Phytotechnologies Lecture Series A:COM
- 3 1IN ‘ n&’w .

GeobotdNy: éﬁ.ﬁgr
Presented to the uﬁr‘ \epzu 2

Nghber 201V
4 ; J
= )

/

Bar™J. Harding, CPG 5
AECOM Grand Rapids,’rhi 5




Alntroduction

AGeobotanical Precepts
I History
I Plant Tolerance and Stress

AAccumulator and Indicators
AGeobotanical Exploration
APhytoremediation

AClosing

Chinkapin Oak (Quercus muehlenbergii), an
eastern calciphyte, usually found growing on
limestone outcrops.




Geobotany

A Study of relationship of plants to geological
substrates and habitats. Different than

phytogeography.

AHelen Cannon, USGS (1938-1972), early
proponent of discipline (selenium, uranium, lead
and zinc indicators). Robert R. Brooks, Massey
u. , NZ (active | ate 196
botanical exploration of metals in New Zealand -
and South-Central Africa.

Trends of 'geobotany’
View usage over: | Last 100 years

Recorded Usage

1908 1928 1948 1968 1988 0\ 2008 =
Birth of Phytoremediation




Some Geobotanical Precepts

ANatural occurring plants and plant communities
reflect the geological substrates they grow
upon.

Overstory Canopy

Vegetation

Understory Vegetation

Zonal Soil

A Some characteristic floras indicate regions
where certain types of mineralization are likely
to occur (e.g. ultramafic outcrops in NE Georgia KR,
and the serpentine barrens of the Piedmont 7 4 N
Upland, N. Carolina).

Soil

: .. Rhizosphere

| Overburden

AThere are plant indicators for organics, et .
inorganics and radionuclides. Likewise, some
plants can adapt to these chemical footprints.

Rock

AMost indicator plants are accumulators, but not
all accumulators are indicators.

i3
* *_ Unweathered
7> 'y Bedrock




Plant Adaptation to Stress

APlant Stresses
I Excessive Nutrients
I Environmental Toxins
I Ambient Conditions

Plant Plant
Sensitive Dies
w v .
Injury
Plant Plant
Resistive Survives
'\éﬁfnbgoéf Chlorotic leaf pattern developed in maple tree

growing in copper-rich soil in Ely, Vermont.
Photograph by Helen Cannon, USGS, 1947.




Metal Tolerance, Accumulators and Indicator Species

:' Halophyte
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Non-Environmental Precedence for the Arsenic Fern

Pteris vittata has often been observed
on arsenical mine dumps (Wild, 1974)
Schematic transect across Etoile Mine, former Zaire, showing

mineral floras and environment where Pteris vittata is found
(Malaisse and Gregoire, 1978).

o
16 Y~

O A
/

N;

o

Vo
%
o
&

- , )
7l VT B )
5 g \' @A\ 7

12
A B C D
Open Forest Steppe Savanna Rocky Steppe Steppe Savanna

100000 Copper and Cobalt in Surface Sail

e /\_//

0 ——

Co (ug/g)

Cu (ug/g)




Indicator Metrics

Specific Indicator Values (SIV)

3|V = Highest Copper Value — Lowest Copper Value (Plant Tissue)
B Average Copper Value (Soil)

— _ 100 mg/kg — 50 mg/kg
SIV=0.50= 100 mg/kg

— _ 500 mg/kg — 90 mg/kg
:> SIV=4.10 = g o

SI'Vv 4.0 or Less nGood I ndi c a
Brooks, 1972
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Indicator Plant vs. Accumulator Plant

INDICATOR
AMetal and Organics.

ASIV < 4.

ACan be plant species, floral
community, or changes in growth,
morphology and physiology of
plants.

AUsually are accumulator plants.

ACCUMULATOR
AUsually Metals.

AUsually specific plant.

UGA1363274

A Accumulate higher concentration of
xenobiotic compound in tissues Alpine Pennycrest (Thlaspi sp.) is a lead and

versus soil or groundwater zinc accumulator and indicator.
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Serpentine Floras

ey o BARREN AREA ASSOCIATION
; han ¢
Arabis lyrata var. parvisiliqua gemsttm{" 2;"9‘:7::' villosissimum
Gerardia decemloba oustonia
AECHSAIMEA Linum medium Polygonum tenue
OHIO / Talinum teretifolium
CIATION
o’ ERSEY ANDROPOGON ASSO.
WYLAND fe Acerates viridiflora Agrostis perennans
Andropogon scoparius Aristida 'purgurescens
DELAWARE Aristida dichomata Aster ericoides
WEST VIRGINIA Aster lateriflorus Clﬂssit;] fa.scicula_ta
Carex glaucodea Eleocharis tenuis
REet Festuca rubra Fimbristylis autumnalis
VIRGINIA Juncus platyphyllus Juncus secundus
Juncus tenuis var. dudleyi Lobelia inflata
o Oenthera tetragona var. brevistipata ~ Panicum clandestinum
Panicum dichotomiflorum Panicum linearifolium
Poa pratensis Polygala verticillata
Sabatia angularis Scleria pauciflora
NORTH CAROLINA Senecio smallii Sisyrinchium mucronatum
WG oes Solidago juncea Solidago canadensis
Sorghastrum nutans Spenopholis obtusata

Viola fimbriatula

SOUTH CAROLINA ANDROPOGON—OAK ASSOCIATION

Anaphalis obtusifolium Apocynum cannabinum
Asclepias verticillata Aureolaria pedicularia
Cunila origanoides Desmodium marilandicum
Dianthus armeria Erigeron ramosus
Eupatorium perfoliatum Hieracium venosum
Hypericum gentianoides Hypericum perforatum
Hypericum punctatum Lespedeza virginica
Liatris graminifolia Linaria vulgaris

Lobelia spicata var. scaposa Oxalis stricta

Phlox subulata var. eusubulata Pinus virginiana
Potentilla canadensis

Prunella vulgaris
Pycnanthemum flexosum Quercus marilandica

Quercus stellata Rosa virginiana
Sericocarpus asteroides Verbascum blaterium
Vernonia noveborensis Viola pedata var. lineariloba

FLORIDA

Pl ant Associations at

Serpentine Barren, MD.
Brooks, 1987




Accumulator / Indicator Plant Example

A Astragalus pattersoni (Milk vetch).

A Grows on natural seleniferous soils
(e.g. Thompson District, Utah).

A Selenium accumulator (poisonous to
| T vestock Al ocoweed:

AAlso a uranium and molybdenum
pathfinder or indicator plant.
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Indicator Plant Example

AEriogonum ovalifolium (Cushenbury
buckwheat or ASilver

AHabitat within openings of Pinyon pine,
Pinyon-juniper, Joshua tree and
Blackbush scrub communities 4,600 to
7,900 feet in elevation on carbonate
substrates, primarily in the San
Bernadino Mountains mining territory.

A Cited by Henwood (1857) and Cannon
(1960) as an indicator of silver veins
in Montana.

Table 1. Plants that have been used as indicators in prospecting.

Universal (U) . . Common .
or local (L) Family Genus and species p— Locality Reference

Silver
L Buckwheat Eriegonum ovalifelium  Eriogonum Montana 47)




Indicator Plant Example

A ole[e O )Eese NE
A Adapted 1or grao ON evaporite- and '
0 arite 0 A QVP
dicator and e al pla
A Viade appeara s O s
ODvVage 2asSO DISOJE O
arg 0 s e £ econa 5
pe 100 gatanp ed Spe s
!
'EE:I
I.:

. |
L 4

Page 13 AECOM



Species Accumulate Metals Differently

Zinc concentration, in parts per million
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Thlaspi sylvestre

Silene cucubalus

Salix caprea

Populus tremula

Betula verrucosa

Viola calaminaria

Agrostis tenuis

]
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Quercus robur

ot
.

T. Sylvestre (Alplhe Pennybrest)

Graph showing amount of zinc in leaves of different species collected from the same
zinc [Galmei] biotype at Plombiéres, Belgium (from Denaeyer-De Smet, 1970).




Factors Affecting Metal Accumulation in Plants

Plant Species Sampled
Plant Organ Sampled
Age of Plant or Organ
Health of Plant

Soil pH

Root Depth

Drainage

Aspect

Element Availability

Element Antagonism

TABLE 11-10  Factors Affecting Elemental Uptake by Plants and Mecthods of

Reducing Their Effect
Relative

Factor importance Method of reducing effect

Type of plant Very great Selection of plants by orientation survey

Organ sampled Great Selection of organ by orientation survey

Age of organ Significant Selection by orientation survey

Rootdepth Significant Use of ratios of two elemental concentra-
tions in same sample

pH Fairly significant ~ Selection of elemental ratios of pair of
elements of same availability over pH
range encountered

Health of plant Fairly significant  Select healthy specimens only

Drainage Fairly significant Avoid poorly drained areas where pos-
sible; also use elemental ratios

Availability of Fairly significant Use elemental ratios with both elements

element of same availability

Antagonism of other
clements

Rainfali

Variable shading

Temperature of soil

Minor

Minor
Minor

Minor

None

Carry out work over short period

Avoid shady sites if possible or use ele-
mental ratios

Carry out work over short period

Brooks, 1972




Observable Metal-Stress Plant Indicators

Physiological and morphological changes in plants due to metal toxicities.

Element Effect Reference
Aluminum Stubby roots, leaf scorch, mottling (54)
Boron Dark foliage; marginal scorch of older leaves at high concentrations; (54)
stunted, deformed, shortened internodes; creeping forms; heavy
pubescence; increased gall production (24)
Chromium Yellow leaves with green veins 31
Cobalt White dead patches on leaves (30)
Copper Dead patches on lower leaves from tips; purple stems, chlorotic leaves (55)
with green veins, stunted roots, creeping sterile forms in some species (16)
Iron Stunted tops, thickened roots; cell division disturbed in algae, resulting (55)
cells greatly enlarged (56)
Manganese Chlorotic leaves, stem and petiole lesions, curling and dead areas on
leaf margins, distortion of laminae (54)
Molybdenum  Stunting, yellow-orange coloration (55)
Nickel White dead patches on leaves, apetalous sterile forms (30)
Uranium Abnormal number of chromosomes in nuclei; (28)
unusually shaped fruits; (32)
sterile apetalous forms, stalked leaf rosette (31)
Zinc Chlorotic leaves with green veins, white dwarfed forms; (31)
dead areas on leaf tips; roots stunted (55)

Cannon, 1960




PH Influences Nutrient Availability

Very Very
Strongly Modium| Stightly | stightly | stightly | Shightly Maedium Strongly
acid acid acd acwd alkaline | alkaline {alkaling alkaline

NITROGEN

PHOSPHORUS

POTASSIUM

CALCIUM

MAGNESIUM

MANGANESE

BORON

COPPER AND ZINC

MOLYBDENUM

SOIL pH

Modified from Bidwell, 1974




Geobotanical Exploration

AGround-Based

I Indicator Plant Mapping

T Visual Observations

I Plant and Soil Sampling & Analysis
AAerial Reconnaissance

ARemote Sensing (Satellites)

I Landsat 197271 Present

ALandsat 4 (1982-1993) MSS-TM
(VIS-IR, 7 Bands) 30m Resolution

ADrones (Modern)
I Near-IR
i NVDI
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Joint NASA/GeoSat Test Report (1984)
Patrick Draw Oil Field, WY Landsat MSS Image

® SOIL GAS SURVEY ,’ OIL/GAS CONTACT
SAMPLE SITES "
APPROXIMATE OUTLINE
OF AREA OF ANOMALOUSLY

PRODUCTIVE LIMITS OF
g PATRICK DRAW OIL FIELD STUNTED SAGE GROWTH
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Soil pH at Stunted Sage Anomaly

Lang, et al., 1984




Stunted Sage (Artemisia tridentata) Anomaly

Terms  Send feedback 100 ft
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Patrick Draw Stunted Sage Test Site

NORMAL SAGE LEAF ABNORMAL SAGE LEAF
CROSS SECTION SPONGY MESOPHYLL CROSS SECTION
APPROX 100X APPROX 100X P PHLOEM

X  XYLEM

@ TRICHOMES
UPPER EPIDERMIS

@ EXTRAXYLARY FIBERS

. @ VASCULAR BUNDLE
APPROX 10X

@ EXTRAXYLARY FIBERS
NORMAL SAGE LEAVES ABNORMAL SAGE LEAVES
NOTE: LARGER LEAVES

DISTINCT INTERNODES LOWER EPIDERMIS

Leaf cross-sections of normal and abnormal sage from the Patrick Draw Test Site, Wyoming.
Note poorly developed mesophyll in stunted sage (Lang, et al., 1984).




Metal Mobility and Vegetation Stunting

Very
shightly | Slightly
alkaline | alkaline

Very
slightly
acwd

Strongly Modium| Stightly
acid acid acd

alkaline

Mndmm‘ Strongly
1

NITROGEN

PHOSPHORUS

POTASSIUM

CALCIUM

MAGNESIUM

SULFUR

IRON

MANGANESE

BORON

COPPER AND ZINC

MOLYBDENUM

Zinc:

Involved in the synthesis
of indoleacetic acid (I1AA),
a plant hormone required
for normal tissue growth
In plants.

4 15 5 556 6 65 7 15 8 85 9 95 10

it *

Limited Metal Mobility

Page 23 AECOM




Phytoremediation Mechanisms

Metals and Inorganics Organics
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Rhizospheric Remediation

A Co-metabolic breakdown of contaminants
and root exudates (carbon sources) by
aerobic soil-dwelling microbes.

ARoot Exudates = Sugars, Amino Acids,
Organic Acids, Fatty Acids, Sterols,
Enzymes, Flavonols, Purines/Nucleotides,
others misc compounds and gases.

ARoot Surfactants = Soap-like compounds
such as alkaloids and saponins

AWorks on compounds amenable to aerobic
breakdown pathways.

I Fuels, Crude, Petroleum Hydrocarbons
I Some PAHs
I Energetic Compounds i TNT
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Why Phytoremediation?

APromotes and encourages ecological stewardship.

ACan successfully meet target performance metrics,
especially when combined in hybrid remedies.

APlenty of precedence, case studies and success stories.
AHas gained regulatory agency and community acceptance.

ARelatively low comparative remediation costs.

Page 26 AECOM



RACER Cost Estimates for Phytoextraction

Federal Remediation Technologies Roundtable Estimates

SOIL TECHNOLOGY: Phytoremediation

Scenario D

Scenario C

Scenario A Scenario B

RACER PARAMETERS Small Site Large Site
Easy Difficult Easy Difficult
COSTPER SQUARE FOOT $2 $7 $0.42 $1
COSTPER CUBIC FOOT $18 $66 $4 $14
COSTPER CUBIC METER $626 $2,322 $147 $483
COSTPER CUBIC YARD $479 $1,775 $112 $369

® >
500 cu yd 10,000 cu yd

® >

$240K $3.7MM




Realistic Applications

V Large open redevelopments in
urban and industrial landscapes.

V Marginally impacted agricultural
soils.

V Sites justifying wetland mitigation,
habitat restoration or other
ecological improvements.

V Site needing storm water polishing
and control of overland water flow

or erosion control. Enhanced rhizodegradation and PAH polishing
using native prairie grasses at the Former
V Sites having limited contaminant Lakeside Refinery Site, Southwestern Michigan.

footprint (not mixed COC sites).




Baseline Analytical Conditions

Almpacted Media

T Concentrations of chemicals in water and
soil.

I Distribution and depth of impacted media.

ASoil and Groundwater Geochemistry

I pH, Cation Exchange Capacity (CEC), and
Total Organic Carbon (TOC).

I Naturally-occurring elements: Fe, Mn, Al, S,
plus N, P, K and others.

I Mineralogy (XRD).

In-situ field tensiometer. Measures

ASoil Physics available interstitial water in the vadose
I Moisture, bulk density, particle grain sizes, zone.

permeability testing.
T Soil moisture tension.




Rooting Depths

ABCDEFGHI JKLMN O P QRSTU

-15

A) Kentucky Bluegrass (Poa pratense)

B) Lead Plant (Amorpha canescens)

C) Missouri Goldenrod (Solidago missouriensis)
D) Indian Grass (Sorghastrum nutans)

E) Compass Plant (Silphium laciniatum)

F) Porcupine Grass (Stipa spartea)

G) Heath Aster (Aster ericoides)

H) Prairie Cordgrass (Spartina pectinata)

I) Big Blue Stem (4Andropogon gerardii)

J) Pale Purple Coneflower (Echinacea pallida)
K) Prairie Dropseed (Sporobolus heterolepis)

Page 30

L) Side Oats Grama (Bouteloua curtipendula)

M) False Boneset (Kuhnia eupatorioides)

N) Switch Grass (Panicum virgatum)

0) White Wild Indigo (Baptista leucantha)

P) Little Blue Stem (4ndropogon scoparius)

Q) Rosin Weed (Silphium perfoliatum)

R) Purple Prairie Clover (Petalostemum purpureum)
S) June Grass (Koeleria cristata)

T) Cylindric Blazingstar (Liatris cylindracea)

U) Buffalo Grass (Buchloe dactyloides)

Scheper & Tsao, 2003

A Compass Plant
A Switch Grass
ig-Blue Stem

Agroecologist Dr. Jerry Glover
USAID

A=COM



Kermit Lumber Site, Grey Eagle, W.VA

West Virginia
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Imagery ©2017 Google, Landsat / Copernicus, NOAA, Data SI0, NOAA, U.S. Navy, NGA, GEBCO, Map data ©®2017 Google Canada. Terms Sendfeedback 200 ft

Kentucky
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Near-Surface Arsenic Geochemistry

Arsenic Mobilization
from Root to Stem to Foliage

Biomass Decay Loss of Volatile Arsenic

Mineral Matter Precipitation Soil Enrichment of Arsenic

. . AN NP~

Dissolution of 2 N as

Arsenic Minerals 1x NS o R 3
A
—

l

. Complex with Ligands and Humus
Sorption on Uptake as Soluble Arsenic

Organo-Mineral Colloids \ T /
HnAsO4n-3 / HnAsO4n-3
/ Aqueous \
Co-Precipitation As(V) to As (lll)

with Fe, Mn and Al Reduction and Precipitation

Oxides ARSENIC MINERAL WEATHERING

Arsenide / Sulfarsenide

CONCEPTUAL MODEL OF ARSENIC CYCLING (After Stopinski, 1976)




Arsenic Uptake Bench-Scale Study

AKermit Lumber Chromated Copper
Arsenate Site, Gray Eagle, West
Virginia.

ABench-Scale Arsenic Uptake Study
and White Paper nAr
Primitive Plants of the Genus
Equisetumo .

ARough horsetails (Equisetum hyemale)
grown in arsenic-impacted soils 100-
200 mg/kg range derived from site.

_ _ Site-specific feasibility assessments: (a) microcosm
ATranslocation Factor approximately 3 pot trial, (b) mesocosm pot trial, and (c) field test.

(3x as much arsenic in plant tissue
than soil over 90 days).
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Equisetum (Horsetails) as Accumulators

A Cited in geobotanical literature as
arsenic, cobalt, copper, gold, silica,
and zinc accumulators.

ANext best accumulators of arsenic
next to Pteris ferns.

AWide-spread, tough, vigorous root
system and generally unpalatable
primitive plant with some medicinal
merits.

) ] Arsenic in Pteridophytes in order of increasing arsenic
AAECOM study and White Paper with  concentration in fronds. Plants of the genus

Norfolk Southern indicated Equisetum are accumulators in the 100 mg/kg range
concentration factor of 3 (soil to leaf ~ (Meharg, 2003).
shoots) for Equisetum hyemale.
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