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Abstract

Marine scientists at the University of Hamburg have in
itiated a new research project, PRISMA, designed to elucidate
transport, transfer and transformation processes of pollutants
in the German Bight. PRISMA is a logical consequence of the
ZISCH project, during which two comprehensive data sets for
the various ecosystem compartments in the North Sea were ob
tained. The first is the result of large scale surveys during
spring (1986) and winter (1987) covering several weeks each
and having the purpose of describing the general distribution
of contaminants and the biotic and abiotic ecosystem com
ponents within two seasons. The second was obtained for the
German Bight during investigations of a high temporal resolu
tion over apart of one seasonal cycle.

PRISMA is an interdisciplinary project in which bio
logists, chemists, meteorologists and physical oceanographers
perform field measurements and numerical experiments aimed at
understanding and quantifying the links between ecosystem
components and contaminants in the German Bight. The cont
inental coastal water of this region is relatively highly
contaminated and has one of the longest residence times in the
North Sea.

Three cruises will be carried out (13 April - 1 May 1991;
6 August - 1 September 1991; 7 April - 1 May 1992) with
3-4 ships working in a combined strategy: within a repeated
station net (50 x 50 nm), drifting experiments will be per
formed according to the existing gradients. In the matrix of
ecological parameters such as salinity, temperature, nutri
ents, phytoplankton, zooplankton, benthic populations and
within the different compartments (atmosphere, water phase,
suspended matter, organisms and sediment), selected pollutants
such as Cd, Hg, Pb, a-HCH, y-HCH, sPCB, phosphoric esters, and
PCP will be determined.

In mesocosms in Heligoland Harbour, transfer and conver
sion of se1ected po11utants will be investigated in detail in
natural and "composed" planktic ecosystems enclosed in large
plastic bags (May, 1992).
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Data obtained by remote sensing (CODAR for surface
currents, satellite and airplane measurements of suspended
matter distribution and transport) will complement that of the
cruises.

In addition to the field measurements, numerical models
are being developed to simulate the dispersion of dissolved
and particulate contaminants in the water and in the atmo
sphere as weIl as their transfer within the ecosystem by
plankton. These activities include the entire North Sea.

Introduction

~,

PRISMA (Processes Influencing Pollutant Fluxes in the North
Sea - German Bight) is a follow-up project of ZISCH (Water
Exchange and contamination of the North Seal. Both projects
have been funded by the German Federal Ministry of Research
and Technology, ZISCH running from 1984 to 1989 and PRISMA ..
from 1990 to autumn of 1993. The objective of ZISCH was to
obtain consistent, comprehensive data sets for the North Sea
ecosystem on the whole together with the distribution of key
contaminants within it as weIl as to develop and to implement
various models of the air and water circulation in the North
European continental Shelf to calculate dispersion of
contaminants in the atmosphere and in the sea for given
situations (Beddig & Sündermann, 1988; Sündermann & Degens,
1989) .

Although the North Sea has been one of the most intensively
studied marine regions for decades, until the ZISCH surveys no
large scale assessment of the geographical and seasonal
distribution of contaminants had been carried out.
With regard to the geographical distribution, these surveys
generally confirmed previous assumptions that contamination is
greatest at coastal sites, but there were unexpected
exceptions to this. For example, the concentrations of some
contaminants in organisms and sediments were higher in the ..
central North Sea than in coastal regions with more
contaminated water masses (Dicke et al., 1987; Karbe et al.,
1988; Kersten & Klatt, 1988; Knickmeyer & steinhart, 1988a,b;
Knickmeyer & Steinhart, 1989). Additional cruises - after the
two ZISCH surveys - were carried out in the northeastern part
of the North Sea and the adjacent Atlantic as weIl as in the
German Bight to get more information on the processes causing
the unexpected distributions of contaminants.

•
In order to investigate these questions in more detail, an
interdisciplinary research program, PRISMA, was designed in
which processes of pollutant transport, transfer between the
different compartments and transformations could be analysed
for a defined area during particular seasonal conditions. The
program is comprised of field experiments supported by
modeling of relevant processes in air and water, including
sediment transport as weIl as the exchange of material between
water and sediment and transfer of contaminants in food-webs.
For logistical reasons, but also because of the relatively
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high contamination, the German Bight was selected as study
area. Process modelling is also continued using the ZISCH data
sets.

'Experimental design

In the German Bight, an extended shallow area, river
discharges, especially by the EIbe, are spreading mainly
horizontally. strong tidal currents and wind stirring cause
vertical mixing which is inhibited only locally by seasonally
modified freshwater discharges in the coastal area and thermal
stratificat~on in the parts deeper than 30 m. The German Bight
is surrounded by tidal flats and characterized by different
frontal systems which are dominated by river plume fronts of
the EIbe.

The German Bight is centrally located in the continental
coastal waterwhich is relatively heavily contaminated, mainly
by continental rivers (Anonymous, 1980), but also by .
atmospheric inputs and imports from the British coasts. During
winter, this contamination is detectable, for example, by the
high load of nitrate spreading along the continental coast, as
can be seen in Fig. 1 (Brockmann and Kattner 1991). The'
nitrate input from the EIbe is only a small part of the .
nitrogen load in the continental coastal water moving in a
coastal current mainly anticlockwise through the German Bight.

Transport, transfer and transformation of contaminants are
interactive, controlled by physical, chemical as weIl as
biologicalprocesses. Process studies in the open water are
very difficult due to the advection of patches and
concentration gradients causing permanent local changes. In
shallow areas, additional changes of the vertical structures
are caused by current shear.

Our approach for studying the transfer and transformation
processes is to measure the concentration changesin the
different compartments within a moving water mass and to put
them in relation to one another.

The spring cruises will be performed during the late
phytoplankton spring bloom, frequently dorninated by
Phaeocystis globosa. The summer cruise will take place at the
time when .thermocline breakdown and remobilization of
nutrients can be expected.

The characterization of a drifting water mass of a certain
. depth has been performed in the German Bight, for instance, by
rhodamine dyes (Joseph et al., 1964) but also by drifters of
varying design (Witte, 1982). We decided to use a drift system

~ consisting of a buoy with a drogue in the upper 10 m. This
system has the advantage that it is very simple and easy to
follow. A sediment trap is attached to the drogue.From two
ships following.the drifter, sampIes are taken at different
depths every 6 hours. These are analysed for ecosystem
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Fig. 1: Nitrate concentrations at the surface of the North
Sea during winter 1987 (~M/l) (Brockmann and Kattner,
1991)
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parameters such as nutrients, phyto- and zooplankton as weIl
as for selected contaminants in water, sediment, suspended
matter and organisms: heavy metals (mercury, copper, cadmiuJ~,

lead) and pesticides (HCH, PCB and PCP and some phosphoric
ester compounds). Around this drifting station, interim
measurements of hydrographie parameters and nutrient and
chlorophyll concentrations are carried out in order to deteüt
small scale horizontal gradients. Using this strategy, we
expect to be able to distinguish concentration changes at the
central station - dominated by processes within the water
column - from modifications of concentration gradients caused
by advection.

Furthermore, the movement of water masses is followed by twice
daily forecasting in order to detect drift paths of the buoy
deviating significantly from the calculated drift directions.
This is carried out by the hydrodynamic model driven by air
pressure forecasts and tides routinely operated by the Federal
Maritime and Hydrographie Agency in Hamburg (BSH). Hind
casting models are used later for detailed interpretation of
the data sets (Backhaus & Hainbucher, 1987).

since the hydrodynamics of the German Bight are quite
variable, the drift area is surrounded by astation grid of
about 50 x 50 nautical miles. Every 10 nm, measurements of
ecosystem parameters such as nutrients, organics, phyto- and
zooplankton are carried out. This station net is repeated 4 to
5 times during the 3 week investigation. The station grid is
shifted when the expected drifting area leaves the grid.

Oue to the limited capacity to analyze contaminants, these are
only sampled at the central drift station. However, before
beginning the drift experiment, contaminants are also sampled
at a 20 nm interval on a first station grid. Sampling of
sediments and benthic fauna is carried out before and after
each experiment.

ouring the experiment, 5 moorings with current meters and
turbidity sensors are anchored in the expected experimental
area. In the autumn 1991 experiment, the movement of water
masses will also be followed by COOAR measurements from
stations in Heligoland and Eiderstedt, allowing a permanent
estimation of surface current patterns (Schirmer et al.,
1987). The area of COOAR information is restricted to a
smaller part of the main experimental area which is limited by
the water depth and frequently used shipping lanes in the
southern part of the German Bight.

First results

During April 1991, the first experiment was performed,
including 5 repetitions of the station grids measured by
VALDIVIA and GAUSS and 3 drift experiments performed in the
central northern part of the German Bight (Fig. 2).
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Fig. 2: . German Bight with the tracks of,the first drift
experiment as weIl as the area where repeated
station grids with 10 nm spacing were sampled in
spring 1991 (M. Haarich, pers. comm.).
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Predictive calculations of water mass~transportwere made
available by the BSH. These were'generally in agreement with
the observed drift directions which -;due to the low winds 
were mainly determined by tidal eurre~ts.

;

I
I •

During this experiment the EIbe Riverlplume was spreading
nitrate-rieh water into the German Bight, in which most of the
other nutrients were at very low concentrations, already
limiting phytoplankton growth (Fig. 3). The river-plume water
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Fig. 3: Nitrate~concentrationsin the German Bight near the
bottom during the period 17-21 April 1991.

was characterized by diatoms, presumably dominating here due
"to the still available silicate and the higher growth rate in

comparison to flagellates (Fig. 4).

Mesocosm experiments

In order to exclude advection influences completely, mesocosm
experiments are planned for spring in 1992 in the outer
harbour of Heligoland using plastic bags with 3 m3 volume
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Fig. 4: IPb.leoeystis ~loboSl •
Relative abundance of Phaeocystis ~.==============
globosa, diatoms and Ceratium I Diato. •
fusus from net hauls (55 ~m) in. .
the German Bight (13 April - ICmtilll fllSus lII1lJßI1III
1 May 1991 (H.J. Rick, pers. comm.). ~ ~

Qualitative data, analyzed on board the ship.



. '

.',

, .

•
9

(Brockmann et ale 1977). During these experiments, parallel
runs will be performed with combined algalcultures of
phytoplankton species isolated in the same area in'advance.
Cultures of Thalassiosira rotula and Phaeocystis globosa will

'be'used, in. order to study the effects of very different
organisms on the phase-transfer and transformation of "
contaminants. Different concentrations of heavy metals Ce.g.
copper) 'and pesticides (e.g. HCH) will be added to parallel
enclosures reaching'at maximum the tenfold concentrations
measured in the' mouth'of the EIbe River.· Another series will
be performed'with'synthetic pollutants like Anthracine or
phenoxicarbonic acid. Finally, experiments will be carried out
with a mixture.of natural:plankton to which some contaminants
are to be added. In total, up to 10 parallel enclosures will

,be measured' in each series.

Especialiyi~ the.mesocosms the transfer ~f,c~ntaminants
between the different phases will be followed closely. By ,
incubation of stripes of the plastic material from the walls,
adsorption processes will be analyzed in order to establish
mass balances of contaminants as well,as nitrogen and
phosphorus. The,conversion of contaminants will, be another
main point in the enclosure,experiments by analysis, for,
instance, of the,shift of enantiomeric relations of organic
contaminants"which was also observed in the open water
(Faller 'et ~l. 1991).

Meas~rements in'the,open water and mesocosms will be
supplemented by laboratory experiments. These will include
sorption experiments. Combining these results, we hope to be·
able to quantify transport processes - at least for some
pathways of contaminant transfer and transformation' in the
German'Bight. The results will be tested later in other areas.

, .
'Table 1 gives a timetable of the,PRISMA fieldexperiments.',

April-1
"

Multiship,cruise' 13 May 1991 German Bight

Multiship cruise' 6,Aug.'-1 Sept. 1991 German Bight .
Multiship cruise 7 April';'1 May 1992 German Bight

CODAR-Measurements August-Dec. 1991 N• Frisian Coast. .
Heligoland. "Mesocosms .May-June 1992

. ' ~.. .. .' .' , . ,.' . . ~ .
A relatively large'proport1on of certa~n contam1nants

'the NorthSea enter via the atmosphere, and it is one
main,object~ves~ofmeteorologists and air chemists in

'. .
,"

, .
.. ' ~

. Atmos'pheric contamin~nts

. .. ... ' .,. ,

. ,

reaching
of the
the' .
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Fig. 5: stations for continuous air, chemistry measurements
in the German Bight.

PRISMA-project to determine input quantities and transport'
pathways.

Concentrations of particle-bound heavy"metals, sUlphate and
nitrate are being determined on a continuous basis at several
stations.on land and at sea (see Fig.5), in addition'to
shipboard measurements carried out during the experiments. A
combination of concentration measurements and deposition
models allows calculation of total inputs. These input values
are compared with data on total andwet deposition, which are
measured separately. Sulphate, nitrate, ammoniumand heavy
metals are analyzed for both fractions. The measurement
stations are confined to the German Bight at the moment but
are being extended to the central and,northern North Sea.
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Methodological work is being done on measurement of
halogenated hydrocarbons in aerosol, in precipitation and in
the gaseous phase.

Meteorological measurements and models are used for
interpretation of the distribution of airborne contaminants in
the German Bight obtained by the air chemists. For example,
analysis of air mass movements using backward trajectories
gives insight into the origin and transport pathways of
atmospheric contaminants. Basic information on the state of
the atmosphere, e.g. with respect to dispersion conditions for
contaminants, are obtained using an analytical model for
several meteorological parameters based on observations from
the German Weather Service (Luthardt, 1985). The model uses a
42 x 42 km grid net (Fig. 6). It produces water temperatures
(every 24 h), wind fields and surface pressure fields (every 3
h), dating baek to 1982. Furthermore, a mesoseale model
(METRAS) is used to investigate loeal effeets of the eoastline
on the atmospherie input as weIl as to perform ease studies to
determine extreme input situations. For example, METRAS has
been implemented to study the dependenee of the dry deposition
of S02 on surfaee eharaeteristics (Schlünzen and Pahl 1991).
It will also be used to study the transport and deposition of
several gases, e.g. NO, N02 and NH3 , and of partieles.

Investigations on the vertieal structure of the boundary layer
are earried out from ship during the experiments. These are
aceompanied by land-based SODAR/sonic measurements on the
eoast (Eidersperrwerk) and inland (Itzehoe). In addition, the
results of the meteorologieal models (frietion veloeity and
pressure fields) are used for forcing the oceanographic
models. Synoptie meteorologieal data go into the oeeanographie
eireulation model for the entire North Sea. The mesoseale
model results will be used for the mesoscale eireulation model
of the southern North Sea.

Oeeanographie models

Numerieal models of the dynamics and suspended matter and
pollutant transport within the North Sea are under
development. The 3D-cireulation model (Baekhaus and Hainbucher
1987) has been extended by a foreing by aetual wind data and
SST-fields, now allowing simulation of the depth of the
thermoeline (Pohlmann 1990). Fig. 7 shows the eomputed
thermoeline depth for the month of July 1988.

On the basis of velocity fields of the cireulation model and
wave data, simulations of suspended matter transport and
concentrations have been earried out (Puls and Sündermann
1990, Sündermann and Puls 1990) as weIl as lead concentrations
and aeeumulation rates of fine sediments (see Fig. 8 for an
example).

Oue to the importance of small seale hydrodynamic proeesses in
the Gerrnan Bight and due to the Ioeation in a eoastal eurrent
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Computed annual accumulation of fine sediment at the
North Sea floor, average value of the three years
1979, 1985 and 1986. Calculations are on the basis
of velocity fields of the circulation model
(Pohlmann & Puls, 1992).
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system in which contaminants from local and remote sources are
mixed, transport models with a high resolution are necessary
in order to distinguish the different pathways of transported
po11utants. Such a model is current1y under deve10pment for
the southern North Sea. Numerical models are also being
developed to simulate the transfer of contaminants within the
ecosystem by plankton. On the basis of a 1-D phytoplankton
phosphate model (Moll, 1989), a 3-D model is under development
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in which advection and diffusion are included. The aim of this
model is to interpret primary production in time and space as
weIl as transport processes of pollutants within the
ecosystem.

Literature

•

•

AnonYmous (1980) Umweltprobleme der Nordsee - Sondergutachten
des Rats von Sachverständigen für Umweltfragen, W.
Kohlhammer Verlag, Stuttgart, 503 pp.

Backhaus, J.O. and D. Hainbucher (1987) A finite difference
general circulation model for shelf seas and its
application to low frequency variability on the North
European Shelf. In: Three-dimensional Models of Marine
and Estuarine Dynamics, J.C.J. Nihoul and B.M. Jamart
(eds.), Amsterdam, 221-224.

Beddig, S. & Sündermann, J. (1988) zirkulation und
Schadstoffumsatz in der Nordsee. Geowiss. 6:167-172.

Brockmann, U.H., K. Eberlein, G. Hentzschel, H.K. Schöne,
D. Siebers, K. Wandschneider, A. Weber (1977)

Parallel plastic tank experiments with cultures of marine
diatoms. HelgoI. wiss. Meeresunters. 30, 201-216.

Brockmann, U.H. and G. Kattner (1991) Nutrient distribution in
the North Sea during spring 1986 and winter 1987. (In
preparation).

Dicke, M., D. Schmidt and A. Michel (1987)
Trace metal distribution in the North Sea. proceedings,
International conference 'Heavy metals in the
Environment', New Orleans (USA), 15.-18.9.1987, Vol. 2,
312-314.

Faller, J., H. Hühnerfuß, W.A. König and P. Ludwig (1991)
Gas chromatographie separation of the enantiomers of
marine organic pollutants: Distribution of a-HCH
enantiomers in the North Sea. Mar. Pollut. Bull. 22:82-86

Joseph, J., H. Sentner and H. Weidemann (1964) Untersuchungen
über die horizontale Diffusion in der Nordsee. DHZ 17,
57-75.

Karbe, L., J. Gonzalez-Valero, T. Borchardt, M. Dembinski, A.
Duch, H. Hablizel, R. zeitner (1988)

Heavy metals in fish and benthic organisms from the
northwestern, central and southern North Sea: Regional
patterns comparing dab, blue musseI and hermit crab
(Limanda limanda, Mytilus edulis, Pagurus bernhardus)
ICES C.M 1988/E:22 •

Kersten, M., and V. Klatt (1988)
Traee metal inventory and geochemistry of the North Sea
shelf sediments. Mitt. Geol.-Paläontol. Institut,
Universität Hamburg 65, 289-311.

Knickmeyer, R., and H. steinhart (1988a)
Cyclic organochlorines in the hermit erab Pagurus bern
hardus and Pagurus pubescens from the North Sea. A com
parison between winter and early summer situation.
Netherlands Journal of Sea Research 22: 237-251.



16

Knickmeyer, R., and H. Steinhart (1988b)
The distribution of cyclic organochlorines in North Sea
sediments. Deutsche Hydrographische zeitschrift 41: 1-21.

Knickmeyer, R., and H. steinhart (1989)
cyclic organochlorines in plankton from the North Sea in
Spring 1986. Estuarien Coastal Shelf Science 28: 117-127.

Luthardt, H. (1985): Estimation of mesoscale surface fields of
meteorological parameters in the North Sea area from
routine observations. Beitr. Phys. Atmosph., 54, 222-232.

Moll, A. (1989)
Simulation der Phytoplanktondynamik für die zentrale
Nordsee im Jahresverlauf. Berichte aus dem Zentrum für
Meeres- und Klimaforschung der Universität Hamburg 2,
139.

Pahl, S. and H. Schlünzen (J990) Parameterisierung der
trockenen Deposition irL einem mesoskaligen Transport- und
Strömungsmodell. Bayrisches Landwirtschaftliches
Jahrbuch.

Pohlmann, T. (1990) Untersuchungen hydro- und
thermodynamischer Prozesse in der Nordsee mit einem 3
dimensionalen numerischen Modell. Dissertation im
Fachbereich Geowissenschaften der Universität Hamburg.

Pohlmann, T. and W. Puls (1992) Currents and transport in
water In: Sündermann, J. (ed) Circulation and contaminant
fluxes in the North Sea, Springer (in preparation).

Puls, W. and J. Sündermann (1990) Simulation of suspended
sediment dispersion in the North Sea. In: Cheng, R.T.
(ed) Residual and longterm transports, 356-372, Springer.

Schirmer, F., H.-H. Essen and K.-W. Gurgel (1987)
Surface currents remotely observed by means of RADAR.
Intern. Conf. on Coastal Engineering 1986, Taipei, Proc.
Vol. 3, 2653-2663.

Schlünzen, H. and S. Pahl (1991) Modification of dry
deposition in a developing sea-breeze circulation - a
numerical case study. Atmospheric Environment 25A (in
press).

Sündermann, J. & Degens, E.T. (1989) The North Sea - Water
exchange and pollution, Institut für Meereskunde,
Universität Hamburg.

Sündermann, J. and W. Puls (1990) Modelling of suspended
sediment dispersion and related transport of lead in the
North Sea. Mitteilungen aus dem Geologisch
Paläontologischen Institut der Universität Hamburg,
Gedenkband ET Degens, Heft 69.

Witte, H. (1982) Messung der Dispersion von Driftbojen in der
Nordsee zur Bestimmung des Einflusses des Seegangs auf
die Diffusion. Diplomarbeit, Universität Hamburg.

,

•

•
,


