010 — 31 December 2011, four permits for mainte-
nance dredging were granted to the Maritime Access Division as well as three permits to
the Agency for Maritime and Coastal Services. The maximum and average attributed quan-
tities which may be dumped at sea per year and per dumping area are given in Table 1.1
and 1.2. It should be noted that the permit holder is requested to not exceed the average

quantities. The dumping sites are given in the accompanying map in annex.

Table 0.1: Permits for the Maritime Access Division (aMT).

Permit . . . . . Yearly permitted quantities TDM
reference Dredging site Type dredging | Dumping site (tonnes dry matter)
average maximum
* Scheur West 2,300,000 2,800,000
M.B. ref. |* Scheur Oost maintenance BraWW S1 2,300,000 2,800,000
BS/2009/01 | * Pas van het Zand; CDNB en Voor-
haven Zeebrugge 6,400,000 7,150,000
Total : 11,000,000 12,750,000
* Scheur West 500,000 600,000
M.B. ref. * Scheur Oost maintenance Bra\W s2 375,000 450,000
BS/2009/02 | * Pas van het Zand; CDNB en Voor-
haven Zeebrugge 2,000,000 2,400,000
Total : 2,875,000 3,450,000
M.B. ref * Toegangsgeulen Oostende (Stroom- Bra\W Oos- 600,000 900,000
BS/é609/63 bankkil, ingangsgeul Oostende) maintenance tende
* Haven Oostende 500,000 700,000
Total : 1,100,000 1,600,000
* CDNB Zeebrugge 3,900,000 5,500,000
Bg"/'z%gge/fb 4 | Haven en Voorhaven Zeebrugge maintenance bE:L&V\éZg:s't 2,100,000 3,150,000
* Toegangsgeul Blankenberge 99 70,000 100,000
Total : 6,070,000 8,750,000
GRAND TOTAL 21,045,000 26,550,000

Table 0.2: Permits for the Agency for Maritime and Coastal Services.

Permit . . . . . . s

reference Dredging site Type dredging | Dumping site | Yearly permitted quantities TDM

average maximum

M.B. ref. Jachthaven Oostende — RYCO _ Br&W Oos- 50,000 75,000

BS/2009/05 * Jachthaven Oostende — Montgo- maintenance tende

mery dok 50,000 75,000

Total : 100,000 150,000

* Vaargeul Blankenberge 100,000 200,000

Bgﬂ/é%or9e;66 * Viotdok Blankenberge maintenance bE:L&V\éZg:s't 100,000 150,000

* Spuikom te Blankenberge 99 100,000 150,000

Total : 300,000 500,000

* Toegangsgeul Nieuwpoort 70,000 100,000

M.B. ref. * Vaar- en havengeul Nieuwpoort 200,000 300,000

BS/2009/ |* Oude Viotkom Nieuwpoort maintenance Nieuwpoort 100,000 200,000

Nieuwpoort |* Nieuwe jachthaven Nieuwpoort 200,000 300,000

* Novus Portus Nieuwpoort 200,000 300,000

Total : 770,000 1,200,000

GRAND TOTAL 1,170,000 1,850,000
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Table 0.4: Quantities of maintenance dredged material dumped at sea per calendar year (tonnes of dry matter).

period | Br&W s1 Br&W s2 Br&Wézz':r”gge Bri‘:x;fs' Nieuwpoort Total

2007 | 5,592,676 127,704 2,219,780 460,167 118,100 8,518,427
2008 | 4,589,589 80,014 4,667,225 864,863 103,541 10,305,232
2009 | 6,144,522 1,591,871 3,776,038 241,544  156,456| 11,910,431
2010 | 3,642,577 2,598,212 3,342,526 304,235 179,186| 10,066,736

The maps in annex are giving a visual image of the maintenance dredging and dumping in-
tensity during 2009 and 2010. The dredging intensity gives a view on the intensity of dredg-
ing at a certain place over a defined period. They show that most places are under sedi-
mentation. The dumping intensity gives a view on where most of the dredged material is be-
ing dumped over the surface of the dumping site. Both, dumping and dredging intensity
maps are being used for validation of the mathematical models and for defining monitoring
stations.

Beneficial use

To keep the access channel to Blankenberge harbour open, maintenance dredging on a
regular basis is needed. Wind and current patterns cause a rapid influx of sand from the
nearby beaches and a sand plate is being built up. As a consequence of this, the chemical
and morphological qualities of this sand are very good. Contamination is virtually non-
existent. Within the environmental legislation of the Flemish Region, re-use of dredged ma-
terial as soil is possible, providing a specific certificate is delivered. Table 1.5 gives an over-
view of the quantities of dredged material from the access channel to Blankenberge used
beneficially to reinforce coastal defence on the nearby beaches.

Table 0.5: Beneficial use of dredged material.

Period Beneficially used dredged material (m?3)
November 2007 — February 2008 69.526
May 2008 — June 2008 18.661
November 2008 — December 2008 30.884
April 2009 9.588
November 2009 — January 2010 21.354
Total 144.013
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2 Physical aspects related to dredging and disposal operations

The morphological and sedimentological effects resulting from dredging and disposal works
are numerous (OSPAR, 2008). The WFD and recently adopted MFSD (see e.g. Borja,
2005; Devlin et al., 2007) identifies human induced changes in the concentration of sus-
pended particulate matter (SPM) as one of the main pollutants. Disposal of fine-grained
dredged material at sea has a varying impact on the marine environment (Nichols, 1988;
Bray et al., 1996; Hill et al., 1999; O’'Connor, 1999; Smith and Rule, 2001; Lohrer and Wetz,
2003; Simonini ef al., 2005, Lee et al., 2010; Ware et al., 2010). Deepening of channels and
construction of ports increases deposition of fine-grained sediments and has as conse-
guence an increase of maintenance dredging and thus an increase of suspended particu-
late matter (SPM) concentration (Truitt, 1988; Collins, 1990; Wu ef al., 2006; Fettweis et al.,
2009; Houziaux et al., 2011). During slack water and after storm periods fluid mud layers
may be formed by settling of suspended matter or fluidization of cohesive sediment beds
(Maa and Mehta, 1987; van Kessel and Kranenburg, 1998; Li and Mehta, 2000). Massive
sedimentation of fine-grained sediments in harbours and navigation channel is often related
to the occurrence of fluid mud layers (Fettweis and Sas, 1999; Verlaan and Spanhoff, 2000;
Winterwerp, 2005; PIANC, 2008; Van Maren et al., 2009; De Nijs ef al., 2009).

Dredging and disposal effects are site specific and require the understanding of the site-
specific dynamics in order to evaluate environmental impact of dredging and disposal
works. In this chapter results carried out within the MOMO project are summarized that deal
with sediment dynamics and human impact in the Belgian nearshore area and the imple-
mentation of monitoring strategies to identify environmental changes induced by these ac-
tivities. In section 2.2 the natural variability of SPM concentration is described focussing on
storm and meteorological effects and the cohesive and non-cohesive sediment interactions.
The statistical properties of in situ and remote sensing data of SPM concentration and the
use of SPM concentration as indicator of changes are presented in section 2.3. These sta-
tistical tools are applied to assess the impact of continuous disposal of fine-grained sedi-
ments from maintenance dredging works on the SPM concentration during a dredging ex-
periment at Zeebrugge.

2.1 Regional settings and Instrumentation

2.1.1 The Belgian near shore area

The Belgian near-shore area (Figure 2.1) is characterized by sediment composition varying
from pure sand to pure mud (Verfaillie et al., 2008) and by high turbidity waters. The SPM
concentration in the coastal turbidity maximum ranges between 0.02-0.07 g/l and reaches
0.1 to >3 g/l near the bed; lower values (<0.01 g/l) occur offshore (Fettweis et al., 2010).
Tidal regime is semi-diurnal and the mean tidal range at Zeebrugge is 4.3 and 2.8 m at
spring and neap tide, respectively. The tidal current ellipses are elongated in the near-shore
area and become gradually more semicircular towards the offshore. The current velocities
near Zeebrugge vary from 0.2-1.5 m/s during spring tide and 0.2-0.6 m/s during neap tide.
South-westerly winds dominate the overall wind climate, followed by winds from the NE
sector. Maximum wind speeds coincide with the south-westerly winds; still, highest waves
are generated under north-westerly winds. Salinity varies in the coastal zone due to wind
induced advection of water masses and river discharges between 28 and 34 (Fettweis et
al., 2010).
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2.2 Natural variability of sediment processes

The effect of hydro-meteorological forcing (tides, winds and storms) on the transport of
SPM, on the formation of high concentrated mud suspensions (HCMS) and on the occur-
rence of sand-mud suspensions has been studied using long-term multi-parametric obser-
vations. The backscattered signal from OBS and ADP were used to estimate SPM concen-
tration. The voltage of the OBS was converted to SPM concentration by calibration against
filtered water samples during several field campaigns (Fettweis et al., 2006). A linear re-
gression between all OBS signals and SPM concentrations from filtration was assumed.
The backscattered acoustic signal strength, from ADP, was also used to estimate SPM con-
centrations. After conversion to decibels, the signal strength was corrected for geometric
spreading and water attenuation. Furthermore, an iterative approach (Kim et al., 2004) was
used to also correct for sediment attenuation. The upper OBS-derived SPM concentration
estimates were used to empirically calibrate the ADP’s first bin. In general, the backscat-
tering is affected by sediment type, size and composition. All are difficult to quantify by sin-
gle frequency backscatter sensors. Limitations associated with optical and acoustic instru-
ments have been addressed in literature (Voulgaris and Meyers 2004; Vincent ef al., 2003;
Fugate and Friedrichs 2002; Bunt et al., 1999; Hamilton et al., 1998; Thorne ef al., 1991).
Briefly, the optical sensors tend to underestimate the coarser particles present in the water
column. Acoustic devices produce better estimates of mass concentration than optical for
the coarser fraction. Besides time series of current velocities and acoustic amplitude, the
ADV and ADP was configured to also measure and store the distance between sensor and
boundary (i.e., sea bed). The altimetry of the ADV and ADP was used to detect variation in
bed level, as also for the identification of deposition and resuspension of fine-grained sedi-
ments. For the study site, decreasing distance between probe and bed boundary can corre-
spond to the presence of HCMS acting as an acoustic reflector.

2.21 Sediment mobility during storm conditions

Between autumn 2005 and winter 2007, three storm periods have been selected with simi-
lar wave conditions from the MOW1 and Blankenberge tripod data, we refer to Fettweis et
al. (2010) for a more detailed description. The data show that during or after a storm, the
SPM concentration increases significantly and that HCMS are formed. SPM concentration
is clearly related to high waves and winds (Figure 2.3). The formation of HCMS in wave-
dominated areas is well documented in the scientific literature (de Wit and Kranenburg
1997; Winterwerp 1999; Li and Mehta 2000). The occurrence of fluid mud or HCMS on
many continental shelves is associated with wave or current-driven sediment gravity flows
off high-load rivers (Wright and Friedrichs, 2006). However, the origin of the suspended
matter in the southern North Sea and in the Belgian-Dutch nearshore zone has been mainly
ascribed to the inflow of fine-grained sediments through the Dover Strait (Gerritsen et al.,
2000), as no high-load rivers exist in the area. The fluctuation of SPM concentration with
time is complex and it is not always straightforward to identify the origin of some of the
variations. Wind direction and advection of water masses, previous history and availability
of fine-grained sediments in fluffy layers, the very soft mud deposits around navigation
channels, and the erosion of medium-consolidated mud of Holocene age influence the SPM
signal. The data suggest that for the generation of very high SPM concentrations near the
bed, significant amounts of fine-grained sediments have to be resuspended and/or eroded
(Fettweis et al., 2010).
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sediments have often been observed in the turbidity maximum area and could therefore act
as a reservoir for fine-grained material that is only resuspendable under more extreme me-
teorological conditions.

Numerical model results indicate that, under normal conditions, the bed shear stress in the
navigation channels and at location MOW1 and Blankenberge are lower than 4 Pa. The
critical erosion shear stresses of in-situ samples in the navigation channels are, below the
fluffy surface layer, generally higher than 4 Pa. The deposits of fresh mud below the fluffy
layer in these areas forms thus a reservoir of SPM that will only be resuspended during pe-
riods with high shear stresses, e.g. caused by storms. The data suggest that a major part of
the HCMS, measured at both sites, could have been resuspended from the very soft mud
deposits in the navigation channels and adjacent areas. This result is important as it sug-
gest that the deepening of the navigation channels has made available fine-grained matter
that contributes significantly to the formation of high concentration mud suspensions.

2.2.2 Sediment mobility in response to tidal and wind-driven flow

The collected current velocity (ADV and ADP) time series from tripod measurements were
filtered for the tidal signal using a low-pass filter for periods less than 33 hours and decom-
posed in an along and cross-shore component (Baeye et al.,, 2011). The alongshore low-
passed flow was used to classify the tidal cycle in terms of wind-driven flow. For each tidal
cycle the average value of the alongshore low-passed flow was estimated and subse-
quently used to characterize the tidal cycle in terms of wind-driven flow. Case | corresponds
with purely tidal forcing conditions. The remaining tidal cycles correspond to periods with
significant influence of wind-driven flows. Negative values correspond to flows towards the
SW, driven by NW-NE winds (Case Il), while positive subtidal flows are directed to the NE,
corresponding to wind forcing from the SW (Case Ill). In addition to the above classification,
each tidal cycle was classified as neap or spring, in terms of the tidal range of the particular
cycle. This classification has resulted in a total of 6 categories of tidal cycles where each
category represents both tidal and wind forcing. Tidal cycles, from each category, were en-
semble-averaged to create a “typical” representative tidal cycle for each case as described
by Murphy and Voulgaris (2006).

Tripod measurements show that near bed hydrodynamics and sediment dynamics, al-
though dominated by tidal forcing, are significantly modified by wind-induced flows with dif-
ferent effects, depending on the wind direction. SPM concentration measurements, under
tidal forcing only, show concentration maxima occurring at the end of ebb and at the begin-
ning of flood. Near bed hydrodynamics and SPM dynamics are predominantly dominated by
tidal forcing. Generally, SPM concentration is significantly influenced by advection during
ebb, whereas during flood local resuspension is more important (Figure 2.4).

SPM measurements, from OBS show that wind-driven alongshore advection has a signifi-
cant influence on SPM concentration. A significant modification of the tidal forcing results
from alongshore advection due to wind-induced flows and influences the position of the tur-
bidity maximum; as such also the origin of SPM. Winds persistently blowing from the NE
will increase SPM concentration, due to an increased SPM outflow from the Westerschelde
estuary. SW winds will decrease SPM concentrations. The latter is related to the advection
of less turbid English Channel water to the measuring location, inducing a shift of the turbid-
ity maximum towards the NE and the Westerschelde estuary. Under these conditions, ma-
rine mud will be imported and buffered in the estuary.
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successfully adopted in various marine environments. Entropy analysis evaluates the ran-
domness of an event (such as a particle size distribution) and assigns the event to a group
with similar characteristics. Applied to PSD entropy analysis allows grouping the size spec-
tra without assumptions about the shape of the spectra and is therefore suited for analysis
of uni-modal, bi-modal as well as multi-modal distributions (Woolfe ef al., 1998).

Analysis of the PSDs together with the interpretation of acoustic and optical derived SPM
concentration and the altimetry allowed identifying differences in composition of the SPM
during storm conditions (Fettweis et al., 2012). The data show the importance of wind in-
duced advection, alongshore subtidal flow and the formation of HCMS as regulating
mechanism of SPM concentration, SPM characteristics (cohesiveness or composition of
sediment particles) and size distribution in a high turbidity area rather than solely turbulence
shear from currents and waves. The former is the clue to explain the different behaviour of
SPM concentration from ADP and OBS and the observed differences in PSD during differ-
ent storms, see Figure 2.6-2.8. Wind direction and strength influences the subtidal along-
shore flow and results in an advection of the coastal turbidity maximum. This results in an
increase of cohesive SPM concentration, the formation of HCMS and the armouring of sand
during northern storms (Case I, see section 2.2.2); or in a decrease of cohesive SPM con-
centration, no HCMS and increase of sand and silt in suspension during SW storms (Case
Ill, see section 2.2.2). Particle size distributions are generally multimodal and consist of
primary particles, flocculi, microflocs and macroflocs. During SW storms (Case Ill) PSD are,
however, uni-modal and consist of mainly granular material (silt, sand) resuspended from
the sea bed, whereas during northern storms flocculated material is still being identified
from the PSDs. The data suggest that two populations of primary particles (<3 um and floc-
culi 15 um) co-exist and are the building blocks of flocs. Flocculi consist of clusters of clay
minerals, whereas primary particles are of various compositions (calcite, clays). Mixed
sediments have been found in suspension at 2 mab during maximum flood currents at
spring tide and during storms. At the measuring location this occurs more prominently dur-
ing winds blowing from SW-W (Case IIl). The size distribution of the local bed sediments is
thus only influencing the size distribution of the SPM when HCMS are not present and
when turbulence induced by currents (max flood currents) or waves is strong enough to
bring sand or silt into suspension.

2.3 SPM concentration as indicator to detect changes in the marine environment

SPM dynamics is complex and is affected by external factors, such as hydrodynamics,
waves, availability of SPM sources, biological processes, flocculation, deposition and re-
suspension. In order to assess its variability, SPM concentration has been defined as a sta-
tistical population. By doing so the measured SPM concentration time series can be con-
sidered as sub-samples that are characterised by statistical properties, such as median,
geometrical mean, standard deviation and probability density distribution. The probability
density distributions of the different sub-samples, consisting of the different time series or
other sub-samples, were therefore fitted using log-normal distributions, and the x* test
probability calculated to assess how well the distribution fits a log-normal one. By doing so
statistical properties can be calculated so that inferences or extrapolations from the sub-
sample to the population can be made (section 2.3.1). E.g. if the data series collected dur-
ing different periods have similar log-normal distributions, geometric means and standard
deviations, then we could conclude that - within the range of natural variability and measur-
ing uncertainties - these data series represent similar sub-samples of the whole SPM con-
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2.4 Conclusions

Main conclusions, with relevance to sediment dynamics, influence of dredging and disposal
operations and monitoring strategies are:

1.

The effect of winds on SPM concentration is variable and depends also on the wind
direction and the availability of muddy sediments. Our data show that high SPM
concentrations are often more closely related to advection rather than instantaneous
bed shear stress. This confirms the idea that the Belgian coastal area can be seen as
a congestion in the residual SPM transport of the southern North Sea, rather than an
important source of sediments.

The deposits of fresh mud below the fluffy layer in the navigation channels forms a
reservoir of SPM that will only be resuspended during periods with high shear
stresses, e.g. caused by storms. The data suggest that a major part of the HCMS
could have been resuspended from the very soft mud deposits in the navigation
channels and adjacent areas. This result is important as it suggest that the deepening
of the navigation channels has made available fine-grained matter that contributes
significantly to the formation of high concentration mud suspensions.

Particle size distributions are generally multimodal and consist of primary particles,
flocculi, microflocs and macroflocs. The data suggest that two populations of primary
particles (<3 pm and flocculi 15 pm) co-exist and are the building blocks of flocs.
Flocculi consist of clusters of clay minerals, whereas primary particles are of various
composition (calcite, clays).

Mixed sediments have been found in suspension at 2 mab during maximum flood
currents at spring tide and during storms. Near Zeebrugge this occurs more
prominently during winds blowing from SW-W. The size distribution of the local bed
sediments is thus only influencing the size distribution of the SPM when HCMS are not
present and when turbulence induced by currents (max flood currents) or waves is
strong enough to bring sand or silt into suspension.

SPM concentration can be used as an indicator of environmental changes, if
sufficiently long time series are available that are representative of the natural
variability. Due to the time and spatial variability of SPM concentration in high turbidity
coastal areas, greater sampling efforts are necessary, as compared to offshore
systems with low SPM concentration.

Satellites or low-frequent tidal cycle measurements cannot replace long-term
continuous measurements in high turbidity areas, which include all sea state
conditions. The former datasets consist of a sub-set of the population biased towards
good weather condition or spring-summer seasons (satellite). Sediment transport
based on these data will thus always underestimate reality.

Regarding instrumentation, it is shown that SPM estimates from OBS are only reliable
when SPM consists of cohesive sediments only; with mixtures of cohesive and non-
cohesive sediments, a combination of optical (OBS) and acoustic sensors (ADP, ADV)
are needed to get an accurate estimate of the total SPM concentration.

An method was used based on the concept of statistical populations in order to
evaluate the effects of disposal operations on SPM concentration. The method
provides a tool to account for the complexities associated with natural dynamics and
the need to evaluate quantitatively human impact. Disposal results in an increase of
SPM concentration near the bed. This together with ADV altimetry suggest that fluid
mud layers have been formed during the disposal experiment rather than being limited
to neap tidal or storm conditions as observed during the other periods.
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This chapter outlines the results of the research done at the disposal sites by ILVO-fisheries
in the context of the study ‘biological, chemical and biochemical monitoring of sediment and
bottom fauna at the dredged disposal sites of the Belgian Coast’ (cf. protocol ILVO and
MOW-aMT of 5 September 2003) over the period 2009-2010. This study focuses on the
evaluation of the above mentioned impacts. In this period, the following tasks were set and
the results of it described in this chapter:

» The monitoring program, investigating the effects of dumping of dredged material on
the benthic fauna, is running for almost 30 years. The benthic sampling program
strongly changed over this period, with a clear impact/control sampling strategy in
the last years. A long term analysis of the changes in the benthic macro fauna in re-
lation to the dumping intensity was executed and is descript in section 3.2.

» The results of the regular ILVO monitoring program over the period 2009-2010 are
outlined in section 3.3. We describe the differences observed in the biological com-
munity parameters of macrobenthos, epibenthos and demersal fish, if possible
based on indicator assessments. The level and trends in heavy metals, PCBs,
OCPs and PAKs in sediment and biota were measured within the chemical monitor-
ing part. The histo-pathological part focuses on the inventarisation of fish diseases
in commercial fish species. Finally, the biochemical part investigates stress-
indicators in juvenile dab to see whether the dredged material disposal has reper-
cussion on the safety of the food chain (fish).

»  We also investigated the biological life, focusing on the benthos, within the dredging
areas of Zeebrugge (section 3.4). The aim was to analyse a possible difference in
fauna of the dredging areas and the dumping areas and to examine whether an in-
flux of organisms can occur.

» |n section 3.5, we outline the optimisation of the sampling strategy and the sampling
handling, with the intention to make the monitoring program more time- and cost ef-
ficient and to meet the international sampling and analyse criteria.

3.2 Long term impact of dredged material dumping on the benthic habitats in the BCZ

3.21 Introduction

Macrobenthic species are closely associated with the sediment and play an important role
in marine ecosystems. They clearly reflect environmental changes in and near the bottom
of the sea (Bilyard, 1987). Therefore, they have been shown to serve as valuable bio-
indicators to monitor human activities, such as the disposal of dredged material (Wildish
and Thomas, 1985; Bilyard, 1987; Soule et al., 1988; Rees et al., 1992; Simonini ef al.,
2005; Bolam et al., 2006; Rees et al., 2006). A possible impact may be merely of a physical
nature, since organisms get buried immediately after a dumping event (cf. changes in forag-
ing capacity, mobility,... Morton, 1977) (Figure 3.1). Additionally, the properties of the
dumped sediments (e.g. mud content, median grain size), could contribute to a biological
impact (Maurer et al., 1981a; 1981b; 1982). Since benthic species differ in susceptibility to-
wards disturbance, the results of impact evaluation studies will be determined by the ben-
thic community present at a given dumping site. More specifically, it is indicated that spe-
cies assemblages, adapted to a certain degree of stress, will recover faster after a distur-
bance event than assemblages occurring in an unstressed environment. The former ones
are usually characterised by life-history traits, facilitating the recolonisation process (oppor-
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tunistic species) (Bolam et al., 2003). The sampling design (number of samples and the de-
gree of coverage of the study area) and the selected parameters contribute to the reliability
of the obtained results. All these factors, together with the natural variability of the benthic
communities, need to be taken into account, when a conclusion regarding the impact is
drawn.

ILVO has a monitoring program to follow up disposal activities at the BPNS. Since 1979,
two annual sampling campaigns are carried out, providing a large set of biological and
sediment data, which were used for this study. We distinguish three sampling strategies in
the history of the monitoring program. From 1979 until 2003, samples were taken at a lim-
ited number of stations on the BPNS. Each of these stations functioned as a reference sta-
tion for nearby disposal sites, although not all disposal sites were operational. One excep-
tion is dumping site Br&W S2, since it already had a monitoring point inside the dumping
zone since 1979. In 2004-2005, the former strategy was exchanged towards a control-
impact strategy. From then onwards, each dumping site had one internal station (=disposal
station) and one or two stations outside (=nearby-reference station) the dumping area. At
the same time, additional sampling continued at the previously used reference stations.
Since 2006, the sampling intensity was markedly increased (7 impact samples; 4-6 nearby
reference samples), in function of obtaining a higher confidence of the impact assessment.
The aim of this section is to address two main questions and is a summary of Vyshal
(2010):

»  \What is the relationship between the degree of dumping intensity on the one hand
and the presence and diversity of the marine benthos on the other hand?

» Do the different sampling designs have a different capacity in reflecting a possible
impact of the dumping activity? Where the selected reference stations optimal for
impact evaluation?

3.2.2 Material and Methods

The samples used in this study were collected from (1) stations associated with current
designated dumping sites (Nieuwpoort, Br&W Oostende, Br&W Zeebrugge Oost, Br&W S1
and Br&W S2) (2) stations associated with two former dumping sites (S3 and R4) and (3)
12 coastal reference stations on the BPNS (Table 3.1, Figure 3.2). The sampling of each
station did not start at the same time. In addition, the sampling design did change over the
years, as described in detail in Table 3.1.

Macrobenthic samples were collected with a Van Veen grab (0.1 m?) mainly on board of the
R/V Belgica. They were immediately fixed with an 8% formaldehyde seawater solution. The
samples were sieved on a 1mm sieve. The residue was stained with eosin in order to facili-
tate further sorting. Species were identified to species level, if possible and counted.

A separate Van Veen sample was taken at each station for granulometric analysis of the
sediment, over the period 1979-2005. Since 2006 a single core was taken from each Van
Veen sample for further particle size analysis. These samples were dried in an oven at
60°C. From 1979 to 2006, a sieve tower was used for sediment analyses. Since 2007,
sediment analyses were conducted using the Malvern Mastersizer 2000 analyzer following
a standardized protocol.

The species dataset was standardised by lumping some species (Cirratulidae spp., Spio
spp, Anthozoa spp.), and reduced by excluding species that did not belong to the macro-
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Kruskal-Wallis test was performed, followed by the Wilcoxon-test when the former did iden-
tify significant p-values.

Finally, the Benthic Ecosystem Quality Index (BEQI, www.begi.eu) was used to scale the
relationship between dumping intensity and the degree of impact. The BEQI level 3 analy-
ses were based on the parameters, total density (ind/m?), number of species and similarity
(Bray-Curtis similarity of fourth-root transformed density data). For this analysis, the dis-
posal stations were compared with the two types of references stations (nearby-reference
and far-reference). Together with the BEQI-analysis, a power assessment was performed.
The power gives an indication of the chance to detect any impact and is defined as 1-B (B is
the probability of a type ll-error). The result of this post-hoc power analysis will depend on
the variance, the effect size and the choice of the level of significance (here set at 0.05%)
(Van Hoey et al., 2007).

Table 3.2: Biological and sedimentological characterisation of the cluster groups, with assignation of the habitat
types to each cluster. The number of samples of each station within each cluster is written between brackets.

group 1 group 2 group 3a group 3b group4 group 5a group 5b group 6 group 7 group 8a group 8b
Nephtys Macoma
Habitat outgroup ’k\,/ljfh?g;a Abra alba Abra alba zli?r’::;ls ’k\:ljfh?g;a Abra alba cirr’:)s;l—Abra ’k\:ljfh?g;a balthica-Abra ’k\:ljfh?g;a
alba alba
Density (ind/m?) 102 +8 7649 242+10 2056+40 328+18 615+21 307+16 148+14 6710+59 164+13 7147
# species (/[sample) 3 3 5 18 8 6 6 6 12 6 4
Mcrophthalmus bsgl:l’));;nes :zr’:]tz;ii Nephtys Nephtys cirrosa Cirratulidae Abra alba ::rziggos ;;i:(?ilfaormis Capitella Oligochaeta
:: ::::iaria Nephtys is:)st:;cata bsgis[’;;;nes Nephtys Nephtys Nephtys Mcrophthalmus  Polydora Spio ’::I:::i(:ﬂ:
SIMPER species S;::;;::accus Diastylis rathkei Bathyporeia Abra alba Spio Qligochaeta ’::I;ﬁ:: Oligochaeta Corophium Oligochaeta
Nephtys Barnea candida Nephtys cirrosa ::r;lszll'os zﬁg:z:? ’::I:::i(:n: isli)st:licata bsg:sgsjnes Alitta succinea zﬁg:z:?
SRS e VTR e S Mo e Gt 5010
Median grain size (um) 243+18 86+10 155+18 187+24 223425 123+12 154+19 269+31 83+11 183+18 241423
Mud content (<63um) 20+4 58+10 22+4 11+3 3+1 45+8 23+4 8+2 56+11 19+4 1243
120(2) 140(9) 140(1) 115(20) 115(2) 115(1) 120(5) 140(3) 140(7) 150(1) 150(11)
140(2) LS1(3) 250(1) 120(145) 140(1) 140(6) 140(26) 150(3) BO31(3) LOO(2) 315(1)
150(4) ZEB(2) B041(2) 140(21) 150(16) 150(8) 780(1) B08(12) BO8(3) LS1(10) BO8(1)
250(1) 2VL(7) LS1(2) 230(5) 2302) 702(2) BO41(6) LNP(2) 2VL(51) LS2(2) LOO(1)
BO31(2) LS2(9) 250(11) 250(5) BO41(1) B0&(1) Ls1(17) LNR(7) LZO(2) LS1(5)
BO32(1) 2VL(1) 780(122) 315(39) BO&(3) LS1(2) ZVL(2) ZVL(1) LZO(5)
BOS(1) 7800(3) 702(3) LNR(2) LS2(2) LNR(1) ZVL(2)
LS1(3) BO41(13) 710(3) LOO(87) ZVL(1) LNR(12)
LS2(7) BO08(36) 780(3) LS1(11)
LZO(9) LNP(90) B031(44) LS2(4)
Samples
ZEB(2) LOO(9) B032(26) LZ0(72)
2VL(8) LS1(30) B041(45) ZEB(1)
LS2(89) B042(27) ZVL(69)
LZO(1) BO&(9)
2VL(2) LNP(1)
LOO(4)
LS1(34)
LS2(114)
LZO(2)
ZEB(4)
3.2.3 Results

Habitat characterisation

The dumping sites and its reference stations could be linked to a certain habitat type based
on the number of samples of each disposal site associated with a certain cluster/ habitat
type (Table 3.2). Consequently, disposal site Nieuwpoort was situated in an Abra alba habi-
tat. 96.84% of the samples from Nieuwpoort-stations were found within clusters with this
habitat type (group 3b). The Macoma balthica-cluster groups (group 2, 5a, 8b) comprised
87.38% of the Br&W QOostende samples and 86.81% of the Br&W Zeebrugge Oost sam-
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ples. Therefore the dumping sites Br&W Zeebrugge Oost and Br&W Oostende were situ-
ated in the Macoma balthica habitat. Disposal site Br&W S2 was situated in a Nephtys cir-
rosa habitat because this cluster existed out of 50.22% of the samples from this site. At first,
this assumption may not seem correct, because 44% of the other Br&W S2-samples were
found within and Abra alba cluster. A closer look revealed that 98% of these samples were
taken before 2004. This may indicate a shift in community structure and will be explained
lower. Regarding dumping site Br&W S1, the samples were not uniformly associated with
one habitat type. Of the 161 samples collected at this site, 25.47% was found within an
Abra alba habitat, 44% in a Nephtys cirrosa habitat, 14.29% in a Macoma balthica habitat
and 10.56% and 3.10% in respectively the Abra alba-Nephtys cirrosa and Macoma
balthica-Abra alba transition habitats. This habitat heterogeneity can be caused by the
dumping activity (see further), but in this area a natural gully-bank system gradient (Abra
alba habitat in gully, switching towards Nephtys cirrosa habitat at the bank) is expected to
be found.

Reference stations ascribed to Abra alba habitats are the following: 115 (86.96%), 120
(98.68%), 230 (71.43%), 250 (66.67%), 780 (97.62%) and B0O8 (60.61%). In the Macoma
balthica-clusters, the reference station ZVL (89.58%) was the only one with a significant
amount of samples belonging to this habitat type. Finally, the reference stations found for
the Nephtys cirrosa habitat are the following; 315(97.50%), B031 (89.80%), B032 (96.30%),
B041 (67.16%) and B042 (100%). These analyses were done for all samples collected in
the coastal area for dredged material disposal research and correspond with previous find-
ings (Van Hoey et al., 2009).

Impact at the disposal sites

Only, the monitoring data from 2004 onwards were appropriate for an impact evaluation at
the five dumping sites, due to the start of sampling with a control/impact design. Impact
evaluation is done by using the impact and control samples belonging to the same habitat
type for each dumping site. Only for Br&W S1, the control samples of the Abra alba and the
Nephtys cirrosa habitat were used.

Dumping site Nieuwpoort is subjected to a low dumping intensity regime. This is reflected in
the benthic characteristics, where no significant differences were seen between the impact
and nearby-reference stations over the investigated period with regard to the parameters
density, species number, species composition and diversity.

Dumping site Br&W Qostende is characterised by a relative low dumping intensity over the
years 2004-2005, with a maximum of 864,863 TDM in 2008. There was no significant dif-
ference between the impact and reference samples regarding the benthic characteristics
(density, number of species and diversity), except for species composition in the period
2004-2005.

The dumped quantities were relatively high over the years 2004-2008 at the dumping site
Br&W Zeebrugge Oost, with maximum of 4,667,225 TDM disposed sediments in 2008. In a
few seasons and years (autumn 2006, winter 2007), a significant difference could be found
between the impact and reference samples for the parameter density. The number of spe-
cies and diversity is lower in the disposal site than in the reference locations, but not signifi-
cantly.

At dumping site Br&W S2, the dumping intensities were high in 2004 (1,826,033 TDM) and
in 2005 (1,234,640 TDM), but had a tremendous decrease in the years 2006-2008. No sig-
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Long - term LS2-01 (Dumping site Br&W S2)

Station LS2-01 in dumping site Br&W S2 is sampled already over a period of 30 years,
which makes a long term analysis suitable. This station is situated at the border of the
dumping site and could be a proxy for the changes in the benthic habitat characteristics in
this part of the BPNS. The multivariate analysis (Figure 3.3d) indicates a transition in spe-
cies assemblage over the years. We can roughly distinguish 3 temporal assemblages (pe-
riod '85-'90; ’93-°00; '01-°08). The average density (Figure 3.3a) and species richness (Fig-
ure 3.3b) were significantly lower in the latest period compared to the previous ones. The
changes in species composition can be attributed to the absence of mud loving species in
the recent period, as Abra alba, Nephtys hombergii, Spisula subtruncata, Capitella and Tel-
lina fabula. The dominant species in the recent period were Nephtys cirrosa, Ensis directus,
Scoloplos armiger and Bathyporeia guilliamsoniana, which were species characteristic for
more sandy sediments. When comparing the sediment over the different periods, we did not
find any significant changes but nevertheless a decreasing trend in mud content is visible
from 4 to 2% (Figure 3.3c). This little change in mud content leads to a transition from the
more diverse Abra alba habitat to the less diverse Nepthys cirrosa habitat (Van Hoey et al.,
2004). Simultaneously, dumping intensity decreased under the 1 million tons (Figure 3.3e),
which is an indication that the seafloor at the dumping site becomes more sandy. This pre-
vents recruitment of ‘mud loving’ species, causing a decrease in the benthic diversity coin-
ciding with the decrease in dumping.

3.24 Discussion

We can conclude that dumping activities have resulted in benthic habitat changes at dump-
ing site Br&W S1. Whereas at the other dumping sites, the benthic community can scope
the existing dumping regime. At Br&W S1, mainly the rich Abra alba community is affected,
normally dominating the gully stations in the disposal area. At Br&W S2, it is possible that
dumping has had a small positive effect, by supply of mud and organic matter to the more
sandy environment (indicated by the switch between Abra alba and Nephtys cirrosa habi-
tat). At dumping site LNP, with lowest dumping intensity, there was no impact. And finally,
the dumping activity at site Br&W Zeebrugge Oost and Br&W Oostende had a smaller ef-
fect on the benthos, due to the more natural poor benthic environment. Nevertheless, it
needs to be kept in mind that this is a control/impact study, without knowledge about the
natural situation, before the dumping activities started. Therefore, the characterisation of
the dumping sites might not be fully realistic as the dumping events could already have
changed the original habitat and nearby environment. The relation between the benthos in-
dicator BEQI and the dumping intensity shows that a benthic community seems to be af-
fected from an average dumping regime of 2,000,000 tons dry matter a year. Based on this
analyses, roughly 2,000,000 tons, regardless the surface area where it is dumped on, is
proposed as critical boundary. It has to be mentioned that this critical boundary can differ
for each habitat type. In other words, it is possible that a sandy or fine muddy sand habitat
is more sensitive to it than a muddy habitat (Macoma balthica habitat), as some results
show, but more detailed investigation is needed. This critical boundary needs to be seen as
a boundary where the natural benthic recolonisation and recruitment cannot compensate
for the loss of benthos due to smothering by the dumping of dredged material.

Literature provides a lot of explanations for the impact of dredged-disposal on the benthic
habitats (Morton, 1977, Elliot et al., 2002; Ware et al., 2010). In the particular case of the
five Belgian disposal sites, we exclude large effects of chemicals, since there are specific
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3.3 Biological and chemical status analyse of the disposal of dredged material: 2009-
2010

3.3.1 Introduction

In this section, the results of the routine biological and chemical monitoring at the five
dumping sites on the BPNS were described for the years 2009-2010. Firstly, we analyzed
the sedimentology at the five sites, with indication of the sedimentological characteristics
(mud content, median grain size) and the pollution (PCBs, PAHs, heavy metals...) in the
sediments. Secondly, we described and evaluated the difference or correspondence in bio-
logical characteristics of the ecosystem components macrobenthos, epibenthos and
demersal fish between the dumping sites and the nearby control area. Thirdly, the
(bio)yaccumulation of contaminants in the marine ecosystem is investigated by chemical
analysis on different biota species. Finally, the biological effects of pollutants on marine or-
ganisms are investigated by the assessment of the prevalence of fish diseases and by the
measurement of enzymatic EROD activities in the liver of juvenile dab. The observed pat-
terns at the disposal sites were evaluated with indicators and threshold values as defined in
Belgian or European legislation (e.g. Marine Strategy Framework Directive).

3.3.2 Material and Methods

All sampling locations were distributed in the shallow coastal zone of the BPNS (limited to
approximately 20 km offshore), since all dumping sites are situated in this zone (Figure
3.4). The impact samples are situated in the five dumping sites, while control samples are
situated just outside the dumping sites and on some overall monitoring locations in the
close surroundings (Figure 3.4).

Biological sampling and data analysis

Macrobenthos can be defined as the organisms that live for most part of their life in the
sediment, and that are retained on a 1 mm-meshed sieve. The macrobenthos was sampled
with a Van Veen grab (0.1 m?), sieved alive and fixed with an 8 % formaldehyde seawater
solution. Species were identified to species level when possible and counted. The macro-
benthos sampling and analysis protocol is based on the ISO 16665:2005 standard (“Water
quality — Guidelines for quantitative sampling and sample processing of marine soft-bottom
macrofauna”). From each Van Veen sample, a Perspex core was taken for sediment analy-
ses, which were dried at 60°C and analyzed with a Malvern Mastersizer 2000 following a
standardized protocol. Depth and position of each sample were also registered during the
campaigns.

Demersal fish fauna and epibenthos can be defined as organisms living on or in close as-
sociation with the seafloor, and that are caught representatively and efficiently with a beam
trawl. Both ecosystem components were sampled with an 8-meter beam trawl, equipped
with a fine-meshed shrimp net (stretched mesh width 22mm in the codend) and a bolder-
chain but no tickler chains (to minimize the environmental damage) (Figure 3.3). The net
was dragged during 30 minutes/3500m (2009) and 15 minutes/1500m (2010) at an average
speed of 4 knots over the bottom. Data were recorded on time, start and stop coordinates
trajectory and sampling depth in order to enable a correct conversion towards sampled sur-
face units. The fish tracks were positioned following depth contours that run parallel to the
coastline, thereby minimizing the depth variation within a single track.
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Chemical sampling and data analysis

Adsorption of chemical contaminants and nutrients is determined by the presence of small
silty particles rather than course sand grains, making silt content an important factor for
both abiotic and biotic components. Sediment was sampled using a Van Veen grab (0.1 m?)
and sieved to obtain the fine fraction (<63 um) for chemical extraction and analysis. Analy-
sis of sediment assessed the levels of PCBs, OCPs and heavy metals on the different im-
pact and control sites of the dumping areas. Grain size distribution, organic carbon content
and carbonate content were used for normalization of the results. Results for sediment are
always expressed on a dry weight (d.w.) basis.

Marine biota species, such as starfish, sea anemone, bivalves, crustaceans and fish spe-
cies, were caught with a beam trawl as mentioned above for biological sampling. Assess-
ment of marine biota species included the analysis of PCBs, OCPs, PAHs and heavy met-
als. All results for biota are expressed on a wet weight (w.w.) basis.

The assessment of biological effects of contaminants includes the investigation of the
prevalence of fish diseases and the measurement of the enzymatic EROD activity in the
liver of dab. For the assessment of fish diseases, a large number of infectious and parasiti-
cal anomalies of the epidermis, the gills, the mouth and the intestines were investigated on
two sentinel species dab and whiting. ICES guidelines are used as assessment criteria
(Bucke et al., 1996). Using long-term prevalence data on fish diseases, changes in preva-
lence may act as an alert for the environmental health status.

The ethoxy-O-deethylase (EROD) activity is up-regulated by the presence of contaminants
and reflects the xenobiotic removal activity of the organism. The EROD activity is measured
using a fluorescence spectrophotometer to quantify kinetics of the conversion of ethoxy-
resorufin (non fluorescent) to resorufin (fluorescent). The EROD assay is based on the
method of Burke and Mayer (1974). The protein level of the sample was determined by the
colorimetric detection of bicinchoninic acid and was used as a normalization assay (Smith
et al. 1985). ICES guidelines were used for the assessment of the EROD activity in juvenile
dab liver (Stagg and Mclntosh, 1998). The protocol was adapted and participation in an in-
ter-laboratory proficiency test organized by BEQUALM (Biological Effects Quality Assur-
ance in Monitoring Programs) proved good analysis. EROD activities are reported in
(pmol)/(min.mg protein).

3.3.3 Biological status

Macrobenthos

The ecological status of the macrobenthos at the different disposal sites is evaluated with
the benthic indicator BEQI, which weighed the difference in the parameters density, bio-
mass, species composition (Bray-Curtis similarity) and number of species between the set
of impact and control samples (Table 3.3).

Based on the BEQI evaluation, only dumping site Br&W S1, gives a score ‘poor’ for the
status of the macrobenthos. This can mainly be attributed to the very low scores for density
and biomass, which were much higher in the control samples compared to the impact sam-
ples. This difference was caused by the dominance of the tube building polychaete Owenia
fusiformis in the control samples, with densities up to 46000 ind/m2. At this dumping site,
the diversity (number of species) was also lower in the impacted area compared to the sur-
roundings.
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Dumping sites Br&W S1 and Br&W S2 revealed no appreciable effects of dumping on
epibenthos and demersal fish. The values of density, biomass and species richness were in
most cases lower (but not significant) in the impact area than in the control area. Species
like starfish A. rubens and brittle star O. ophiura are present in lower densities in the impact
area. The heart urchin Echinocardium cordatum and the blue-leg swimming-crab Liocar-
cinus depurator were even absent in the impact area. For demersal fish however, the diver-
sity index N1 was significantly higher in the Br&W S1 impact samples in winter 2009.

For dumping site Br&W Zeebrugge Oost, the epibenthic biomass data showed a significant
difference between the control and impact samples in winter 2009. Again, this difference
could be explained by a higher abundance of the brittle star O. ophiura in the control sam-
ples. The demersal density values differed significantly in autumn 2010, mainly due to the
higher occurrence of gobies (Pomatoschistus sp.) in the control samples. The diversity in-
dex N1 was significantly higher in the impact zone in winter 2009.

There is no clearly visible effect of dumping on the epibenthic and demersal fish fauna. This
can mainly be attributed to the fact that most species have a high mobility and are able to
avoid the dumping stress. The significant p-values (Table 3.4) can be explained by the tem-
porary dominance of certain species (starfish, brittle star, goby) and/or by the natural vari-
ability of the habitat (e.g. dumping site Nieuwpoort). Based on this analysis, a small effect of
dumping on the higher trophic level of epibenthos and demersal fish cannot be excluded,
because the number of samples per sampling event is too low to have sufficient statistical
power. A way to reach a higher power is by combining data of several sampling events,
which is not possible over the period 2009-2010 due to a switch in sampling strategy. Since
dumping had no or a minor effect on the epibenthos and demersal fish community, it is ad-
visable to investigate the effect of dumping on certain functional or sensitive species.

3.3.4 Chemical status

To assess the chemical status of the different disposal sites, sediment samples of each dis-
posal site and reference site were screened for their chemical content. Environmental as-
sessment criteria (EAC) according to OSPAR, MFSD Task Group 8 Contaminants and pol-
lution effects (Law et al., 2010) and Belgisch Staatsblad were used to interpret the observed
levels of pollution. Consequently, monitoring data could be scored according to the EAC as
presented in Table 3.5. If the assessed level of a specific pollutant reaches the EAC level it
is indicated in red, if the level is lower, it is indicated as green. The EAC values for the
heavy metals cadmium and lead proposed by the MFSD Task Group 8 are clearly stricter
compared to the EAC values of OSPAR and Belgisch Staatsblad. The observed levels of
Cd and Pb on each site clearly exceed those EAC values of MFSD Task Group 8, while this
is definitely not the case for the other EAC values. A similar observation could be made for
the PCBs 118 and 153 by Belgisch Staatsblad and PCB 118 by MFSD Task Group 8. Based
on the OSPAR monitoring criteria, only incidentally over range levels of Pb and PCBs are
observed (Table 3.5). Nevertheless, the levels of lead and PCBs must be followed up in fu-
ture. Other measured heavy metals and persistent organic pollutants do not approach the
formulated EAC values. It will be necessary to complete this table with monitoring results of
the BPNS during the upcoming years. A major remark concerns the availability and rele-
vance of environmental assessment criteria. Extra attention must be paid to the develop-
ment of those EAC, which will be relevant for monitoring on the BPNS.
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2010 are presented; while for dumping site Nieuwpoort spring and autumn 2009 are shown.
The EROD induction is clearly visible during winter and early spring, while during summer
and autumn only a background level is recorded. Only on dredge deposit site Nieuwpoort
during spring 2009, a significant difference between impact and control sites was obtained.
During the period 2009-2010, no significant higher EROD activity on impact sites versus
control sites was observed.

Although the measurement of the enzymatic EROD activity is an important tool to assess
the effects of anthropogenic activities, the sample sizes are often too small to allow statisti-
cal interpretation, especially during spring. The biochemical EROD assay depends on dif-
ferent parameters such as season, water temperature, size of the fish, maturity of the fish,
sex of the fish,... and could be difficult to interpret. It is of main interest to keep searching for
other biomarkers (genomic or biochemical) on relevant abundant species. Recently, the first
efforts were made to develop a genomic biomarker on starfish.

Conclusion

During the period 2009-2010 no remarkable differences between control and impact zone
assessment were recorded. Nevertheless, on sediments of dumping site Br&W Zeebrugge
Oost, elevated levels of contaminants are recovered on impact sites compared to control
sites. Also elevated PAHSs levels were observed in different species on the impact sites of
dumping site Br&W Zeebrugge Oost. In future, special attention must be paid to chemical
monitoring of Br&W Zeebrugge Oost.

Severe diseases were very rare on the BPNS. Only parasites as Lernaeocera branchialis
(whiting), Glugea stephani and Acanthochondria cormuta (dab) showed a slightly higher
prevalence on the dumping sites compared to coastal reference sites.

During the period 2009-2010, no significant higher EROD activity on impact sites versus
control sites was observed.

To define the chemical health status, it is of main importance to be able to compare ob-
tained monitoring data with available and relevant environmental assessment criteria. The
lack of EAC on specific marine biota species and the irrelevance of some EAC values make
it so far difficult to apply those EAC values in a monitoring assessment.

Perspectives

In future, it will be a necessity to investigate the general toxicity of the environment. General
toxicity test will give information about the presence and bioavailability of toxic compounds
in the environment. Once a toxic effect is proven, samples might be screened for pollutants,
new and emerging compounds, followed by the assessment of the effect on the different
levels of biological organization.

In addition to the assessment of fish diseases, it would be of main importance to monitor
the general health of fish species, e.g. gonadosomatic index (GSI), quality index method
(QIM), liver glycogen content (LGC), liver-somatic index (LSI), condition index (k), etc.

Although the measurement of the enzymatic EROD activity is an important tool to assess
the effects of anthropogenic activities, the small sample sizes and the difficulties for inter-
pretation make it essential to screen for other (genomic or biochemical) biomarkers on rele-
vant species.






































































































