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Rouge Manufacturing Complex (Dearborn, MI)
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Polyaromatic Hydrocarbon (PAH) Chemical Structures
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Ecological or Intrinsic Phytoremediation

Use of managed, natural systems

Emphasis on sustainability

RNIZoStimuiation o1 Dacterial AIoXy/genase actvity.
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Phyto Field Trial - Selected Upland Plant Species

Scientific Name

Common Name

Grasses

Andropogon gerardii

Big Bluestem

Andropogon scoparius

Little Bluestem

Hystrix patula

Bottlebrush Grass

Spartina pectinata

Prairie Cordgrass

Carex sprengelii

Sprengel Sedge

Scirpus atrovirens

Bulrush

Herbaceous

Amorpha canescens

Leadplant

Aster novae-angliae

New England Aster

Cirsium discolor

Pasture Thistle

Eupatorium perfoliatum

Boneset

Eupatorium purpureum

Joe-Pye Weed

Geum triflorum

Prairie Smoke

Lobelia cardinalis

Cardinal Flower

Silphium teribinthinaceum

Prairie-dock

Ceanothus americanus

New Jersey Tea

Physocarpus opulifolius

Common Ninebark

Spirea alba

Meadowsweet

Viburnum dentatum

Arrowhead Viburnum




Phytoremediation Demonstration Plots
Constructed at Allen Park Clay Mine Landfill by URS Corp.

Phyto Treatment Facility Layout
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Ford Phytoremediation Field Trial Plots

 September 2002
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Final Soil tPAH Concentration for Selected Treatments
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Projected Soil tPAH Concentration for Phyto Treatments
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Solubility Properties of Selected POPs

PCBs log(Kow) PAHS log(Kow)
Biphenyl 4.1 Benzene (CgHg) 2.1
2-CBP (1 Cl) 45 Naphthalene (C1oHs) 3.4
4-CBP (1 Cl) 4.4 Phenanthrene (Cy4H10) 45
4,4'-CBP (2 C) 5.2 Anthracene (Cy4H10) 4.5
2,4,5-CBP (3 Cl) 5.7 Chrysene (C15H,7) 5.6
2,3,'4,4'-CBP (4 CI) 6.3 Benzo(a)pyrene (CooH12) 6.5
Decachloro-BP (10 CI) 8.2 Benzo(g,h,perylene (C,oH12) 7.2

Hydrephobicity Is measured as selubiliny in Octanoll divided by Agueous Selulbility

Ex. Phenanthrenehasia log K, = 4.46

...Which eguals 28840.32X more Phen inioctanol phase than in agueous




Particle-Scale Understanding of the Bioavailability of PAHs in Sediment.
Talley, Ghosh, Tucker, Furey, Luthy. 2002. ES&T 36:477-483
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FIGURE 3. PAH reduction in sediment fractions before and after
bioslurry treatment, These values are based on the contribution of
each fraction to the total PAH concentration of 90 mg/kg as measured
by GC-FID. Error bars indicate + 1 SD based on analysis of four

reactors.



Particle Fractionation of Rouge Soll (Luthy lab, Stanford Univ.)
Size Separation @ 250u & Density Separation @ 1.8 g/ml (sat’d CsCl)

Soil Organic Fractlon

21% w/w

Soll Mineral rrslauom
179%6 W/




Particle Fractionation of Rouge Soll (Luthy lab, Stanford Univ.)
Size Separation @ 250u & Density Separation @ 1.8 g/ml (sat’d CsCl)

Soil Organic Fractlon

21% w/w

SOIIFIVIIneral Fraction & 4.
179% W/, y
290 LPAIH contéent




Soll tPAH (in ppm)

Progressive Mechanism of Soil Phyto Treatments
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Part I1. Rhizosphere Ecology Influences

* Root Quantification and Density

Excavation and 1solation of root biomass

» — ['he area or the soll influenced by root systems...™
- estimated to e as muen as 5% o1 Soli Volume

(Jb Eletener; Univ. of Oklanoma)

- SEIIfthat Stay/SiattdCnEn 10 OOLS altel Snaking ™
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Root Density in PPT (wt / wt)

Root Biomass Density relative to Soil (cu. yd.)
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Root Biomass Influence on PAH Reduction
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Root Biomass Influence on PAH Reduction

50
45

40
35

30
25
20
15

<=
S
(o=
o
—
(&)
-
@]
(ab)
nd
an
<
(al
=)
S
@p)

20 40 60
RO0U Density (ppt Seil)




Root-Microbe Ecology Interactions

e PBacterial Rhizostimulation

Root-enhanced bacteria cell density

Enrichment of PAH Diodegraders via cometanolism

s Bacterial Metanoelic Enrichment

=EXPaNnSIon; ol WACErTal MELAnOIIC CaPAIILIES



PAH Metabolism Spray Plate Assay

Specific PAH biodegrader assay

Soll extracts plated for CFUs

Phenanthrene residue
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Bacterial Phenanthrene-Degrading Isolates
Spray-Tested against Multiple PAHS

Phenanthrene

Fluoranthene




Bacterial Phenanthrene-Degrading Isolates
Spray-Tested against Multiple PAHS
K-region




Bacterial Isolates Tested against Multiple PAHS

Over 2100 Phenanthrene Degraders Isolated
~110 isolates from each Phyto treatment including untreated solls

PhenP isolates Spray-Tested against other PAH compounds
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% of PhenP lIsolates

Phenanthrene Degraders tested on other PAHS
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Part I11. Community Ecology Influences

Vegetated Community Persistence

Field installation strategy

\

SUSCeptinIlity to nNerbivores, disease, encroachment

»\Vegetated Community Expansion

U
U

Selif-propagation’and competitiveness
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Persistence of Planted Phyto Species (3" Yr)
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% New Spp Coverage

Phyto Species Expansion within Plot (3" Yr)
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Relative Density Map of Phyto Community Species
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Results Summary

Planted treatments were typically more effective at
reducing soll PAHs than unplanted treatments

Different plant species had different effects on bacterial
blodegrader community

Plants generally enriched broad-range bacterial PAH
metaboelic capabilities

\/ared plant community, dynamics among SPecIies—
SOIME more sultable for stable habitat restoration
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Rouge Phyto Exhibit — Plant Community Subplots

e 36ft ——

Sp A = Large Shrubs

Sp B = Short Grasses

Sp C = Low Shrubs

Sp D = Tall Grasses or Trees

12 Pletss X SiSubploets =

1 A0 Alamt e R b Spp Spp
108 plant spp comninations (%3 C+D

Sp A




Rouge Phyto Exhibit — June 2004 - Aerial Overview




A= : y : E

S AL S
T AL

/ / e L3
S PR
:
&
=% % i
N
. }
<
| LA
f
i :
%

-
%

Y

Ko Cony
Julyi2004-

i
// /’ /,/

2”d‘ Season i




Wildlife Recovery at ;che Industrial Brownfield
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Industrlal Brownfield

Wildlife Recovery at the
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Recommended Phyto Species:
Phyto and Weed-resistance rating: * = ok, ** = good, *** = excellent

Habitat: U = upland, W = wetland (low-land),
Type: G = grass, H = herbaceous

Species Common Name Phyto Weed-R Habitat
Andropogon gerardii Big Bluestem HxE * U
Aster novae-anglicae New England Aster HEE U or W
Carex sprengelii Sprengel Sedge U or W
Eupaterium perfoliatum Boneset U or W =
Eupaterium purpureum Joe-pye Weed U =
Hystrix patula Bottlebrush Grass U €]
Panicumvirgatum Switchgrass U €]
Phyt carpus opulitoliu Ninebark U =
SCIfpUs atroviren Green Bulrush Uor W G
Solidago pa‘tuJa Swamp Goldenrod U or W =
Spartina pectinatal Prairie Coragrass Jor W €]
Spirea ala IVIEaGOWSWEEL U =

\Vipurnum dentattim Arrowweed Vipuraum J 1=



Potential PARAPHYTOREMEDIATION Species:

Phyto and Weed-resistance rating: * = ok, ** = good, *** = excellent
Habitat: U = upland, W = wetland (low-land),

Type: G = grass, H = herbaceous

Species
Andropogon gerardii

Aster novae-anglicae
Carex sprengelii
Eupatorium perfoliatum
Eupatorium purpureum
Hystrix patula

Panicum virgatum
Physecarpus opulifielius
Scirpus atrevirens
Solidago patula
Spartina pectinata
Spirea alba

Viburnum dentatum

Common Name

Big Bluestem

New England Aster
Sprengel Sedge
Boneset

Joe-pye Weed
Bottlebrush Grass
Switchgrass
Ninebark

Green Bulrush
Swamp Goldenrod
Prairie Cordgrass
[Vieadowsweet

Arrowwood Viburnum

BIOMASS RECOVERY

Biocomposite Plastics — replacement for

fossil fuel-derived products

Bioenergy Crops — pelletized high-energy

Cellulose Feedstocks — ethanol, etc.

Collaboration with:
Ford Researchi Labs
MSU Composite Materials Center
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30 Acre Remediation /. Rehabilitation Challenge

Sustainable plant communiity. for site stabilization andiintrnsic bieremediation
~$8,000! - $20,000i per; acre net including| labor costs

Optional mdustriall; site resteration, andleducational opperiunities
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