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Quantifying riverine
nutrient fluxes

My career

Societal welfare W

W = Y20 B* (B(es, pr) — D(Cp)
Searching optimal abatement of P

Estimating algal-available

P by bioassays

Which P form should we reduce?

Coupled biogeochemical cycles of
N,P,C, Fe, Mn, S

Testing novel
agricultural P
abatement measures

Understanding
sediment
processing of P
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Integrated assessment of eutrophication
HELCOM Eutrophication Assessment Tool (HEAT 3.0)
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Andersen JH, Carstensen J, Conley DJ, Dromph K, Fleming-Lehtinen V, Gustafsson BG, Josefson AB, Norkko A, Villnas A, Murray C. 2017. Long-term
temporal and spatial trends in eutrophication status of the Baltic Sea. Biol. Rev. 92:135-149.



“A large
estuary”

Except no tide
Salinity
-~ Decreases from the

Danish straits towards
east and north

- Increases with depth

-~ Halocline at about 60-
80 m depth

Salinity stratification
prevents aeration of near-
bottom waters

Major salt water inflows
supply O,

» Positive NAO promotes
major salt water inflows

» Effect of climate
change?
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“Very good news for the Baltic Sea - the
largest salt pulse in 60 years”

Erittain hyva uutinen Itamerelta -
suurin suolapulssi 60 vuoteen

KOTIMAAL, 812015 18:32
Juha-Pekka Raeste HELSIMNGIN SAMNOMAT

Reheviityvan tameren tila paranee, mutta Suomenlahden jama voivaliaikaisest heiketd. Kuva Kaivopuiston rannalta
joulukuussa

Helsingin Sanomat 8.1.2015



Deoxygenation of the near-bottom waters
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P release from marine sediments:
1. Prevalence of microbial Fe reduction and a

coupled Fe and P cycling

Photo: Seppo Knuuttila
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Fe(ll) (diss)

Dominates when
Microbially available Fe(lll) oxides
present
Sediment surface oxygenated
allowing the oxidation of Fe(ll)

Bottom fauna bioturbates surface
sediment

Fe(llO

15/,H* + 4FeOOH (s) + 1/, C,H;0; — HCO3 + 4Fe?*(1) + 6H,0

I304 (diss

X‘PO%)



P release from marine sediments:
2. Prevalence of microbial SO, reduction and an
uncoupled Fe and P cycling
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Algae

Dominates when PO 4 (diss)
Fe(lll) oxides consumed
Plenty of labile organic C
Sediment surface is anoxic

1/,H" +1/,803~ (1) + '/, C,H305 — 1/, H,S(g) + HCO3
FesS

Photo: Seppo Knuuttila
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The total Nitrogen input is decreasing in the Baltic Sea since 1995
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A drastic decrease in the P load to the
Gulf of Finland
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Fig. 2. Annual P and N load from the WWTPs of S5t Petersburg into the GOF [ Vodokanal,

2015).

Phosphorus in the Gulf of Finland
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Potential for load reduction
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Russia
* Missing reduction 250 tly
P, 8000 t/y N
Improving waste water
treatment

Estonia
* Missing reduction 234 t/y P,
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(P)

4 /3 -

Ollikainen M. 2016. Cost efficient protection of the Gulf of Finland. Raateoja M, Setala O (Eds.). The Gulf of Finland assessment. Reports of the Finnish
Environment institute 27/2016.

Knuuttila S, Kondratyev S, Lips U, Ekholm P. 2016. Nutrient load: targets and required reductions. Raateoja M, Setéla O (Eds.). The Gulf of Finland
assessment. Reports of the Finnish Environment institute 27/2016.



Finnish agri-environmental programme the main
measure targeting agricultural nutrient load
Focus on erosion control

« Particulate P dominates in agricultural runoff
At least 20% of field area has to be under "winter
green cover”, subsidy increasing till 80%
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Reduced tillage cuts down total P losses...

Ploughing No-till

Puustinen-M, Turtola E, Kukkonen M, Koskiaho-J, Linjama J, Niinioja R,-Tattari-S. 2010. VIHMA—A tool for allocation. of measures to control erosion and
nutrient loading from Finnish agricultural catchments. Agriculture, Ecosystems and Environment 138:306-317.




... but also affects P forms

Ploughing No-till

Puustinen'M, Turtola E, Kukkonen M, Koskiaho J, Linjama, J, Niinioje-R, Tattari-S. 2010. VIHMA—A tool for allocation of measures.to control erosion and
nutrient loading from Finnish agricultural catchments. Agriculture, Ecosystems and Environment 138:306-317,




Release of soil P in anoxic brackish water
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e L from soil (up to 44% of total P)
 Does Fe in eroded soil have an effect?
« Agricultural rivers: 6.1-6.5% Fe in total
suspended solids
« Can eroded soil maintain Fe reduction and
inhibit SO, reduction?

Ekholm P, Lehtoranta J. 2012. Does control of soil erosion inhibit aguatic eutrophication? Journal of Environmental Management 93:140-146.
Lehtoranta J, Ekholm P, Wahlstrom S, Tallberg P, Uusitalo R. 2015. Organic carbon regulates phosphorus release from eroded soil transported into anaerobic
coastal systems. AMBIO 44:263-273.

Photos: Seppo Knuuttila, Jouni Lehtoranta
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’Massive emissions from Russian
fertilizer plant”

Venalaiselta lannoitetehtaalta
jattipaastot Suomenlahteen

KOTIMAA 18.1.2012 5:00 18.1.2012 1

Heli Saavalainen HELSINGIN SANOMAT

Helsingin Sanomat 18.1.2012



Gypsum (CaSO, - 2H,0) reduces particulate
and dissolved P from clayey soil

The TraP project*
’ 100 hectares of clayey soil amended with phosphogypsum
Before  60% reduction in particulate P and 30% in dissolved P
« Effect lasted about 4 years
 The most cost-effective P abatement measure

o ,
 No negative effects on yield

After dissolution the ionic strength of soil solution increases
’ e Electrical double layer is suppressed
 Particles can come closer, form larger aggregates and become

less sensitive to erosion
« Desorption tendency of P also reduced

After
gypsum

The SAVE project

« 1550 hectares amended with
gypsum in 2016

~ SAVE

*Ekholm P, Valkama P, Jaakkola E, Kiirikki M, Lahti K, Pietola L. 2012. Gypsum amendment of soils reduces phosphorus losses in an agricultural catchment.
Agricultural and Food Science 21:279-291.

Photos: Janne Artell



Conclusions

Temporally and spatially varying physical conditions affect the
state of the Baltic Sea

— Major salt water inflows will not rescue the sea
The sea appears to respond to nutrient load reductions
— Internal processes slow down the recovery
N and P load should be further reduced
— Measures in agriculture required
e Lack of knowledge on eutrophying nutrients
* Traditional measures slow or controversial
 Novel methods?
Sea-based measures?
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Untypically clear water in the eastern Gulf of Finland



