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Ecological Site Reuse

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

Soil amendments are used to bind
contaminants, build soil, establish plant
growth
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Phytotechnology

Use of plants to solve/mitigate
environmental problems

¥ Construction of ecosystems (wetlands for
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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Mine Reclamation
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Coeur D’Alene Wetlands
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The Players

Soil
Contaminants
Plants
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Soil

Soi
Soi
Soi

General Soil Conditions

Nutrient Status

pH

Organic matter content

type (clayey vs sandy soils)
Compaction
Chemistry

oxicity of soil contaminants (metals)

= Excess Na (phyotoxic)
= EXxcess salts (phytotoxic)
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Compaction

Reduces soll porosity

Air movement and root penetration are
restricted

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

Nutrient status: N, P, K
Nitrogen: healthy leaf and stem growth

Phosphorus: important for root growth, flower
production, binds metals (reduces
bioavailability)

Potassium: overall plant health
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pH

Measure of soil acidity or T
basicity/alkalinity

Has a great impact on
numerous soil chemical
reactions

Example: adsorption Neutrl

Low soil pH means:

= higher mobility of cationic mete
= | lower mobility of anions

«— 1MHCI
+—— Battery Acid

+—— 5Stomach Acid
+— Coke
+— ‘Yinegar

Adult Fish Die

More
Acidic

Fish Reproduction Affected

+— Rain Water

=+—— Fure Water

Supports Freshwater
Crganisms
#+—— Haking Soda

More

+—— Ammaonia
rhousehold cleaner)

+— 1 MMalH
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pH Adjustment

Add lime to increase alkalinity

Add fertilizer to increase acidity: ammonium
sulfate, sulfur-coated urea

bacteria
2NH,* + 30, m=mmp- 2NO,” + 2H,0 + 4H"

ammonium + oxygen nitrite + water + acid

Add elemental sulfur or aluminum sulfate to
acidify soils

bacteria
25 + 30, + 2H,0 =P 2H,S0O,

sulfur + oxygen + water sulfuric acid
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Organic Matter

19 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,raduces bioavailabilit Y

ldeal OM content depends on soill type
Below 1-3 % OM can be considered as low
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'f:*.. Soil Type
Soils are a combination of sand, silt and clay

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

100
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Soil Type

Clayey soils:

= Contaminants will —s O =—ssM""
] adsorb to the clay '_,GH-{__MM
mineral surfaces —=0l" ="
= Adding OM will gt e
{_ loosen soil, improve —=0H  =—™
/ aeration, water | L
infiltration, and also
reduce — =
bioavailability by @R}?w, T e
binding %Qﬁ
contaminants S
it s st ooy
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Soil Amendments

Biosolids
Manure

Sugar beet lime
Wood ash

Log yard waste
Composts
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Types of Soil Amendments

TaHe 3 Types of S0il Amendments

Amendwert | Availability [V Pablie Cst Advantapes IV sty m g es Linls
Acceplance
(rpanmics
Brsolids Sustmnable Mulriemnt sounee:; -L-IIF'L‘.' odor- | Materia's Muhi-puspose, muo - | Futhic concerapubac | Naional Biosolds
supply . Highe hg s ma et doven; pemerallv fres, e fin sl perceplicns, High Pastnership
qeantilies in 0 ) souree, Pathogen hlwanizipalitie: amendment; highly otrieat koadings n hup: e Biosolids orgfin
wrhan £neas Soqbent! properiies | concerns, mey pay for .:-*Mfﬂ'c.:]iw. EFA some weltings, Some | dex.asp)
ncresse with Comeems rensport and regulated” well sources bave bigh
TCTCERIRG IO largely driven | w=e chamcenzed maOkEture content
o e by percepiion consiskni quahty
Iamires Sisiminable ulrient source; Well accepied. | haerias Widespread and Hio comsisiendy Inchusry Kesiduals How
supphy: Higher O =source - memerally froe; Iuadll].;aval able remulaied, Variabk They A Colledted, Treated
quantities nemr I'mansport amd queality; Mo routmely | and Apphed
Cidia apphicaton fe treated for pathopen {htipefwww -
riadiction, Gesemlly | mora'stidipines /)
| 1 | uncharcierized |
Coamposi Locaton- Muinent soumee; Feaddy Preductand Beahly acceplzd High eost; Limited & Composmg Counc]
dependenl; U = acoepied | sl costs Siable predect Can avatlamlty: M {htipedwanw comps stimg oo
Wolumes limated; cam be high be used im or nea quendity ueseally nal orgsection ofm P =3 T)
Competmg users v aler sgmilieanily kwer
thas noarcompodted | Association of Compest
| | ! | makes ials | Produces
Drgesiaies Mew makenl, Mulriemt scurce; M have odor | Tobe Mew enough = tha
Wery locaion O souroe prbiems detemmined; 1|-.‘\-1Tn2,_‘||.'|ﬂ1n.';.‘l'z
e pen e Transpoat and Varighle quality; st
app it o e rowtinely treated fi
patbogen reduchon
enerally
uncharaclereod
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Use of Soil Amendments

Table 1: Types of Problems Addressed by Soil Amendments

Exposzure Pathvay:z and | Interactions

Adversze Effects

Solutions

Conramrnans B r'aﬂfe'rin!'e'r&ﬁ’r'n' Phyroavailabiivy Problems

Toxicity (norganic)

Alumimum (AL

Flyvrotoxiciny
Faunoff
Leaching

Low pH = more
oxic; Low P = more
roxic; High calcium
(Ca) = less toxic

Faize pH greater than §.0, add
OW and F; add gypsam or
ather high soluble Ca source

Arzenic (As)

Borate (B0,
Cadminm-to-Zine Fatio
(Cd:Zny !

Clhromate (Crﬂ.,z',‘-

Copper (Ca)

Lead (Phx)

Soll Ingeston
Runoff
Leachinz
Phviotoxicity

Food chain

Phviotoxicity
Funoff

Leaching
Floymomoxicity
Faunoff

Leaching
Aguatic recepiors
Soil ingestion

Hizh pH *= maora
toxic; High P = mora
soluile

Low and Hizh pH “=
more toHis

High ratio = gresier
bioavailability (misk)
of Cd

High pH *= mor=
tomic

Low pH *=mare
toxic; low Ol =
Luors toKic

Low phosphoms ()
= more toxic

Add organic matter (O} and
adjust pH to betwesn 5 5-86.5

Add iron cotide snd acidify
(pH betwean 6.0-7.0)

Add Zn 1o reduce the Cd:Zn
raATo

Add reductants, ez, O,
iosolids; also acidify 1o less
tham 6.5

Faize pH (§.0-7.0), add P,
OM, and sorbenis

With no As present, raise pH
o 6.0 or greater; with As
present, ralse pH o 5.3-8.5;
z2dd F, and oo oxids

Mianganese (o) Phviotoxicity Low pH ’= more Faize pH greater than 7.0
Funoff tomic
Leachinz

Ilolvbdemmmn (2o Food chain High pH * = more Acidify (pH berwesan 5. 5- 6.5)
CuMo rado toxic; Low Cu= and add Cu

mone toXLc
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Use of Soil Amendments, cont.

Exposure Pathway: and | Imteractions Solutions
Adversze Effects
Tickel (1) Plvrotoeicity Low pH “=rnare Faize pH (7.0-E.0), add P,
toxic; Low P = mors Ol and sorbemts
1 | tomic 1
Salenimm {Sea) Food chain High pH ?= mare Acidify (pH betwesan 5.5-8.3)
Famnoff toic
| Leaching | 1
Sulfate {5 D_,E',‘- Fhwvromoxicity to salt effects A Irrigate sodl
Zinc (Zn) Phvromomxicity Low pH *= more Faize pH (7.0-2.00, OWM, and

toxic; low P = mors
ToaEic

sarbents?, e.z., fron and
44
manganess oxides, WTE

Toxicity {orgamnic)

Polycychc Aromatic Soil Ingestion

Low ONM “= more

Add OM and allage

Hydrocarbon (PAH) hioavailable
Polychlorinated Biphenyl Soil Ingeston Low ONM *= more Add OM and rllage
(PICE) bioavailsble

| I

Poor Soil Healih/Ecosvseem Funcrien Problems

High or Low pH
Active Acidity (as
measurad directly v a
water:soil mbxnra)

Baanoff
Leaching

Alkalinity Anion solubility and metal
| micrommirient availabilicy
Potential Acidity {total acid | Fouanoff

producton capaciny with Leaching

time; largely from

unrezcted sulfides) aszociated phytotoxicity

Mietal and salt eveoludon and

Conmals mietal
sohakilicy and
muicrobizl sctiviny;
mcreases metal
| availabiliny *
See Mo, Se, As listed
| abowe
Similar to actve
acidiry (abowve) .

| Add lime andior other alkaline

| Add acid eguivalanr

501l amiendments

Estimata total lime demand
and add 125 to 1.5 times the
demand

Sodicity or Salinity
Electrical Conductivity [ Plhovtotoxicity, plant water
stress, nuirient wpiake
nmbalances
Plovronomxicity

Sodivrm {a) A
Sodicity’

[ High a = more toxic

Hizh 5AF = hizh sail
dispersion

[ Irrigate; ORI may help

| Add any Ca:Mz-rich

material'; Ol
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Addition of Soil Amendments Can
Reduce Contaminant Bioavailability

Bioavailability: the fraction of the chemical(s) of concern in soil that is
accessible to an organism (human or plants) for absorption

Metal With Lime With Beringite With Red Mud

modified aluminosilicate @ Fe oxide rich residue
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Biosolids

Nutrient rich organic material resulting from
\ the treatment of domestic sewage in
] treatment facility

Tested (federal biosolids rule: 40CFR Part
503)

,/ Biosolids can be applied as fertilizer and will
improve soil structure

Very efficient use of organic N,P by crops
because of slow release throughout the
growing season
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Tacoma, WA
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rsenic Concentrations in Soils

and Lettuce Samples
Tacoma, WA Test Plot Site

Control 90 0.151

Tagro +Lime 87 0.081

TAll concentrations are average of four field replicates

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

¢ www.epanarpm.org
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\(3&dm|um Adsorption by Biosolids amended
Soils

< 1.0 o
‘o . e * ¢ , Biosolids
4 :
% 0.8 1 ’ Biosolids-amended Soils
€ 06 | &
3 %o ° Soils
r— [ e%e, S o
Eoal "t o, o
/ 8 :.':. ° o o g °
o) 02 '..8 () .‘ ‘.‘ °
)] H ° ey
'E *i:“.“i.c L ° ° °
2 0.0 | ¥
T
2 ,

0 2 4 6 8 10 12 14

Solution Cadmium (uM)
RICSTATE

Ryan et al. (2003)

215t Annual NARPM Training Program
. May 16-20, 2011

Kansas City, Missouri ¢ www.epanarpm.org



http:www.epanarpm.org

Bioavailability

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

Commonly thought of as one process only:
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Sandy Soils and Zinc

| -, = =
Soiod cun
| : ontr? Za Sand Inad s Sa.y
| 1503}5 Zn ‘2’: ﬂd 2a
| - e e T .
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V7T TN/ / /WAt T HPPEN To KNoW THAT THE LEAD IN BULLETS IS
(e LA 1 THe NETNLIC FORM | THIS CHEMICAL FoRm OF LEAD HAS
A ITRINSICALLY LOW  BIOAVAILABILITY AND TOXIGITY

; g .. - _||: -;.. [ :.; ':_I_'_I-'g:'i_l-.:‘ 2 e — - n —— L --
T i" .iﬁﬁmﬂr ST, o b ¢ 0 T T e T S B o - R e it

7 YES, BuT EARP ET AL. (1882) WAVE RECENTLY REPORTED :
THAT THE GUNPOWDER-ASSISTED ACCELERATION OF THIS FORMY | i
OF (EAD To 1000 ft./sec. SUBSTANTIALLY ENHANCES ITS

ABILITY T0 PENCTRATE BIOLOGICAL MEMBRANES, EFFECTIVELY
MAKING (T A WHOLE LOT Moge Toxic [l = |

1
||||| i 1 St i
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Galena, KS
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Case Study: Galena, KS
| Issues:

Lack of vegetation

/Zn, Cd, and Pb levels in surface waters
and stream sediments exceeded aquatic
life criteria

Interrelated issues: lack of vegetation
promotes the movement of runoff and
sediments from mining-impacted areas

215t Annual NARPM Training Program
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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
properties
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Manure Application

215t Annual NARPM Training Program
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Plot without Amendment
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Plot with Amendment
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Electrical Conductivity

o1 ——
Fall ‘07 0.4 30 43
Spring ‘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 05

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
ansas Department of Health and Environment.
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Extractable Zn

............................ mg/kg
Fall ‘08 134 8 6
Spring ‘09 36 9 .
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

--------- plants/50 ft ---
Spring ‘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
Kansas Department of Health and Environment.
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Biomass Production

----------- g/ m?
Fall ‘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 Hydrocarbons
Polycyclic Aromatic Hydrocarbons (PAHS)
Polychlorinated Biphenyls (PCBs)

Trichlorethene (TCE) and other chlorinated
solvents

Ammunition wastes and explosives
Heavy Metals
Pesticides

215t Annual NARPM Training Program
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Phytostabilization

Ground cover
aids in soil stabilization
prevents erosion, drift

prevents direct contact (human, animal) with
contaminants

controls infiltration

215t Annual NARPM Training Program
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Phytostabilization, cont.

Mobility reduction of heavy metals and some
organic contaminants

Via chemical interaction in rhizosphere

Accumulation 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)

215t Annual NARPM Training Program
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Phytostabilization

Improved Aesthetics

Improved Ecological Function

Improved Water Removal
by Plants

(Soil Amendments)

TN !
F 3 Improved Habltat

i
W
A

Reduced Water Metals Stablllzed
Infiltration in Soil

l((/

C Reduced Wind-Blown Dust)

(Reduced Erosion and Runoff )

Reduced Aquatic Impacts

TR

/ N
1‘&%
To Correct

Growth Limiting Factors
and Add Organic Matter

Less Sediment Deposition)

Pierzynski, et al, 2002, Plant System Technologies for Environmental Management

of Metals in Soils: Educational Materials, J. Nat. Resour. Life Sci. Educ., Vol. 31, p. 31-37
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Vegetative Covers - Hydrologic Component

Precipitation Transpiration Evaporation

Surface Flow

=)

R=P-ET+S
where R= recharge, P=precipitation, ET=evapotranspiration, S=change
in water storage
McMillan, 2002, Phytotechnologies Workshop Presentation, EPA Brownfields
Conference, Atlantic City, NJ
215t Annual NARPM Training Program
¢ May 16-20, 2011
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Precipitation Interception Capacity by Plants

Table 1-1. Typical water interception capacities

Plant name Plant type Magnitude mlld duration | Intercep tiufn capacity

of rain (%)

Natural pasture | Mixed grasses 389 mm 1n 5 months 14-19

Alfalfa Agricultural crop | Unspecified 36

Tall panic grass | Praine species 12.7 mm 1 30 minutes \f?

Litile blue stem | Prairie species 12.7 mm 1 30 minutes 50-60

Birch Tree species 330 mm in 5 months 10

Ash Tree species 33 mm rain (no time given) 24

Spruce-fir Tree species 272 mm 1in 5 months 30

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

Kansas City, Missouri

215t Annual NARPM Training Program
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Phytohydraulics

From: Phytotechnology Technical and Regulatory Guidance and Decision Trees,
N\ revised, ITRC, 2009
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Maximum Rooting Depths

Examples
Indian Mustard: to 12 inches - Metals
Grasses: to 48 inches - Organics
Alfalfa: to 30 feet
Poplar trees: to 15 feet - Metals, organics,
chlorinated solvents

215t Annual NARPM Training Program
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Phytodegradation

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

Examples:

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

Poplars partially break down TNT

215t Annual NARPM Training Program
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Phytotransformation
Organlc Contaminants (examples)

Petroleum Hydrocarbons — TPH, PAHS,
BTEX

Pesticides

Chlorinated Solvents — usually involving
groundwater

PCPs
PCBs

215t Annual NARPM Training Program
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BIODEGRADING HYDROCARBONS

(Texas City)
12000

10000 F

= Tilled (Control)
== Native Revegetation
Planted (Designed)

O&G Concentration (mg/kg)
S (=1

2000 N
4
0 ————t——t— — 1 +—+——
Jan-99 Jul-99 Jan-00 Jul-00 Jan-01
Sampling Date

Kulakow, 2002, Phytoremediation of Organics i

n Soil, ITRC Workshop Presentation
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TPH Dissipation in Craney Island, VA
Study
Banks, 1999, in Kulakow, 2002 ITRC workshop presentation

aClove
Unvegetated

Fescue /.

/
=4

—
////

=eBEHEBHH

T~
Percent pjgsip ation

I B M E K E & E
Month

215t Annual NARPM Training Program
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Phytoextraction

.\/'“ ,,. 7/

\'\

N

A

’f ) ’f"‘\\"/\ "f \\'":")
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Rock and Tsao, 2002, Introduction to Phytotechnologies, ITRC Workshop Series Presentation
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| Phytoextraction of Heavy
| Metals

Hyperaccumulating plants can treat

metals in soil at ~1,000 ppm range

Must prevent eco exposure and leaching, and
dispose of properly

Treatment depth generally ~ 1 foot
Phytotoxicity

physical or chemical amendments required for
extraction or stabilization strategies
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\\Natural Hyperaccumulators of
"{{ Metals

Barley
Sunflowers
Tall Fescue
Hydrangea
Rapeseed

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

Hyperaccumulators table — 1

hyperaccumulators and contaminants : Al, Ag, As, Be, Cr, Cu, Mn, Hg, Mo, naphthalene,

Pb, Pd, Pt, Se. Zn — accumulation rates

rbures, (O
s MTEE =S
bry-produ Cid.
Ph. U .
]
viminalix);  Polassium

Pawvrnsrnrimidolla 1O

Perchlorate {wetland

http://en.wikipwedia.org/wiki/phytoremediation
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Contaminant Accumulation Latin name H-Hyperaccumulator Maoles Sources
rates (in maky or A-Aceumulator
dry weight) P-Precipitator
T-Tolerant
Al-Aluminium A~ Agrostis H nid As(A), Mn(A), Phia), Ongin Partu, [
castellana Bent Grass IniA)
Al - Aluminium 1000 Hordeurn vulgare Barley RXE 25 records of plants. 21 [3]
Al - Aluminium XXX Hydrangea spp. Hydrangea XXX REX XXX
Al - Aluminium Melastoma 1 P compe XXX
malabathricum L. or Mative I
aluminium and
Lassiandra upt ke )
30,92,1 and
1.1 .
4
Al-Aluminium AKX Solidage hispida Hairy AXX Origin Canada. [2] 3]
{(Solidage
canadensis L.}
Al-Aluminium 100 Vicia faba Haorse Bean RAX XXX [21[31
Ag-Silver AKX Brassica napus r, He, Ph, Se, Zn Phytoexira [6] [7]
Ag-Silver XK Salix spp. Csier spp. Phytogxtraction. 7
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Phytovolatilization

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

Chlorinated hydrocarbons volatize well,

gasoline components do not (Davis et al.,
1998)

Poplar saplings concentrate and transpire
MTBE

215t Annual NARPM Training Program
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Phytovolatilization cont.

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

Mercury — after conversion to elemental Hg by
microbes (example Yellow Poplars rugh etal. 1996,
1998)
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Crltlcal Factors for Implementing
| Ecological Revitalization

Type and concentration of contaminants
Depth of contamination

Toxicity

Transfer of contaminants
Leaching/mobilization of contaminants
Size and other physical constraints of site

215t Annual NARPM Training Program
. May 16-20, 2011

Kansas City, Missouri ¢ www.epanarpm.org


http:www.epanarpm.org

Crltlcal Factors for Implementing Ecological
| Revitalization(cont.)

Natural soil and climate conditions

Avalilability of suitable plant material

Expertise

Proper risk management, monitoring

Cost

Acceptability

Seasonality of plant activity

Sampling requirements
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Contact Info

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