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Introduction

The North Sea is one o f the most productive ecosystems in the m arine environm ent, but 
s ign ifican t input o f toxicants from  very diverse sources occurs which may harm this ecosystem. 
Up till now, little a ttention has been paid to  sea-based sources o f po llu tion  (e.g. accidental 
spills o r leakage from  platform s). A lthough most o f the pub lic interest has gone to  o il spills and 
the quantity o f chem icals transported is substantia lly less than o il, the potentia l harm fo r the 
m arine environm ent from  a given am oun t o f chem icals spilled can be several orders of 
m agnitude greater. M any o f the chem icals transported by sea are highly toxic a n d /o r  persistent, 
can b ioaccum ula te  o r cause long-term  effects. In case o f an accident at sea, it is im portan t that 
accurate in form ation  on environm enta l partition ing , b ioava ilab ility , (eco)toxicity is im m ediately 
ava ilab le . A  num ber o f databases on physical and chem ical properties o f chem icals have 
already been deve loped, but little a ttention has been paid to  specific issues such as the im pact 
on m arine life, environm enta l fate and b ioaccum ula tion  in m arine food  chains. M ost often the 
in terpretation is left to  the expert user o f the database. Should an accident occur in which 
substances are discharged into the sea, th reaten ing to  be washed up on the beach o r even 
spilled by transporta tion  over land, a prom pt reaction to  the ca lam ity is essential in o rder to 
m inim ize the potentia l dam age. The choice o f effective measures to  abate  the po llu tion  w ill 
depend to  a large extent on the d irect ava ilab ility  o f re liab le  and up-to-date  in form ation  on the 
fa te, hazards and risk m anagem ent procedures to  be taken fo r the spilled product. In this 
regard it is im perative tha t all relevant in form ation  is m ade ava ilab le  in a proper fo rm a t tha t is 
easily accessible and in terpretable fo r all stakeholders concerned including the non-expert.

Database development

A  too l in which environm enta l data o f specific m arine pollutants is m ade ava ilab le  to  a broad 
range o f possible end-users has been developed in the DIMAS project. Since the too l should 
fac ilita te  and support the decision m aking in case o f an accidenta l sp ill, involvem ent o f d ifferent 
stakeholders belonging to  d ifferent o rgan iza tiona l levels was a prerequisite so tha t specific 
concerns over the com ple te  chain o f com m and could  be taken into account. This was reflected 
in the com position  o f the proposed users com m ittee tha t consisted o f representatives o f federal 
and m unicipal adm in istrations, scientists, port authorities, c lean-up  and care professionals etc. 
As such it could be ensured tha t the developed database is ta ilo red  to  the needs o f the different 
end-users.
The pro ject itself consisted o f 4 consecutive phases:
■ Identification and selection o f the most im portant contam inants at the Belgian coast, the 

Belgian C ontinenta l Shelf and the Scheldt Estuary.
■ C o llection  o f physico-chem ical and eco toxico log ica l in form ation  regarding the selected 

contam inants.
■ Evaluation and interpretation o f the gathered data.
■ D evelopm ent o f an integrated database with a g raph ica l user interface and m odelling  o f the 

ecotoxico log ica l data.
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Phase 1: Identification and selection of the most im portant contaminants a t  the 
Belgian coast, the Belgian Continental Shelf and the Western Scheldt

The value o f an environm enta l risk assessment depends to  a large extent on the ava ilab ility  o f 
re liab le  and up-to -da te  in form ation . Since it would have been an enorm ous task to  co llect data 
fo r all hazardous substances tha t could be o f possible concern to  the m arine environm ent, it 
was deemed necessary to  restrict the current pro ject to  those substances relevant fo r the Belgian 
coast, Belgian C ontinenta l Shelf and the Scheldt Estuary tha t would  be o f highest concern fo r 
im m ediate  action. Thus, in the first phase, the priority contam inants were listed to  be included in 
the database. Selection was perform ed based on criteria such as b ioaccum ula tion  potentia l, 
toxicity, persistence, frequency o f involvem ent in accidenta l spills, frequency o f transport over 
sea and volumes transported. Furtherm ore, the intrinsic presence o f contam inants in ships and 
the occurrence o f contam inants in dumpsites were taken into account. This list was com pared 
with o ther existing priority lists (OSPAR priority lists, ENECE POP list, EU W ate r Fram ework 
directive etc.) and va lidated against transport data from  harbours. An overview  o f lists and 
databases used fo r selecting substances is given in Fig. 1.
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Fig. 1. Selection o f substances.

Phase 2: Collection of physico-chemical and  ecotoxicological information  
regarding the selected contaminants

In the second phase an extensive literature search was perform ed to  gather all in form ation 
necessary fo r the database. For each o f the com pounds, data were collected on physico­
chem ical properties, ecotoxico logy, hum an effects and GESAMP hazard profiles. M ost data on 
acute, subacute and chronic effects at d ifferent troph ic  levels (fish, a lgae, plants, invertebrates, 
m icro-organizm s) were gathered from  in ternational scientific literature. Next to  peer reviewed 
literature, existing databases, nationa l and international reports, research program m es etc. were 
searched.
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■ Physico-chemical properties were co llected from  ECB-ESIS (European Chem icals Bureau -  
o ffic ia l European chem ical Substances In form ation System, conta in ing  IUCLID Chem ica l Data 
Sheets and Risk Assessment Reports), NSDB (N ord ic Substance Database) and peer reviewed 
literature.

■ Ecotoxico logical data were m ainly gathered from  ECB-ESIS, the US-EPA EC O TO X database 
(US EPA, fo rm er AQUIRE database), the ED-North database (database on Endocrine 
Disruptors in the North Sea), the U G ent EC O TO X database (with properties and risk and 
safety phrases o f chem icals transported over the N orth  Sea and eco tox ico log ica l profiles on 
these chemicals) and peer reviewed literature. W ate r as well as sedim ent data were 
assembled on ecotoxicology. Since m arine data were scarce fo r most com pounds, freshwater 
data were also gathered to  a llow  read across.

■ Hum an tox ico log ica l data were m ainly gathered from  the U G ent EC O TO X database and 
ECB-ESIS.

Phase 3: Evaluation and  interpretation of the gathered data

In the th ird  phase qua lity  and relevance o f the gathered data were assessed. This was o f utmost 
im portance fo r the data com piled  on the effects on m arine biota. Therefore, a deta iled quality 
screening o f m arine data and a rough qua lity screening o f the (less relevant) freshwater data 
were carried out. The m arine data were classified based on the ava ilab ility  o f the fo llow ing  
in fo rm ation : perform ance o f the tests accord ing to  in terna tiona lly  accepted procedures, 
in form ation  on the 'contro l', in form ation  on the test concentra tion range, ava ilab ility  of 
in form ation  on test characteristics, statistical analysis o f the reported dose-response 
relationships and in form ation  on the analytic perform ance. O n ly  relevant (marine) data tha t met 
high qua lity  standards were used in the database. Procedures fo r risk m anagem ent were also 
included. A  broad range o f organizms and endpoints were assessed, but if insufficient data fo r 
the m arine environm ent were ava ilab le , results from  freshwater studies were used. Q ua lity  
screening fo r freshwater studies was m ore lim ited than fo r the saltwater studies because the high 
num ber o f freshwater data did not a llo w  such a high detail level w ithin the fram ew ork o f the 
current project. Thus, freshwater data were given a qua lity score ('reliable', 're liable with 
restrictions' o r 'not fu lly verifiable') depending on the data source (e.g. data from  EU risk 
assessment reports are classified as re liab le whereas data from  the US-EPA EC O TO X database 
are considered not fu lly verifiable).

Phase 4: Developm ent of an integrated database w ith a  graphical user 
interface and  m odelling of the ecotoxicological data

In the fourth  phase the re la tional database with a g raph ica l user interface was developed. Data 
were stored in a re lational Access database (see Figs 2 and 3). The advantages o f using a 
re la tional database over typ ical archive techniques are the powerful querying capabilities, ease 
fo r im porting and exporting data in a variety o f fo rm ats, and faster access to  data . The 
database is made accessible to  a ll end-users (experts and non-experts) as a fu lly w eb-enabled 
searching database using a simple g raph ica l user interface and is retrievable via the pro ject 
website (http : /  /  www. vl iz. b e / p ro jects /d i mas). In case o f accidenta l spills, a ll end-users, public 
services, media and the general pub lic w ill be able to  easily ga ther objective , quality-assured 
in form ation .

In form ation tha t was entered in the database includes physico-chem ical characteristics o f the 
com pounds (physical state, m elting po in t, bo iling  point, density, so lubility , vapour pressure, log 
Kow, ...), acute and chronic eco toxico log ica l data on d ifferent m arine and freshwater species, 
risk and safety phases and GESAMP hazard profiles.
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Fig. 2 . S tructure o f the DIMAS da tabase in Access.
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Fig. 3. DIMAS da tabase in Access.

Based on the am oun t o f the com pound spilled and the physico-chem ical properties o f the 
com pound , the water- o r sedim ent concentra tion after an accidenta l spill is estimated (exposure 
m odelling). To fac ilita te  interpretation o f the toxicity data , all relevant effect data fo r a given 
com pound are m odelled and visualized in PAF-curves (Potentially Affected Fraction) or
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com piled  in a Predicted N o Effect C oncentra tion  (PNEC). An exam ple o f a PAF-curve is given in 
Fig. 4. This curve allows an estimate o f the % species tha t would  be affected at a certain 
environm enta l concentra tion and can be ca lcu lated fo r acute and chronic data.
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Fig. 4 . PAF curve fo r acute effects ace ton itrile  (acute LC50 o r EC50 p lo tted  aga ins t the cum u la tive  % o f 
species).

The last step in the m odelling part o f the DIMAS pro ject, was the environm enta l partition ing  
m odelling . It is very im portant to  estimate which o f the com partm ents (water, sedim ent, a ir, 
b iota o r soil) is most affected by a chem ical spill. This can be done by m odelling  the behaviour 
o f the com pound in the environm ent. For this purpose, the approach  developed by M ackay et 
al. (1996abc) was integrated in the DIMAS database.

M ackay et a l. (1996abc) describe a m ultim edia  equ ilib rium  criterion m odel (fugacity m odel), 
which can be used to  evaluate the environm enta l fate o f a variety o f chem icals. The m odel 
treats chem icals tha t fa ll into three categories. In the first ca tegory the chem icals may partition 
into all environm enta l m edia , in the second they are invo latile , and in the th ird  they are 
insoluble in water. The m odel consists o f level I, II, and III ca lcu lations. By sequentially do ing 
level I, II and III ca lcu lations, increasing in form ation  is obta ined abou t the chem ical's 
partition ing , its susceptibility to  transfo rm ation  and transport, and the environm enta l process 
and the chem ical characteristics tha t most influence chem ical fate. Level I estimates the 
equ ilib rium  partition ing  o f a quantity o f o rgan ic  chem ica l between the hom ogeneous 
environm enta l media with defined volum es, densities, o rgan ic  carbon contents, and lipid 
fraction. There are no in- o r out-flows o f chem ica l, and no degrad ing  reactions occur. Level II is 
s im ila r to  the Level I described above, but is a steady state m odel with a constant input rate, 
rather than single dose o f chem ical. There is both advective in- and o u t-flow  o f chem ical from  
the unit w orld . C hem ical losses can also occur th rough  degrad ing  reactions. Level III does not 
assume an equ ilib rium  state, but only steady state. The program  uses conventiona l expressions 
and typ ical parameters fo r interm edia transfer by processes such as wet deposition from  the a ir, 
sedim ent deposition in the water, and soil runoff. However, fo r the DIMAS database, only 
level 1 ca lcu lations are perform ed as these require the least input in form ation . O u tp u t data give
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a picture o f the chem ica l's  fate in an evaluative o r generic environm ent. For DIMAS, the 
standard environm ent was adapted , by virtua lly e lim ina ting  the soil com partm ent.

For each o f the com pounds in the database, environm enta l partition ing  can be m odelled if 
enough input data is ava ilab le  (m o lecu la r w eight, water so lubility , vapou r pressure, melting 
point, log Kow). The ou tpu t o f the environm enta l fate m odelling is a partition ing  o f the 
com pound between a ir, aerosols, water, sediment, suspended sediments, and biota (fish).

Dissemination

Active d issem ination o f the com piled in form ation  is o f key im portance fo r increasing public 
awareness and understanding by all stakeholders. This is done th rough  a variety o f means, e.g. 
pub lica tion  o f reports and th rough a pro ject and cluster website, but the true va lorisa tion o f the 
results consists in the use o f the integrated and m ulti-d isc ip linary database em bedded in a fu lly 
w eb-enabled searching g raph ica l user interface (h ttp ://w w w .v liz .be / pro jects/d  ¡mas). Data 
accessibility is im proved by using standard form ats sim plify ing data retrieval and use. As such 
the too l w ill increase transparency and a llow  fo r rapid com m un ica tion . Furtherm ore, the output 
com patib ility  with a lready existing im pact models was taken into consideration. The first 
beneficiaries o f this too l are the people directly involved in the first phase o f a contingency plan 
fo r an accidenta l spill. As such, in itia l decision m aking will be fac ilita ted , fo r exam ple when 
concern ing the level to  which the organ ization  should be alerted o r m obilized, whether action is 
required etc. The fina l ind irect beneficiaries are the general public (scientists, journalists, 
general pub lic , etc.) w ho w ill be better inform ed abou t the potentia l im pact to  man and the 
environm ent and ultim ately better protected.
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