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Input of Input of terrstrialterrstrial nutrientsnutrients intointo thethe coastalcoastal oceanocean

Introduction

surface water input

groundwater

recirculating
seawater

> 10 % of the freshwater input (Burnett et al. 2006)
Slow diffuse flow, relatively small volume
but: mostly much higher nutrient concentrations

= additional oceanic component of 
submarine groundwater discharge

Global river-derived nutrient inputs 
into the ocean have tripled since the 
1970’s (Smith et al. 2003)
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NutrientNutrient inputinput viavia
submarine submarine groundwatergroundwater dischargedischarge (SGD)(SGD)

volume of water discharged as SGD may be small relative to surfavolume of water discharged as SGD may be small relative to surface ce 
dischargedischarge
increasedincreased concentrationconcentration of of dissolveddissolved solidssolids comparedcompared to to rainrain oror riverriver waterwater

maymay bebe of of greatgreat locallocal importanceimportance

ecologicalecological impactimpact on:on:
–– productivityproductivity and and biomassbiomass
–– speciesspecies compositioncomposition and and distributiondistribution ((LapointeLapointe 1997)1997)

anthropogenic increases in groundwater nutrient concentrationsanthropogenic increases in groundwater nutrient concentrations
eutrophicationeutrophication (Johannes 1980)(Johannes 1980)

groundwater residence times can range from years to decadesgroundwater residence times can range from years to decades
(Hu et al. 2006)(Hu et al. 2006)

Introduction
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Hel (Poland)Hel (Poland)

Sampling site

Bay of
Gdansk

Puck Bay

Hel
Peninsula

Hel

Main sampling site
Reference sampling site

SamplingSampling campeignscampeigns
September and November 2009September and November 2009

May and May and OctoberOctober 20102010
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SGD on Hel PeninsulaSGD on Hel Peninsula

Dominant N Dominant N speciesspecies in in groundwatergroundwater mostlymostly nitratenitrate (Smith et al. 2006)(Smith et al. 2006)

Samples Samples fromfrom Hel Hel peninsulapeninsula duringduring autumnautumn 2009: 2009: 
veryvery high high ammoniumammonium concentrationsconcentrations (up to 5 mmol L(up to 5 mmol L--11))
nitratenitrate nonexistendnonexistend oror onlyonly in in veryvery lowlow conentrationsconentrations (max. 2 (max. 2 µµmol Lmol L--11))
high high amountsamounts of Hof H22S S no no oxygenoxygen

DiplomaDiploma thesisthesis
CharacterizationCharacterization of of thethe spacialspacial and and seaonalseaonal N N inputinput via SGD via SGD intointo thethe Puck BayPuck Bay

FateFate of of dissolveddissolved N N fromfrom submarine submarine groundwatergroundwater
–– MixingMixing and/orand/or assimilationassimilation of of ammoniumammonium ((δδ1515N N signaturessignatures))
–– TrackingTracking nitrogennitrogen fromfrom groundwatergroundwater intointo thethe foodwebfoodweb

Determination of Determination of thethe sourcesource of of ammoniumammonium
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Samples from fixed lancesSamples from fixed lances

Seasonal variability

0 2 4 6 8

salinity

40

30

20

10

0

-10

de
pt

h 
[c

m
]

sept 2009
nov 2009
may 2010
oct 2010

0 250 500 750 1000 5500 5750

NH4
+ [µmol L-1]

40

30

20

10

0

-10

sept 2009
nov 2009
may 2010
oct 2010

increasingincreasing NHNH44
++ concentrationconcentration withwith decreasingdecreasing salinitysalinity

highesthighest NHNH44
++ concentrationconcentration duringduring November 2009November 2009

lowestlowest NHNH44
++ concentrationconcentration duringduring May 2010May 2010
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Seasonal variability

conservativeconservative mixingmixing
different different slopesslopes
high high variabilityvariability

May 2010: May 2010: lowlow NHNH44
++ in in spitespite of of lowlow

salinitysalinity
rainwaterrainwater influenceinfluence??

water column
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similarsimilar δδ1515N N valuesvalues withinwithin thethe autumnautumn samplessamples, in , in spitespite of different of different 
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++ concentrationsconcentrations
ConservativeConservative mixingmixing

higherhigher δδ1515N N valuesvalues duringduring May 2010May 2010
rainwaterrainwater usuallyusually lowlow δδ1515N N valuesvalues no no likelylikely sourcesource
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Groundwater source

water column

lowlow δδ1515N N valuesvalues
degradationdegradation of of terrestrialterrestrial materialmaterial

leafleaf litterlitter δδ1515N: N: --8 to 38 to 3‰‰ (Peterson & (Peterson & 
FryFry, 1987), 1987)

170m 170m deepdeep well:well:
similarsimilar δδ1515N N valuesvalues, , butbut lowlow NHNH44

++

concentrationconcentration

22--3m 3m deepdeep well:well:
δδ1515N N valuesvalues aroundaround 10 10 ‰‰ and and lowlow

NHNH44
++ concentrationconcentration

TheThe sampledsampled wellswells areare notnot thethe sourcesource
of of thethe SGDSGD
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samplessamples fromfrom fixedfixed lanceslances and and „„off off shoreshore““ samplessamples showshow similarsimilar
δδ1515N N valuesvalues and and conservativeconservative mixingmixing of NHof NH44

++

„„nearnear shoreshore““ samplessamples showshow higherhigher δδ1515N N valuesvalues moremore similarsimilar to to 
waterwater columncolumn and and BalticBaltic SeaSea porewaterporewater samplessamples

different different sourcesource??

high high spatialspatial variabilityvariability
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high spatial variability in salinity, NHhigh spatial variability in salinity, NH44
++ concentration and concentration and δδ1515N values within N values within 

the sedimentthe sediment

mainly conservative mixing of NHmainly conservative mixing of NH44
++ from groundwater into the water from groundwater into the water 

columncolumn
no processes like nitrification in the sedimentno processes like nitrification in the sediment

no certain evidence for seasonality within the groundwaterno certain evidence for seasonality within the groundwater
samples during May 2010 may also show spatial variabilitysamples during May 2010 may also show spatial variability

low low δδ1515N values in NHN values in NH44
++ from groundwater indicate from groundwater indicate degradationdegradation of of 

terrestrialterrestrial materialmaterial

no no evidenceevidence forfor anthropogenicanthropogenic influenceinfluence

Summary
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Thank you!


