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1 Introduction 

Sediments accumulate in the port of Rotterdam through tidal action from the marine 

environment and through the partial deposition of fluvial sediment;  in the latter case from the 

river Rhine. The port of Rotterdam  is in fact the interface between the river and the North Sea 

and functions as a sedimentation area. When dredged material from the port of Rotterdam is 

disposed of in the coastal area it becomes part of the system (again). In the following chapter 

we will give an overview on water and sediment transport in the North Sea, subsequent 

chapters deal with the Dutch coastal zone and the Dutch part of the Wadden Sea. The origin 

and fate of contaminants but in particular temporal trends in changing inputs and the response 

of the marine environment will be emphasised. In particular the riverine inputs are important, 

since these inputs are closely linked to the quality of dredged material disposed of in the North 

Sea. This overview is (partly) based on two recent compilations on the status of the North Sea 

and the Wadden Sea (OSPAR, 2000; RIKZ, 2000). 

2 Sediment transport in the North Sea 

 

Figure 2-1: Bathymetry of the North Sea and the transport directions in the North Sea with the 

main areas of mud deposition in the North Sea (Eisma and Irion, 1988) 

Long term sediment transport in the North Sea flows with the general currents. For the Dutch 

coastal zone this is the residual current from the Channel, which transports Atlantic Waters. 

This water mass with admixtures of freshwater inputs from the Scheldt, Rhine and Meuse is 

transported in a northerly direction towards the Skagerrak/Kattegat area. The latter area 

together with the Norwegian areas belong to the deepest areas in the North Sea and are the 

main depositional areas for sediments. 

Elucidating the transport of water masses and sediments in the North Sea is mainly based on 

coupled models. Their computed maps of erosion and deposition areas and particulate matter 

transport, reflect in many cases observations in the field (Pohlman & Puls, 1994; Puls et al., 

1997). However, the mass balance of suspended particulate matter of supply, outflow and 
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deposition of particulate matter published already in 1988 is still the most comprehensive one 

(table 2-1). 

Table 2-1: Supply, outflow and bottom deposition of suspended particulate matter in the 

North Sea (Eisma and Irion, 1988). 

       106 ton/year (dry weight) 

Supply 

 North Atlantic Ocean    10.4 

 Channel     22-30 

 Baltic      0.5 

 Rivers      4.8 

 Sea floor erosion    ca. 9-13.5 

 Coastal Erosion    2.2 

 Atmospheric     1.6 

 Primary Production    1 

Total supply       ca. 51.5-64 

Outflow      ca. 11.4-14.3 

Deposition 

 Estuaries     1.8 

 Wadden Sea and the Wash   5 

 Outer Silver Pit    ca 1-4 

 Elbe Rinne     ? 

 Oyster Ground     ca. 2 

 German Bight     3-7.5 

 Kattegat     8 

 Skagerrak and Norwegian Trench  ca. 17 

 Stored on land    2.7 

Total outflow and deposition    ca 51.9-62.4 

The predominant sediment inputs are from the Channel, Sea floor erosion and North Atlantic. 

The rivers come only at the fourth place. Main areas of deposition are the Skagerrak/ 

Norwegian Trench, Wadden Sea and German Bight. For the Dutch coastline, the Wadden Sea 

is (of course) the first major deposition area. 

Due to their strong association with particulate matter, the fate of many contaminants is closely 

related to the transport of (re-)suspended solids. It is estimated that 70% of the substances 

associated with particulate matter remain trapped in sedimentation areas such as estuaries, the 

Wadden Sea, the deepest part of the Kattegat-Skagerrak area, and the Norwegian Trench 

(Laane et al., 1999). These deposition areas, in particular the deep ones, with undisturbed 

sedimentation, store information on past contamination. Dating of sediment cores in 

combination with contaminant analysis gives a historical record beyond those covered by 
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monitoring programs. Some results for the Skagerrak area are shown in figure 2-2. It is shown 

clearly that concentrations of heavy metals already started to rise after 1850 from background 

values as a result of the start of industrialisation. Concentrations peak after the 1950’s but the 

most recent layers show the impact of regulatory measures and concentrations decrease. An 

exception to this trend is the late increase of barium (from drilling mud used in oil exploration) 

with no visible decrease. 

Figure 2-2: Plot of heavy metal concentration in sediments of the Skagerrak-Norwegian 

Trench area. (Longva and Thorsnes, 1997) 

 

The amount of natural fine-grained sediment movement in the North Sea (table 2-1) equals the 

relocation of sediments through dredging activities (table 2-2). A total of 89 x 106 tonnes (dry 

weight; from internal and external waters) of dredged material was relocated in 1996. 

Table 2-2: Dredged material (in tonnes dry weight) disposed of in the North Sea in 1996. 

Source: OSPAR (2000) 

Belgium 29 264 498 

Denmark  1 536 000 

France  13 360 000 

Germany  19 123 000 

Netherlands  8 016 381 

Norway  42 196 

Sweden  3 308 608 

United Kingdom  14 130 219 

Total dredged material disposed of  88 780 902 
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A comparison with the total riverine inputs (4.8 x106 tonnes dry weight) in the North Sea (table 

2-1) shows that this relocation is predominantly marine sediments. The need for maintenance 

dredging is determined by natural variation in transport and sedimentation of fluvial and marine 

sediments, and is not expected to increase in the long term. Changes are anticipated in the 

shipping fleet with the use of larger draught ships, which will mean a significant increase in the 

amount of capital dredging (in the short term) for some ports. 

The relocation of dredged material poses a volume problem and its impact on the scoring list of 

human pressures on the North Sea (table 2-3) is in the “lower intermediate” categories. High on 

the list are issues like nutrients. However, tributyltin (TBT) from shipping is also in the highest 

category. Since TBT sediment concentrations in ports, with their high shipping traffic, is high, 

TBT is indirectly an issue for dredged material disposal (compare chapter E2). 

The decision on relocation or withdrawal from the marine system (confined disposal or 

treatment) should take should take two effects on the coastal ecosystem into account. On the 

one hand the withdrawal of slightly contaminated sediments will reduce inputs of contaminants 

(positive), on the other hand withdrawal of large amounts of sediments will upset the sediment 

balance in sedimentation areas (negative). The latter is not hypothetical in view of the amounts 

relocated, which equals the natural sediment movement. Especially in a modern impact 

analysis both aspects should be put in a context of questions about sustainable river 

management and sea level rise, with increasing coastal erosion and impacts on mud flats.  
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Table 2-3:  Human pressures ranked according to their relative impact on the North Sea 

ecosystem (Region II of OSPAR), including sustainable use (OSPAR 2000) 

Human pressure Category 
A  Highest Impact  
Removal of target species by fisheries fisheries 
Inputs of trace organic contaminants (other than oil and PAHs)  
from land  trace organic contaminants 
Seabed disturbances by fisheries  fisheries 
Inputs of nutrients from land  nutrients 
Effects of discards and mortality of non-target species by  
fisheries  fisheries 
Input of TBT and other antifouling substances by shipping trace organic contaminants 
B  Upper intermediate Impact  
Input of oil and PAHs by offshore oil and gas industry  oil and PAHs 
Input of oil and PAHs by shipping  oil and PAHs 
Input of other hazardous substances (other than oil and PAHs)  
by offshore oil and gas industry  other hazardous substances 
Inputs of heavy metals from land  heavy metals 
Inputs of oil and PAHs from land oil and PAHs 
Introduction of non-indigenous species by shipping  biological impacts 
Input of other hazardous substances (other than oil, PAHs and antifouling) 
by shipping  other hazardous substances 
Introduction of cultured specimen, non-indigenous species and diseases  
by mariculture  biological impacts 
Inputs of microbiological pollution and organic material from land  biological impacts 
C  Lower intermediate impact 
Input of litter specific to fisheries  litter and disturbance I 
Physical disturbance (e.g. seabed, visual, noise, pipelines) by  
offshore oil and gas industry  litter and disturbance I 
Input of litter by shipping litter and disturbance I 
Dispersion of substances by dredging and dumping of dredged material dredging and dumping 
Dumping of (chemical) ammunition by military activities  dredging and dumping 
Constructions in the coastal zone (incl. artificial reefs) by  
engineering operations engineering operations 
Input of chemicals (incl. antibiotics) by mariculture  mariculture 
Mineral extraction (e.g. sand, gravel, maërl) by engineering operations  engineering operations 
Input of nutrients and organic material by mariculture  mariculture 
Physical disturbance by dredging and dumping of dredged material  dredging and dumping 
Inputs of radionuclides from land  radionuclides 
D  Lowest Impact 
Physical disturbance (e.g. noise, visual) by shipping litter and disturbance II 
Input of litter by recreation litter and disturbance II 
Physical disturbance (e.g. seabed, noise, visual) by military activities litter and disturbance II 
Physical disturbance (e.g. noise, visual) by recreation litter and disturbance II 
Power cables (electromagnetic disturbances) by engineering operations litter and disturbance II 
Dumping of inert material (e.g. wrecks, bottles) litter and disturbance II 
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3 Contaminants in the North Sea 

Contaminants are entering the North Sea through a number of pathways: 

- Riverine inputs  

- Atmospheric inputs 

- Inputs resulting from off-shore activities and shipping 

Depending on the nature of the contaminant, the region and time period considered one of 

these pathways might be more important than the others. Generally it can be stated that for the 

coastal areas the riverine inputs dominate. Further away from the coastline, the atmospheric 

inputs become relatively more important. An exception is TBT whose input is dominated by 

shipping activities. 

Detailed long-term information on the contribution of atmospheric and riverine sources is 

available for the heavy metals cadmium, lead and mercury. The results for the period 1987 till 

1996 are presented in figure 3-1. 

Consistent for all three metals is the decrease in atmospheric inputs. A reduction of more than 

50 % was achieved over this period. 

The decrease for cadmium is the results of regulatory measures concerning flue gas treatment 

at coal-fired power plants and due to the decrease of cadmium emission from waste 

incineration units. The decrease in mercury is due to the closing of major mercury emitters in 

the former German Democratic Republic (GDR), phasing out of mercury cells in chlor-alkali 

plants as well as closer control of diffuse sources like dentistry. The decrease of lead emissions 

is the clear consequence of the increasing use of unleaded petrol. The residence time for most 

airborne contaminants is rather low (in the order of a few days) and they are rapidly deposited 

by rain (wet deposition) or through sedimentation (dry deposition). An exception are PCBs, 

which exhibit very long residence times and atmospheric transport must be considered on a 

larger, even global, scale. 

Due to this rather short residence time for most contaminants the signal of regulatory measures 

is found with a short delay in the marine environment. This is in contrast to current riverine 

inputs. Data for combined riverine inputs in the North Sea covering the period 1990 till 1996 are 

given in figure 3-1. More detailed data covering the period 1980 till 1998 for the rivers Elbe, 

Rhine, Meuse, Weser and Scheldt are presented in figure 3-2 together with information on their 

discharge. Contaminants in the river catchments originate from point and diffuse sources. 

Regulatory measures with regard to point sources were taken in the eighties. Successful 

examples are those for the Rhine catchment. Hence the signal of point source reductions is not 

found in the period 1990-1996 presented in figure 3-1. On the other hand the data for the 

individual rivers, covering a longer period, show the effect of decreasing concentrations in the 

eighties. For the period roughly after 1990 the diffuse sources become relatively more 

important than the point sources. These diffuse sources covering widely ranging inputs 

including urban areas, erosion, surface runoff, drainage, groundwater, inland shipping etc. 

(compare chapters B3.2 and C3.2). 
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Figure 3-1:  Estimates of cadmium, lead and mercury inputs (tonnes/year). OSPAR, 2000. 
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Figure 3-2: An overview of average annual metal concentrations and average yearly 

discharges in different European rivers from 1980-1998 

(adapted from Vink et al., 1999) 

By their nature the inputs from diffuse sources depend strongly on hydrological conditions: high 

versus low discharge. In addition the erosion of older, still highly contaminated sediments in the 

catchment will contribute to the riverine inputs. In the nineties, trends in data are not only 

caused by changing inputs from point sources but more and more by changes in river flow. An 

exception to this case is the river Elbe, which in the nineties experienced a large reduction in 

point sources due to the closing of factories in the former GDR. This fact is noticeable in 

particular for the mercury inputs (figure 3-2). 
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4 Inputs in the Dutch coastal zone and Wadden Sea: 
Concentrations in sediments  

4.1 Dutch coastal zone 

The Dutch coastal zone is in the plumes of the rivers Scheldt, Rhine and Meuse and hence 

riverine inputs dominate. The annual flux of suspended matter from the south to the Dutch 

coast (Area II, figure 4-1) is estimated at 10 x106  tons per year (Van Alphen, 1990). Other 

major sources of suspended matter added to this flux include the rivers Rhine, Meuse and 

Scheldt, the sluices in the Haringvliet, Oude Rijn and near IJmuiden, relocation of dredged 

material and the autochthonous phytoplankton production (Wulffraat et al., 1993).  

A comprehensive overview on the spatial and temporal distribution of metals, PCBs and PAHs 

in Dutch coastal sediments (figure 4-1) was recently published by Laane et al. (1999). The 

concentrations in the sediments refer to those in the grain-size fraction < 63 mm. Results for the 

regions II and III together with background values for heavy metals are presented in table 4-1. 
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Figure 4-1: Trends in heavy metal and organic contaminant concentrations in area II of the 

Dutch North Sea coastline. Concentrations (see table 4-1) for the first year of 

measurement are set to 100 

In the Dutch coastal zone, the concentrations of heavy metals and PCBs have decreased to 

values between 30-50 % of those observed in the eighties. The concentrations of PAHs 

showed only a relatively small decrease. Again as for the riverine inputs in the North Sea, with 

the exception of PCBs, changes in concentrations for the nineties are relatively minor and un-

uniform. Concentrations of metals in Area III, further off-shore, are close or similar to 

background values (Laane et al. 1999, table 4-1). 

In 1981 and in 1986 relative large differences in concentrations were observed between areas 

II and III. In 1991 and in 1996 these differences were gradually becoming smaller and for lead 

becoming equal. This shows the effect of regulatory efforts and decreasing inputs from the 

rivers. Remarkable are still the large differences found for cadmium (Cd) and PCB 

concentrations, apparently there is lag (delay) time between the regulatory efforts (catchment) 

and their effect on concentrations in coastal sediments. The main discharges of PCBs for 

instance occurred before 1980. 
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Table 4-1: Concentrations (µg/g or mg/kg) in the fraction < 63 mm of sediments in areas II 

and III off the Dutch coast line (see figure 4-1) and background level for metals 

 Area II Back Area III 

 1981 1986 1991 1996 Ground 

Levels 

1981 1986 1991 1996 

Cadmium 2.4 1.6 0.9 0.7 0.5 0.3 0.7 0.4 0.2 

Copper 42 32.5 41 26 22 30 26.5 30.6 21.5 

Zinc 358 257 193 181 103 140 120 111 115 

Lead 149 91.5 85.8 70 37 68 56 71 69.5 

PCBs  32 16.8 9.9   10.9 5.8 2.2 

PAHs  642 584 472   488 661 424 

 

 

Figure 4-2: Range of the total mean annual flux of particulate PCBs to the Dutch coastal zone 

and the relative contribution (%) from the rivers, Atlantic Ocean, dredged material 

and atmospheric deposition during 1980-1994  (Laane et al., 1999) 

The major factor that contributes to this delay is the exchange of older, more contaminated 

sediments, with the inflow and outflow of sediments. For the Dutch coastal zone, there is 

evidence that this layer is about 0.4 m. A simple physical model, in essence a homogeneously 

mixed basin (e.g. the active sediment layer) with constant inflow and outflow was used to 

calculate the change in PCB concentration in time (Laane et. al. 1999). Calculated and 

measured concentrations agreed remarkably well. As expected there is a time lag of some 
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years between the decrease in load of PCBs and Cd and the decrease in observed field 

concentrations. 

Data used for the inputs for the period 1980-1994 are given in figure 4-2 for PCBs. These data 

also show the decreasing contribution of the relocation of dredged material to the Dutch coastal 

zone. Dredged material contaminants in this case are river catchment in origin; the data for 

1994 again show the growing relative importance of rivers over atmospheric deposition. 

4.2 Wadden Sea 

For the Dutch part of the Wadden Sea numerous data are available on contaminants both in 

sediments, suspended matter but also in biota. In this chapter the trends in section N1 from the 

Wadden Sea will be discussed. The other sections are not under direct influence of the Rhine 

catchment or are dominated by other catchments like the Ems or more easterly the Weser and  

Elbe. Section N1 is the western part of the Wadden Sea; it receives freshwater directly from the 

IJsselmeer. The IJsselmeer received water from the Rhine through the distributary IJssel. The 

water has a mean residence time in the lake of about 50 days and discharges into the Wadden 

Sea with a yearly volume of 16.3 x 109 m3. Water from the North Sea entering this section 

contains about 15 % water from the Rhine. The total amount of mud deposition in the Wadden 

Sea was estimated to vary roughly between 3 and 4 million tonnes/year. The contribution of 

fluvial material to the sedimentation in the Wadden Sea is estimated to be roughly 10-20 %. In 

this chapter we will discuss the temporal trend in the concentrations in deposited sediments 

and suspended matter. Because of the abundance of good data on biota, these data are also 

included.  

 

 

Figure 4-3: The OSPAR sections in the Wadden Sea. 
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Figure 4-5: Temporal trends in metal concentrations in sediment, suspended matter, mussel 

(from active monitoring), oyster-catcher and flounder from section N1 in the 

Wadden Sea. Background sediment levels for Cd, Cu, Zn and Pb are 0.8, 36, 140 

and 85 mg/kg resp. 



Inputs in the Dutch coastal zone and Wadden Sea: Concentrations in sediments 

- 337 - 

 

Figure 4-6: The concentrations of PCBs and PAHs in sediment, suspended matter, 

mussel (active monitoring), oyster catcher and flounder from section N1 

in the Wadden Sea 

Data for section N1 are summarised in figures 4-5 and 4-6. The sediment and suspended 

matter data were normalised with the Dutch ©standard soil© method, the data for the mussel 

refer to concentration in the flesh and are on dry weight basis, and those for the oystercatcher 

are from the eggs. 

The concentrations of heavy metals in sediments and suspended matter do show (again) in the 

nineties hardly any trend. The concentrations itself are close to background levels. 

For PCBs there is a decrease for the early nineties and in increase after 1993 which is 

attributed to the changing flow regime of the Rhine and hence input from the IJsselmeer (also 

compare with figure 3-2 which gives the data for runoff). 

 

 

6 PCBs (µg/kg) 
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5 Port of Rotterdam as interface between the Rhine catchment 
and the North Sea 

The port of Rotterdam acts as a major deposition area for sediments on the Dutch North Sea 

coastline. Sediments enter the port of Rotterdam through the rivers and through tidal action 

from the North Sea. The sediment transport of the river Rhine is in the order of 3-4 million 

tonnes dry weight per year of which roughly half becomes deposited in the port and the 

remainder is directly transported to the North Sea. The amount of marine sediments entering 

the port, however, exceeds by far the contribution from the river as can be seen from the total 

amount of dredging, which amounts to about 10 to 15 million m3 per year. 

The relative contribution of the riverine sediments to the dredged material decreases from east 

to west and causes the decrease in concentrations of contaminants in the seaward direction. 

The origin of the marine sediments is a northward transport along the coast. During transport 

along the coast new admixture of sediments from the open North Sea and a reworking of older 

deposited sediments occur. Part of the sediments, which is transported along the coast 

becomes deposited in the Wadden Sea. This general pathway of sediment transport has not 

changed however, the concentrations of contaminants in the riverine sediments have 

decreased drastically and hence the influence of riverine sediments and dredged material on 

the composition of coastal and Wadden Sea sediments becomes more and more difficult to 

detect. 

In figure 5-1 a comparison is made between the early eighties and late nineties of the changes 

in concentrations going from the eastern ports of the port of Rotterdam to the Eastern Wadden 

Sea area. Such a comparison is hampered with difficulties because the data from the early 

eighties are based on a regression method (Salomons, 1984), the data for the Dutch coast on 

analysing the separated grain size fraction  of < 63 µm and finally the later data for the port of 

Rotterdam and the Wadden Sea are standardised on the ©Standard Soil©. Fortunately for each 

of these methods the background (geogenic background) concentrations are available. Hence 

a relative comparison is possible by calculating comparable units for each data set by dividing 

the concentrations by the background level. To show the phenomena of dilution we used the 

data for cadmium, since this heavy metal shows the largest increases above background levels 

in the Rhine. In the early eighties the concentration in the Eastern ports was more than 60 

times the background level decreasing to slightly more than 10 times in the Europoort, west of 

the port. Addition of more marine sediments along the coast and in the Wadden Sea caused a 

further decrease. The values in the Eastern Wadden Sea are 2.5 times the background level. 

In the late nineties, the concentrations in the eastern and middle part of the port of Rotterdam 

approach the values found in the Wadden Sea in the former time period, showing the drastic 

decrease in input from the river Rhine. In fact the concentrations in the Europoort are 

background levels and the concentrations along the coast now show a tendency to a slight 

increase, for which the already mentioned admixture of older (still contaminated) sediments can 

be an explanation. In the Wadden Sea itself there is no difference anymore between the 

eastern and the western part, concentrations are at background levels. 
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Figure 5-1: The relative concentrations (measured divided by background concentrations) of 

cadmium in the port of Rotterdam, the Dutch coast and the Wadden Sea. 

From this comparison one can conclude that in the early eighties there was a strong influence 

of sediments from the river Rhine and its dredged material on the composition of Dutch coastal 

sediments and in the Wadden Sea. However, in the late nineties, this influence is absent, on 

the contrary there is an indication that the reworking of older deposited sediments along the 

Dutch coast line now acts as a source. However, this input is insufficient to cause an increase 

in the contaminant concentrations in sediments form the Wadden Sea area that are currently 

around background levels. 
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6 Conclusions 

Large changes occurred in the inputs of contaminants in the environment in the eighties. With 

regard to inputs from the air, where the residence time in this compartment is low, direct 

measurements show a clear impact of regulatory measures, changes in the industrial 

processes or closing of factories. This is in particular the case for lead (lead in gasoline) and 

mercury. Long-term data series on water and sediment are only available for the nineties, 

hence the large changes in inputs in catchments are not recorded. 

The time series, covering the nineties, do not show strong statistically significant trends in the 

concentrations of contaminants in sediment, biota and water. The inputs from the rivers show 

the same trend, which show changes in contaminant fluxes due to changes in water discharge 

and the relative larger contribution of diffuse sources. Additionally for sediments we have to 

deal with effects of mixing and (bio)turbation by which older (more contaminated, sediments) 

are mixing with the new cleaner sediments. Due to the lower inputs, the influence of physical 

processes like hydrology, (bio)turbation on trends become more noticeable. 

Furthermore, sediment transport and sediment balances for the North Sea still rely 

predominantly on investigations and guesstimates from the eighties and earlier. In view of the 

increased importance of physical processes in assessing the impact of the relocation of 

dredged material an update of this type of information is needed. 

As a result of the decrease in the absolute and relative contribution of atmospheric inputs, the 

riverine inputs now dominate for most contaminants. This fact further emphasises the need to 

treat the river catchment and the marine environment as a single unit in order to achieve 

relevant reductions. 
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List of abbreviations 

Cd   Cadmium 

Cu   Copper 

GDR   German Democratic Republic 

OSPAR(CON)  Convention for the Protection of the Marine Environment of the North- 

East Atlantic (Oslo and Paris Convention) 

PAHs   Polycyclic Aromatic Hydrocarbons 

PCBs   Polychlorinated Biphenyls 

RIKZ   Rijksinstituut voor Kust en Zee, National Institute for Coastal and Marine 

Management 

TBT   Tributyltin 

Zn   Zinc 

 


