Soll remediation

Risk assessment and risk
reduction of chemicals

IN the environment
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Tools of environmental management

Environmental politics

T 1

Risk management

/

RISK ASSESSMENT

1. HAZARD IDENTIFICATION
2. RISK ASSESSMENT
Generic / site specific
Qualitative/ Quantitative

Ecological / Human health

RISK REDUCTION

1. PREVENTION

2 . RESTRICTION

3. REMEDIATION
Physico-chemical technologies
Bioremediation

Ecotechnologies
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Quantitative environmental risk assessment of
substances in soll

Could further

testing or plus data decrease —_— RISK
PEC/PNEC? REDUCTION!

PEC = Predicted Environmnetal Concentration PNEC: Predicted No Effect (on the ecosystem)Concentration




Integrated risk model of a contaminated site
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Remediation by mobilisation of the contaminant

Chemical
characteristics
of the
contaminant

Contaminated soil air

Contaminated ground
water

Contaminated solid phase

Volatile

Based on biodegradation
Soil gas extraction and
ex situ treatment

Based on biodegradation
Stripping

Based on biodegradation

Soil vapour extraction and
ex situ treatment

Water soluble

Based on biodegradation

Soil vapour extraction
and ex situ treatment

Ground water pump and
treat, or in situ treatment
Based on biodegradation
Based on chemical
reactions

Fitoremediation

Active subsurface walls
Electrokinetic remediation

Based on biodegradation
Bioleaching

Soil washing

Thermal desorption

In situ chemical oxidation
Electrokinetic remediation

Sorbable

Based on biodegradation
Soil vapour extraction
and ex situ treatment

Based on Biodegradation
Ground water pump end
treat

Based on biodegradation
Bioleaching
Fitoremediation
Chemical extraction

Grain size fractionation
Thermal desorption
Thermal oxidation
Pirolyzis




Chemical
characteristics of
the contaminant

Contaminated soil air

Contaminated ground
water

Contaminated solid phase

Volatile

Isolation

Chemical
immobilisation

Biological immobilisation
Chemical immobilisation

Gas-adsorption on solid
phase

Chemical immobilisation

Water soluble

Isolation

Physico-chemical
iImmobilisation
(precipitation,
Increasing sorption)

Biological immobilisation
Rhizofiltration
Increasing sorption

Precipitation, decreasing
solubility

Chemical oxidation /
reduction

Biological immobilisation
Phytostabilisation
Increasing sorption

Chemical oxidation /
reduction

Physico-chemical
stabilisation

Sorbable

Biological immobilisation

Rysofiltration
Increasing sorption
Precipitataion,
decreasing solubility
Chemical oxidation /
reduction

Biological immobilisation
Phytostabilisation
Increasing sorption

Chemical oxidation /
reduction

Physico-chemical stab.

Vitrification: Ceramic
production




Bioremediation

|. Based on biodegradation

The biodegradation of the contamainants in the soil or in the ground water
Is ensured by the genetical and biochemical potential of the soil microbes.

The pollutants get into the element cycle on the same pathway as the
natural organic matter.

Type of biodegradation: Associated with energy production
By co-metabolism ( no energz is produced)

Depending on redox-potential: aerobic / facultative anaerobic / anaerobic

Complete mineralisation or partial degradation followed by humus-
production.

I1. Based on microbial stabilisation: irreversible incorporation of organic
compounds into the humus or into inorganic compounds (metal-sulphides)

I1. Bioleaching: leaching from soil as a result of microbial activity: metal
extraction




Natural tensides

producing
bacterial cell




Phytoremediation

Phytoextraction

From soil: by hyperaccumulating plants, in their stem ot leaves, high yield
of biomass, burning, ash treatment, recycling in some cases

From ground water: by the rhysosphere of plants like wilow or reed
From surface water: rhysofiltration, living machines
Phytostabilisation

Growing resistant species: physical stabilisation by plants
A combination of chemical and phytostabilisation

Phytovolatilisation
Phytodegradation
Rhyzofiltration

Living machines




In situ bioventillation

ventilator

-
Air exhaust wells

Soil air cleaning after
exhaust

Atmospheric air inlet C)

Cl




Hot air

injection (

250°-1200°F)
Soil air

Soil air
collector

Contamifpated zone

Hot air injection
T = 250°- 1200°F psig= 5-22

Water table
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Solid phase biological treatment in reactor




Two-zones biological tretament : 1. Anaerobic, 2. aerobic




Anaerob biological soil treatment in slurry phase




Soil vapour extraction
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Thermal desorption

Hmubet 7z Envi mionnental Services, Inc,
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Nutrients
Air

BIOREACTOR

Injection well
Extraction well

In situ Biological treatment




AIR STRIPPING

Devaporizer
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In situ air stripping in special well

Air inflow

Soil
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Vacuun{pump
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Possible 1n situ operations in soil

Mixing tank

Nutrient addition Water treatment D
A
W\V/\'/

Trenches

Air
i ¢ ¢ extraction

Air injection or infiltration

inlet

Contaminated vadouse zone

—

Contaminated

Air into groundwater saturated soil zone

Groundwater flow




Injection well

Desiccation

Extraction well

L

Monitoring well

In situ biodegradation with ex situ water treatment




In situ soil heating with radiofrequency

On site vapor

recovery and
/ treatment

Vapor containment cover

Saturated zone

Guard —

Electrodes )
Excitor
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Contaminat
ed soil
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Treated soil

Washer
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Complex physical soil treatment




Stabilizing mix

Chemical addtives

Waste/ In situ mixing container Product
contaminated soil

Dechlorination with stabilisation




In situ solidification
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Southwest Soil Remediation, Inc.

Themmal Desorption
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Vortec Corporation

Vitrfication
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Retech, Div. of Lockheed E nu. Sys. & Tech.

Vitrification
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Geosafe Corporation
Vitrification

Backup Off-Gas
System

Thermal
Oxidizer

Off-Gas Treatment

(Option)

Electrode
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Vitrified
Monolith
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