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PROJECT ABSTRACT 

Title: Reducing Landfill Leachate Volumes and Mitigating the Cyanide and Fluoride 
Impacted Groundwater Using Phytoremediation 

Investigators: David Tsao (BP), Kathy Bank (Purdue University), Steve Rock (US EPA) and 
Fan Wang-Cahill (Parsons) 

Period: October 1, 2004 – September 30, 2006 

Amount: $53,000 from MHSRC ($25,000 Year 1; $28,000 Year 2) 

BP funds for student support ($20,000 Year 1; $20,000 Year 2) 

$80,000 from BP/Parsons site remediation ($45,000 Year 1; $35,000 Year 2) 

Phytoremediation will be used to reduce landfill leachate volumes and mitigate the migration 
of groundwater that contains elevated cyanide and fluoride concentrations at the Sebree 
Landfill in Henderson County, Kentucky.  The project will be a full-scale field application of 
phytoremediation to remediate cyanide and fluoride contamination in groundwater at the 
RCRA site.  The primary objective of this project is to evaluate the ability of selected plants to 
reduce leachate volume and mitigate the migration of cyanide and fluoride impacted 
groundwater.  In order to meet the primary objective, willow whips, tulip poplar, sycamore 
seedlings, and cottonwood trees will be planted within the cyanide and fluoride plume 
downgradient of the landfill prior to the leachate being intercepted by a collection trench.  The 
purpose is to decrease the leachate volume and to mitigate the migration of cyanide and 
fluoride impacted groundwater.  Cyanide is anticipated to break down in the plants while 
fluoride is anticipated to accumulate in plant tissues. 
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PROJECT DESCRIPTION 

1 SEBREE LANDFILL DESCRIPTION  

1.1 History 

The Sebree landfill is located approximately one mile northwest of the Green River in 
Henderson County, Kentucky.  Owned by ARCO Environmental Remediation LLP (AERL), the 
Sebree landfill occupies approximately ten acres on a 39.5-acre property.  The landfill was 
originally permitted as a solid waste landfill (Landfill 051-0006) that operated from 1971 
through 1986.  The landfill accepted general industrial wastes including spent potliner 
material.  It has been estimated that approximately 38,400 cubic yards of spent potliner (30% 
of the total volume of wastes) were disposed in the landfill.  The spent potliner material was 
listed as a Resource Conservation Recovery Act (RCRA) hazardous waste and assigned the 
hazardous waste code K088 by EPA in 1980 (40 CFR Part 268).  Therefore, the leachate 
generated by the landfill is by definition a “Listed Hazardous Waste” and carries the waste 
code K088.   

1.2 Climate 

Based on the Henderson County Soil Conservation (USDA, 1972), the climate of Henderson 
County is temperate.  Generally, summers are warm and winters are mild.  But extremes of 
temperature do occur.  The annual average temperature for the county is 55.4 °F.  Average 
annual rainfall of the county is approximately 46 inches.  Measurable rainfalls occur about 115 
days in an ordinary year.  Thunderstorms occur on an average of 50 days per year.  The 
average yearly snowfall is 11 inches.  The average growth season is 198 days. 

1.3 Topography 

The topography surrounding the site is relatively hilly, characterized by narrow, steep-sided 
valleys as shown in Figure 1.  The landfill was installed as fill in one of these valleys.  
Elevations at the landfill range from approximately 500 feet above mean sea level (amsl) at the 
southern corner of the property to approximately 380 feet amsl at the northern property line in 
the floodplain of Sputzman’s Creek (a.k.a. Montana Creek).  The site is characterized by a 
dendritic drainage pattern.  Most of the site drains to Montana Creek (a wet weather stream).  
Montana Creek is a tributary of Green River.  Kentucky statutes classify the Green River in 
Henderson County as suitable for domestic water supplies, primary and secondary contact 
recreation, and warm water aquatic habitat (Mink Association Inc., 1993). 

1.4 Regional and Site Geology 

The site is within the Western Coal Field Physiographic Region of Kentucky.  This region is 
characterized by Pennsylvanian-age sedimentary bedrock consisting of sandstone, siltstone 
and shale, with coal and limestone.  The region is composed of moderately dissected low 
plateaus and broad alluvial bottomlands (Ray et al., 1994).  Two types of unconsolidated 
deposits overlie this region: loess (windblown glacial sediments consisting of silt and clay 
noted primarily as mantle on hilltops), and fluvial deposits (clay, silt, sand and gravel 
associated with streams and noted as fill along stream valleys).   
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During the subsurface investigation, a clay layer is seen within the alluvium in the area of the 
former intermittent stream tributary to Montana Creek but appears to be missing outside the 
main valley axis.   

1.5 Regional and Site Hydrogeology 

Based on “Availability of Ground Water in Union and Henderson Counties” (Maxwell and 
Devaul, 1962), the site is located in an area where most wells yield enough water from depths 
of less than 300 feet for a modern domestic supply.   

The preliminary design drawing for the landfill shows a spring-fed intermittent stream located 
in the valley before it was filled with waste.  The development of monitoring wells indicates 
that groundwater flow is primarily through the sandstone and along the sandstone-limestone 
boundary.  Most of the deep wells are screened in the sandstone near the top of the 
limestone.  Some screens extend into the limestone.  The water level measurements suggest 
groundwater flow is toward the center of the landfill and toward the north.  Groundwater in 
the far eastern portion of the site appears to flow north-northeast and is potentially not always 
influenced by the former valley or the collection system. 

Seeps are observed in the hillside in the northeast portion of the site.  One seems to flow 
continuously while a second flows intermittently during wet conditions.  The seep water 
contains elevated concentrations of cyanide and fluoride.   

1.6 Current Site Conditions 

The landfill is capped with one to two feet of low permeability soil (clayey silt) overlain by one 
to two feet of topsoil.  The landfill is currently covered with two types of grasses.  One is the 
quack grass (Agropyron repens), which is a cold season broad-leaved grass and the other is 
the Kentucky Blue Grass (Poa pratensis), which is a fine leave grass.  The grass is mowed at 
least twice per growing season.  Ponding areas were observed on the cap.  Tulip poplar 
(Liriodendron tulipifera), maple (Acer sp.), oak (Quercus sp.), sycamore (Platanus sp.), 
cottonwoods/poplars (Populus sp.), and willow (Salix sp.) trees were identified around the 
landfill.  A leachate collection system was installed at the base of the landfill in 1992, and an 
on-site storage tank was added to the system in 2002.   

1.7 Landfill Leachate Volume and Composition 

The landfill produces an average of 1,000 gallons of leachate per day.  This leachate is 
collected using the leachate collection system and disposed offsite, currently at a cost of 
about $1.00 per gallon.  The leachate collection data is illustrated in Figure 2.  The sources of 
leachate come from the cap through infiltration and groundwater migration.  How much 
leachate is generated from infiltration and how much is from groundwater migration cannot be 
determined at this point.  Additional geotechnical investigation will be performed at the site to 
determine the primary source of leachate. 

During RCRA Facility Investigation activities, twelve surface soil samples were collected 
between October 1991 and March 1993 and seventeen monitoring wells were installed at the 



Figure 2: Leachate Collection Data
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site between July 1981 and August 2000.  The RCRA Facility Investigation results show that 
the primary chemicals of concern at the landfill are cyanide and fluoride detected in 
groundwater.  Sebree Landfill leachate samples were collected and analyzed for composition 
and characteristics.  The analytical results (Table 1) show that total cyanide and fluoride are 
also the main compounds detected in the leachate.   

2 GENERAL CONTAMINANT INFORMATION  

2.1 Cyanide 

Cyanide can exist in three forms: free cyanide, simple cyanide and complex metal cyanides.  
Free cyanide (HCN) is known as hydrogen cyanide (gas phase) or hydrocyanic acid (aqueous 
solution).  Simple cyanide includes cyanide compounds that readily dissociate into free 
cyanide species in aqueous solution.  Complex metal cyanides include those compounds in 
which the metal and cyanide ion exist as a complexed anion that is capable of chemically 
bonding with other cations in the solution.   

Complex metal cyanides may contain:  

• Weak complexes (such as Zn[CN]42-, Cd[CN]3-, and Cd[CN]42-);  

• Moderately strong complexes (Cu[CN]2-, Cu[CN]32-, Ni[CN]22-; and Ag[CN]2-); or  

• Strong complexes (such as Fe[CN]63-, Fe[CN]64-, Co[CN]64-, and Au[CN]2-) 

The common direct analytical methods for the different cyanide forms in aqueous solutions 
are total cyanide, cyanide amenable to chlorination (CATC), and weak acid dissociable (WAD) 
cyanide.  The total cyanide method will recover all cyanide species with the exception of 
extremely stable metal cyanides like those of cobalt (Mudder, 2001).  Therefore, total cyanide 
includes strong metal-cyanide complexes of iron, weak and moderately strong metal-cyanide, 
complexes of Ag, Cd, Cu, Hg, Ni and Zn, and free cyanide (CN- and HCN).  WAD cyanide or 
CATC cyanide or available cyanide methods includes compounds identified by total cyanide 
except strong metal-cyanide complexes of iron.  Although Kentucky regulates free cyanide, 
the analytical measurements used to obtain the free cyanide concentration are WAD, CATC or 
OIA-1677 methods, which actually report free as well as weakly bound metal cyanide.  The 
Sebree Landfill leachate was analyzed using total cyanide method and WAD method.   

Free cyanide is a highly toxic compound and a potent metabolic inhibitor.  Free cyanide, 
especially HCN, is the primary toxic agent in the aquatic environment.  The toxicity of complex 
cyanides is related to their ability to release free cyanide in solution (Mudder, 2001).  Iron-
cyanide complexes are very stable and less toxic.  However, iron-cyanide complexes may 
decompose upon exposure to strong UV light, releasing HCN (Meeussen et al., 1992), which 
may pose both a human and ecological risk.  The Kentucky surface water standards for free 
cyanide in stream are 5.2 ug/l (chronic criteria) and 22 ug/l (acute criteria) (401 KAR 5:031). 
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2.2 Fluoride 

Fluorides, hydrogen fluoride, and fluorine are chemically related.  Fluorine is a naturally 
occurring, pale yellow-green gas with a sharp odor.  It combines with metals to make fluorides 
such as sodium fluoride and calcium fluoride solids.  Sodium fluoride dissolves easily in water, 
but calcium fluoride does not.  Fluorine also combines with hydrogen to make hydrogen 
fluoride, a colorless gas.  Hydrogen fluoride dissolves in water to form hydrofluoric acid.  
Fluoride is an acute toxin.  Low levels of fluorides can help prevent dental cavities.  At high 
levels, fluorides can result in tooth and bone damage.  Hydrogen fluoride and fluorine are 
naturally occurring gases that are very irritating to the skin, eyes, and respiratory tract.  
Fluorides will accumulate in plants and animals.  In animals, the fluoride accumulates primarily 
in the bones or shell rather than in soft tissue. 

3 PHYTOTECHNOLOGIES 

3.1 General Phytotechnology Mechanisms 

Phytoremediation is the use of plants to clean up contaminated soil and groundwater through 
the natural abilities of plants to remove, degrade, or contain subsurface constituents.  
Phytoremediation can be used to clean up metals, pesticides, solvents, explosives, crude oil, 
polycyclic aromatic hydrocarbons, and landfill leachate (US EPA, 1999).  Phytoremediation is 
based on certain natural processes carried out by plants including the following (Miller, 1996): 

• Uptake of metals and certain organic compounds that are moderately water soluble 
(log Kow between 0.5 and 3) such as benzene, toluene, ethylbenzene and xylenes 
(BTEX) from soil and water; 

• Use of enzymes to breakdown complex organic molecules into simpler molecules 
(ultimately CO2 and water); 

• Accumulation or processing of these chemicals via lignification, volatilization, 
metabolization, mineralization (transformation into CO2 and water); 

• Increase the carbon and oxygen content of soil around roots (thus promoting 
microbial/fungal activity) through release of chemicals (root exudates) and decay of 
root tissue; and  

• Capture of groundwater (even contaminated groundwater) and utilization for plant 
processes. 

The most common types of phytoremediation include phytosequestration (the absorption, 
concentration, and precipitation of heavy metals by plant roots, reducing their mobility and 
preventing their migration to groundwater through leaching, to air through wind transport, or 
entry into the food chain), phytoextraction (the extraction and accumulation of contaminants 
in harvestable plant tissues including shoots and leaves), phytodegradation (the degradation 
of complex organic molecules to simple molecules and the incorporation of these molecules 
into plant tissues), and rhizodegradation or plant-assisted bioremediation (the stimulation of 
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microbial and fungal degradation by releasing exudates/enzymes into the root zone 
rhizosphere). 

3.2 Hydraulic Effects of Phytotechnologies 

Previous studies have shown that deep-rooted trees such as poplars or willow can capture 
groundwater and retard contaminant migration (Miller, 1996).  Through the process of 
transpiration, these deep-rooted trees can potentially depress the local water table.  The 
amount of groundwater that can be taken up by a stand of trees is dependent on the age of 
the trees, the depth of groundwater, the soil conditions, and the climate region where the site 
is located.  While water uptake and transpiration rates have been reported to widely range 
between up to 800 gpd per mature weeping willow tree and up to 350 gpd per cottonwood 
tree (ITRC, 2001), actual values in phytoremediation applications are generally less (due to 
high planting densities, relatively young canopies, etc.)  Data collected from two sites with 
similar climate conditions (USDA climate Zone 6a) to Sebree show that the water uses of up 
to 20 gpd are linearly correlated to the basal trunk areas of willow and poplar trees less than 
10 years old (personal communication with David Tsao, April 2004). 

3.3 Phytoremediation of Cyanide 

Although free cyanide is a highly toxic compound and a potent metabolic inhibitor, it is 
involved in several common plant biochemical pathways (Ebbs, 2003).  Cyanogenic glycosides 
are produced by more than a thousand plants species to deter herbivory and to provide a 
source of nitrogen for germinating seeds.  The strong odors of cabbage and mustards in 
Brassicaceae are due to the break down of glucosinolates to produce isothiocyanates and 
nitriles.  Hydrogen cyanide is produced during the synthesis of the plant stress hormone 
ethylene.  Cyanide and iron cyanide contamination can be transported and assimilated by 
plants.  Ferrocyanide transport is possibly via ATP-binding transporters or a mitochondrial 
inner membrane anion channel.  Plants are inherently more resistant to low concentrations of 
free cyanide due to the presence of the alternative oxidase in the mitochondrial electron 
transport chain, and to endogenous plant cyanide-detoxifying enzymes such as cyanase, 
rhodanese, and cyanoalanine synthase (Ebbs, 2003).  Willow (Salix eriocephala L. var. 
Michaux) was identified thriving in close proximity to an iron cyanide-contaminated site 
(Reeves, 2000).  The presence of willow in proximity to iron cyanide contamination raises the 
possibility that it possesses one or more mechanisms for transporting and metabolizing iron 
cyanide contaminants.  Given the hydraulic control of soil water levels and rapid rate of 
biomass production, a willow clone capable of phytoremediating iron cyanide complexes could 
have significant utility for the remediation of sites contaminated with cyanide compounds, 
especially if the cyanide is assimilated by the plant, rather than being bioaccumulated.   

A hydroponic cyanide study also indicated that cyanide compounds could be remediated 
biologically via phytoremediation provided the plants possess suitable mechanisms for 
managing these pollutants without toxicity (Ebbs, et al., 2003).  In this study, the transport and 
metabolism of two cyanide compounds in willow (Salix eriocephala L. var. Michaux) were 
evaluated.  The data suggest that phytoremediation of cyanide may be possible and 
ecologically safe due to the lack of cyanide bioaccumulation in aerial tissues.  Based on the 
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results of this hydroponic study, phytoremediation will be implemented at the Sebree Landfill 
site to reduce leachate volume and cyanide concentrations in groundwater.   

In a parallel MHSRC study at Purdue, cyanogenic plants and other species are being evaluated 
for their potential for phytoremediation of cyanide using contaminated field soils.  Three 
experiments are being conducted:  1) a greenhouse evaluation study in which six plant 
species, three cyanogenic and three non-cyanogenic species, are being evaluated for 
degradation of cyanide compared to an unvegetated control; 2) a column study in which 
growing plants are being monitored for their capacity to reduce leaching of cyanide and 
enhance dissipation of cyanide under unsaturated flow conditions; and 3) a fully contained 
plant chamber study to determine whether cyanide is degraded in the rhizosphere or within 
the plant. This  
14C study will allow for a complete mass balance of the cyanide parent compound (Prussian 
blue) as well as examine the fate of the contaminant in the soil/water/plant/air continuum.  
Overall, this MHSRC project will advance our knowledge of cyanide phytoremediation and 
may lead to the development of an exciting new plant-based field approach. 
 

3.4 Phytoremediation of Fluoride 

There is not much information available on phytoremediation of fluoride.  The fate and 
transport of fluoride in various plants are unknown.  After uptake from the transpiration 
stream, fluoride is anticipated to bioaccumulate in root zone and aerial tissues 
(phytoextraction).  A greenhouse feasibility study on fluoride treatment using willow (Salix 
eriocephala) showed that these plants have the potential to translocate fluoride into leaf 
tissue and fluoride concentrations in leaf tissue increased linearly with exposure 
concentrations (Reeves, 2000).  The greenhouse study also showed that S. eriocephala plants 
treated with 80 ppm fluoride suffered a 60% reduction in leaf area and a 67% reduction in 
water use over controls.  Due to the existence of higher fluoride concentrations in leachate 
(140 ppm to 180 ppm) at the site, tulip poplar or sycamore may be better candidates for the 
site since they are currently growing in the leachate generation area.   

4 IMPACT OF THE PROJECT 

4.1 Contaminant Sources 

Cyanide is used extensively in mining, nylon, plastic, aluminum, electroplating, steel-
hardening, and pharmaceutical industries.  Cyanide has been found at 415 National Priorities 
List (NPL) sites (ATSDR, 1997), and it has also been among the top 30 compounds on the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) Priority 
List of Hazardous Substances since 1995 (ATSDR 1997, 1999, 2001, 2003).  In addition, 
cyanide can be a prominent environmental contaminant in some aqueous and terrestrial 
systems (Ebbs, et al., 2003).   

Fluoride is a by-product encountered mainly in fertilizer and aluminum industries.  Fluoride 
compounds are used in making steel, chemicals, ceramics, lubricants, dyes, plastics, and 
pesticides.  Fluoride and associated compounds have been found at 188 NPL sites (ATSDR, 
2003).   
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4.2 Benefits of the Phytoremediation Approach 

The field application of selected plants in treating cyanide and fluoride contaminations in 
groundwater study may provide tangible benefits for all industries that create cyanide and 
fluoride wastes and provide an alternative method to remediate this type of contamination at 
NPL and other contaminated sites.  The proposed phytoremediation alternative generates 
less secondary wastes (no secondary wastes anticipated for cyanide), and minimizes the 
environmental disturbance.  In addition, this study may identify a more cost effective and 
efficient process that can be easily implemented.   

The life cycle cost analysis results (Parsons, 2002) show that the costs for a conventional 
treatment system, an evaporation system, and existing leachate disposal alternative are $2.0, 
$2.2 and $4.7 million respectively.  If the proposed phytoremediation (total cost approximately 
$150k) can decrease 50% of the leachate volume, it will save approximately $2 million.  
Therefore, the potential cost savings are significant. 

5 OBJECTIVES 

5.1 Goals 

The primary goals of this project are to evaluate the potential to use plants to minimize 
leachate volume and reduce cyanide and fluoride concentrations in groundwater at the RCRA 
site.  Leachate at the Sebree Landfill can be captured and reduced in quantity through 
transpiration from multiple rows of trees planted perpendicular to the flow from the seeps.   

Cyanide and fluoride concentrations detected in leachate can be decreased through a 
combination of phytotechnology mechanisms.  Specifically, cyanide can be rhizodegraded in 
the root zone of the trees and/or phytodegraded after uptake from the transpiration stream.  
The ability of plants to reduce fluoride concentrations and the fate and transport of fluoride in 
plant tissue will also be evaluated since fluoride is another major compound detected in the 
leachate.  However, very little is known about the ability of plants in general to 
phytoremediate this contaminant.   

5.2  Greenhouse and Field Implementation 

Soil agronomic samples will be collected and submitted to a local USDA agriculture soil lab to 
analyze for soil nutrient levels, organic matter, salinity, and pH to determine whether the site 
conditions are supportive of plant growth or whether the soil needs amending with fertilizers 
or other materials.  In addition, a dose-response toxicity experiment will be performed at the 
Purdue Agronomy Department greenhouses for tree species that are proposed for the field.  
Willow, tulip poplar, sycamore, and cottonwood trees will be planted in pots using site soil.  
These pots will be dosed with series dilutions of concentrations up to 100% site leachate to 
evaluate toxicity conditions.  Since field trees will also receive natural rainwater while these 
greenhouse trees will only receive irrigation that contains leachate, these experiments will be 
used to determine the worst-case situation expected for the trees in the field.  Furthermore, 
the results will be used to help design the final installation in terms of maximizing leachate 
usage (i.e. determining what levels are reasonable for the trees) and minimizing rainwater 
usage (through berms/run-off diversions, infiltration control measures, etc.)  These 
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greenhouse experiments will commence in the fall/winter of Year 1 (October 2004 to April 
2005).  Furthermore, soil and tissue analyses on the potted specimens will be conducted at 
the end of the experiment to refine analytical techniques and determine potential fates of 
both cyanide and fluoride constituents under relatively extreme conditions compared to field 
trees. 

To implement the phytoremediation technology in the field, willow whips will be collected 
during winter dormancy from trees growing downgradient of the landfill.  Cuttings at least 0.5 
m long will be taken from individual branches no more than 10 mm in diameter with at least 
two to three obvious lateral buds present.  Each willow cutting will be gently pushed into the 
ground since the soil is loose (classified as sand).  For areas where the soil is not loose, a ditch 
witch will be used to cut shallow trenches parallel to the contours of the landfill (perpendicular 
to the seep) to plant the cuttings.  Approximately two thirds of each whip will be below ground 
with the remaining third exposed above ground.  Regardless of actual heights above or below 
ground, at least two buds will remain above ground on each whip.  Limited tulip poplar trees 
and sycamores are currently growing in the leachate generation area.  These trees identified 
in the leachate generation area appear to be healthy.  Tulip poplar and sycamore will be 
purchased from Green River District, Kentucky Division of Forestry and planted in early spring.  
Poplar/cottonwood seedlings will also be planted in the leachate generation area if the toxicity 
experiment shows that poplars have reasonable survivability to the site leachate.  Poplar 
seedlings will also be purchased from Green River District, Kentucky Division of Forestry.  
Two plantable areas are identified downgradient of the landfill.  Area 1 is located before the 
leachate collection trench and Area 2 is located after the leachate collection trench (Figure 1).  
Total of approximately 5,200 trees will be planted with approximately 1,300 of each species 
(willow, poplar/cottonwood, tulip poplar, and sycamore) with a spacing of 5’ within rows and 7’ 
between rows.  Trees planted in Area 1 are anticipated to decrease the leachate volume and 
trees in Area 2 are expected to mitigate the migration of cyanide and fluoride seepage.  In 
addition, mixed broad leaf grass seed will be planted between trees and tree rows in Year 2 to 
minimize direct rainwater usage and maximize leachate consumption by the planted trees.  
The grass species will be determined after consultation with the local USDA Agricultural 
Extension office to ensure that the species can grow well in the area and will not be invasive.  
All field implementation activities will follow the site Health and Safety plan procedures.   

5.3 Operation, Maintenance, and Monitoring 

Six months after planting, the growth conditions and health of the trees will be measured to 
determine whether additional cuttings or seedlings should be planted.  An estimate of the 
survivability of the trees will be conducted and average growth rates (subsample of height 
and stem diameters) will be measured.  Leaf area index (LAI – ratio of leaf to ground area) will 
also be measured periodically at various locations throughout the canopy using a portable 
instrument (SunScan Canopy Analysis System Type SS1, Dynamax, Inc.), which provides 
measures of incident and transmitted photosynthetically active radiation (PAR) in plant 
canopies and directly calculates and displays LAI and transmission fractions.  These readings 
will be compared to the total PAR as measured using a sunshine sensor (Type BF2, Dynamax, 
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Inc.) set up in a nearby, unplanted area.  These measurements can determine how the whole 
canopy is developing over time.   

In order to determine the potential future water usage by the planted trees, transpiration rates 
will be measured using thermal dissipation probes (Dynamax, Inc., TDP–30 and –50 probes) 
installed on existing trees.  The TDPs will be connected to a field datalogger and weather 
station (IMET-STD, Dynamax, Inc.) set up at the site to gather weather related parameters 
such as temperature, rainfall, solar radiation, and wind speed used in estimating the 
transpiration rates.  By instrumenting existing trees of various ages, estimates of the eventual 
transpiration rates by the planted trees can be made and used to model the future impact on 
the leachate production. 

Periodically throughout the field application, soil moisture will be measured at various 
locations up- and downgradient of the seep using a one meter, multi-level soil moisture profile 
probe equipped with a portable hand meter (Dynamax, Inc., PR1/6d-02 profile probe and HH2 
moisture meter).  Alternatively, continuous (datalogged) soil moisture monitoring options are 
being considered.  The equipment for either soil moisture monitoring option, as well as the 
TDP probes, weather station, and datalogger for the transpiration measurements, and LAI and 
sunshine sensor for monitoring canopy development, are already available through BP.  
Agronomic conditions and field measurements including pH, salinity, available soil nutrients 
and climatic conditions will also continue to be monitored on an annual basis.   

The willow, tulip poplar, sycamore, and cottonwood species will be assessed for their 
potential to be used for reducing the leachate volume and remediating the migration of 
fluoride and cyanide impacted groundwater.  Leachate collection data from 2002 to date 
(Figure 2) will be compared to future, monthly leachate collection volumes to monitor the 
effectiveness of the trees on reducing leachate production.   

Site-wide water relationship investigations are currently being conducted to determine 
whether the main source of leachate is surface water infiltration or groundwater migration.  
Parsons is installing piezometer pairs at two locations in the landfill.  One piezometer of each 
pair will be screened in the waste and one will be screened below the waste in the sandstone 
bedrock.  The water levels within the waste will then be compared to the water table in the 
sandstone to determine if the sandstone water table intersects the waste.  If so, groundwater 
is definitely a component of the leachate volume.  Also, water levels will be recorded before, 
during, and after significant rain events to watch for evidence of infiltration.  These data will 
help to determine whether the increasing leachate volume is related to groundwater, 
infiltrating stormwater, or both. 

Groundwater sampling will be performed quarterly to monitor the areal extent and 
concentrations of cyanide and fluoride plumes.  Total cyanide and WAD cyanide and fluoride 
will be analyzed in the groundwater samples.   

Four root (below ground) and four shoot (above ground) tissue samples from each tree 
species will be collected at least six months after planting when the trees are well 
established, and semi-annually thereafter.  Four root and four shoot tissue samples will also 
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be collected from the existing tulip poplar and sycamore trees of three relative ages (as 
measured using trunk diameters: <2 inches, 2 to 5 inches, and >5 inches) living in the 
leachate generation area to determine the future temporal changes in cyanide/fluoride fates in 
the planted.  Additionally, four root and four shoot tissue samples will be collected from 
upgradient tulip poplar and sycamore trees (>5 inches diameter) as background references.  
The roots and shoot samples will be collected using methods currently under development by 
Purdue University.  The roots will be carefully washed using standard methods.  Root and 
shoot samples will be oven dried and weighed before representative 100 gram samples will 
be collected and analyzed for total cyanide, WAD cyanide, and fluoride analysis. 

In addition, routine O&M activities including pest control, fertilization, weed/competition 
control, mowing seed mix planted between trees will be performed at the site.  All field 
implementation and O&M activities will follow the Health and Safety plan.   
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6 BUDGET 

6.1 Year 1 Costs and Responsibilities (X) 

Cost Item EPA Purdue  BP/Parsons Year 1 Total 
Personnel Salaries, Benefits, Fees $11,000  $20,000  

PI, Dr. Kathy Banks 
(summer 0.5 mo.) 

X   $5,000 

Graduate Research Asst 
(1) 

X  X $23,500 

Benefits X   $2,500 
Greenhouse Experiments $5,000    

Supplies/equipment  X  $5,000 
Soil and tissue sampling 
and analyses a 

 X   

Data evaluation/reporting  X   
F&A (Indirect): 50% of above $8,000   $8,000 
MHSRC SUB-TOTALS $24,000 $0 $20,000 $44,000 
Field Preparation and Tree 
Planting 

  $17,500  

Supplies, equipment, and 
labor 

  X $17,500 

Field O&M Activities / Travel $1,000  $27,500  
Health monitoring, tree 
replacement, etc. 

  X $4,000 

Agronomic, groundwater, 
and tissue sampling and 
analyses a b 

 X X $8,500 

Transpiration, canopy LAI, 
soil moisture monitoring c 

 X X $12,500* 

Data evaluation/reporting  X X $3,500 
FIELD SUB-TOTALS $1,000 $0 $45,000 $46,000 
PROJECT TOTALS $25,000 $0 $65,000 $90,000 

* $12,500 from BP’s non-site remediation budgets (soil and groundwater center of expertise; 
environmental technology) 
a Analytical conducted by Purdue Graduate Research Assistant 
b Sample collection conducted by BP/Parsons (with assistance from GRA) 
c Conducted by BP (with assistance from Parsons and GRA) 
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6.2 Year 2 Costs and Responsibilities (X) 

Cost Item EPA Purdue  BP/Parsons Year 2 Total 
Personnel Salaries, Benefits, Fees $12,000  $20,000  

PI, Dr. Kathy Banks 
(summer 0.5 mo.) 

X   $5,250 

Graduate Research Asst 
(1) 

X  X $24,000 

Benefits X   $2,750 
Greenhouse Experiments $6,000    

Supplies/equipment  X  $6,000 
Soil and tissue sampling 
and analyses a 

 X   

Data evaluation/reporting  X   
F&A (Indirect): 50% of above $9,000   $9,000 
MHSRC SUB-TOTALS $27,000 $0 $20,000 $47,000 
Field O&M Activities / Travel $1,000  $35,000  

Grass planting   X $5,000 
Health monitoring, tree 
replacement, mowing, etc. 

  X $2,500 

Agronomic, groundwater, 
and tissue sampling and 
analyses a b 

 X X $8,500 

Transpiration, canopy LAI, 
soil moisture monitoring c 

 X X $12,500* 

Data evaluation/reporting  X X $7,500 
FIELD SUB-TOTALS $1,000 $0 $35,000 $36,000 
PROJECT TOTALS $28,000 $0 $55,000 $83,000 

* $12,500 from BP’s non-site remediation budgets (soil and groundwater center of expertise; 
environmental technology) 
a Analytical conducted by Purdue Graduate Research Assistant 
b Sample collection conducted by BP/Parsons (with assistance from GRA) 
c Conducted by BP (with assistance from Parsons and GRA) 
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6.3 Total Costs and Responsibilities (X) 

 
Cost Item 

 
EPA 

Purdue  
(20% match) 

BP/Parsons 
(50% match) 

Total 
Costs 

Personnel Salaries, Benefits, Fees $23,000  $40,000  
PI, Dr. Kathy Banks 
(summer 0.5 mo.) 

X   $10,250 

Graduate Research Asst 
(1) 

  X $47,500 

Benefits X   $5,250 
Greenhouse Experiments $11,000    

Supplies/equipment  X  $11,000 
Soil and tissue sampling 
and analyses a 

 X   

Data evaluation/reporting  X   
F&A (Indirect): 50% of above $17,000   $17,000 
MHSRC SUB-TOTALS $51,000 $0 $40,000 $91,000 
Field Preparation and Tree 
Planting 

  $17,500  

Supplies, equipment, and 
labor 

  X $17,500 

Field O&M Activities / Travel $2,000  $62,500  
Grass planting   X $5,000 
Health monitoring, tree 
replacement, etc. 

  X $6,500 

Agronomic, groundwater, 
and tissue sampling and 
analyses a b 

 X X $17,000 

Transpiration, canopy LAI, 
soil moisture monitoring c 

 X X $25,000
* 

Data evaluation/reporting  X X $11,000 
FIELD SUB-TOTALS $2,000 $0 $80,000 $82,000 
PROJECT TOTALS $53,000 $0 $120,000 $173,00

0 

* $25,000 from BP’s non-site remediation budgets (soil and groundwater center of expertise; 
environmental technology) 
a Analytical conducted by Purdue Graduate Research Assistant 
b Sample collection conducted by BP/Parsons (with assistance from GRA) 
c Conducted by BP (with assistance from Parsons and GRA) 
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Handbook of Environmental Engineering.  He was part of the ITRC team the developed the 
Phytoremediation  Decision Tree, and the Phytotechnolgies Technical and Regulatory Document. 
 He co-chairs the RTDF Action Team on Phytoremediation, and has three subgroups researching 
the phytoremediation issues of petroleum hydrocarbons, chlorinated solvents, and vegetative 
covers for waste containment.  He conducts field, greenhouse, and chambers research, and 
provides technical assistance to EPA Regional staff on questions of phytoremediation. 



FAN WANG-CAHILL 
Parsons  

2443 Crown Point Drive 
Cincinnati, Ohio 45241 

Phone: (513) 552-7008, Fax: (513) 326-3044  
E-mail: fanwangcahill@yahoo.com 

 
Education 
 
Ph.D. Botany Miami University 1993 
  Oxford, Ohio 
M.S. Hydrobiology Jinan University 1988 
  Guangzhou, China  
B.S. Biology Jinan University 1985 
  Guangzhou, China  
 
Experience 

June 1998 –Date Parsons 

Principal Scientist.  Performed human health and ecological risk assessment and 
risk-based closures for CERCLA, RCRA, state voluntary Action Program, 
underground storage tanks related sites.  Performed 5-year review for Superfund 
sites.  Performed wetland determinations/wetland delineations, biological survey 
and environmental assessment.  Advised clients on permitting requirements 
associated with development.   

1996-1998  Tetra Tech NUS, Inc. U.S. EPA Environmental Response Training Program 

Senior Training Coordinator.  Taught Risk Assessment Guidance for 
Superfund and Sampling for Hazardous Materials. 

1994-1996  Jacobs Engineering Group Inc.  

Risk Assessor. Responsibilities included conducting risk assessments and risk 
evaluations at the Paducah Gaseous Diffusion Plant.  Risk assessments were 
completed in accordance with USEPA Region IV and Kentucky Department for 
Environmental Protection regulations.  Specific projects included risk evaluation 
of the remedial alternatives for the Feasibility Study on two Radionuclide Waste 
Area Groups (mixed chemicals of concern including uranium and neptunium), 
three Solid Waste Management Units, and PCB spill sites.  Prepared a summary 
of site risks associated with the Record of Decision governing the Waste Area 
Groups, Solid Waste Management Units, and PCB spill sites. 

1993-1994   Miami University, Oxford, Ohio.   

Post-doctoral Researcher.  The post-doctoral research was supported by a grant 
from NASA.  The project focused on investigating the gravitropism sensor in 
rhizoids of the green alga Chara at the ultrastructural level.  Research skills 
utilized on this project include immunocytochemical techniques, cytochemical 
staining techniques, high pressure freezing/freeze substitution, image analysis, 
transmission electron microscopy, and scanning electron microscopy. 

 

 



1988-1989   Jinan University, Guangzhou, China.     

Aquatic Ecologist.  Research emphasized eutrophication and the red tide 
mechanisms.  Project experience included ecological modeling (IBM PC), 
toxicity analysis, water pollution indicators, and an environmental evaluation of 
the Da-ya Bay Nuclear Power Plant for client, the Chinese EPA. 


