
Toxic Legacies of War - North Sea Wrecks Symposium 2023

Microbial Community Responses to a 
Wartime Wreck: the John Mahn Case Study
Maarten De Rijcke, PhD



MV Schiedyk, Bligh IslandUSS Arizona, Pearl Harbor

Prinz Eugen, Marshall IslandsZ2 Georg Thiele, Rombaken
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Environmental Risks

Other types of fuel
Munitions
Hazardous cargo

Intrinsic ship properties
• Oils and lubricants
• Antifouling paints (Cu, Hg)
• Various chemicals
• Solid metal(s)

Complex chemical fingerprint
Dynamic (release / degradation)
Seldomly characterized

Environmental impact?
Biodegradation?
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Based on 

Michel et al. (2005)



Effects on microbial communities
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Research questions

1. Are there residual pollutants components (organic aromatic compounds; heavy 
metals; explosives) present in the sediments surrounding an old shipwreck?

2. Does the shipwreck (steel) and the residual pollutants influence the microbial 
composition and how far away can this influence be seen in the sediments?

3. Are there taxa that are clearly correlated with the aromatic compounds?

4. Why are these bacterial species correlated; can it be linked to functionality?

5. Biodegradation- / Bioremediation- / Biomonitoring-potential?

Center for Microbial Ecology; Prof. Nico Boon & Dr. Josefien Van Landuyt



V-1302 John Mahn
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Requisitioned steam trawler, rapidly sunk by RAF bombers in 1942 



V-1302 John Mahn
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Centrally located within the Belgian North Sea



V-1302 John Mahn
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Common depth and sediment type (medium sand)



V-1302 John Mahn
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Sea floor morphology



V-1302 John Mahn
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Common bacterial species composition (16S rRNA seq.)

(unpublished data)



Sampling (2020)
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Steel fragments

bow

stern

starboard

port side



Sampling (2020)
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Processing
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12x ±250gr.

GC-MS (Thermo TSQ8000)Accelerated solvent extractor

ICP-OES (Thermo TSQ8000)

Acid digestion
3-4 gr.

1 gr.

200 gr.

Flowcytometry (Attune NXT) DNA sequencing (Illumina miseq)

PAH analysis (23 compounds)

Explosives (TNT; 1,3-DNB)

Trace metal analysis
Fe, Zn, Pb, Ni, Cu, Cr, As

16S rRNA gene sequencing
Bacterial diversity
Chloroplast/mitochondria

Cell counts



Polycyclic aromatic hydrocarbons (PAH) – coal bunker still leaching
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Fresh sediment

Also low levels of TNT and 1,3-DNB



Heavy metals – Ni & Cu starboard side
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Fresh sediment



Bacterial abundance – mostly equal
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Fresh sediment



Bacterial community composition – small differences
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Fresh 
sediment



Phytoplankton community composition – minor changes
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Fresh 
sediment



β-diversity 16S – steel vs. sand
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Steel; a lot of Desulfobacterota (Desulfobulbia = sulfate-reducing bacteria linked to MIC)



ASVs
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Effect PAHs

1. methylphenanthrene,
2. Pb, 3. Zn, 
4. acenaphthene, 
5. fluorene,
6. dimethylnaphthalene, 
7. TOC,  8. total PAH, 
9. biphenyl, 
10. naphthalene, 
11. acenaphthylene.
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Biodegradation?

PAHs
✓ Rhodobacteraceae (phenanthrene-degraders)
✓ Chromatiaceae (naphthalene-degraders)
✓ Flavobacteraceae (fluoranthene-degraders)
✓ Woeseiaceae (generalists)

Alcanivoracaceae (alkane-degraders)

TNT
✓ Enterobacterales (TNT-degraders)
✓ Colwelliaceae (TNT-degraders, Paardemarkt)

Piscirickettsiaceae (Methylophaga; Paardemarkt)
Thalassospiraceae (Thalassospira; Paardemarkt)



Conclusions
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Are there residual pollutants components (organic aromatic compounds; heavy 
metals; explosives) present in the sediments surrounding an old shipwreck?

Yes, clearly.

Does the shipwreck (steel) and the residual pollutants influence the microbial 
composition and how far away can this influence be seen in the sediments?

Yes, especially PAH & metals (Pb, Zn).

Are there specific taxa that are clearly correlated with the aromatic compound?

Yes (Rhodobacteraceae, Chromatiaceae + Flavobacteraceae and Woeseiaceae)

Why are these species correlated; can it be linked to functionality?

Highly likely.

Biodegradation / Bioremediation-potential?

Plausible, more research needed.
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Thank you
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Koen Parmentier
Nico Boon

Crew of RV Simon Stevin
Volunteer scientific divers

Interreg NS Region Programme


