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1.0 Research Proposal Summary

Release of heavy metals, primarily lead (Pb), from mining, milling, and smelting have contaminated
river sediments and floodplain soils in the Big River watershed of southeast Missouri. Recent
environmental research has focused on the immobilization of soluble Pb compounds through the in situ
application of phosphate-based amendments that induce formation of highly stable, insoluble
pyromorphite [Pbs(PO4);OH,CLF] compounds. Past studies have focused on pyromorphite formation, the
demonstration of long-term reductions in bioavailability, and comparisons of P treatment of Pb
contaminated soils with other remedial technologies. However, water quality threats associated P
remediation technology continues to be a concern, particularly in riparian areas. To address this issue, the
proposed research will investigate the effects of P fertilizer application rates on Pb and P loss via surface
water runoff at different time intervals following P application to soil. The research will also include an
inquiry into the formation of pyromorphites through the use of X-ray absorption fine structure
spectroscopy (XAFS). Big River floodplain soils will be collected and treated with commercially
available phosphate fertilizer at four application rates. Control and treated soils will be analyzed for
heavy metals, phosphate, other nutrients, and a suite of standard environmental soil assays. Soils will be
allowed to react for variable lengths of time after P application and prior to simulated rainfall events in
the laboratory. Effluents from treated soils will be collected during simulated rainfall events and analyzed
to quantify total and dissolved P and Pb loss. Treated and control soils will also be analyzed using XAFS
to determine which treatment level induced pyromorphite formation to the greatest extent. Results from
the experiment will be compared to determine the most environmentally beneficial and least harmful
treatment levels for application in alluvial settings. Study findings will assist in the decision making
process of the Missouri Natural Resource Damage Assessment and Restoration (NRDAR) trustees and
other environmental restoration managers throughout the nation regarding environmentally sound
stabilization of metals in contaminated soils.



2.0 Introduction

2.1 Lead and the Environment Health. Lead is a bluish-gray element that has been
widely mined and used by humans across the world for approximately 7,000 years (Eisler, 1988).
Subsequently, anthropogenic contributions of heavy metals into the environment have been
occurring around the globe for thousands of years, and Pb poisoning has been recognized for
more than 2,500 years (Eisler, 1988). Since the advent of industrial technology in the late 19"
century, the scale and scope of releases of heavy metals to the environment has increased
drastically (Cotter-Howells and Thornton, 1991).

Soils contaminated with heavy metals are a threat to human and ecosystem health
(Cotter-Howells and Thornton ,1991; U.S. EPA, 1998). Lead is neither essential nor beneficial
to living organisms and all measured effects are adverse, “including those on survival, growth,
reproduction, development, behavior, learning, and metabolism” (Eisler, 1988). The primary
exposure pathway contributing to elevated blood Pb levels in humans and wildlife is the
incidental ingesting of soil particles containing Pb (Davis et al., 1993). Accordingly,
concentrations of Pb in soils can be directly linked to elevated blood Pb levels in humans (Lewin
etal., 1999). The element presents pronounced risks to wildlife when present in bioavailable
forms in the environment, especially migratory waterfowl that ingest shot; birds of prey that
consume other animals containing Pb shot; wildlife near smelters, mining facilities, refineries,
and Pb battery recycling plants, and wildlife that forage near heavily traveled roads (Beyer et al.,
2005; Casteel et al., 1997). Aquatic organisms downstream or adjacent to mining areas are also
threatened by environmental sources of Pb as are organisms in areas where Pb arsenate
pesticides are applied (Eisler, 1988). Thus, there is great need to develop and test Pb cost-
effective, remediation strategies that reduce Pb bioavailability in the environment.

2.2 Mining in the Old Lead Belt of Missouri . One of the world’s foremost Pb
producing regions is the Old Lead Belt Mining District of Southeast Missouri. The Old Lead
Belt occurs on the eastern edge of the Ozark Uplift in Missouri and includes portions of St.
Francois, Ste. Genevieve, Madison, Washington, and Jefferson Counties (Fig. 1). Lead was first
discovered in the area in the early 1700’s. Until the 1860’s, mining in the Old Pb Belt was
restricted to shallow workings and pits. The early, primitive mining resulted in small quantities
of comparatively highly contaminated mine wastes. The introduction of the diamond-bit core
drill in 1869 led to the discovery of numerous Pb-rich ore deposits under what became the towns
of Bonne Terre, Desloge, Flat River, Leadwood, and Elvins. As many as fifteen companies were
engaged in mining these deposits in the late 1800°s and early 1900°s (McHenry, 2006).

Mining activities in the Old Lead Belt of St. Francois County decreased through the
1950’s and 1960’s as ore bodies were depleted and higher grade ores were discovered in the
Viburnum Trend of Crawford, Iron, and Reynolds Counties. The Federal Mine and Mill were
the last mining facilities to close in St. Francois County in 1972 (USEPA, 1993). State and
federal agencies tasked with protection and regulation of the environment began to investigate
and remediate historic mining impacts in southeast Missouri beginning in the late 1970’s. The
Environmental Protection Agency (USEPA) listed the Big River Mine Tailings (BRMT)
Superfund Site on the National Priorities List in 1992.



Figure 1. The Southeast Missouri Lead Mining District
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2.3 The Big River Drainage of Missouri and Big River Mine Tailings Superfund Site.

The principal drainage system for St. Francois County is the north flowing Big River and
its tributaries (Fig. 2). Due to local geology, tributaries to the abovementioned drainage
frequently gain or lose flow through bedrock and streams can be intermittent or perennial (Fluor
Daniel, 1995). Topography of the area is characterized by rolling hills dissected by narrow
floodplains, creeks, and river valleys. Hills and ridges are generally steep sided with flat tops
consisting of thin mantles of clayey soils. The major physical features of the area are the St.
Francois Mountains in the south, the dissected topography of the Salem Plateau in the northern
portion, and the Farmington Plain in the eastern section (USEPA, 1993). According to USDA’s
Washington County soil survey (Skaer and Cook, 2003), the most fertile soils in the Old Lead
Belt are the sand and silty alluvial soils of the Big River floodplain. The major soil series
mapped in the Big River Floodplain and associated properties are shown in Table 1.

Currently, there exist over 2,800 acres of chat', tailings®, vegetated chat and transition
zone soils contaminated primarily with Pb in and around the six major waste impoundments of
the BRMT site. The number of impacted acres is based on a review of topographical maps and
aerial photography. Soils contaminated by runoff from tailings, chat, and vegetated chat
represent a transition area around the piles of contaminated mine and mill wastes. The transition
zone soils vary in width from 50 to 2,800 feet from the piles (USEPA, 2006).

! Chat is the waste product of early gravity based milling processes and consists of grain sized particles typically
0.06 to 2.4 mm in diameter (EPA, 2006).

2 Tailings are the waste product of a chemical floatation process that produces particles 0.004 to 0.06 mm in
diameter (USEPA, 2006).



Figure 2. The Big River Watershed of Missouri
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Table 1. Prominent soil series found along the Big River of Missouri (USDA-NRCS, 2010)".

Depth Drainage Parent Slope USDA Taxonomic
Soil Series Class Class Permeability Landform Material Range Classification
Freeburg very somewhat moderately floodplain/ silty 0-9% Fine-silty, mixed, superactive,
deep  poorly drained slow terraces alluvium mesic Aquic Hapludalfs
Gabriel very  poorly drained = moderately floodplain silty 0—-3%  Fine-silty, mixed, superactive,
deep slow alluvium mesic Typic Agriaquolls
Haymond very well drained moderate floodplain silty 0-3% Coarse-silty, mixed,
deep alluvium superactive, mesic Dystric
Fluventic Eutrdepts
Horsecreek very well drained moderate stream terrace silty 0-3%  Fine-silty, mixed, active, mesic
deep alluvium Mollic Hapludalfs
Kaintuck very well drained moderately floodplain loamy 0-3% Coarse-loamy, siliceous,
deep rapid alluvium superactive, nonacid, mesic
Typic Udifluvents
Sturkie very well drained moderate floodplain/ silty 0-3% Fine-silty, mixed, superactive,
deep natural levee alluvium mesic Cumulic Hapludolls

" Data obtained from USDA-NRCS, Official Series Descriptions (available at http://www?2.ftw.nrcs.usda.gov/osd)



2.4 Floodplain Soil Contamination. Due to the construction of the mines and mills in
riparian or near riparian areas and the constant discharge of waste products from uncontrolled
mine and mill waste piles, releases from mine waste areas have been ongoing since mining
activities began in the 18" century. The largest releases were initiated with the advent of
industrial scale milling in the late 19" century. As described earlier, the first mills relied upon
crushing and gravity to separate Pb from its host rock, whereas the milling process after 1930
employed crushing and various chemical floatation techniques, resulting in massive quantities of
tailings or “slime” (McHenry, 2006). The single largest documented release of mining waste
occurred in 1977 at the Desloge tailings pile. During a severe storm, an estimated 50,000 to
75,000 cubic yards of tailings were released directly into the Big River (USEPA, 2006). Tailings
and chat from this release and others can be observed in the Big River for most of its 93 mile
course below the Leadwood Site to the confluence with the Meramec River in Jefferson County.
Elevated levels of metals have been found in aquatic and riparian plants and animals in the
contaminated portion of the Big River (Buchanon et al., 1979; Schmitt and Finger, 1982;
Niethammer et al., 1985; Schmitt et al., 1987; Roberts and Bruenderman, 2000, Roberts et al.,
2010).

Presently, almost all chat piles and tailings impoundments created during the mining
period have been removed or stabilized. However, it is known that chat and tailings materials
released to the river in the past are now presently in transit within the channel system or stored in
alluvial deposits (Pavlowsky, 2010). As a result of the transport of heavy metals during flood
events over the last century, floodplain sediment deposits are contaminated (>400 mg kg™ Pb)
from Leadwood downstream 171 km to the mouth of the Big River. Floodplain sediment Pb
concentrations are >12,000 mg kg™ near the mining area and decrease in a downstream direction
to ca. 500 mg kg Pb near confluence with the Meramec River. Estimated volume of soil in
contaminated floodplain deposits is 86,792,829 m’ representing 95.9% of the total volume of
stored sediment (Pavlowsky, 2010). Contaminated floodplain soils pose a significant threat of
recontamination to the in-channel sediments of the Big River and subsequently to the aquatic and
aquatic-dependent inhabitants of the river. Contaminated floodplain soils also pose a direct
threat to ground feeding and nesting migratory birds.

2.5 In Situ Phosphate Treatment. The toxicity of Pb to organisms is a function of its
bioavailability, or the degree to which Pb can be absorbed into the tissues of an organism
following ingestion (Casteel et al., 1997). Furthermore, the bioavailability of Pb is determined
by chemical speciation and mineralogical associations (Ruby et al., 1992; Davis et al., 1993).
Soil Pb poses an ecological threat when it is highly soluble or leachable, factors linked to its
chemical form and mineralogical association. Consequently, numerous researchers have
succeeded in the alteration of soil Pb chemistry through the addition of phosphate compounds to
convert soil Pb species to less soluble minerals called pyromorphites [Pbs(PO4);(OH, Cl, F)] (Ma
etal., 1993, 1995; Xu and Schwartz, 1994; Ruby et al., 1994; Laperche et al., 1996; Zhang et al.,
1998). Pyromorphites are the most thermodynamically stable and insoluble Pb minerals over a
large pH range (Nriagu, 1974). The above mentioned studies employed a variety of phosphate
sources including phosphate fertilizers, phosphoric acid, phosphate rock, and synthetic
hydroxyapatite. Recently, Tang et al. (2009) demonstrated that P-based treatment of Pb
contaminated soil maintains effectiveness at reducing Pb bioaccessibility and leachability up to
10 years after P application.



In order to induce pyromorphite formation, large concentrations of soluble P must be
introduced to interact with soluble Pb. Soluble P in soil is easily fixed by a wide variety of soil
components, especially aluminum and iron oxides, humic substances, and a variety of clays
(Guppy et al. 2005; He et al., 2006). Consequently, a large stoichiometric ratio of P:Pb must be
applied to contaminated soils to achieve pyromorphite formation (Yang et al., 2002). Yang et al.
(2001) determined that the bioavailability of Pb decreases as a linear function of increasing
soluble P concentrations up to 10,000 mg kg™ P.

2.6 Demonstration of Pyromorphite Formation. An important goal of remedial research
involving in situ Pb immobilization is to demonstrate the formation of pyromorphite. Numerous
studies have employed selective sequential extraction procedures and demonstrated substantial
transformation of soil Pb to pyromorphite (Ryan et al., 2001; Cao et al., 2003). Unfortunately,
subsequent research indicates that the abovementioned studies cannot rule out the formation of
pyromorphites during extraction of Pb contaminated soils treated with P (Scheckel et al., 2003).
Other technologies that have been attempted in the quest to speciate phosphate amended soils
include energy dispersive X-ray (EDX) spectroscopy and scanning electron microscopy (SEM)
(Davis et al., 1993; Yang et al., 2001; Cao et al., 2003). However, there are visual limitations to
the use of both EDX and SEM that make them less practical, especially the similarity of
hexagonal pyromorphite crystals to a number of other crystalline soil constituents. Scheckel et
al. (2004) also demonstrated that X-ray diffraction, selective sequential extraction, and the
physiologically-based extraction test were incapable of accurately quantifying the formation of
pyromorphites in phosphate amended soils due to the formation of the compounds during the
extraction or the immobilization phases of the aforementioned extraction tests. Accordingly, the
researchers employed X-ray absorption fine structure (XAFS) spectroscopy to accurately
quantify Pbs(PO4);(OH, Cl, F) formation.

The most significant recent developments in the speciation of metals in heterogeneous
soil environments have been achieved using XAFS. XAFS refers to the manner in which x-rays
are absorbed near and at the core level binding energies of that atom (Newville, 2004).
According to Newville (2004), XAFS is, “the modulation of an atom’s x-ray absorption
probability due to the chemical and physical state of the atom”. XAFS is particularly sensitive to
the oxidation state, coordination number, and the species of atoms directly surrounding the
selected element. Consequently, XAFS is a powerful tool for a large range of scientific
disciplines including environmental science, chemistry, and biology (Newville, 2004). Several
researchers have utilized XAFS in combination with advanced statistical models to identify the
different species of metals in soil environments and have made strides towards the quantification
of the species present as well (Isaure et al., 2002; Roberts et al., 2002; Scheinost et al., 2002;
Scheckel and Ryan, 2004). Scheckel and Ryan (2003) employed XAFS to speciate Pb
compounds in P-amended soils, thereby avoiding the earlier described pitfalls of other methods
utilized for the estimation of pyromorphite formation.

2.7 Environmental Concerns Associated with Phosphorous-Based Remediation. The
addition of large quantities of P to soils is of environmental concern, as P is the limiting
micronutrient associated with eutrophication (Theis and McCabe, 1978; Sharpley and Halvorson,
1994; Sims, 1993; Dermatas et al., 2008). Consequently, the EPA has been working for the past
several decades to establish P water quality criteria for surface waters across the United States.



These nutrient criteria range between 8 and 128 ug L' P depending on the EPA region (USEPA,
2001).

Potential issues with P leaching have only been lightly discussed or mentioned by studies
investigating the feasibility of P treatment (Basta and McGowen, 2004; Cao et al., 2002;
Dermatas et al., 2008; Yang and Tang, 2007). Using diammonium phosphate and apatite to treat
smelter contaminated soils, Basta and McGowen (2004) determined that up to 10% of the P
leached from their column studies, despite the relatively low dosage of P applied compared to
other treatability studies in the literature. Basta and McGowen (2004) also demonstrated initial
leaching of P from treated soils to be >2000 mg L™, an extraordinarily large mass per unit
volume. Cao et al. (2002) applied phosphate at a 4.0 molar ratio of P to Pb with treatments using
a varying ratio of H;POy4 to phosphate rock. Their work demonstrated that phosphate
amendments effectively transformed soil Pb to chloropyromorphite [Pb;o(PO4)sCl>], which they
identified in the surface soil, subsurface soil, and plant rhizosphere soil. A 50%/50% mixture of
H3PO4 and phosphate rock was found to yield the best overall results for in situ Pb
immobilization, with less soil pH change and reduced P leaching. Nevertheless, the same study
documented releases of up to 20% of the total P added to treated soils (Cao et al., 2002).
Dermatas et al. (2008) treated Pb contaminated firing range soils with various P-based treatments
while subsequently extracting and analyzing P. The study showed significant P (>300 mg L")
leaching under all of their experimental conditions, in both alkaline and acidic soils.

Yang et al. (2002) investigated the transport of P following treatment of Pb contaminated
soils with H3POy4 in a column leaching study. The leachate passing through the columns was
found to contain 0.06 mg L™ Pb and 335 mg L™ P in treated soils and 0.19 mg L™ Pb and 0.29
mg L' P in untreated columns. The researchers noted that P leaching due to surface H3;PO4
application would most likely increase P transport to groundwater and potentially cause surface
and groundwater contamination. Yang et al. (2002) concluded that the P issue may not be as
burdensome as leaching data suggest due to the relative low mobility of P in soil. The
researchers referred to P adsorption to various soil constituents such as Al, Fe, and various clays
as noted in the variable solubility of P experiments conducted by Maguire et al. (2000). Yang et
al. (2002) also hypothesized that soil profiles with a deeper horizon (>1 m) would have much
greater sorptivity, thereby reducing P leaching to a minimum.
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3.0 Objectives and Hypotheses

The overall objectives of this study are to (1) quantify the impact of phosphate-based
remediation of Pb contaminated soil on P and Pb loss via soil surface runoff and (2) quantify the
formation of insoluble pyromorphite in soil due to P treatment using XAFS. The ultimate goal
of the research will be to determine the level of phosphate treatment that maximizes
pyromorphite formation and minimizes P pollution of surface water. The objective will be
accomplished by treating Big River floodplain soils with three levels of phosphate amendment
and simulating rainfall events at select intervals following treatment to investigate changes in
surface water P and Pb transport with time. The specific objectives and hypotheses of this
research are as follows:

e Objective #1. Conduct laboratory investigations to determine the effect of different P
treatment levels on surface water P and Pb transport.

e Hypothesis #1. Floodplain soils with higher levels of applied P will release
commensurately higher levels of P to surface water, and overall Pb release will be
unaffected by treatment.

e Objective #2. Conduct laboratory experiments to determine the influence of time post-
application of P on surface water transport of P and Pb.
e Hypothesis #2. Greater losses of P will be observed in soils with shorter intervals in

between P application and simulated rainfall compared to soil subjected to longer periods
between P application and simulated rainfall.

e Objective #3. Conduct laboratory experiments to determine which P treatments result in
the greatest degree of pyromorphite formation.

e Hypothesis #3. Soils treated with the highest levels of phosphate will form the greatest
percentage of pyromorphite.
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4.0 Materials and Methods

4.1 Site Description and Soil Sampling. A description of the study area is provided
previously in the introduction. Soil for the experiment will be collected in alluvium of the Big
River floodplain at Washington State Park or at nearby private property. The Haymond and
Kaintuck series are available at Washington State Park and will be targeted for collection.
Samples will be collected from shallow, hand-dug pits in the top 15 cm of soil. Enough soil will
be collected to create 32 replicates of 15 liters each. All soil samples will be collected from
within a 1000 m* area to minimize differences in spatial variability between samples. Soil
samples will then be bulked together and mixed to create a single soil sample stockpile. Bulk
density of soils will be measured by collecting soils within the sample area using an Uhland core
sampler (3 inches by 3 inches).

After thorough air drying and mixing, the bulk soil stockpile will be sieved to <2 mm for
all experimental trials. Sieving will be accomplished by forcing air dried soil over frames
mounted with 2 mm hardware cloth. Four replicates for each treatment level and reaction length
period will be created by placing 15 liters of soil in 32 commercially available polyethylene
buckets

4.2 Sample Characterization and Experimental Protocols. After air-drying and mixing,
a portion of each of the soil samples will be sieved to <2 mm and analyzed for total elemental
concentration using X-ray fluorescence (XRF). Target soil Pb concentrations will be 800 to
2000 mg/kg. Approximately 250 ml of dried and sieved sample will be placed into a sealable
plastic bag and analyzed for 90 seconds using a Thermo Niton XL3t 600 XRF (Thermo
Scientific, Billerica, MA). Ten composite samples consisting of 50 cm’ each will be pulled from
the bulk stock pile for analysis. Each sample will be analyzed in triplicate and an arithmetic
mean of the total metal values in mg kg™ reported by the instrument will be calculated.

Ten composite samples consisting of 50 cm® each will be pulled from the bulk stock pile
and sent to the University of Missouri Soil Characterization Lab (Columbia, MO) for routine
analyses including pHyater, pHsait (0.01M CaCl,), particle size distribution, extractable Al,
titratable acidity, cation exchange capacity (CEC) both buffered and unbuffered, percent organic
carbon, and percent total N. The Soil Characterization lab will also perform total nutrients
analysis (Morgan extractable P, K, Ca, Mg, Fe, Mn, Zn, Al, and NOj3"). Total elemental analysis
[HNO; digestion Al, As, B, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Ti,
V, Zn — Microwave digestion (EPA 3051-6010)] will be performed by the Missouri Department
of Natural Resources’ State Environmental Laboratory, Jefferson City, MO.

Following XRF analysis, soils will be treated with P as Ca(H,PO4), (aq) [i.e., Triple
Super Phosphate (TSP)]. The TSP will be administered at four different experimental levels
based on Pb:P molar ratios (0, 1:2, 1:4, and 1:8). Actual dosing of P to soils will be based on
experimentally derived Pb concentrations in the bulk soil stockpile. The TSP at the three levels
will be thoroughly mixed into each sample treatment container. Sample containers will be
constructed to allow free drainage. All samples will then be moistened with deionized water
until at approximate field capacity. Samples will then be allowed to react for two weeks in a
secured outdoor setting at ambient temperatures. Following the first reaction period all soils will
be treated with predetermined amounts of hydrated lime (Ca(OH),) to adjust pH into the range of
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pH 6.5-7.0. Next, four replicates of each of the four P treatment levels will be packed into test
beds that are 100 cm by 30 cm by 15 cm deep. Five cm of sand will be packed in the base of the
test beds prior to the addition of 10 cm of soil. Soils will be compacted to a level determined by
previous bulk density sampling using a mechanical packing device. Soils at each of the four
treatment levels will then be exposed to simulated rainfall at the University of Missouri’s
College of Engineering rainfall simulator using the rainfall simulator described by Regmi and
Thompson (2000). The simulator will be adjusted to provide 32 +/- 7 mm/hr flow rate for 60
minutes. The test bed slope will be adjusted to a slope of 2% to simulate the gradual slope of a
floodplain environment. Surface runoff will be collected at the downslope end of the test bed
from a V-trough in a single collection bottle. Ports in the bottom of the test bed will also
facilitate the collection of soil leachate.

Rainfall intensity will be kept constant for all exposure tests. Effluents from the test will
be captured and analyzed for total metals (EPA 6010B ICP/MS), dissolved metals (EPA 6010B
ICP/MS), total P (EPA 365.4), and dissolved orthophosphate (EPA 365.1). All water chemistry
analysis will be performed at the Missouri Department of Natural Resources State Environmental
Laboratory, Jefferson City, MO. Following the initial treatment period, remaining soil volumes
not utilized in the rainfall simulation will be allowed to air-dry.

Soils not exposed to the first round of rainfall simulation will be allowed to react with the
added P for an additional 12 month time period. During this period soils will be exposed to
natural precipitation and temperature conditions to encourage further soil reactions and simulate
conditions that may be experienced in the field. Effluents from natural precipitation will be
collected and analyzed for total metals and total P using the above described methodology. At
the end of the 12 month time periods, four more replicates of each treatment level will be
exposed to simulated rainfall with effluents collected for analysis in the same manner as
described above.

Oven dried samples from the initial and one year reaction periods will then be dry sieved
to >250 pum and subjected to x-ray absorption fine-structure spectroscopy (XAFS) at the
Advanced Photon Source at the Argonne National Laboratory in Argonne, IL to speciate and
quantify the major Pb species in the soil. The goal of the XAFS portion of the experiment will
be to determine the degree of formation of pyromorphites in the experimental trials. Lead
(13055 eV) Liy—XAFS data will be collected. Variables obtained from the fits will include the
energy phase shift (AE,), coordination numbers (N), bond distances (R), and Debye—Waller
factors (¢°). XAFS analysis and interpretation of spectra will be performed in conjunction with
the U.S. Environmental Protection Agency’s Office of Research and Development in Cincinnati,
OH.

4.3 Statistical Analysis. Data will be analyzed for phosphate loss and pyromorphite

formation using a factorial design. Factor A represents TSP application rates and factor B will
be time after application of TSP (2 weeks and 12 months). Four replicates will be performed.
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4.4 Expected Benefits. The results of this research will assist in the decision making
process of the Missouri Natural Resource Damage Assessment and Restoration (NRDAR)
trustees and other environmental managers throughout the nation regarding the environmentally
sound restoration of Pb contaminated soils. Results will guide the implementation of large scale
restoration projects across the state of Missouri in two separate historic mining districts. The
research has the potential to guide the expenditure of tens of millions of restoration dollars.

Timeline:

Project: 2011 2012 2013

Rainfall Simulation Preparation

Soil Sample Collection

Soil Treatment and Characterization

Rainfall Simulation and Analysis

XAFS Analysis

Statistical Analysis

Thesis and Manuscript Preparation
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