Hypoxia In the Baltic Sea:
Is engineering the solution?
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Introduction

General features of the Baltic Sea

The lack of oxygen in bottom waters
- from modern to geological time

The “vicious circle” of eutrophication

“Engineering solutions” to the hypoxia problem













Saltwater inputs into the Baltic Sea
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Hypoxia <2 mgl/l

Hypoxia ="dead zones™



When you can'’t breathe,
nothing else matters!

American Lung Association

How long can you hold Mariager Fjord, Denmark
your breath? 25 August 1997



Hypoxia in the present
from monitoring data



Conley et al. 2002

Size of Denmark 43,000 km?






Hypoxia in the recent past
from geological data



Evidence of hypoxia

Laminated sediments

Formed due to cyclic sedimentation

Preserved under hypoxic conditions
Hypoxia prevents the establishment of a
benthic fauna that mixes the uppermost
sediments

Found in deeper areas below the halocline Iin
the Baltic Sea



Development through time
of laminated sediments

Jonsson et al. 1990



Laminated sediments in the Gotland Basin

At depths >150 m
laminae deposition
started 100 yr ago In
the Gotland Basin!!!
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Hypoxia In the Gotland Basin

Last 100 years

Medieval Warm Period

Holocene thermal maximum
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When did humans start to
affect the Baltic Sea?



Cultural eutrophication of lakes

Berglund etal. 1991
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No hypoxia: Late -medieval crisis

The Swedish population decreased from 1.1 million to
347 000 inhabitants (1300-1413)

Abundance of farms and agricultural production declined



Industrial Revolution - manual labor

replaced by industry

Agrarian Revolution - cutting of drainage
ditches intensified in the late 1800s

AD 1850-1880 Swedish export of wood
Increased with 400% (300% in Finland)

The number of saw mills doubled between
AD 1840 and 1870 (Finland)

The most treeless period in southern Sweden



The "viscious circle”

Summer cyanobacteria blooms
and nitrogen fixation

VRN

nitrogen

Spring bloom

phosphorus

Phosphorus is bound to iron oxides
under oxic conditions and then
released under hypoxia.
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650 million SEK from BalticSea2020
(Hypoxia Project - Conley et al.)

A Finnish foundation (BSAG) will
provide 50 million Euros in funding
to reduce P inputs

30 million SEK for pilot projects, but
the Swedish government has pledged
1000 million SEK



Model experiments
(Baltic Nest Institute and SMHI models)

Four generalized “engineering” solutions considered:

1) Deep water oxygenation
2-6 million tons oxygen needed each yeatr.

20,000-60,000 railway cars of liguid oxygen each year to
keep bottom waters oxic



Model experiments

Four generalized “engineering” solutions considered:

1) Deep water oxygenation
2-6 million tons oxygen needed each yeatr.

2) Increase exchange across the Drogden Sill
More saltwater inflow creates more stratification

and more hypoxia.

3) Closing the Drogden Sill
Short term hypoxia (10-15 years), but improved
oxygen conditions after 30 years.

4) Halocline ventilation by mid-water mixing (50 m to 125 m)
The only engineering solution that improves conditions.



Phosphorus Sequestration

Can we enhance the permanent burial of P in Baltic Sea
sediments by precipitation with aluminum, by
complexation with lime or otherwise enhance the
formation of apatite?

Is P sequestration possible in brackish waters?
Energy and CO, considerations
Ethical (reversibility) and legal considerations



Biomanipulation

The practice of altering biological
communities and interactions
through manipulation of species.

The rate of success varies in freshwater systems with too few
studies on marine ecosystems to evaluate effectiveness.

Is it possible to do on the scale of the Baltic Sea?

It is necessary (http://www.fiskeriverket.se/)



Workshop Recommendations

There is no “silver bullet.”

Large-scale solutions for the Baltic Sea are probably
not possible or feasible. Ginormous problem.

Need to restore functioning of the coastal filter.

Are there solutions for coastal zone?

Science In the support of management.

New funding should include solutions to reduce
nutrient loading to the Baltic Sea.



In all of the excitement of SEKSEKSEK’s & 'S

We must reduce nutrients for mitigation to be effective.

wrwk Y




Conclusions

Hypoxia has been present intermittently in the
Baltic Sea over the last 8000 years

Hypoxia disrupts P biogeochemical cycles and
leads to enhanced cyanobacterial blooms

Large scale solutions are probably not feasible

Get involved and ask questions!

Let’s get serious about reducing nutrient loading
to the Baltic Sea.






