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Chinkapin Oak (Quercus muehlenbergii), an 

eastern calciphyte, usually found growing on 

limestone outcrops. 



      Geobotany 

ÅStudy of relationship of plants to geological 

substrates and habitats. Different than 

phytogeography. 

ÅHelen Cannon, USGS (1938-1972), early 

proponent of discipline (selenium, uranium, lead 

and zinc indicators). Robert R. Brooks, Massey 

U., NZ (active late 1960ôs to early 1990ôs). Geo-

botanical exploration of metals in New Zealand 

and South-Central Africa.  
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       Birth of Phytoremediation 



      Some Geobotanical Precepts 

ÅNatural occurring plants and plant communities 

reflect the geological substrates they grow 

upon. 

ÅSome characteristic floras indicate regions 

where certain types of mineralization are likely 

to occur (e.g. ultramafic outcrops in NE Georgia 

and the serpentine barrens of the Piedmont 

Upland, N. Carolina). 

ÅThere are plant indicators for organics, 

inorganics and radionuclides. Likewise, some 

plants can adapt to these chemical footprints. 

ÅMost indicator plants are accumulators, but not 

all accumulators are indicators. 
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      Plant Adaptation to Stress 

ÅPlant Stresses 

ïExcessive Nutrients 

ïEnvironmental Toxins 

ïAmbient Conditions 
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Chlorotic leaf pattern developed in maple tree 

growing in copper-rich soil in Ely, Vermont. 

Photograph by Helen Cannon, USGS, 1947. 
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      Metal Tolerance, Accumulators and Indicator Species 
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      Non-Environmental Precedence for the Arsenic Fern 
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Schematic transect across Etoile Mine, former Zaire, showing 

mineral floras and environment  where Pteris vittata is found 

(Malaisse and Gregoire, 1978). 

Copper and Cobalt in Surface Soil 

Pteris vittata has often been observed 

on arsenical mine dumps (Wild, 1974) 



      Indicator Metrics 
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SIV 4.0 or Less ñGood Indicatorò 

Specific Indicator Values (SIV) 

Brooks, 1972 



      Indicator Plant vs. Accumulator Plant 

INDICATOR 

ÅMetal and Organics. 

ÅSIV < 4. 

ÅCan be plant species, floral 

community, or changes in growth, 

morphology and physiology of 

plants. 

ÅUsually are accumulator plants. 

ACCUMULATOR 

ÅUsually Metals. 

ÅUsually specific plant. 

ÅAccumulate higher concentration of 

xenobiotic compound in tissues 

versus soil or groundwater. 
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Alpine Pennycrest (Thlaspi sp.) is a lead and 

zinc accumulator and indicator. 



      Serpentine Floras 
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Plant Associations at Soldierôs Delight 

Serpentine Barren, MD. 
Brooks, 1987 



      Accumulator / Indicator Plant Example 

ÅAstragalus pattersoni (Milk vetch). 

ÅGrows on natural seleniferous soils 

(e.g. Thompson District, Utah). 

ÅSelenium accumulator (poisonous to 

livestock ñlocoweedò). 

ÅAlso a uranium and molybdenum 

pathfinder or indicator plant. 

Page 11 



      Indicator Plant Example  

ÅEriogonum ovalifolium (Cushenbury 

buckwheat or ñSilver Plantò). 

ÅHabitat 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. 

ÅCited by Henwood (1857) and Cannon 

(1960) as an indicator of silver veins 

in Montana. 
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      Indicator Plant Example 

ÅEriogonum inflatum (Desert Trumpet). 

ÅAdapted for growth on evaporite- and 

anhydrite-rich soils. A gypsum 

indicator and medicinal plant. 

ÅMade appearance in Star Trek: 

Voyager, Season 3, Episode 1, at 

around the 3 minute 47 second mark, 

when the character Neelix is shown to 

be looking at a picked specimen. 
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      Species Accumulate Metals Differently 
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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). 

T. Sylvestre (Alpine Pennycrest) 



      Factors Affecting Metal Accumulation in Plants 
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Brooks, 1972 



      Observable Metal-Stress Plant Indicators 
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Physiological and morphological changes in plants due to metal toxicities. 

Cannon, 1960 



      pH Influences Nutrient Availability 
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Modified from Bidwell, 1974 



      Geobotanical Exploration 

ÅGround-Based 

ïIndicator Plant Mapping 

ïVisual Observations 

ïPlant and Soil Sampling & Analysis 

ÅAerial Reconnaissance 

ÅRemote Sensing (Satellites) 

ïLandsat 1972 ï Present 

ÅLandsat 4 (1982-1993) MSS-TM 

(VIS-IR, 7 Bands) 30m Resolution 

ÅDrones (Modern) 

ïNear-IR 

ïNVDI 
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H.C. 



      Joint NASA/GeoSat Test Report (1984) 

Patrick Draw Oil Field, WY Landsat MSS Image 
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      Patrick Draw Test Site 1980ôs 
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Lang, et al., 1984 Soil pH at Stunted Sage Anomaly 



      Stunted Sage (Artemisia tridentata) Anomaly 
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ANOMALY 

(modern Google Image) 



      Patrick Draw Stunted Sage Test Site 

Page 22 

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 
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Limited Metal Mobility 

Zinc: 

Involved in the synthesis 

of indoleacetic acid (IAA), 

a plant hormone required 

for normal tissue growth 

in plants. 



      Phytoremediation Mechanisms 
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      Rhizospheric Remediation 
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ÅCo-metabolic breakdown of contaminants 

and root exudates (carbon sources) by 

aerobic soil-dwelling microbes. 

ÅRoot Exudates = Sugars, Amino Acids, 

Organic Acids, Fatty Acids, Sterols, 

Enzymes, Flavonols, Purines/Nucleotides, 

others misc compounds and gases. 

ÅRoot Surfactants = Soap-like compounds 

such as alkaloids and saponins 

ÅWorks on compounds amenable to aerobic 

breakdown pathways. 

ïFuels, Crude, Petroleum Hydrocarbons 

ïSome PAHs 

ïEnergetic Compounds ï TNT 

 



      Why Phytoremediation? 

ÅPromotes and encourages ecological stewardship. 

ÅCan successfully meet target performance metrics, 

especially when combined in hybrid remedies. 

ÅPlenty of precedence, case studies and success stories. 

ÅHas gained regulatory agency and community acceptance. 

ÅRelatively low comparative remediation costs. 
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      RACER Cost Estimates for Phytoextraction 
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$240K                                             $3.7MM 

500 cu yd                                  10,000 cu yd 

Federal Remediation Technologies Roundtable Estimates 



      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. 

V Sites having limited contaminant 

footprint (not mixed COC sites). 

Page 28 

Enhanced rhizodegradation and PAH polishing 

using native prairie grasses at the Former 

Lakeside Refinery Site, Southwestern Michigan. 



      Baseline Analytical Conditions 

ÅImpacted Media 

ïConcentrations of chemicals in water and 

soil. 

ïDistribution and depth of impacted media. 

ÅSoil and Groundwater Geochemistry 

ïpH, Cation Exchange Capacity (CEC), and 

Total Organic Carbon (TOC).  

ïNaturally-occurring elements: Fe, Mn, Al, S, 

plus N, P, K and others. 

ïMineralogy (XRD). 

ÅSoil Physics 

ïMoisture, bulk density, particle grain sizes, 

permeability testing. 

ïSoil moisture tension. 
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In-situ field tensiometer. Measures 

available interstitial water in the vadose 

zone. 



      Rooting Depths 
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Scheper & Tsao, 2003 

Agroecologist Dr. Jerry Glover 

USAID 

ÅCompass Plant 

ÅSwitch Grass 

ÅBig-Blue Stem 



      Kermit Lumber Site, Grey Eagle, W.VA 
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Kentucky 

West Virginia 



      Near-Surface Arsenic Geochemistry 
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      Arsenic Uptake Bench-Scale Study 

ÅKermit Lumber Chromated Copper 

Arsenate Site, Gray Eagle, West 

Virginia. 

ÅBench-Scale Arsenic Uptake Study 

and White Paper ñArsenic Uptake into 

Primitive Plants of the Genus 

Equisetumò. 

ÅRough horsetails (Equisetum hyemale) 

grown in arsenic-impacted soils 100-

200 mg/kg range  derived from site. 

ÅTranslocation Factor approximately 3 

(3x as much arsenic in plant tissue 

than soil over 90 days). 

Page 33 

Site-specific feasibility assessments: (a) microcosm 

pot trial, (b) mesocosm pot trial, and (c) field test. 



      Equisetum (Horsetails) as Accumulators 

ÅCited in geobotanical literature as 

arsenic, cobalt, copper, gold, silica, 

and zinc accumulators. 

ÅNext best accumulators of arsenic 

next to Pteris ferns. 

ÅWide-spread, tough, vigorous root 

system and generally unpalatable 

primitive plant with some medicinal 

merits. 

ÅAECOM study and White Paper with 

Norfolk Southern indicated 

concentration factor of 3 (soil to leaf 

shoots) for Equisetum hyemale.  
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Arsenic in Pteridophytes in order of increasing arsenic 

concentration in fronds. Plants of the genus 

Equisetum are accumulators in the 100 mg/kg range 

(Meharg, 2003). 


