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The past two years have seen a flurry of activity



Up to 30% phenol

Consequences of the fireEstonia Oil Shale Mine fire, Nov. 1988

ERR Archive

Bioremediation case study in Estonia, 1988-1989

Map credit: Mosedschurte - CC BY-SA 3.0

Estonian oil shale industry

Alopecia in kindergarten-
age children in Sillamäe 

(a town near the fire)

Silla and Trei, 1999






Adapted from Kivisaar et al., Plasmid, 1989 – Ain Heinaru’s Lab @Tartu University

Genetic engineering and release of phenol-degrading bacteria

Released strains
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Phenol in the mine waters, post-
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The released recombinant genes:



Released recombinant genes are maintained in areas with phenol

The originally released 
plasmid is lost without 
selective pressure.

Lab-originated genetic constructs 
were found, but not their original 
host. Genes were likely horizontally 
transferred to and maintained in 
native Pseudomonads

Released genes are detected only in 
areas with continuous phenol pollution 
for the past thirty-five years.

5Chemla et al., in preparation
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Doublings



Benefits and risks, largely unknown and hyped, are locked in a catch-22

Published field trials with engineering bacteriaFirst experiment release:
Ice- Pseudomonas syringae

Chemla, Y., et al (2025), Nature Microbiology   

Frost: $1.6 billion/year in damage
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