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Oil is a complex mixture:
1. Alkanes 

straight chains: easiest to degrade
Short-chain (e.g. octane)
Long-chain (up to 44 Cs)
Terminal oxidiation to alcohol, fatty acid, etc
Branching decreases biodegradability

cyclic alkanes (e.g. cyclohexane)
Harder to degrade

2. Aromatic rings 
Simple rings (benzene, toluene, xylene), not too bad
polyaromatic HCs (PAHs) >5 rings require co-metabolism
monooxygenase, forms diol, ring breakage → dicarboxylic acid

3. Resins and asphaltenes
Complex, weird, unknown structures, hard to degrade

Chemistry of hydrocarbon pollutants Limiting factors in bioremediation

1. Organisms (toxicity)
Pristine environment: <0.1% of microbes degrade HCs*
Chronic exposure: up to 100%
(*HCs very complex, actually a succession of orgs, including “non-
degraders” using breakdown products)
“bioaugmentation” adding exogenous microbial population (vs. 
“biostimulation” – stimulating indigenous community)

Commercial mixes sold – OK in lab, bogus in field?

2. oxygen/e- acceptors
Most HC degraders use monooxygenase, need O2

Anaerobic degradation can occur, given SO4
= or NO3

-

Limiting factors in bioremediation

3. Nutrients, energy (cometabolism)
Redfield ratio: 1 g HC: 0.15 N: 0.03g P
Sometimes Fe limiting in seawater

4. Other environmental factors: pH, temperature
oil degradation usually occurs best at pH 6-9
Low temp: high viscosity, lower solubility of high MW HCs, 
slower rates in general, except in psychrophilc communities
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Limiting factors in bioremediation
4. solubility:  surfactant/emulsifier production by microbes: 

Release bound HCs from surfaces, increase surface area, bioavailability
low MW compounds: glycolipids (e.g. rhamnolipid)
high MW compounds: polysaccharides, proteins

prevent oil droplets from coalescing
highly specific, work at ratios of 1:100 - 1:1000

Produced mainly at stationary phase
Release microbes from droplets after useful energy has been used
Acenitobacter calcoaceticus RAG-1 example

exp. phase: emulsan in cell-bound minicapsule
uses up alkanes, releases capsule
freed from droplet
droplet now coated with hydrophilic layer, “marked”

Evolutionary issues:
Cooperation: why produce emulsifiers? 
Community interactions (consortium of emulsfier, HC degrader) 
Gene transfer (recent example of HGT of capsule polysaccharide in Biofilm)

Applications of microbes in bioremediation
Petroleum processing

Enhanced recovery: mobilize oil from inaccessible areas, 
viscosity reduction, decrease of surface tension

Deemulsification: surfactants break up oil-in-water 
emulsions

Desulfurization: bacteria remove organic S, leave HC
Denitrogenation: bacteria remove heterocyclic N compounds 

(e.g. pyrroles, indoles), otherwise expensive process

Treatment of Contaminated Soils and Sludges
Passive bioremediation processes
Landfarming of oily wastes 
Bioreactor-based processes
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Microbiology and Molecular Biology Reviews 2003, 67: 503–549 Oil spills

Look at the pretty rainbows on the water! Bioremediation and metals
Anaerobic respiration and metal reduction

• aerobic respiration: e- acceptor = O2

• anaerobic respiration: 

NO3
- (Nitrate) nitrite (NO2

-) N2O N2
SO4

2- H2S
Fe3+ Fe 2+

Mn4+ Mn2+

Cr6+ (toxic) Cr3+ (ppt)
Uranyl-carbonate complex (sol.) uraninite (UO2) (ppt.)
Selenate (sol) selenite (sol) selenium (insol.)
Arsenate (bound) arsenite (soluble)
Tc(VII) Tc(IV) (insol) (technetium)
Hg(II) volatile, toxic Hg(0), inert
Cd, Co, Cu, Pd, Zn…
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Limiting factors in metal bioremediation

Organisms/toxicity

Energy source: add glucose (or mollasses, e.g. clean up of Cr6+ in soil)

Competing electron acceptors (NO3
-, SO4

=)

Acidithiobacillus ferrooxidans

Applications: Microbiological ore processing

Applications: bioremediation of hazardous waste

Precipitation of radioactive metals in subsurface environments

Removal of metals in flow-through bioreactors: e.g. chromium waste 
from nuclear reactors

Selenium contaminated agricultural waste water (even in presence of 
competing e- acceptor, nitrate)

Perchlorate reduction (munitions dumps)

Constructed wetlands (acid mine drainage, metal-contaminated 
municpal runoff)

Genetically modified Microorganisms (GEMs) and 
Bioremediation

Properties of GEMs

High affinity

Rapid growth rate

Resistant to toxicity

“Superbugs” multiplasmid containing 
Pseudomonas strains

e.g. engineered Deinococcus radiodurans:

70 million m3 soil, 3 trillion L groundwater 
contaminated with mixed waste (radioactive, heavy 
metals, solvents, acids/bases) during cold war

Pseudomonas toluene deoxygenase gene added
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Application of GEMs in the field

Suboptimal conditions

Competition from natural communities

Most experiments show commercial products are useless

(Example: 1 product seems to stimulate, but not better than 
adding sterilzed cell mixture)

Genetic tinkering leads to ecologically crippled organism?

Low risk, high consequences

Gene transfer

Genes can persist in environemtn: phenol-degrading plasmid 
found in soil 6 years after addition of GEM

Safety of releasing GEMs

Suicide mechanisms (e.g. hok/sok system)
Cells die in absence of pollutant
Recipients of plasmid die
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