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What is it and Why is it Important?

Ã Bioremediationðthe biological degradation or inactivation 
of waste

Ã Wasteðanything not removed by the environmentõs natural 
balancing processes

Ä AnthropogenicðHuman created (livestock waste included in this 
category). Can be ordinary or xenobiotic.

Ä ordinary material is a problem when the amount is just too much 
for the environment

ÂCO2, phosphates, petroleum products, sewage, agricultural waste

Ä xenobioticðforeign to the environment, often recalcitrant(hard 
to break down), often harmful

ÂPCBs, polystyrene, pesticides (including DDT), many drugs, endocrine 
disruptors

The purpose of bioremediation is to maintain the environment by the removal of waste.



Methods of Action

Metabolism

ÅCatabolised 

ÅPseudomonas aer. eats phenol [8]

ÅReduced as final e- acceptor

ÅNitrate reduction

ÅOften mineralisedðbroken down to 
inorganic molecules

Cometabolism
ÅBroken down, but not used in metabolism

ÅCan be a survival mechanism or 
detrimental to organism

ÅOften halogenated  compounds or 
polycyclic aromatic hydrocarbons (PAH)

ÅNot always complete mineralization

Solubility increase

ÅBioavailability ðtendency to be 
taken up by organisms

ÅBiosurfactantsproduced by organism 
solubulizes contaminants

ÅCan pump out for further treatment 

ÅBioavailable to degrading bacteria

Solubility decrease

ÅDecreasing solubility reduces 
bioavailability

ÅUranium cleanup

ÅReduction of methyl mercury to 
elemental mercury

ÅReduced form is less toxic, as well

Biosorption/accumulation

ÅTake up and concentrate

ÅEasier to clean up

ÅSorption - dead bugs tend to bind 
compounds

ÅAccumulation- metabolic uptake

ÅMicrococcus luteusbinds dissolved 
strontium [7]

Bioremediation can be brought about by a number of microbiological processes.



Treatment Location [3]

Ã Generally cheaper

Ã Best for hard to reach or 
widespread contamination

Ã Create optimal conditions for 
microbes of interest in local 
community (biostimulation)

Ã Moisture and O2 are two big factors

Ä Geology and hydrology are critical

Ã Hard to predict, easier maintenance

Ã Danger of incomplete degradation 
(and even worse pollution)

Ã Faster

Ã Ideal for easily removed 
contamination

Ã Can use whatever microbes you want

Ã Not constrained by environmental 
conditions

Ã More control, at cost of greater 
maintenance

Ã Generally liquid phase, soil and gas 
are treated by mixing with liquid

Ã Often in a bioreactor

In Situ (On Site) Ex Situ (Offsite)

Division between intensive(fast acting-high maintenance) and extensive(slow acting-

hands off) methods is being considered as a better distinction

Bioremediation methods are categorized by location and simplicity



Not Necessarily High Tech

Ã Sewage treatment has been around for a while

Ã Composting is an even older technology

Ã Often easier and more predictable to work with microbes 
already in area

Ã Natural attenuationis popular- contain waste and monitor 
while indigenous bugs work over the course of decades

Ã Exxon oil spill was cleaned up by naturally occurring 
organisms [9]

Understanding 
the organism 

was key

Knew it 
digested 

hydrocarbons, 
but slowly

Figured out that 
lack of 

phosphates 
limited growth 

and metabolism

Phosphates 
added 

(biostimulation),  
growth 

explosion, oil 
cleaned up

Bioremediation often does not require complex technology, just good 

understanding of the local environment.



High Tech Contributions

Metagenomicsðfast analysis of genetic material from environment

ÅBioprospectingfor candidate degraders

ÅCharacterization of ecology at treatment site

ÅIncludes non-culturable bugs

Bioinformaticsðapplication of information technology to biological data

ÅTentative prediction of bacteria which may produce enzymes of interest

ÅSearch for candidate degraders not present in local environment

Recombinationðcutting and pasting DNA

ÅLocal site is suboptimal for degrader bacteria, so insert genes into a more suitable bug

ÅEnzyme is produced internally, move it to an organism that produces it externally

ÅMove gene to a highly expressed operon for better effect

ÅBioaugmentationðinsertion of foreign microorganism into environment

Various others

ÅMonitoring of contaminants

ÅUnderstanding of bacterial growth requirements

ÅNew methods not necessarily revolutionary but easier, cheaper,  or faster 

While recombinant organisms are useful, ôhighõ technology also provides fast, 

accurate tools for understanding problems and finding solutions.

http://www.flickr.com/photos/argonne/
http://www.computerhistory.org/VirtualVisibleStorage/credits.html
http://www.flickr.com/photos/afroboof/


The adoption of bioremediation is driven by many non-technical 

factors in addition to scientific progress.

Factors in Adoption

Ã Cost

Ä Increased tipping costs reduce the appeal of landfill

Ä Bioconversionmay turn trash to treasure

Ã Predictability

Ä Living systems harder to characterize and control

Ã Acceptance

Ä Waste management generally conservative when it comes to ônewõ technologies

Ä ôNobody was ever fired for choosing IBMõ

Ã Environmental Responsibility

Ä Cultural shift towards environmentalism

Ä Green is Gold

Ã Regulations

Ä Force some sort of remediation, not necessarily biological

Ä Can tip the balance on some of the other factors, especially cost

High tipping costs 

and strict regulations 

seem to be a factor 

in large amount of 

bioremediation 

publications, 

companies, and 

research centers 

based in E.U.


















