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PHYTOREMEDIATION/PHYTOEXTRACTION 
VS PHYTOSTABILIZATION

• Hybrid poplars 
uptake of soluble 
organics

• Plants that 
hyperaccumulate 
metals to be 
harvested

• Goal is to stabilize soil such that metals 
are not taken up by plants or otherwise 
mobilized by erosion or bioaccumulation



CERCLA RESPONSE AND NATURAL RESOURCE DAMAGE 
ASSESSMENT AND RESTORATION (NRDAR)

• Determining what resources have been injured by the release of 
hazardous substances and oil.

• Superfund Sites involve evaluation of residual injury after EPA’s 
remediation.

AND
• Compensating the public through environmental restoration for injured 

natural resources.



• NRDAR Trustees investigated phytotoxicity in part due to greater 
ecosystem implications
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ORONOGO/DUENWEG MINING BELT (JASPER COUNTY) 
SUPERFUND SITES



NEWTON COUNTY MINING SUPERFUND SITE





Barren Chat & Mill Foundations




Barren Chat & Mill Foundations

















Carterville, MO
Chat and Subsidence Pits



NATIVE PRAIRIE
DIAMOND GROVE PRAIRIE 
CONSERVATION AREA

Settlement Confidential - Subject to FRE408



JASPER COUNTY SITE METAL CONCENTRATIONS



PIERZYNSKI AND FICK (2005) 
PHYTOTOXICITY STUDY
USING JASPER COUNTY CHAT

Big Bluestem

Increasing Zn concentration 



PHYTOTOXICITY AND FLORISTIC QUALITY



Mean C is the arithmetic mean C value of all native species occurring in a site or 
sampling unit, and is independent of species richness. The Floristic Quality Index 
(FQI) is the product of Mean C and the square root of the native species richness 
(FQI= mean C*√n)

Floristic Quality Assessment



• EPA Cleanup Levels = 400 mg/kg Pb, 40 mg/kg Cd, 
6400 mg/kg Zn

• Phytotoxicity Levels = 356 to 1555 mg/kg Zn

• EPA did not consider phytotoxicity in Jasper 
County Mine/Mill Waste Cleanup (OU-1)ROD 

• Trustees must address phytotoxicity to conduct 
primary (on-site) restoration

EPA PRELIMINARY REMEDIAL GOALS VS 
PHYTOTOXICITY ASSESSMENTS



SOIL SOLUTION AND CONTROLLING FACTORS

Master variables:
• pH
• OC
• CEC

Metal solubility and 
phytoavailability:
• Cd>Zn>>Pb



JASPER COUNTY GEOLOGY AND SOILS VARY 
FROM CALCAREOUS TO SLIGHTLY ACIDIC

• Geology is Pennsylvanian shales to 
Mississippian limestones and 
dolomite

• Soils vary from calcareous to 
slightly acidic

• Alkalinity tends to  reduce plant 
uptake of metals

• Phytotoxicity mechanisms for Zn 
include competition with Fe and 
Ca necessary for cell function.



RHIZOSPHERE: WHERE COMPLEX CHEMISTRY AND BIOLOGY 
HAPPENS THAT CONTROLS NUTRIENT AND POLLUTANT UPTAKE



• Skuza L, Szućko-Kociuba I, Filip E, Bożek I. Natural Molecular Mechanisms of Plant 
Hyperaccumulation and Hypertolerance towards Heavy Metals. Int J Mol Sci. 2022 Aug 

19;23(16):9335. doi: 10.3390/ijms23169335. PMID: 36012598; PMCID: PMC9409101.

MECHANISMS OF PLANT ACCUMULATION AND RESISTANCE TO 
METAL TOXICITY



COMPOST, BIOCHAR, ORGANIC MATTER 
METAL SEQUESTRATION



RELATED RESEARCH: MARIAM AL-LAMI MS&T
ARBUSCULAR MYCORRHIZAE FUNGI (AMF) SYMBIOSIS
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RELATED RESEARCH: MARIAM AL-LAMI MS&T
BIOSOLIDS+BIOCHAR PLANT UPTAKE



RELATED RESEARCH: MARIAM AL-LAMI MS&T



RELATED RESEARCH: MARIAM AL-LAMI MS&T



Composted Manure Application

Former and Abandoned Pb/Zn 
Mine Demonstration Project



BARREN CHAT & TAILINGS FILLING CREEK 
CHANNEL  - WEBB CITY, MO



1 YEAR POST RECLAMATION
60 TONS BIOSOLIDS/ACRE
WEBB CITY, MO



WEBB CITY PARTNERSHIP



ORGANIC SOIL AMENDMENTS FOR USE 
IN PRAIRIE RESTORATION ON 

REMEDIATED LANDS:
PILOT STUDY PRELIMINARY RESULTS



• Post-Remediation soils are highly degraded and have 
residual contamination.

• If left alone, these areas do not support adequate 
vegetation or provide habitat.



1. Assess potential risks from runoff constituents
- Nutrients, Metals, PPCPs

2. Evaluate uptake and bioavailability of lead

3. Evaluate success of native prairie and wetland 
plant species

OBJECTIVES OF STUDY



• Unremediated Chat/Fill
– Biosolids
– Cattle Manure
– High-P  Ag Fertilizer

• All materials composted with 
woodchips

• No lime added (naturally 
high soil pH)

TWO TERRESTRIAL SCENARIOS

• Remediated Upland Soil
– Biosolids
– Cattle Manure
– Poultry Litter
– Mulch + Fertilizer

• All materials composted with 
woodchips and 10% biosolids 

• Soil Limed following 
amendments

• Sod Buffer Strip below plots



• Passive runoff sampling techniques
– Total and Dissolved metals
– Nitrogen and Phosphorus
– PPCPs and Toxicity (WET Tests)

• Species Composition and 
Biomass – 20 X 20cm quads

SAMPLE COLLECTION & ANALYSIS



• Zn ~8000, Pb ~1000 ppm
• 21 Plots - May 2014 
• 3 mixtures of Organics

– Biosolids + Mulch
– Cattle Manure + Mulch
– Composted Mulch with High-P 

fertilizer
• 2 application rates

– 40 & 80 tons/acre organics
– 12 & 23 tons/acre fertilizer

PHASE 1: 
VEGETATED 
CHAT/FILL



25000+ zn natives

Scientific Name Common Name 

Agalinis heterophylla prairie false foxglove 

Amaranthus tuberculatus tall water-hemp 

Ambrosia artemisiifolia common ragweed 

Ampelopsis cordata heart-leaf raccoon-grape 

Andropogon virginicus broom-sedge bluestem 

Croton monanthogynus one-seed croton 

Eupatorium serotinum fall joe-pye-weed 

Panicum virgatum switch grass 

Parthenocissus quinquefolia Virginia creeper 

Paspalum laeve field paspalum 

Penstemon digitalis smooth beardtongue 

Persicaria punctata dotted smartweed 

Setaria parviflora bristlegrass 

Solidago canadensis Canadian goldenrod 

Symphyotrichum patens sky-drop aster 

10,000+ zn natives
﻿Scientific Name Common Name 
Agalinis heterophylla prairie false foxglove 
Amaranthus tuberculatus tall water-hemp 
Ambrosia artemisiifolia common ragweed 
Ambrosia trifida giant ragweed 
Ampelopsis cordata heart-leaf raccoon-grape 
Andropogon gerardii big bluestem 
Andropogon virginicus broom-sedge bluestem 
Apocynum cannabinum hemp dogbane 
Bidens polylepis coreopsis beggar-ticks 
Carex blanda woodland sedge 
Cerastium brachypodum mouse's-ear-chickweed 
Chasmanthium latifolium broad-leaf wood-oat 
Cirsium altissimum tall thistle 
Croton monanthogynus one-seed croton 
Desmodium illinoense Illinois tickclover 
Dichanthelium acuminatum pointed dichanthelium 
Eleocharis sp. spike-rush 
Erigeron strigosus daisy fleabane 
Eupatorium serotinum fall joe-pye-weed 
Juncus interior inland rush 
Leptochloa fusca bearded sprangletop 
Panicum anceps beaked panicgrass 
Panicum virgatum switch grass 
Parthenocissus quinquefolia Virginia creeper 
Paspalum laeve field paspalum 
Penstemon digitalis smooth beardtongue 
Persicaria punctata dotted smartweed 
Plantago virginica pale-seed plantain 
Rhus copallina dwarf sumac 
Rhus glabra smooth sumac 
Rubus flagellaris American dewberry 
Rudbeckia hirta black-eyed-Susan 
Schizachyrium scoparium little bluestem 
Schoenoplectus pungens common threesquare 
Setaria parviflora bristlegrass 
Solidago canadensis Canadian goldenrod 
Sorghastrum nutans yellow Indian grass 
Symphyotrichum patens sky-drop aster 
Symphyotrichum pilosum hairy aster 
Teucrium canadense Canada germander
Tridens flavus purpletop 
Triodanis perfoliata Venus'-looking-glass 

Plant (Zn)  Tolerance



PHASE 1 
RESULTS

Plant diversity:

-Late (May) seeding and high soil zinc may affect results.

-Manure treatments had 3x the species richness of seeded 
native plants as control, other treatments’ richness were 
less than control.

-Even though native richness was high in manure plots, they 
were still dominated by the larger ragweed and pigweed 
plants.

-Two species, Blue verbena and Partridge pea, completed 
their lifecycle in the high zinc soils, and won’t be seeded in 
Poo II.

Little bluestem
Yellow Indian grass
Broad-leaf wood-oat 
Virginia wildrye
Slick-seed wildbean
Blue verbena 
Showy partridge pea 
New England aster 
Black-eyed-Susan 
Purple Prairie Clover
Lanceleaf coreopsis
Foxglove Penstemon
Pale Coneflower
Thick-spike gayfeather



PLANT DIVERSITY 
RESULTS FROM 
UNREMEDIATED 
PLOTS

Manure Compost (80 Tons/Acre)



PHASE 1 RESULTS 

Plot 17
Ag High

Plot 16
Control

Plot 18
Biosolids High

Plot 19
Manure High

Plant biomass:
-The Ag treatment was a biological desert.

-The biosolids treatment grew 5x the biomass as control, 
but vast majority was ragweed.



PHASE 1 
RESULTS

Tissue Uptake of Metals:

Ragweed aboveground tissue 
collected from every plot, 
rootzone soil XRF-ed below every 
ragweed.

-Lead uptake was around 7% of soil 
lead (~50ppm in tissue), all 
treatments were significantly 
lower than control (except Ag)

-Zinc uptake was about 35% of soil 
(~1100ppm in tissue), only Ag 
treatment was significant 
different (higher) from control



RUNOFF: UNREMEDIATED CHAT/FILL

WQS
172
ppb

WQS
255
ppb



• Zn: ~4000, Pb ~400 ppm, Degraded subsoil
• 24 plots - Sept 2014
• 4 organic mixtures: 

– Biosolids
– Cattle manure+biosolids
– Poultry Litter+biosolids
– Mulch composted with fertilizer

• 40 & 80 tons/acre 
– 40 ton/acre for mulch/fertilizer

• Areas limed 
• Sod buffer strip below plot

PHASE 2: 
POST-REMEDY 
UPLAND



PLANT DIVERSITY RESULTS 
FROM REMEDIATED PLOTS



RUNOFF: REMEDIATED UPLAND SOIL
Sampled Nov. 2014 & Sept 2015

172 ppb

255 ppb
11.6 ppb

10.1 ppm



RUNOFF: REMEDIATED UPLAND SOIL
WET TEST RESULTS

• Nov 5, 2014 - 12.5% Dilution:
– No toxic effects of Biosolids, Manure, or Poultry Litter 

effluent at High application rate

• Dec 11, 2014 – 50% Dilution:
– Minnow survival 78% in poultry treatment, all others 95-

100%
– Minnow growth exceeded bare ground control in all 

treatments except poultry litter
– Water flea survival 100% in all treatments
– Water flea reproduction equal to internal control except 

bare ground (control) and poultry litter effluent



Treatment
Pb Zn Cd Pb Zn Cd Pb Zn Cd

Control 491 2578.5 39.5 473.3 2373.5 12.9 10.3 760 13.9
Ag 676 3688.3 56.7 314.1 1977.3 10.7 8.1 256 12.2
BS High 792 2919 54.7 120.6 837.8 5.0 9.4 422 12.3
BS Low 496.7 2626 39.3 77.1 580.5 4.7 7.1 212 11.8
Manure Hig 759 4046.3 58.7 159.7 893.0 6.5 8.5 477 14.2
Manure Low 504.7 2567.7 46.0 98.7 722.5 6.0 6.1 218 12.4
Poultry High 534 3634 68.0 403.4 2705 15.5 11.9 657 13.4
Poultry Low 528.3 2738.3 40.7 144.3 1068.1 10.4 6.5 166 9.8

Pre-amendment Soil Post-amendment soil Plant tissue

PLANT 
METAL 
UPTAKE



EARTHWORM 
METAL 
UPTAKE
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EARTHWORM 
METAL 
UPTAKE









WETLAND 
TUBS

Treatment tubs

Biochemical 
reactor

Limestone bed



WETLAND TUBS



RESULTS 
FROM TUBS

Plant success results are 
dramatic. 
The Ag and control pools were nearly barren. 

Biosolids had roughly 25% coverage from 
weedy grasses.

Manure had 80% cover primarily from the 
planted natives.





WETLAND TUB RESULTS



PFAS… IN TERMS OF MULTIPLES OF BACKGROUND SOIL





RESTORATION OF PRAIRIE AND 
WETLANDS IN THE TSMD 
PURSUANT TO THE 
SPRINGFIELD PLATEAU 
REGIONAL RESTORATION PLAN

Webb City, Jasper County, MO







July 2016 Fall 2016

Field Pilot, seeded May 2016



2 year rootball shows 
penetration into 
subsoil, migration of 
organic matter



After 2 years







WETLAND PLANTING



TREATMENT WETLANDS

CONTROL STRUCTURE 
INSTALLATION



DISCHARGING MINE SHAFTS

HOW TO BEST TREAT 
CONTAMINATED WATER? 



Proposed treatment of 
Wilson Lake



Proposed treatment 
train for Wilson Lake



$3,071,000 acquisition and real estate services
$740,000 capped restoration
$1,200,000 compost making, application

$950/ac for compost  @ 160 dry tons per ac
$950/ac hauling and spreading
$178/ac grading
$283/ac seeding, including cover crop

$



QUESTIONS?

?

Dave  dave_mosby@fws.gov
Scott   scott_hamilton@fws.gov
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