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Ecological Site Reuse
 

 Process by which site habitat is restored,
enhanced or created enhanced, or created 

 Soil amendments are used to bindSoil amendments are used to bind 
contaminants, build soil, establish plant 
ggrowth 
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Phytotechnology
 

 Use of plants to solve/mitigate
environmental problemsenvironmental problems 

 Construction of ecosystems (wetlands for
wastewater treatment)wastewater treatment) 

 Recovery of ecosystems (mine reclamation, 
restoration of lakes and rivers)) 

 Create sinks for CO2 to mitigate impacts of
climate change (reforestation) 

 Mitigate pollution impacts and moderate 
energy extremes (green roofs) 
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Casper, Wyoming
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Reforestation
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Mine Reclamation
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Coeur D’Alene Wetlands
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The Players 

 Soil 
 CContamiinants 
 Plants 
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General Soil Conditions
 

Nutrient Status 
 Soil pH  Soil pH 
Organic matter content 
 Soil type (clayey vs sandy soils)  Soil type (clayey vs sandy soils) 
 Soil Compaction 
 S il Ch  t Soil Chemiistry 
 Toxicity of soil contaminants (metals) 
 Excess Na (phyotoxic)Excess Na (phyotoxic) 
 Excess salts (phytotoxic) 
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Compaction
 

 Reduces soil porosity 
 AiAir movement andd root penetratiion are 

restricted 
 Water runs off or ponds instead of infiltratingWater runs off or ponds instead of infiltrating 
 Roots grow sideways instead of downward
 
 Remedies: Tilling and addition of compostRemedies: Tilling and addition of compost
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Nutrient Status
 

 Nutrient status: N, P, K 
 NiNitrogen: hhealthy lleaf andd stem growthh
l h f
 
 Phosphorus: important for root growth, flower

production binds metals (reduces production, binds metals (reduces
 
bioavailability)
 

 Potassium: overall plant healthPotassium: overall plant health 
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pH 
 Measure of soil acidity or

basicity/alkalinity 
 Has a great impact on

numerous soil chemical 
reactionsreactions 

 Example: adsorption
 
 Low soil pH means:Low soil pH means:
 

 higher mobility of cationic metals 
  lower mobility of anions 
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pH Adjustment
 

 Add lime to increase alkalinityy 
 Add fertilizer to increase acidity: ammonium

sulfate, sulfur-coated urea 

 Add elemental sulfur or aluminum sulfate to 
acidify soils 
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Organic Matter 
 Enhances soil color 
 Improves soil structure 
 Improves soil drainage and aeration (clayey

soils) 
Retains Water (sandy soils) 
 Provides soil nutrients 
 Encourages microbial activity
 
 Binds contaminants,, reduces bioavailabilit yy
 
 Ideal OM content depends on soil type 

Below 1-3 % OM can be considered as low 
1421st Annual NARPM Training Program 
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Soil Type
 

 Soils are a combination of sand, silt and clay
 

 Soil Type - dependant upon sand, silt and 
clay contentclay content 
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Soil Classification
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Soil Type
 

 Clayey soils: 
 Contaminants will Contaminants will 

adsorb to the clay
mineral surfaces 

 Addi OMAdding OM willill
 
loosen soil, improve

aeration, water 

infiltration, and also 

reduce 

bioavailability by

binding

contaminants
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Soil Amendments
 

 Biosolids 
M Manure 

 Sugar beet lime
 
 Wood ash 
 Log yard waste
 
 CComposts 
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Types of Soil Amendments
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Use of Soil Amendments
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Use of Soil Amendments, cont. 
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Addition of Soil Amendments Can 

Reduce Contaminant Bioavailability
Reduce Contaminant Bioavailability
 

Bioavailability: the fraction of the chemical(s) of concern in soil that is 
accessible to an orgganism ((human or pplants)) for absorpption 

Metal With Lime With Beringite With Red Mud 
contaminated modified aluminosilicate Fe oxide rich residue 
il d dsoils- unamended 

Kansas City, Missouri  May 16–20, 2011  www.epanarpm.org 
Courtesy of CSIRO, Land & Water, Australia 
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Biosolids
 

 Nutrient rich organic material resulting from
the treatment of domestic sewagge in 
treatment facility 

 Tested (federal biosolids rule: 40CFR Part 
503) 

 Biosolids can be applied as fertilizer and will 
improve soil structureimprove soil structure 

 Very efficient use of organic N,P by crops 

because of slow release throughout the
because of slow release throughout the 
growing season 
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Tacoma, WA
 

Lime+ 
TTagro 
added 

Control 
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Arsenic Concentrations in Soils 
d L tt  land Lettuce SSamples
 

Tacoma, WA Test Plot Site
 

( g  g)  ( g  g) 

Control 90Control 90 0 151 0.151 

Tagro Tagro +Lime+Lime 8787 0 081 0.081 
†All concentrations are average of four field replicates 

Unpublished preliminary data which is not released for reproduction, distribution, or 
publication byy othersp 

Kansas City, Missouri  May 16–20, 2011  www.epanarpm.org 
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Soil 

(mg/kg)† 
Lettuce 
(mg/kg) † 
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Cadmium Adsorption by Biosolids amended 

Soils
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Ryan et al. (2003) 
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Bioavailability
 

 Describes the fraction of the chemical(s) of
concern in soil that is accessible to anconcern in soil that is accessible to an 
organism (human or plants) for absorption. 

 Commonly thought of as one process only:
 
Absorption EfficiencyAbsorption Efficiency 
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Sandy Soils and Zinc
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Clayey Soil and Zinc
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Galena, KS
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Case Study: Galena, KS 
Issues: 

 Lack of vegetation  Lack of vegetation 

 Zn, Cd, and Pb levels in surface waters 
d t  di  t  d d ti  and stream sediments exceeded aquatic 

life criteria 

 Interrelated issues: lack of vegetation 
promotes the movement of runoff and 

di f i i i dsediments from mining-impacted areas
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Factors Limiting Vegetative
Factors Limiting Vegetative
 
Growth
 

 Nutrient deficiencies 
 Metal toxicity 
 Adverse pH conditions 
 Limited water holding capacity 
 Lack of microbial activity 
 Poor soil chemical, physical, or biological 

propertities 
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Manure Application
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Plot without Amendment
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Plot with Amendment
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Electrical Conductivity
 

Time control 100 tons/acre 200 tons/acre 
-------------------------------- dS/m ------------------------------

Fall ‘07 0.4 30 43 
Spring ‘08 0 4  0 8  1 0Spring 08 0.4 0.8 1.0 

Fall ‘08 0.6 0.8 1.0 
Spring ‘09 0.3 0.5 0.6 

Fall ‘09 0.3 0.4 0.5 
Hettiarachchi G.M., and G.M. Pierzynski. 2010. USE OF PELLETIZED COMPOST MATERIALS AS AMENDMENTS OF 
LEAD-ZINC CHAT TAILINGS IN GALENA, KANSAS. First Quarter 2010. Quarterly Progress Report Submitted to the 
Kansas Department of Health and Environment. 
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Extractable Zn
 

Time control 100 tons/acre 200 tons/acre 
---------------------------- mg/kg --------------------------

Fall ‘08 134 8 6Fall 08 134 8 6 
Spring ‘09 86 9 4 

Fall ‘09 228 74 16 
Hettiarachchi G.M., and G.M. Pierzynski. 2010. USE OF PELLETIZED COMPOST MATERIALS AS AMENDMENTS OF 
LEAD-ZINC CHAT TAILINGS IN GALENA, KANSAS. First Quarter 2010. Quarterly Progress Report Submitted to the 
Kansas Department of Health and Environment. 
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Ground Cover
 

Time control 100 tons/acre 200 tons/acre 
------------------------- plants/50 ft ---------------------------

S i  ‘09  62 62 64Spring ‘09 62 62 64 
Fall ‘09 65 87 88 

Hettiarachchi G.M., and G.M. Pierzynski. 2010. USE OF PELLETIZED COMPOST MATERIALS AS AMENDMENTS OF 
LEAD-ZINC CHAT TAILINGS IN GALENA KANSAS First Quarter 2010 Quarterly Progress Report Submitted to the LEAD ZINC CHAT TAILINGS IN GALENA, KANSAS. First Quarter 2010. Quarterly Progress Report Submitted to the 
Kansas Department of Health and Environment. 
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Biomass Production
 

Time control 100 tons/acre 200 tons/acre 
------------------------- g / m2 ---------------------------

Fall ‘08 13 18 16Fall 08 13 18 16 
Fall ‘09 37 102 107 

Hettiarachchi G.M., and G.M. Pierzynski. 2010. USE OF PELLETIZED COMPOST MATERIALS AS AMENDMENTS OF 
LEAD-ZINC CHAT TAILINGS IN GALENA, KANSAS. First Quarter 2010. Quarterly Progress Report Submitted to the Kansas 
Department of Health and Environment. 
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Applicable Contaminants
 

 Petroleum Hyydrocarbons 
 Polycyclic Aromatic Hydrocarbons (PAHs)
 
 Polyychlorinated Bipphenyyls ((PCBs)) 
 Trichlorethene (TCE) and other chlorinated 

solvents 
 Ammunition wastes and explosives 
 Heavy Metals 
 Pesticides 

4121st Annual NARPM Training Program 
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Phytostabilization 

Ground cover 
 aidids iin soil il stabili bilizatiion 
 prevents erosion, drift 
 prevents direct contact ((human, animal)) with 


contaminants
 
 controls infiltrationcontrols infiltration
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Phytostabilization, cont.
 

Mobility reduction of heavy metals and some
organic contaminantsorganic contaminants 

 Via chemical interaction in rhizosphere 
Accumulation of contaminants at root/soil interfaceAccumulation of contaminants at root/soil interface 
Precipitation of contaminants within root zone 
Adsorption of contaminants onto roots 

 Via soil amendments to decrease solubility of 
metals (phosphates lime OM biosolids)metals (phosphates, lime, OM, biosolids) 

4321st Annual NARPM Training Program 
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Phytostabilization 

Pierzynski, et al, 2002, Plant System Technologies for Environmental Management 
of Metals in Soils: Educational Materials, J. Nat. Resour. Life Sci. Educ., Vol. 31, pp. 31-37 
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Vegetative Covers - Hydrologic Component 
PrecipitationPrecipitation TTranspiration ranspiration EvaporationEvaporation 

Surface Flow 

Changge in soil 
water 
content/storage 

R hRecharge redductiion 

R =PP - ET + S ET + SR 
where R= recharge, P=precipitation, ET=evapotranspiration, S=change 

in water storage 
McMillan, 2002, Phytotechnologies Workshop Presentation, EPA Brownfields 

Conference Atlantic City NJ
 Conference, Atlantic City, NJ 
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Precipitation Interception Capacity by Plants 

From: Phytotechnology Technical and Regulatory Guidance and Decision Trees, 
revised, ITRC, 2009 
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Phytohydraulics
 

From: Phytotechnology Technical and Regulatory Guidance and Decision Trees, 

revised ITRC revised, ITRC, 2009
2009
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Maximum Rooting Depths
 

Examples 
I di  M  d  12 i  h  M l Indian Mustard: to 12 inches - Metals 

 Grasses: to 48 inches  - Organics 
f f  30 f   Alfalfa: to 30 feet 

 Poplar trees: to 15 feet - Metals, organics, 
chlorinated solvents 

4821st Annual NARPM Training Program 
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Phytodegradation
 

 Breakdown of contaminant molecules via 
plant enzymes into less or non toxic toxic plant enzymes into less or non-toxic toxic 
components 
Examples:Examples: 

 Hybrid Poplar Trees break down TCE into
water, CO2 and chloride ions (Schnoor et al. 1995) 

 Poplars partially break down TNT 
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Phytotransformation
 
Organic Contaminants (examples)
Organic Contaminants (examples)
 

 Petroleum Hydrocarbons – TPH, PAHs, 
BTEXBTEX 

 Pesticides 
 ChlChlorinatted Sollventts – usualllly iinvollviingi d S 

groundwater 
 PCPsPCPs 
 PCBs 
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BIODEGRADING HYDROCARBONS
 
(Texas City) 

10000 

12000 
m

g/
kg

) Tilled (Control) 
Native Revegetation 
Planted (Designed) 

6000 

8000 

ra
ti

on
 (m

Planted (Designed) 

4000 

6000 

C
o

n
ce

n
tr

 

0 

2000 

Jan 99 Jul 99 Jan 00 Jul 00 Jan 01 

O
&

G
 C

 

Jan-99 Jul-99 Jan-00 Jul-00 Jan-01
Sampling Date 

Kulakow, 2002, Phytoremediation of Organics in Soil, ITRC Workshop Presentation 
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TPH Dissipation in Craney Island, VA 

StudyStudy 
Banks, 1999, in Kulakow, 2002 ITRC workshop presentation 
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Phytoextraction
Phytoextraction
 

Inorganic Taken Up 
into Plant Tissue 
(Blue and Yellow Squares) 

Soil Being 
Remediated 

Inorganic 
Impacted 

Soil 

(Light Brown) 

Inorganic 
(Blue and Black Squares) 

Soil 
(Dark Brown) 

Rock and Tsao, 2002, Introduction to Phytotechnologies, ITRC Workshop Series Presentation 
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Phytoextraction of Heavy 

Metals
 

 Agg, As, Cd, Cr, Cu, Hgg, Mn, Ni, Pb, W, 
Zn 

Hyperaccumulating plants can treat 
metals in soil at ~1,000 ppm range 

 Must  prevent eco exposure and leaching, and 
disppose of ppropperlyy 

 Treatment depth generally ~ 1 foot 
 Phytotoxicity Phytotoxicity 

 physical or chemical amendments required for 
extraction or stabilization strategies 
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Natural Hyperaccumulators of 

Metals
Metals
 

 Barley
 
S fl 
   Sunflowers 

 Tall Fescue 
 Hydrangea 
 Rapeseed 

http://en.wikipwedia.org/wiki/phytoremediation
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Hyperaccumulators
 

httpp://en.wikippwedia.orgg/wiki/pphyytoremediation 
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Phyytovolatilization
 

 Soluble contaminants are taken upp with 
water via plant roots, transported to the
leaves and volatized. 

 Chlorinated hydrocarbons volatize well, 
gasoline components do not (Davis et al.,
1998)1998) 

 Poplar saplings concentrate and transpire
MTBE 
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Phytovolatilization cont.
 

 Selenium – after conversion to 
dimethylselenide ( )dimethylselenide (Neumann et al. 2003) 

 Mercuryy – after conversion to elemental Hg by
g y  
microbes (example Yellow Poplars Rugh et al. 1996, 

1998) 
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Critical Factors for Implementing 

Ecological Revitalization
Ecological Revitalization
 

 T  d  t ti  f t i t Type and concentration of contaminants
 
 Depth of contamination 
 T i Toxicitit  y 
 Transfer of contaminants 
 L hi / bili ti f t i t Leaching/mobilization of contaminants 
 Size and other physical constraints of site
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Critical Factors for Implementing Ecological 

Revitalization((cont.))
 

 Natural soil and climate conditions 
 Availability of suitable plant material  Availability of suitable plant material 
 Expertise 
 Proper risk management, monitoringProper risk management, monitoring 
 Cost
 
 AcceptabilityAcceptability
 
 Seasonality of plant activity
 
 Sampling requirementsSampling requirements
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Contact Info
 

Dr. Sabine Martin 
Kansas State UniversityKansas State University 
785-532-6519 
smartin1@k-state.edu 
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