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How fast…
Method (Data basis Ratios)
• PCB ratio (chemical fingerprint) as tracer for suspended load 

transport 
• Estimation of average transport velocities

How much …
Method (Data basis Concentrations)
• Calculation of the monthly PCB loads
• Where and how much of the PCB-tagged SPM has settled?

How bad… 
…..for dredging activities in the estuary
Method (Data basis Concentrations and Ratios)
• Measurement of the PCB concentrations and ratios in the tidal 

Elbe
• Estimation of the PCB concentrations under different discharge 

conditions 

Research questions - Methods
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PCB – Data

Data producer Parameter Observation frequency

FGG-Elbe (Federal states) SPM1 of the fresh water
part of the Elbe

Monthly samples

BfG - permanent 
monitoring stations

Sediments of the fresh
water part of the Elbe

Annual samples

BfG – permanent 
monitoring stations

SPM of the estuary and the
entrance of the estuary

Generally monthly samples, 
since Dec. weekly at the
entrance of the estuary

BfG – permanent 
monitoring stations

Sediments of the estuary Generally monthly samples, 
since Dec. biweekly at two
stations

BfG/WSÄ – monitoring of
dredging sectors

Sediments of the estuary Annual samples

FGG-Elbe (HU (BUE)) -
permanent monitoring
stations

SPM of stations in the
estuary

Monthly samples

HPA – release test for
sediment transfer

Sediments of the Hamburg 
Port Area

Annual samples

1: SPM: Suspended Particulate Matter
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How fast…….

Amongst other applications, Aroclor 1260 was used in protective
paints

Highly chlorinated congeners (PCB 180, PCB 153 and PCB 138) show a 
significant higher percentage in the mixture than the less chlorinated
PCB (PCB 101, PCB 52 and PCB 28)

Specific PCB 6 ratio:  
𝑷𝑪𝑩 𝟏𝟖𝟎+𝑷𝑪𝑩𝟏𝟓𝟑+𝑷𝑪𝑩𝟏𝟑𝟖

𝑷𝑪𝑩 𝟐𝟖+𝑷𝑪𝑩𝟓𝟐+𝑷𝑪𝑩𝟏𝟎𝟏

PCB ratio (chemical fingerprint) as tracer for suspended load transport:

Source: EPA (2012), modified in ELSA (2016)
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Data: FGG Elbe and BfG

PCB pattern changes in 2015 Changing PCB ratio

PCB Ratio (chemical fingerprint) as tracer for suspended load transport:

How fast…….

Weir Geesthacht

SchmilkaZehren

Dommitzsch

Wittenberg

Magdeburg
Cumlosen

Schnackenburg

Data: FGG Elbe, Weir Geesthacht: BfG

PCB 6 Ratio of the Paint:
10-11
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Monthly migration of PCB-tagged suspension along the river

Estimation of average transport velocities in 2015 - PCB 6 Ratio as tracer

How fast…….



folio 8

Monthly migration of PCB-tagged suspension along the river

How fast…….

Estimation of average transport velocities -
PCB 6 Ratio as tracer

2015
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How fast…
Method (Data basis Ratios)
• Proxy for suspended load transport: PCB ratio (chemical 

fingerprint)
• Estimation of average transport velocities

How much …
Method (Data basis Concentrations)
• Calculation of the monthly PCB loads
• Where and how much of the PCB-tagged SPM has settled?

How bad… 
…..for dredging activities in the estuary
Method (Data basis Concentrations and Ratios)
• Measurement of the PCB concentrations and ratios in the tidal 

Elbe
• Estimation of the PCB concentrations under different discharge 

conditions

Research questions - Methods
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1. Load Calculation according to IKSE, 2014 

monthly suspended load

2. Estimation of uncertainties via Monte Carlo Experiments

How much …

Calculation of the monthly PCB loads in 2015
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Monthly distribution of PCB load

How much …

Calculation of the monthly PCB loads in 2015 (with PCB concentrations)
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• Significant reduction of total PCB tagged SPM load within the first 514 km 
downstream of the incident site 

• Roughly 73% of the annual SPM load in 2015 (relative to station 1 
“Schmilka”, 43 km downstream of the incident site) is stored in the 
sediments of storage areas of the Elbe River 

• SPM in transport enters storage areas after a relatively short distance/time -
low discharge conditions 2015

• Remobilisation of PCB tagged sediments with increasing discharge is likely -
further transport downstream

How much …

Where and how much of the PCB-tagged SPM has settled in 2015?

PCB Load in the Elbe River in 2015

Schmilka

(3,9 km)

Zehren

(89,6 km)

Dommitzsch

(172,5 km)

Wittenberg

(216,5 km)

Cumlosen

(470 km)

Schnackenbg. 

(474,5 km)

Sum

F [kg] 

(p=90%)
76.6 – 98,6 58.1 – 74.0 40.9 – 53.5 35.4 – 47.7 19.1 – 33.7 16.9 – 30.9

F [kg] 

(median)
87.3 65.9 46.9 41.4 26.4 23.7

ΔF [kg] 21.4 19.0 5.5 15.0 2.7 63.6

ΔFSchmilka [%] 25% 22% 6% 17% 3% 73%
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PCB 6 concentrations and ratios along the
river (sediments in storage areas) 

Nur Sedimente
Stations are long-term measurement stations of the BfG

Only at a few stations
PCB concentrations are
significant higher in the
years 2015 and 2016

PCB 6 ratios show that
PCB tagged SPM settled
in storage areas,
especially in 2017
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How fast…
Method (Data basis Ratios)
• Proxy for suspended load transport: PCB ratio (chemical 

fingerprint)
• Estimation of average transport velocities

How much …
Method (Data basis Concentrations)
• Measurement of the monthly PCB loads
• Where and how much of the PCB-tagged SPM has settled?

How bad… 
…..for dredging activities in the estuary
Method (Data basis Concentrations and Ratios)
• Measurement of the PCB concentrations and ratios in the tidal 

Elbe
• Estimation of the PCB concentrations under different discharge 

conditions

Research questions - Methods
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How bad… 
…..for dredging activities in the estuary
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How bad… 
…..for dredging activities in the estuary

Parameter Unit Fraction AL 1 AL 2

Arsenic mg/kg TS <20 µm 40 120

Cadmium mg/kg TS <20 µm 1,5 4,5

Chrome mg/kg TS <20 µm 120 360

Copper mg/kg TS <20 µm 30 90

Nickel mg/kg TS <20 µm 70 210

Lead mg/kg TS <20 µm 90 270

Zinc mg/kg TS <20 µm 300 900

Mercury mg/kg TS <20 µm 0,7 2,1

MKW (C10 - C40) mg/kg TS <63 µm 200 600

Sum PAH 16 mg/kg TS <63 µm 1,8 5,5

Sum PCB 7 µg/kg TS <63 µm 13 40

a-Hexachlorcyclohexane µg/kg TS <63 µm 0,5 1,5

g-Hexachlorcyclohexane µg/kg TS <63 µm 0,5 1,5

p,p'-DDT µg/kg TS <63 µm 1 3

p,p'-DDD µg/kg TS <63 µm 2 6

p,p'-DDE µg/kg TS <63 µm 1 3

PeCB µg/kg TS <63 µm 1 3

HCB µg/kg TS <63 µm 1,8 5,5

TBT µg OZK/kg TS <2000 µm 20 300

P- total mg/kg TS <2000 µm 500

N - total mg/kg TS <2000 µm 1500

Action levels (AL) for dredging and depositing in the estuary (GÜBAK)

AL 2: 
• Impact forecast has 

to be developed
• Depositing in the 

estuary has to be 
checked thoroughly
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Discharge
Neu 
Darchau
(km 536)

Long-term measurements of the sum PCB 7 concentrations in the estuary

How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

Geesthacht Weir, km 586
Wedel, km 642
Bützfleth, km 658
Brunsbüttel, km 696
Cuxhaven, km 727

Decreasing PCB-concentrations
in the Elbe estuary towards the
sea

Action Level 2

Caused by the tidal influence, concentration peaks in the
estuary are delayed compared to the peaks at the weir
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Measurement of the PCB concentrations and ratios in the tidal Elbe

How bad… 
…..for dredging activities in the estuary

Estuary Fresh water part

Weir

Data: FGG Elbe and BfG 
(estuary and weir)

Action Level 2
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How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

Significant change in PCB 6 ratio at the weir and in Bunthaus in the end of
2015 and beginning of 2016, but no change in the ratio at stations in the
estuary

July 2015
Nov/Dec. 2015
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ID Name

1 Außeneste 

2 Köhlfleet 

3 Parkhafen 

4 Norderelbe Bl.7 

5 Vorhafen 

6 Reiherstieg Nord 

7 Hansahafen 

8 Strandhafen

9 Köhlbrand 

10 Sandauhafen 

11 Rethe 2/3 

12 Süderelbe Bl.5 

13 Seehafen 2_4 

14 Reiherstieg Vorhafen 

How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

Sampling sites in dredging sections of the Port of Hamburg 

Coloured sections = dredging sections
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How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

So far, no significant elevated PCB concentrations in harbour
sediments identifiable
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How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

Significant change of PCB ratios only at sampling stations at 
the harbour entrance
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Action 
Level 2

How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

12

4

5
6

7

8

3

9

10
11

12

Cuxhaven (Elbe-
km 727)

Wedel (Elbe-km 
642)

Tidal Elbe
Wedel-Cuxhaven

Dredging sections with fine sediments are
important

Section 1, 3, 5 and 7

Dredging
section Name

12 Osteriff

11 Brunsbüttel 

10 Scheelenkuhlen

9 Freiburg 

8 Wischhafen 

7 Rhinplate

6 Steindeich 

5 Pagensand 

4 Stadersand

3 Juelssand

2 Lühesand

1 Wedel 
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PCB 6 concentrations
Action 
Level 2

PCB 6 Ratios

How bad… 
…..for dredging activities in the estuary

Measurement of the PCB concentrations and ratios in the tidal Elbe

So far, no significant
elevated PCB concentrations

and changing ratios in the
sediments identifiable

12

4

56

7
8

3

9
101112
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How bad… 
…..for dredging activities in the estuary

% marine / fluvial

C marine C fluvial C estuary mixed

% marine / fluvial

C estuary (projected)

Calculated change

Amount of marine 
SPM = constant

Increased or changed 
SPM / contaminant input

From concentration ratios

Mixing Model

Estimation of PCB concentrations in the tidal Elbe under different discharge 
conditions and fluvial input concentrations

C fluvial: concentration measured at the tidal
weir Geesthacht

C marine: mean coastal concentration
C estuary mixed: measured concentration at 

station x in the estuary
% marine / fluvial: ratio of marine / fluvial 

material at station x
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Date

Geesthacht 

Measured  

Conc.

Wedel 

Calculated 

Conc. Date

Measured 

Concentration 

in Wedel

17.05.2016 65 15 17.06.2016 14

23.05.2016 110 23

31.05.2016 46 12

06.06.2016 41 11 04.07.2016 13

30.06.2016 39 11

11.07.2016 72 16 05.08.2016 12

18.07.2016 32 10

25.07.2016 60 14

31.07.2016 55 13 01.09.2016 14

08.08.2016 47 12

15.08.2016 51 13 16.09.2016 17

22.08.2016 45 12

29.08.2016 47 12

05.09.2016 46 12 05.10.2016 14

fictitious 

concentration in 

Geesthacht 220 41

How bad… 
…..for dredging activities in the estuary

Estimation of PCB concentrations in the tidal Elbe under different discharge 
conditions and fluvial input concentrations

Action Level: 
40 µg/kg

Estimation under low discharge
conditions

Estimation under high discharge
conditions

170 µg/kg in 
March 2017

51 µg/kg in April 
2017

High discharge
conditions

Date

Geesthacht 

Measured 

Conc.

Wedel 

Calculated 

Conc. Date

Measured 

Concentration 

in Wedel

15.02.2016 69 29 15.03.2016 23

22.02.2016 40 18

29.02.2016 56 24

07.03.2016 67 28

14.03.2016 68 28 04.04.2016 35

fictitious 

concentration in 

Geesthacht 100 40

Note: delayed transport in the
estuary
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Conclusions

• A direct transport of the SPM load via the mean flow 
velocity of the water was not observed (however: data gap 
at Geesthacht weir). 
• At the latest, in July 2015 PCB tagged SPM reaches the tidal weir 

at Geesthacht, 626 km downstream and enters the estuary. 
• Within the tidal Elbe river the transport velocity strongly 

decreases and 25 km downstream the tidal weir, the PCB6 ratio 
was not detected before December 2015.

• The major part of the PCB-tagged suspension is 
transported via suspended load. 
• Roughly 73% of the annual SPM load is stored in areas with low 

flow velocities of the Elbe River, suggesting that suspended 
sediment in transport enters storage areas after a relatively short 
distance.

• Once SPM settles, significant storage can occur over short-term 
up to decadal time scales. This might strongly complicate 
sediment management issues in the future.
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Conclusions

• The transport path of SPM in rivers depends strongly on 
the discharge conditions and includes periods in which 
transport takes place as well as periods in which SPM is 
deposited, e. g. in areas with low flow conditions near the 
channel bed, at least temporarily. 

• So far, no significant impact on sediment quality in the
estuary could be observed

• Low discharge conditions (like in the years 2015/2016) 
lead to a high percentage of relative clean marine 
sediments in the estuary – high dilution effect

• BUT: high discharge conditions (especially long lasting) 
lead to a higher percentage of fluvial PCB-tagged SPM 
and consequently to a worse sediment quality
(increasing PCB concentrations)
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Outlook

• Analyses and evaluation of SPM samples collected
during high discharge conditions in spring 2017 on 
mats in floodplains (BUE Hamburg)

• Continued sampling and evaluation of sediments and
SPM in the estuary (especially at dredging locations)

• Continued evaluation of PCB Data in SPM of the fresh
water part of the Elbe River (Data FGG Elbe) 
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Thank you for Attention

Thanks to all Co-Authors and Data Suppliers


