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Eutrophication of seabeds – can the vicious circle be stopped?

Eight years ago BalticSea2020 launched the large-scale restoration project Living coast. The project is 
being conducted at Björnö bay in the Stockholm archipelago, and it aims to demonstrate that eutrophic 
bays around the Baltic Sea can once more achieve good ecological status. When the project first began, 
eutrophication in the bay was largely caused by phosphorus leaching out of the seabed. Today, that leach-
ing has stopped, but how has that come about? 

Emil Rydin is an associate professor in Limnology and one 
of Living Coast’s two project managers. He is presently 
working on a project entitled “Phosphorus binding in shal-
low eutrophic bays – which substances work?”, which is an 
extension of the Living coast project. We met Emil to hear 
about the experiences from Björnö bay, his expectations 
regarding the new project and its objectives. 

In healthy waters nutrients (in this case phosphorus) 
bind with substances such as iron and aluminium that 
are supplied naturally from the catchment area and are 
readily available in the seabed sediment. There is a suffi-
cient supply of these substances to bind the natural input 
of phosphorus after it reaches the bay. However, although 
iron is an effective phosphorus binder when oxygen is 
present in the water, binding cannot take place if oxygen is 
absent.

“A good deal of eutrophication has been shown to be due to 
past phosphorus discharges, which have been substantial 
enough that the seabeds are unable to bind it all properly. 
If the seabeds are unable to bind all the phosphorus input, 
then the phosphorus will leach back into the water. This 
is a vicious circle, as it creates a negative cycle where the 
seabeds can not bind the phosphorus which then con-
tributes to a rapid increase in algae, known as an algal 
bloom. And so it continues; the more phosphorus that is 

present in the body of water, the more it feeds the algal 
bloom, which when it sinks to the seabed consumes oxy-
gen in the bottom waters, causing iron-bound phosphorus 
to be released.”

Photo: Joakim Odelberg
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Image: Phosphorus (P) is bound to iron, aluminium or calcium in 
healthy sediment. Anoxic (dead) seabeds are less able to bind 
phosphorus and so it is released into the water, where it contri-
butes to eutrophication, which in turn leads to larger algal blooms 
and anoxic seabeds. A vicious circle develops. When the algae 
die, they sink to the bottom and are broken down by bacteria and 
tiny creatures. The decomposition process consumes oxygen and 
releases more nutrients. In the absence of oxygen, hydrogen 
sulphide (H2S) is formed.
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In coastal bays around the Baltic Sea, leaching from sea-
beds, which is also called internal loading, is often several 
times greater than the nutrient input from land runoff. One 
of the main reasons why phosphorus is not bound in sea-
beds is the lack of oxygen. Iron, which is the predominant 
natural phosphorus binder present in seabeds, dissolves 
and loses its binding ability in anoxic conditions. 

“The combination of an excess of nutrients and a lack of 
oxygen only reinforces this vicious circle. And, as we know, 
large parts of the seabed in the Baltic Sea are anoxic, and 
this problem also affects many slightly deeper archipelago 
bays,” explains Emil. 

As part of the Living coast project, the seabeds in the 
Björnö bay were treated to try and manage the eutrophi-
cation. The method used was treatment with aluminium.

Aluminium, like iron, is an excellent phosphorus binder, 
but aluminium has the advantage that its ability to bind 
phosphorus is not affected by anoxic conditions. It binds 
phosphorus permanently. In the Björnö bay the aluminium 
treatment was used on deeper anoxic seabeds, and it was 
the first time that this process had been used in a marine 
environment. Aluminium treatment has been used in lakes 
to stop bottom leaching for the past 50 years or so. How-
ever, the results are contingent on the nutrient input from 
land also being reduced. For, although the internal load is 
greater than the input from land, no lake or bay can remain 

free from eutrophication in the long term if new phosph-
orus continues to leach into the water.

“You should always first try to 
stop leaching from the land, 
which we did in the Björnö bay, in 
order to then be able to tackle the 
internal load,” explains Emil.

Aluminium treatment is a hotly 
debated method because alu-
minium is toxic to fish at very low 
pH values. The aluminium 
collects in the gills of fish and 
prevents them from getting 
oxygen.

“However, aluminium is already one of the most common 
elements in nature and seabeds. If there was significant 
acidification in the Baltic Sea, the aluminium that is pre-
sent naturally in the seabed would be toxic to fish there.”

Aluminium treatment of the seabed is a major project that 
requires careful investigation before treatment can begin 
to see whether it can be used in the bay in question. Are 
there challenges to aluminium treatment as a method for 
reducing eutrophication?

“Within the Living coast project the results so far have 
been very good! The challenges I see involve treating shal-
lower beds, whether they are in shallow lakes or coastal 
bays. At the Björnö bay we kept below the layer of colder 
water that remains relatively still irrespective of the sea-
son. This water has a stable, almost neutral, pH (7), which 
is ideal for both aluminium and iron. As the seabeds were 
anoxic, we were unable to use iron and so instead chose 
aluminium. The challenge comes when you have shallower 
eutrophic bays with beds at a depth of 3-4 metres. At these 
depths the water is not pH stable and it can rise signifi-
cantly if algal blooms are present, up to 9, which affects 
the stability of the aluminium-phosphorus bonds. The 
challenge therefore involves finding a method that works 
for shallow beds. At shallow depths lack of oxygen is not a 
problem, which is why iron ought to work as a phosphorus 
binder, and it is that theory that we are testing in the Gran 
bay.”

The Gran bay is located outside Östhammar in Uppland 
and is heavily eutrophic, with an average depth of 3 metres. 
Today, the secchi depth is about 0.5 metres. The project 
“Phosphorus binding in shallow eutrophic bays – which 
substances work?” will test both aluminium and iron as 
phosphorus binders in the Gran bay.

“The Gran bay is shallow and so the pH tends more 
towards alkaline. Aluminium enters solution at a pH in 
excess of 9 and loses its binding ability. 
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Image: Aluminium treatment in the Björnö bay.

Emil Rydin
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Text: Madeleine Kullenbo, BalticSea2020

We will test how much of a pH fluctuation aluminium can 
tolerate before it enters solution and see whether iron 
would work as a phosphorus binder under conditions in 
the bay,” says Emil.

The tests will be conducted within ten enclosures. 
 
“The enclosures take the form of tubes that run from the 
surface of the water down into the sediment. Water cannot 
enter or leave the enclosures, which are approx. 8 metres 
in diameter to enable sunlight to penetrate the water. In 
two of the enclosures we will supply aluminium solution to 
the topmost layer of the seabed, while in another two we 
will test aluminium granules, which sink into the sediment 
before dissolving. In two more we will be testing an iron 
solution, and in another two iron granules. The final two 
enclosures are control enclosures.”

The trial began at the end of May and will run through to 
the end of October. Water samples will be collected from 
the enclosures roughly every two weeks and tests perfor-
med to determine the amount of plankton present, pH and 
phosphorus levels. Emil is already waiting on the first test 
results from the project. 

“If they show that one of the methods works well, more 
tests will need to be carried out before a whole bay can be 
treated.”

In attempting to identify a method that works well, it is 
hoped that in the future shallow bays can be treated, 
restoring their ability to bind phosphorus. This would lead 
to clearer water, which in turn enables light to penetrate 
to the seabed and plants to grow. These would then help 
to bind more phosphorus. Species other than those that 
thrive in eutrophic environments would be able to move in 
and become established. 

One question that Emil has already been asked is whether 
the effects of treating seabeds can be maintained? In 
the case of the Björnö bay water quality has been excel-
lent since it was treated five years ago. However, positive 
results are influenced by a number of factors.

“Both the Gran bay and Björnö bay have little water rene-
wal with surrounding bays, but as long as there is some 
form of renewal, then the treated bay will be affected 
by the bay beyond. The objective for the Björnö bay is to 
break the vicious circle and increase the oxygen content 
of bottom waters, which will ultimately increase natural 
phosphorus binding in the seabed. If the external input 
of phosphorus has stopped, there is a good chance that 
sediment in the bay can bind the phosphorus present in 
the water and not be a net exporter of nutrients to the bay 
beyond. The bay becomes something of a water purifier 
before the water passes into the Baltic Sea.” 

What is next for the the Gran bay project? 

“The tests in the Gran bay will supplement the section 
of the White Paper for Living coast on how seabeds can 
be treated to reduce the internal load. We will be able to 
produce recommendations for the various treatments – 
which ones are less effective in shallow eutrophic bays 
and which ones work well. This additional information will 
enable a more comprehensive White Paper to be produced, 
which we hope will be a useful tool for the authorities and 
municipalities that are tackling these problems to help 
eutrophic bays in the Baltic Sea achieve good ecological 
status again,” concludes Emil.

Image: The sunken enclosures extend all the way down to the 
seabed, where aluminium and iron are mixed into the sediment. 
Samples are taken on a regular basis to examine phosphorus 
binding over time.       
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For more information about the projects Living coast and Phosphorus binding in 
shallow eutrophic bays – which substances work?, please visit BalticSea2020:s 
homepage.

http://balticsea2020.org/english/alla-projekt/overgodning/eutrophication-ongoing-projects/54-living-coast
http://balticsea2020.org/english/alla-projekt/overgodning/eutrophication-ongoing-projects/422-phosphorus-binding-in-shallow-eutrophic-bays-which-substances-work
http://balticsea2020.org/english/alla-projekt/overgodning/eutrophication-ongoing-projects/422-phosphorus-binding-in-shallow-eutrophic-bays-which-substances-work

