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Introduction – contamination Elbe estuary
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Major use change for the dumping site within the Elbe estuary:

• Current use:
• Max. 5.5 Mio. m³ dredged sediments annually

(1.5 Mio. m³ non-cohesive and 4 Mio. m³ cohesive)
• Goal: Fine sediment removal

• Planned use:
• 7.5 Mio. m³ of dredged material annually (~ 4.5 mio. t DS)
• Increase of 3.5 Mio. m³ of fine material

Fairway adjustment Weser:

• One-time measure
• Relocation of 8.9 m3 sediment 

includung 1.5 m3 silty seidments
(~ 825,000 t DS)



BfG5

Risk assessment - methodology

hydraulic numerical 
model

Example risk assessment Elbe 686/690

Input:

Hydrological parameters

Information on dumping of dredged sediments

Output:

Detailed prediction of

• dumping induced SPM increase

• Distribution of dredged material on the sediments

UnTrim:
• Finite difference / finite 

volume methods for 
simulating flow and 
transport processes in 
water bodies

SediMorph:
• Simulation of three-

dimensional 
sedimentological processes 
at the sediment surface

Dumping site

© Federal Waterways Engineering and Research Institute (BAW)
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Risk assessment - methodology

hydraulic numerical 
model

post processing

• Aggregation and summary of model results 

• defined spatial units (balancing areas)

• Calculation of statistical parameters

• Time series



BfG7

Risk assessment - methodology
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𝐶𝑜𝑛𝑐. 𝑝𝑟𝑜𝑔. =
𝐶1 ∗  𝑀1 + 𝑀2 ∗ 𝐶2

𝑀1 +  𝑀2

Risk assessment – methodology

Evaluation of potential contaminant inputs into surface sediments:
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Proportion of initial 
sediment

Conatminant load of 
dredged material

Proportion of dredged 
material 

Initial concentrations

• weighted average contaminant load 
in the dredging areas

• “Characteristic” pollutant concentration 
for the sediments of each balancing area

• Geostatistical processing of available 
measured values

Fraktion <63 µm

• Statistical value of the predicted 
proportion of dredged material in the 
surface sediment at the end of the model 
run

• Predicted proportion of initial sediment in 
the surface sediments at the end of the 
model run

threshold threshold weigthed

value 1 value 2 average

Arsenic <20 µm mg/kg 40 120 30 30 30 32 28 29 29 29

Lead <20 µm mg/kg 90 270 77 78 78 74 62 65 68 67

Cadmium <20 µm mg/kg 1,5 4,5 1,46 1,98 2,08 1,66 1,29 1,23 1,14 1,38

Chromium <20 µm mg/kg 120 360 69 71 73 86 85 89 95 86

Copper <20 µm mg/kg 30 90 51,5 55,1 56,9 56,4 43,6 45,6 43,5 47

Nickel <20 µm mg/kg 70 210 39 40 40 43 41 45 45 42

Mercury <20 µm mg/kg 0,7 2,1 0,87 0,88 0,94 1,33 0,98 0,89 0,91 0,99

Zinc <20 µm mg/kg 300 900 422 502 512 429 366 364 361 389

PCB Sum 7 (angegeben) <63 µm*  µg/kg 13 40 11,7 14 12,6 15,6 8,2 8,8 8,6 10

a-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,51 0,65 0,55 0,55 0,34 0,33 0,33 0,4

g-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,16 0,18 0,16 0,3 0,2 0,15 0,18 0,2

Hexachlorbenzene <63 µm* µg/kg 1,8 5,5 4,7 6,9 5,8 5,3 3,6 3,5 4,1 4,2

Pentachlorbenzene <63 µm* µg/kg 1 3 0,94 1,21 1,03 1,05 0,73 0,67 0,79 0,83

p,p'-DDT <63 µm* µg/kg 1 3 2,57 5,49 4,13 2,27 0,96 1,52 1,08 1,68

p,p'-DDD <63 µm* µg/kg 2 6 9,1 12,2 9,4 7,7 5,2 5,9 6,2 6,6

p,p'-DDE <63 µm* µg/kg 1 3 3,03 3,9 3,38 3,8 1,92 2,04 2,05 2,43

Hydrocarbons (C10 - C40) <63 µm* mg/kg 200 600 106 113 118 189 99 177 227 149

PAK-Sum 16 (EPA) <63 µm* mg/kg 1,8 5,5 1,5 1,7 1,6 2,3 1,1 1,3 1,4 1,4

Tributyltin <2000 µm µg/kg 20 100 33 26 32 37 29 19 15 26

Phosphorous (total) <2000 µm mg/kg 500 996 1320 1044 732 693 677 527 724

Nitrogen (total) <2000 µm % 0,15 0,28 0,37 0,27 0,13 0,13 0,14 0,11 0,15

Case 1: C < threshold value 1

Case 2: threshold value 1 < C < threshold value 2

Case 3: threshold value 2 < C

Süderelbe Köhlbrand BBox (HPA) BA01 BA02 BA03Parameter fraction unit Norderelbe

Parameter fraction unit threshold threshold Norderelbe Süderelbe Köhlbrand BBox (HPA) BA01 BA02 BA03 weigthed

value 1 value 2 average

Arsenic <20 µm mg/kg 40 120 30 34 32 38 28 31 29 31

Lead <20 µm mg/kg 90 270 81 88 87 102 63 70 66 73

Cadmium <20 µm mg/kg 1,5 4,5 1,81 2,95 2,7 3,48 1,38 1,6 1,28 1,83

Chromium <20 µm mg/kg 120 360 69 75 79 110 85 77 89 87

Copper <20 µm mg/kg 30 90 59,1 71,2 68,8 90,1 48,2 54 48,4 57

Nickel <20 µm mg/kg 70 210 38 41 42 52 41 43 45 44

Mercury <20 µm mg/kg 0,7 2,1 1,16 1,46 1,46 3,57 1,05 1,11 1 1,43

Zinc <20 µm mg/kg 300 900 478 650 620 710 382 437 373 459

PCB Sum 7 (angegeben) <63 µm* µg/kg 13 40 18,6 20 17,5 37,1 8 9,1 9,5 13,8

a-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,6 0,92 0,71 1,48 0,62 0,43 0,53 0,72

g-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,21 0,27 0,22 0,91 0,2 0,22 0,2 0,3

Hexachlorbenzene <63 µm* µg/kg 1,8 5,5 5,7 8,8 7,4 15,5 4,1 4,4 3,9 6,1

Pentachlorbenzene <63 µm* µg/kg 1 3 1,16 1,66 1,32 2,97 0,96 1,07 0,88 1,29

p,p'-DDT <63 µm* µg/kg 1 3 2,92 7,57 5,17 4,28 1,13 1,52 1,49 2,29

p,p'-DDD <63 µm* µg/kg 2 6 10,2 15,2 11,8 17,5 7,4 8,1 8,2 9,8

p,p'-DDE <63 µm* µg/kg 1 3 3,46 4,96 4 11,35 2,58 2,91 2,57 4,02

Hydrocarbons (C10 - C40) <63 µm* mg/kg 200 600 105 131 132 438 105 194 210 185

PAK-Sum 16 (EPA) <63 µm* mg/kg 1,8 5,5 1,9 2,2 1,9 5,6 1 1,1 1,3 1,9

Tributyltin <2000 µm µg/kg 20 100 33 26 32 37 29 19 15 26 

Phosphorous (total) <2000 µm mg/kg 500 950 1335 1047 521 731 638 587 719

Nitrogen (total) <2000 µm % 0,15 0,26 0,33 0,26 0,07 0,15 0,13 0,12 0,15

Case 1: C < threshold value 1

Case 2: threshold value 1 < C < threshold value 2

Case 3: threshold value 2 < C



Risk assessment – methodology

Evaluation of potential contaminant inputs into surface waters:
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Conatminant load of 
dredged material

Predicted SPM increase (numeric model results)Initial concentration

𝐶𝑝𝑟𝑜𝑔 = 𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + 𝐶𝑑𝑟𝑒𝑑𝑔𝑒𝑑_𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 
∗ 𝑆𝑃𝑀_𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒

• Mean contaminant contaminations of 
the dredged sediments

Average measured concentration at a 
measuring point 2016-2021 (2nd WFD 
management cycle)

Mean of monthly averages: 23,559

• Predictions for annual average 
concentrations and maximum expected 
concentrations

• Maximum contaminant inputs calculated 
from maximum predicted suspended 
matter inputs

• Average contaminant inputs calculated 
from average predicted suspended 
matter inputs

threshold threshold weigthed

value 1 value 2 average

Arsenic <20 µm mg/kg 40 120 30 30 30 32 28 29 29 29

Lead <20 µm mg/kg 90 270 77 78 78 74 62 65 68 67

Cadmium <20 µm mg/kg 1,5 4,5 1,46 1,98 2,08 1,66 1,29 1,23 1,14 1,38

Chromium <20 µm mg/kg 120 360 69 71 73 86 85 89 95 86

Copper <20 µm mg/kg 30 90 51,5 55,1 56,9 56,4 43,6 45,6 43,5 47

Nickel <20 µm mg/kg 70 210 39 40 40 43 41 45 45 42

Mercury <20 µm mg/kg 0,7 2,1 0,87 0,88 0,94 1,33 0,98 0,89 0,91 0,99

Zinc <20 µm mg/kg 300 900 422 502 512 429 366 364 361 389

PCB Sum 7 (angegeben) <63 µm*  µg/kg 13 40 11,7 14 12,6 15,6 8,2 8,8 8,6 10

a-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,51 0,65 0,55 0,55 0,34 0,33 0,33 0,4

g-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,16 0,18 0,16 0,3 0,2 0,15 0,18 0,2

Hexachlorbenzene <63 µm* µg/kg 1,8 5,5 4,7 6,9 5,8 5,3 3,6 3,5 4,1 4,2

Pentachlorbenzene <63 µm* µg/kg 1 3 0,94 1,21 1,03 1,05 0,73 0,67 0,79 0,83

p,p'-DDT <63 µm* µg/kg 1 3 2,57 5,49 4,13 2,27 0,96 1,52 1,08 1,68

p,p'-DDD <63 µm* µg/kg 2 6 9,1 12,2 9,4 7,7 5,2 5,9 6,2 6,6

p,p'-DDE <63 µm* µg/kg 1 3 3,03 3,9 3,38 3,8 1,92 2,04 2,05 2,43

Hydrocarbons (C10 - C40) <63 µm* mg/kg 200 600 106 113 118 189 99 177 227 149

PAK-Sum 16 (EPA) <63 µm* mg/kg 1,8 5,5 1,5 1,7 1,6 2,3 1,1 1,3 1,4 1,4

Tributyltin <2000 µm µg/kg 20 100 33 26 32 37 29 19 15 26

Phosphorous (total) <2000 µm mg/kg 500 996 1320 1044 732 693 677 527 724

Nitrogen (total) <2000 µm % 0,15 0,28 0,37 0,27 0,13 0,13 0,14 0,11 0,15

Case 1: C < threshold value 1

Case 2: threshold value 1 < C < threshold value 2

Case 3: threshold value 2 < C

Süderelbe Köhlbrand BBox (HPA) BA01 BA02 BA03Parameter fraction unit Norderelbe

Parameter fraction unit threshold threshold Norderelbe Süderelbe Köhlbrand BBox (HPA) BA01 BA02 BA03 weigthed

value 1 value 2 average

Arsenic <20 µm mg/kg 40 120 30 34 32 38 28 31 29 31

Lead <20 µm mg/kg 90 270 81 88 87 102 63 70 66 73

Cadmium <20 µm mg/kg 1,5 4,5 1,81 2,95 2,7 3,48 1,38 1,6 1,28 1,83

Chromium <20 µm mg/kg 120 360 69 75 79 110 85 77 89 87

Copper <20 µm mg/kg 30 90 59,1 71,2 68,8 90,1 48,2 54 48,4 57

Nickel <20 µm mg/kg 70 210 38 41 42 52 41 43 45 44

Mercury <20 µm mg/kg 0,7 2,1 1,16 1,46 1,46 3,57 1,05 1,11 1 1,43

Zinc <20 µm mg/kg 300 900 478 650 620 710 382 437 373 459

PCB Sum 7 (angegeben) <63 µm* µg/kg 13 40 18,6 20 17,5 37,1 8 9,1 9,5 13,8

a-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,6 0,92 0,71 1,48 0,62 0,43 0,53 0,72

g-Hexachlorcyclohexane <63 µm* µg/kg 0,5 1,5 0,21 0,27 0,22 0,91 0,2 0,22 0,2 0,3

Hexachlorbenzene <63 µm* µg/kg 1,8 5,5 5,7 8,8 7,4 15,5 4,1 4,4 3,9 6,1

Pentachlorbenzene <63 µm* µg/kg 1 3 1,16 1,66 1,32 2,97 0,96 1,07 0,88 1,29

p,p'-DDT <63 µm* µg/kg 1 3 2,92 7,57 5,17 4,28 1,13 1,52 1,49 2,29

p,p'-DDD <63 µm* µg/kg 2 6 10,2 15,2 11,8 17,5 7,4 8,1 8,2 9,8

p,p'-DDE <63 µm* µg/kg 1 3 3,46 4,96 4 11,35 2,58 2,91 2,57 4,02

Hydrocarbons (C10 - C40) <63 µm* mg/kg 200 600 105 131 132 438 105 194 210 185

PAK-Sum 16 (EPA) <63 µm* mg/kg 1,8 5,5 1,9 2,2 1,9 5,6 1 1,1 1,3 1,9

Tributyltin <2000 µm µg/kg 20 100 33 26 32 37 29 19 15 26 

Phosphorous (total) <2000 µm mg/kg 500 950 1335 1047 521 731 638 587 719

Nitrogen (total) <2000 µm % 0,15 0,26 0,33 0,26 0,07 0,15 0,13 0,12 0,15

Case 1: C < threshold value 1

Case 2: threshold value 1 < C < threshold value 2

Case 3: threshold value 2 < C
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Risk assessment – methodology

Assessment criteria

• AA-EQS for evaluation of predicted anual average concentration

• MAC-EQS for evaluation of predicted maximum concentration 

• Criteria for evaluation of measurability and observability

• Expanded measurement uncertainty

• Coefficient of variation of the measured values of a measuring point

Case 1:
• Prognosis < EQS
• Prognosis < exp. uncertainty

✓

Case 2:
• Prognosis < EQS
• Prognose > exp. uncertainty

✓

Case 3:
• Prognosis > EQS
• Prognose < exp. uncertainty



Case 4:
Prognosis > EQS
Prognose > exp. uncertainty

✓
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Results Elbe dumping site within the Elbe estuary –

Predicted maximum concentrations

Monitoring stations with concentration increase > criteria for analytical detectability

and predicted maximum concentration > MAC-EQS:

- Mst 235 (Benzo(g,h,i)perylene)

- Mst 240 (Benzo(g,h,i)perylene)

- Mst 199 (Benzo(g,h,i)perylene)

- Mst 120207 (Benzo(b)fluoranthene, Benzo(g,h,i)perylene, Tributyltin)
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Results Elbe dumping site within the Elbe estuary – Predicted maximum concentrations

Monitoring stations with concentration increase > criteria for analytical detectability

and predicted maximum concentration > MAC-EQS:

- Mst 235 (Benzo(g,h,i)perylene)

- Mst 240 (Benzo(g,h,i)perylene)

- Mst 199 (Benzo(g,h,i)perylene)

- Mst 120207 (Benzo(b)fluoranthene, Benzo(g,h,i)perylene, Tributyltin)
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Results Elbe 686/690 - Predicted average concentrations

Monitoring stations with concentration increase > criteria for analytical detectability

and predicted average concentration > AA-EQS:

- Mst 120207 (Tributyltin)
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Results Weser adjustment – Predicted maximum concentrations

Monitoring stations with concentration increase > criteria for analytical 
detectability and predicted maximum concentration > MAC-EQS:

- Mst 190 (Benzo(g,h,i)perylene)

- Mst 239 (Benzo(g,h,i)perylene)

- Mst 143 (Benzo(g,h,i)perylene)
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PAH concentations of the dredged sediments
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Benzo(g,h,i)perylene
normalized to fine grain concent (<63 µm) 
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EQS are theoretical values derived from 
toxicological studies and obtained by application of 
assessment factors (100 – 1000 for PAHs)

No further introduction of these substances into 
the waterbodies on a measurable and observable 
scale allowed

Substantial increase of SPM can potentially 
constitue a violation of the prohibition of 
deterioration

AA-EQS of Benzo(a)pyren and MAC-EQS of 
Benzo(g,h,i)perylen are freequently exceeded

Socially and politically desired?
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Thank you for your attention.
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