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OVERVIEW

Long-term change in the Elbe
Present problems with rapid decay of fresh riverine phytoplankton in the upper estuary
Challenge: to characterize the degradability of organic matter

Differentiate between “fresh” and ”recalcitrant” organic matter associated with SPM
Test of this method during a research cruise, September 2021
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PELAGIC OXYGEN CONSUMPTION RATES IN THE ELBE ESTUARY, GERMANY: 
PROXIES AND SPATIAL PATTERNS
Justus van Beusekom, Dorothee Fehling, Sina Bold, Tina Sanders

We estimated „C_fresh“: 
carbon NOT associated with clays and silt.
The estimate is based on the specific weight
of phytoplankton: 
~20 µmol/mg 
and SPM with minimum C content
~3 µmol/mg 
„C_fresh“ is a good proxy for degradability
The river is the major source of „C_fresh“ 
followed by the North Sea
The estuary is a sink for SPM enriched with C
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Hamburg

Estuary River ElbeGerman Bight

Tributaries

Elbe catchment area

• 1.100 km river length

• 150.000 km2 catchment

• ~24 Mio inhabitants

• International river area

• Discharge ~710 m3/s  (150 – 4000 m3/s)

Elbe Estuary

E.g. Boehlich & Strotmann, 2008
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Long-term change at the last river station upstream of the estuary
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Increasing seasonal organic matter dynamics

A shift in organic matter 
quality from 

waste water (degraded)
to 

Phytoplankton (fresh) 2000 2010

1980 1990
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Abb. 3.33: Vermischung mariner und fluvialer Schwebstoffe und Transportzeiten von Schwebstoffen 
im Elbe-Ästuar. Aus Schubert (2006): 
(a) Schematische Darstellung der Vermischung mariner und fluvialer Schwebstoffe im Elbe-Ästuar 

bei verschiedenen Oberwasserverhältnissen vor und nach der letzten Fahrrinnenanpassung 1999; 
(b) Transportzeiten feinkörniger Schwebstoffe im Elbe-Ästuar. 
 
 
Auch die Ergebnisse der BfG über die Mischungsverhältnisse von Nordsee- und Elbe-
schwebstoff längs des Ästuars lassen sich zur Bilanzierung des Feststofftransportes ver-
wenden: 

Increasing marine SPM in the freshwater part of the Elbe Estuary

higher than the average mass fraction of the samples from Clusters 2, 3
and 4 (3400 mg kg−1) (w(Ti) see Supplemental information Table A1).
These extreme variations are remarkable as they occur at a small spatial
scale (average distance between sample spots: 5 km) in a very dynamic
system (strong tidal currents, permanent dredging activities, shipping)
and are not explainable by the underlying geology of the Elbe Estuary,
which is assumed to be rather uniform and young, lying above Pleisto-
cene and Holocene sediment (Boelich and Strotmann, 2008; Paluska,
1992). Hence, it can be assumed that material with this distinct isotopic
and elemental signature is not original to the area but was transported
into the Elbe Estuary either by human activities or tidal dynamics as
proposed by Schoer (1990).

Significantly different isotopic and elemental signatures were ob-
served for samples S_001, S_002, S_004, S_005, S_006 and S_010 (Clus-
ter 1). Highly radiogenic Pb isotope ratios and highmass fractions of Th,
U, and REE in the grain size fraction b63 μm are typical for monazite,

which is a phosphate mineral with the general formula [(LREE)PO4].
Monazite is of industrial relevance as it is an important source for Th
and REE (Overstreet, 1967; Zhu and O'Nions, 1999a; Zhu et al., 1997).
The chemical composition of monazites is highly variable. However,
similar to samples assigned to Cluster 1, monazites are typically de-
pleted in HREE and enriched in LREE (cf. Fig. 5B). Moreover, the enrich-
ment of LREE in monazites correlates with the mass fractions of Th and
U and shows negative correlationwith themass fraction of Pb (Zhu and
O'Nions, 1999a; Zhu and O'Nions, 1999b). The investigated samples
show a positive correlation of the n(208Pb)/n(204Pb), n(207Pb)/n(204Pb)
and n(206Pb)/n(204Pb) ratios with the mass fractions of Th and U (rav
(n(20xPb)/n(204Pb); w(U, Th)) = 0.98). The correlation with the Pb
mass fraction is not pronounced, but in general negative (rav(n(20xPb)/
n(204Pb);w(Pb))=−0.28). Some studies report negative Eu anomalies
for monazite grains of up to 0.2 (Zhu and O'Nions, 1999a; Zhu and
O'Nions, 1999b). The most negative Eu anomaly in the analyzed

Fig. 3.A) Sr isotope ration(87Sr)/n(86Sr) and B)mass fraction of Sr as a function of the river kilometer C) Isotope ration(143Nd)/n(144Nd) andD)mass fraction of Nd as a function of the river
kilometer E) Isotope ratio n(206Pb)/n(204Pb) and F)mass fraction of Pb vs the river kilometer G) Isotope ratio n(208Pb)/n(204Pb) andH)mass fraction of Th vs the river kilometer. Error bars
correspond to expanded uncertainties U (k = 2); if not visible they are in the range of spot size.
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Estuary and the origin of geological older material to bemarine (Schoer,
1990), a rapid “dilution” of polluted riverine sedimentwithmarine sed-
iment is suggested. This mixing of two endmembers is also supported
by the plot of n(87Sr)/n(86Sr) against the inverted mass fraction of Sr
in (Fig. 4A) and the geographical mixing of Clusters 3 and 4 (Fig. 2B).
Most interestingly, this mixing process takes place at a very small re-
gional scale in the City of Hamburg. As described by Schoer (1990), ma-
rine sediment in the Elbe is transported upstream, caused by 20% higher
flood current velocities compared to ebb current velocities (“tidal

pumping”). The maximum upstream transport of marine sediment
was estimated to be located between river km 623 and 617, which is
in very good agreement with the results of this study.

The samples in Cluster 1 deviate significantly in their elemental and
isotopic signatures from the samples upstream. Especially, the radio-
genic isotope ratios of Pb show extreme values accompanied by high
mass fractions of Th, U and REE. In addition, high mass fractions of Ti
in the range of 8800 mg kg−1 ± 2500 mg kg−1 to 40,000 mg kg−1 ±
11,000 mg kg−1 are found for these six samples that are significantly

Fig. 2. A) Dendrogram for the sediment samples from the tidal Elbe showing four clusters. B) Map of the tidal Elbe showing the samples with the assigned clusters color-coded. C)–H)
Values of the cluster determining analytes along the tidal Elbe with the assigned clusters color-coded. Error bars correspond to expanded uncertainties U (k = 2); if not visible they
are in the range of spot size. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Reese et al., 2019

Sediment
87Sr/86Sr as a tracer 

SPM
Zn as a tracer

River                                                                             Sea

Kappenberg & Fanger, 2007; after Schubert, 2006



Schöl et al, 2014

Responsible for the decrease
• Transition shallow-deep
• Light limitation/Reduced growth
• FRRF measurements:

phytoplankton is in good shape (but..)
• Grazing of phytoplankton
• Sedimentation

At present:
massive  Elbe Phytoplankton blooms
collapse in the Hamburg Harbor area



Hamburg Harbor area
long-term station: SPM @ Seemannshöft/Teufelsbrück

• SPM increase
• Impact of low discharge
• Impact of Organic Matter Import
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• River: 
shallow (~5m) -> vigorous growth
• Harbor: 

deep (~18m) -> reduced growth
turbid -> reduced growth
• Loss factors

Grazing of Phytoplankton (?)
• Virusses(?)
• Sedimentation

Sauerstoffhaushalt Tideelbe, 22.04.2008

Rückgang des Chlorophyll

• Algenphysiologische Prozesse
Licht, Nährstoffe

• Verlustprozesse (extern)
Wegfraß durch Zooplankton  
Sedimentation 

• Vermischung/Transport
Zustrom in großen Wasser-
körper, d.h. hohe auch
Aufenthaltszeiten

Längsprofil des Phytoplanktons (Chlorophyll) 
und des Zooplanktons in der oberen Tideelbe
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Hamburg Harbor area: 
rapid decrease of phytoplankton biomass



Challenge: 
Can we distinguish between the fresh organic 
matter component from the river and the more 
recalcitrant organic matter associated with the 
marine SPM in the estuary?



Assumption:
Phytoplankton has a much higher C content per unit 
weight than SPM dominated by sediment particles 

• Mtot = Morg + Manorg (Mass of OM associated with primary production and with clay/silt)

• Ctot = Corg + Canorg (Carbon associated with primary production and with clay/silt)

• Corg = Korg * Morg                (relation between Mass and C content of OM from primary Production)

• Canorg = Kanorg * Manorg (relation between Mass and C content of OM associated with clay/silt)

• Korg = ~20 mM/g

• Kanorg =  ~3 mM/g

4 equations with 4 unknowns can be solved
(M = mass; C = Carbon content)

Equations for C in SPM
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High PC/SPM ratios in the harbor reaching up tp ~20 µmol/mg
Low PC/SPM ratios in the rest of the estuary reaching an asymptotic 
value of about 2.4 µmol/mg

Ko = 19.47

Ka = 2.39
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Oxygen concentrations (µmol/l)
black: Winkler; green: Ferrybox

Respiration rates of water samples (µmol/l/hr)

Fehling et al. unpublished

September 2020

Oxygen distribution and Respiration rates in the Elbe Estuary, September 2020
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We estimated „C_fresh“: 
carbon NOT associated with clays and silt.
The estimate is based on the specific weight
of phytoplankton: 
~20 µmol/mg 
and SPM with minimum C content
~3 µmol/mg 
„C_fresh“ is a good proxy for degradability
The river is the major source of „C_fresh“ 
followed by the North Sea
The estuary is a sink for SPM enriched with C
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