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Chemical pollution

Sentinels of the sea

Organic and inorganic chemicals are produced by human activity and end up in our seas and 
oceans. As stated by the scientist Reddy: “During the course of the 20th century, the planet 
became and is now chemically different from any previous time”. As more humans inhabit coastal 
regions, question arises about the health of oceans. Marine mammals can be used to get early 
warning about negative trends and impact linked to anthropogenic activities. Such organisms are 
qualified as sentinel species. In turn, sentinels will permit us to better characterize and potentially 
manage negative impacts on human and animal health associated with our oceans.

The chemical pollution status of the North Sea
The North Sea is often considered as one of the most polluted seas in the world. Indeed, approxi-
mately 185 million people live in the highly industrialised countries bordering the North Sea. An 
additional 85 million inhabitants occupy the Baltic catchment, which flows into the North Sea. 
Densities of populations differ greatly, with over 1,000 inhabitants per km2 off the coasts of Belgi-
um and the Netherlands, to less than 50 inhabitants per km2 along the coasts of Norway and Scot-
land. On top of this, there are large-scale seasonal migrations by tourists to the coast. Tourism 
induces large-scale seasonal migrations to the coast. Pollution from these population centra 
reaches the sea directly from the coast and through several large rivers. The contaminants 
disperse by the currents or accumulate locally in sedimentation areas such as the intertidal zones 
and estuaries.

In addition to heavy anthropogenic inputs of pollutants from land, busy shipping routes and 
off-shore exploitations (gas and oil), the North Sea also provided waste incineration areas until 
1991, with subsequent high organochlorine residue levels in benthic and pelagic organisms. 

By far the largest industry in the North Sea, offshore exploitations land more than 92 billion m3 of 
gas and 183 million tons of oil per year, which are transported through a 10,000 km long network 
of pipelines. Other activities, such as marine aggregate extraction, contribute to up to 15% of 
some bordering country demands for sand and gravel. Serious physical impacts are related to 
substratum removal and alteration of the bottom topography, such as the formation of temporary 
plumes in the water column, and re-deposition of material. Re-suspension of contaminated sedi-
ments, like those occurring during dredging activities, especially in harbours and their vicinity, 
largely influences pollutant distribution in the water column, making them readily bioavailable to 
invertebrate organisms. The intensive use of the North Sea causes a number of problems in rela-
tion to a healthy ecosystem and sustainable use: a series of old problems continues to affect the 
ecosystem, sometimes showing some signs of improvement whereas new problems have also 
occurred (i.e. detection of new synthetic compounds).

Marine mammals as pollution indicators

During the past few decades, increasing concern about environmental pollution has led to many 
investigations on chemical pollution and their distribution in the sea, air or biological materials. 
The distribution of chemical pollutants in the marine environment is not homogeneous and a 
considerable variation of concentrations may occur both regionally and temporally. The use of 
bioindicators offers a useful alternative for pollution monitoring studies. Marine mammals appear 
to be potentially valuable indicators of the level of chemical pollutants accumulated in the marine 
environment. Due to their top position in the trophic network, their long life span and their long 

biological half-time for the elimination of pollutants, these animals accumulate high levels of 
chemicals, such as organochlorinated compounds and toxic metals (e.g. mercury Hg, cadmium 
Cd, …). 

The increased interest in studying contaminants in marine mammals is due to large-scale die-offs 
or impaired reproduction, which could lead to population declines of some pinniped and small 
cetacean species, and the finding of relatively large contaminant burdens in these animals. In 
many cases, morbillivirus infections were the primary cause of the disease outbreaks. These 
mass mortalities among seals and dolphins inhabiting contaminated marine areas have led to 
speculation about the possible involvement of immunosuppression associated with environmen-
tal pollution. 

Controlled experiments are unavailable to establish any definite causal relation between these 
pollutant concentrations and any physiological problem. Moreover, the data are always difficult to 
interpret because of the presence of other chemical contaminants and other stressors. The 
physiological status of the organisms (e.g. pregnancy, moulting, fasting…) also changes the 
toxicity of heavy metals. In addition, the available measurements have almost all been performed 
on animals found dead, which leaves doubts about the general applicability of collected data at 
which an effect at individual or population level might be expected. 

Many investigations have been carried out to evaluate contaminant effects. For example, eals fed 
polluted fish from the Dutch Wadden Sea showed reduced pup production compared to those fed 
much less polluted fish from the Northeast Atlantic. This study was the first sign of a causal relati-

onship between naturally occurring levels of pollutants and a physiological response in a marine 
mammal. 

A more recent study over a two-year period has demonstrated an impairment of several immune 
parameters in harbour seals fed on herring from the Baltic Sea when compared to those fed with 
fish from the less polluted Atlantic Ocean. 

Among impaired parameters, natural killer cell activity plays an important role in the first line of 
defence against viral infections. In addition, the seals consuming contaminated herring accumula-
ted higher body burdens of potentially immunotoxic organochlorines than seals fed relatively 
uncontaminated herring. In the latter study, heavy metal levels have unfortunately not been deter-
mined either in fish or in seals. Possible immunosuppressive actions of other groups of environ-
mental contaminants, such as toxic metals, cannot be ruled out. Direct cause and effect links 
between a single kind of contaminant and possible population declines has not been established 
so far, so that many researchers have proposed the possibility of a synergistic role of different 
substances in increasing the susceptibility of affected animals to diseases.
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Figure1:  Bioaccumulation of toxins in the marine food chain has long been recognized as a problem.   
 The process illustrated here relates to polychlorinated biphenyls (PCBs), a typical environmen 
 tal toxin. © maribus (after Böhlmann, 1991)
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TASK 1:   Collect blue mussels (Mytilus edulis) and keep them in a well-aired aquarium.

  Arrange another aquarium of similar size next to the first one. Pour a mix of  
  planktonic algae (from a lake, or pre-grown in a tank) into both aquariums and  
  notice how fast the mussels are able to clean the water.  

  See: https://www.youtube.com/watch?v=iOc0AuHAtDM




