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PHOSPHORUS BOUND IN BOTTOM SEDIMENT

Within the BalticSea2020 project, “For a Living Coast”, aluminium treatment was used for the first time in a marine environment. 
The project’s objective is for the Björnö bay, a highly eutrophic bay in the Stockholm archipelago, to regain good water quality 
and a healthy fauna and flora (to attain good ecological status). Experience and knowledge gained from the project will be sum-
marised in a white paper to be disseminated to countries surrounding the Baltic Sea.

The dominant contribution to eutrophication in the Björnö bay came from phosphorus released from anoxic sediment. This 
phosphorus is a result of the “the sins of the past”, namely phosphorus emissions from earlier years which have been stored in 
benthic sediments for a long time and have leaked back into the water, contributing to eutrophication. The phosphorous release 
was remedied by aluminium treatment during the summers of 2012 and 2013, which yielded in a rapid and clearly positive effect 
on water quality.

For a Living Coast
The project began in 2010 and was implemented in Björnö 
bay in the Stockholm archipelago. The bay can be seen as a 
Baltic Sea in miniature, with 
high levels of nutrients in the 
water, widespread anoxic 
benthic zones and a minimal 
water exchange with the out-
side bay. New water enters 
Björnö bay from the outside 
Nämdö bay, as well as from 
the catchment area. The 
small estuary from Björnö 
bay to the Nämdö bay bears 
many similarities with the 
Baltic Sea, which only has 
Öresund and Bältsunden 
that connect with the North 
Sea. This means that both 
the Baltic Sea and the waters 
of Björnö bay have an exten-
ded renewal time and inflows 
of fresh oxygen-rich water 
seldom occur, which contri-
butes to what is released into the water remaining there for 
a long time. For Björnö bay to regain good ecological status, 
a number of measures have been implemented, both on land 
and in the bay. From the bay’s catchment area, nutrient re-

lease from agricultural activities, substandard sanitation 
solutions and horse farms has been reduced. But the biggest 
nutrient leakage into the bay has came from the sins of the 
past, namely phosphorus re-emissions from earlier years, 
which have been stored in benthic sediments for a long time, 
and have been leaking back into the water when the bottom 
has become anoxic. The release was stopped by aluminium 
treatment during 2012 and 2013.

Anoxic Sea-beds
Nutrients, such as nitrogen and phosphorus, which reach 
lakes and seas are fertilisers for phytoplankton and other 
algae. When algae die, they sink to the bottom and are de-
composed by bacteria and small animals. The decomposition 

process releases nu-
trients and oxygen in the 
bottom water is consu-
med. Free phosphorus 
bonds with iron, calcium 
and aluminium that are 
naturally found in the 
sediment, but when the 
oxygen is depleted, the 
iron loses its capacity to 
bond with phosphorus. 
Then the phosphorus 
leak back into the water 

and becomes available 
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Anoxic benthic zones covered by 
bacteria producing hydrogen sulphide. 
Photo: Vattenekologerna

Björnö bay. Red marked areas show 
the diffusion of anoxic benthic zones 
at the start of the project. 
Illustration: Anna-Lena Lindqvist.
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for phytoplankton and algae. Further algae growth contribu-
tes to even more organic matter being broken down, and even 
more anoxic sea-beds: a “vicious cycle” arise.

Before the start of the project, the Björnö bay sea-beds be-
low six metres were all anoxic. This corresponds to 55% of 
the benthic surface and 45% of the water volume. Where it 
is anoxic, neither fauna nor flora can exist, only bacteria that 
are resistant to the toxic hydrogen sulphide can survive here.

Fish and fauna in the bay
Fish surveys conducted during the summer of 2012, before 
the aluminium treatment, showed that roach, perch, bream 
and bleak dominated in the bay. They are typical freshwater 
fish, and this composition of species shows that this was a 
highly eutrophic ecosystem. These fish eat zooplankton; if 
the number of zooplankton is reduced, the number of phyto-
plankton (algal blooms) increases. The region was also short 
of predatory fish, which is also typical of eutrophic areas.

The bay was dominated by filamentous algae such as Cla-
dophora. Benthic vegetation such as bladder wrack and Per-
foliate pondweed occurred to a small extent. These algae are 
perennial and dependent on sunlight – something that is in 
short supply in the turbid waters. The fast-growing filamen-
tous algae took over and reduced the biodiversity in the bay.

Why aluminium treatment?
Natural phosphorus-binding agents are, for example, iron, 
aluminium and calcium. Both phosphorus and binders reach 
the Baltic Sea and Björnö bay through natural runoff, wea-
thering and erosion of the surrounding land. 60-70 years ago, 
there was a balance between these two, which meant that the 
phosphorus was bonded to the binder and was not available 
to plants and algae. The supply of phosphorus has conside-
rably increased since then, but the supply of binders has not, 
which means that there is now a high availability of phospho-
rus for algal growth. When, in addition to this, the sea-beds 
become anoxic some binders release their phosphorus mo-
lecules.

The balance between binders and phosphorus needs to be 
restored to get improved water quality in Björnö bay. To achie-

ve this, several methods have been evaluated. BalticSea2020 
funded a project where lime residues were tested as binders. 
At the conclusion of the project, there were no clear indica-
tions that the lime actually bonded with the phosphorus and 
that is why this method has not been seen as appropriate for 
use in Björnö bay. Another alternative considered was dred-
ging. With dredging, the top layer of sediment is sucked up 
and removed and the leachate is aluminium treated before 
being returned to the bay. This method was not chosen for 
Björnö bay either, on the grounds that it is very costly and has 
not been tried more than a couple of times in Swedish lakes. 
Aluminium treatment is however nothing new; it has been 
implemented in eutrophic lakes since the 1970s. But, in the 
Living Coast project it is now taking place for the first time in 
a marine environment. Unlike iron and calcium, aluminium is 
the binder which is not affected by anoxic conditions or the pH 
value of the water. It also permanently binds the phosphorus, 
which means that the treatment will have long-term positive 
results and is cost effective – important factors that made it 
the method chosen for the treatment of Björnö bay.

How is an aluminium treatment undertaken?
The sediments in Björnö bay have been investigated in order 
to be able to estimate the amount of phosphorus in the ben-
thic zones which is expected to leak back into the waters. 
After sampling of sediment cores and analyses, it was estima-
ted that the risk of phosphorus leaking back was 5 grams per 
square metre. To bind 5 g of phosphorus requires 50 grams of 
aluminium per square metre. In Björnö bay a total of 80 hec-
tares anoxic sea-bed was treated with aluminium.

The aluminium solution used in the treatment is the same 
used in drinking water purification. The solution was mixed 
into the anoxic sediment surface, which in Björnö bay’s case 
were bottoms deeper than 6 metres. The phosphorus relea-
sed in the sediments bonds to the deposited aluminium and 
leakage into the water mass ceased immediately. In 2012, this 
treatment was carried out in the 6-12 metre anoxic sea-beds 
of Björnö bay. In 2013, sea bottoms deeper than about 12 
metres were treated, and in order to do that, the vessel had to 
be rebuilt to reach that far down.

“Despite that in 2012, we weren’t able to treat the whole bay, 

The boat that blends the aluminium solution into the sediments has 
been specially constructed and equipped with hoses that are carried 
down to the sea-bed. Photo: Fredrik Wulff.

The tubing is connected to a tank on the boat. The aluminium solution is 
carefully blended into the sediment by the hoses. Photo: BalticSea2020.
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we saw immediate results. The water was clearer a few weeks 
after the treatment was completed,” says Emil Rydin, Associa-
te Professor of Limnology/project manager at BalticSea2020.
So far, the Living Coast project has carried out measurements 
of the sea-beds at 2 years and 4 years after the aluminium 
treatment, and it looks really good.

“It’s vital that the bonding between the phosphorus and the 
deposited aluminium remains stable so that the phospho-
rus that has been bound will not later be released. By all ac-
counts, it looks that way,” says Emil.

If the positive results remain, the methodology can become an 
important measure to be taken in the coastal areas where the 
deeper bottoms have lost their natural phosphorus-bonding 
ability and earlier phosphorus emissions continue to produce 
eutrophication.

The Björnöfjärd, today and in the future
After treatment, the bay has regained the same water quality 
as it had in the 1950s. This will enable the flora and fauna to 

recover from eutrophication that the bay has been afflicted 
with for many years. 
The number of predator fish has increased, and this helps to 
keep the number of zooplankton-eating fish down. The po-
pulation of zooplankton is increasing, which is good because 
they feed on phytoplankton (algae blooms). As the water be-
comes clearer, the opportunity increases for perennial algae 
to grow and multiply, which contributes to increased biodi-
versity in the bay. Animals and plants will also be able to live 
at depths where the prevalence of anoxic benthic zones has 
declined. The bay has not yet fully recovered, but it is well on 
the way!

So that the water quality of the bay will continue to remain 
good, it is important to maintain measures on land that mi-
nimise nutrient leaking from agriculture, horse management 
and sewerage. Otherwise the bays’s water quality will dete-
riorate again. Outer lying bays also contribute nutrients to 
Björnö bay. So, in the long term, the water quality of the Baltic 
Sea will also influence the quality of the water in Björnö bay 
as well.
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Text: Madeleine Holst, BalticSea2020


