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Uszinnvee Bioremediation
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Bioremediation Technologies




Remediation of Contaminated Site

- Make sites safer (immediate goal)
- Make sites cleaner (long-term goal)

http://ecan.govt.nz/advice/your-land/contaminated-
land/pages/remediation




Treatment Technologies

* Physical treatment

— Air stripping, Carbon adsorption, Dewatering, Filtration,
Flushing, Magnetic separation, Soil vapor extraction,
Solidification/stabilization, etc.

« Chemical treatment

— Chemical oxidation, Chemical reduction, Flocculation,
Neutralization, UV oxidation, etc.

 Thermal treatment
— Incineration, Thermal desorption, Hot air injection,, etc.

 Bioremediation

— Biopile, Bioreactor, Bioventing, Biosparging, Fixed film
reactors, Landfarming, Bioslurping, etc

23
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Landfill: Land disposal

F5elanay

http://www.vertinfo.com/vertnew/vertnewsview.asp%3

Environmental and health
Risk from landfill
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InCineration » ﬂmwflmmmWﬂzﬁaammm“ﬂuﬁmy

Hazardous waste
: 980-1200 °C

Municipal waste
: 705-815 °C

www.seiler.co.at
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Stabilization and solidification
manlasusiflviluve wwdaazmsilsuades

- The addition of binder e.g. portland
cement, kiln dust, lime, etc.

— To improve the handling and physical
characteristics of the wastes

— To decrease the rate of contaminant
migration

— To reduce the toxicity of certain
contaminant

27



Soil ﬂushing technology
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Treated water (either racycled for use in washing
solution or discharged in another acceplable manner)

-
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Control [ ™=

A

Washing solution Concentrated
J E_?_nntaminant Residuals
; reatment
Washing Separator| g il —-
Solution |_..
(Further Treatment
Washing or Dispaosal)
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Injection &
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Most recent

« National Institute of Environmental Health
Sciences established the Environmental
Genome Project
— Study impact of environmental chemicals on

human disease

— ldentify genes and their products that are
sensitive to toxic chemicals in the environment

— ldentify




What is BIOREMEDIATION?} :

 The technology used to speed up the natural
processes of waste degradation and recycling

« Use of naturally occurring microorganism such
as bacteria, fungi, and yeast to degrade
pollutants or hazardous substances in soil, water
and air into non-toxic or less toxic substances

e B%

B owt oll Microorganisms d

ur other organic canvert it o carbon Il:il:l:] -uhrl :IH'
conlaminant mred water (H20)




Advantages of Bioremediation

Advantages

Cheap: 60-90% less
than other technologies

Simple

Completely transform
the contaminants
toxic to non-toxic

In situ treatment

Disadvantage

Difficult to predict its
performance

Difficult to scale up
Time-consuming




What are environmental contaminants?

* Pollutants Xenobiotics
— naturally-occurring compounds chemically synthesized
In the environment that are compounds that have never
present in unnaturally high occurred in nature
concentrations
Examples:
— Examples: - pesticides
— crude oil  herbicides
— refined oil - plastics

— phosphates
— heavy metals




Economics of in-situ vs. ex-situ remediation
of contaminated soils

» Cost of treating contaminated soil in place
$80-$100 per ton

» Cost of excavating and trucking contaminated
soil off for incineration is $400 per ton.

* Over 90% of the chemical substances
classified as hazardous today can be
biodegraded.




What challenges exist for bioremediation
of pollutants and xenobiotics?

 Pollutants Xenobiotics
microbes may not yet
have evolved
biochemical pathways

— may exist at high,
toxic concentrations

— degradation may to degrade compounds
depend on another may require a
nutrient that is in consortium of microbial
limiting supply populations (nguadun3dnld

Tumsdesaaroniadinin)

34



Aerobic biodegradation Fundamentals of

Electrons transferred  €leanup reactions

to oxygen as electron
acceptor

+ O, —CO, + H,0 + Biomass

' d
Organic chemical (rl]zc;;zzsr;eo f
(©:9. benzend bacteria)

Anaerobic biodegradation

Electrons transferred
CH; to nitrate as electron
acceptor

_ ~(nitrate)
Organic chemical

(e.g., toluene) 35
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Two types of microbial process

Aerobic

Sufficient oxygen and
nutrients convert many

organic

Contaminants to carbon
dioxide, water and

microbial mass

Anaerobic:

An electron acceplor,
other than oxygen, (e.qg.,
sulfate, nitrate, or carbon

dioxide)

Contaminants
metabolize to methane,
carbon dioxide, and trace

amounts of hydrogen gas




Factors influencing bioremediation
» 1. Microorganisms
» 2. Hazardous substances

« 3. Contaminated site




Ideal degrading microorganisms

* Fast reproductive rate

» Resistant to extremes in temperature and pH
» Facultative anaerobe

* Motile

« Spore forming

» Wide range of degrading enzymes

* No single species can degrade
everything.

The world’s toughest bacterium, Deinococcus radiodurans s



How can we find the ideal bacteria?

« |solate from the contaminated site

* Enrichment technique
— Natural selection

» (Genetic engineering




Properties of hazardous materials

- Chemical structure
— Degradable vs persistent

« Concentration

— Too low — can not support growth or enzyme
iInduction

— Too high —— toxicity
- Bioavailability (manuwdealinsiiniv)




Bioavailability of pollutants in the
environment

 Bioavailable

* Free to react with microbial enzymes
* Aqueous phase

« Non bioavailable

« Sorption onto surfaces
« Entrapment in soil micropores

Soll Particle Solutian

* ***You need to know the type, properties,
concentration, and location of the contaminants

41



Properties of the contaminated site

« Conductive to microbial growth

 Allow biodegradation reaction to occur
— Soil structure
— Moisture content
— Oxygen
— Nutrient availability
—_ pH
— Presence of other substances e.g. metals,
co-contaminants

42



Bioremediation testing

- Bioassessment screening studies
- To assess whether biological treatment can be
utilized at a particular site

- Optimize the site conditions e.g. nutrients,
moisture, electron acceptor, pH, etc.

 Biotreatability studies

— To identify factors and parameters involved fine
tuning the bioremediation process

43



Types of biotreatability studies

 Microcosms
* Bioreactors
* Field plots




Microbiological assay

Number of microorganisms

— Plate count
— MPN testing

Type of microorganisms
— Biochemical test
— Molecular biology techniques

Microbial nutrient content g::lmsipsal
I
Microbial degradation products g




Types of bioremediation process

« Accelerated Bioremediation
— Use engineered design
— In situ or Ex situ treatment
— Close the site after finish

- Natural attenuation
— Use natural activities
— In situ treatment only
— Require long-term monitoring

46



Strategies for Accelerated Bioremediation 1

s
s }?‘\

 Biostimulation = Modifies the environment
to enhance the growth of indigenous
microbes

« Addition of nutrient and energy source
» Adjust moisture, pH, aeration, etc.




Strategies for Accelerated Bioremediation 11

- Bioaugmentation = Addition of
specialized microbes

— Pure isolates

— Mixed culture (consortium)

— Genetically engineered microorganism
GMOs




Natural Attenuation process:

1. Microbes that live in soil and groundwater use some
HZW for food and result in HZW degradation.

Intrinsic bioremediation

2. HZW can stick or sorb to soil, which will keep HZW
from polluting groundwater and leaving the site.

3. As HZW moves through soil and groundwater, it can
miXx the clean water. This reduces or dilutes the
pollution.

4. Some HZW, like oil and solvents, can evaporate. If
these gases escape to the air at the ground surface,
they can photolysis.

49



Bioremediation Company

Bioremediation : .
e Biopemeniarion, INc.
onGe

Oil and Natural Gas Corporation Ltd.
Ahmedabad Asset

BIO-IN
Treatmen soils

using bioremeaiauon tecnniques BIOSITE

BAK, ‘/ TEK

BakTek Cevre Texknolojileri San, ve Tic. A.S.

WASTE MANAGEMENT

50
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Phytoremediation

=350 plant species naturally take up toxic
materials

— Sunflowers used to remove radioactive cesium
and strontium from Chrenobyl site

— Water hyacinths used to remove arsenic from
water supplies in Bangladesh, India

Drawbacks
— Only surface soil (root zone) can be treated
— Cleanup takes several years




Plant cells
degrade pollutants
directly

Plant can be
removed and

Roots absorb
pollutants

® .
e Chemical pollutants ®

Copyright © 2009 Pearson Education, Ine.
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