


Phytoremediation
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Depending on the Concentrations a Limiting factor in PAH Soil and Groundwater Phytoremediation.
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2010 Tree Mortality and 2007 Soil Gas P
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Exhibit 2. Locations of tree mortalities relative to 2007 soil-gas contours (A) and surface elevation

(left) for 2010 and 2012 (B)

Nichols, E.G., Cook, R.L., Landmeyer, J.E., Atkinson, B., Malone, D.R., Shaw, G., and Woods, L., 2014, Phytoremediation of a petroleum-hydrocarbon
Q contaminated shallow aquifer in Elizabeth City, North Carolina, USA: Remediation Journal, vol. 24, pp. 29-46. [Link]
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http://onlinelibrary.wiley.com/enhanced/doi/10.1002/rem.21382/

Discoveries in Tree Microbiome Research

Endophyte Bacteria symbiosis
for improved metabolism
of a broad range of carcinogenic pollutants

Sharon L. Doty, Professor School of Environmental

and Forest Sciences

University of Washington gy
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PDN3

Enterobacter sp.

PD1 & WW5

Pseudomonas putida &
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Chlorinated Solvents
(TCE, Carbon Tet)

Sphingomonas -
yanoikuyae A 1 Mg

PAH / BTEX / Oil / Gas il
1,4-D

TPSN7Y

Paraburkholderia xenovorans
Polychlorinated biphenyl PCB

PTAl..4

Pseudomonas sp
TNT & RDX

Co-inoculation for Phytoremediation of Mixed Carcinogenic Pollutants



WA UNIVERSITY of WASHINGTON

Endophytes enter through cracks at lateral
root junctions

Q PDI1 (red) and PDN3 (green) on a poplar seedling root.
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s NI T BY Endophyte Enhanced TCE Tolerance Phenotype

Ames Research Center

Chlorinated Solvents
(TCE/PCE)

Enterobacter sp.

' Control

Inoculated

.,

Doty et al., 2017
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Growth and Degradation Benefits from Endophyte Inoculation
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Enhanced degradation

Doty et al., 2017



Monitoring Well Results

Test Well 1 Upgradient from Trees vs. Test Well 2 Down Gradient from Trees

August 28, 2016 November 21, 2016 July 28, 2017 July 19, 2018
Test Well Test Well Test Well Test Well mpL | Reporting
1 2 1 2 1 2 1 2 Limit
Hg/L

Trichloroethene 280 /ND\ 300 /' ND\, 260 /NDN | 130 | /NDN | 14 5
trans-1,2-Dichloroethene 1.7 / ND \ 3.1 / 2.2 / ND \ 2 / no \| 013 0.5
cis-1,2-Dichloroethene 140 |/ no \| 160 |/ ~Np \| 120 [/ ~Np \| 90 [/ ~ND || 15 5
1,1-Dichloroethene 7.6 ND 6.8 ’{ NnD || 5.8 r! ND || 4.6 ND || 0.092 0.5
1,1-Dichloroethane 7.9 0.64 9 0.58 8.1 ND 6 0.48 0.12 0.5
Vinyl chloride 0.54 ND 0.77 ﬂ‘ ND ND | ND 0.50 ND 0.17 0.5
Tetrachloroethene 0.85 ND 0.88 086 || ND ND || ND 0.12 0.5
Chloroform 038 |\ N0 /| nND || ND no [\ No /| ~no |\ ND /]| 013 0.5
1,1,2-Trichloro-1,2,2- 1.5 ND 1.5 ND 2.2 ND 2.4 ND 0.15 0.5
trifluoroethane (Freon 113) \ / \ /

< ! Intrinsyx Environmental
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phytor

= 2 . 2 ; P - : ROV s -

Y

emediation into the redevelopment plan for a housing project

- Intrinsyx Environmental



Phytoremediation Pre- and Post-Endophytes

Endophyte Root Drench Tree Rescue using PD1 on blue rows RESULT: Increase in tree health and survival rate
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Extraction Systems

3-4 Years After Planting CA State Water Board Authorized Shut-Off and Dismantling of Pump & Treat and Soil Vapor
Positive Impact on Neighborhood Community Forest
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CO2 Flux- Gallons of Octane / Acre / Year
Trees Enhance Natural Source Zone Depletion Rates over Time
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Fairbanks Bulk Fuel Transfer Station 300 Trees augured 8ft deep through asphalt
Petroleum hydrocarbons and chlorinated solvent site using three endophytes
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&> Intrinsyx Environmental
Pump & Tree Phytoremediation and Bioreactors

* Tree—Grass—Microbe Contained Systems * Rhizofiltration Treatment
e Sub-surface irrigation, unlined * Dewatering & treatment
* Lined trenches * Containerized systems

Hybrid Poplar pole
(2 foot minimum %y
exposure)

15" x 2' Plastic
culvert

HYBRID POPLAR TREE

4" topsoil
12" silty sand

LIMITS OF
- EXISTING CAP

fr

6 INCH PERFORATED
PIPE IN TRENCH

18" clay /

LIMITS OF
EXISTING SLURRY WALL

24" clay

o \_Backfill with

8 INCH

- F HEADER
Ve T | excavated irvien
6" PVC perforated material and —
SDR-35 sewer | > | peat moss/ =
perlite mix ELECTRICAL
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8.5 foot deep trench, 18" bucket.




Full-Scale Commercial Tree Phytoremediation Across United States

San Juan
@

Phytoremediation Sites

Carolinac Fajardc

- nCaguqq“
Puerto Rico ‘@

Endophyte-Assisted
Phytoremediation Sites

Q
Ponce

2021 Established a Nationwide Partnership with Arbor Day Foundation:
arborday.org/phyto
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https://www.arborday.org/partnerships/phytoremediation/?utm_source=press-release&utm_medium=pr&utm_campaign=phytoremediation-summer-2021&Wherefrom=PressRelease

Summary of Endophyte
Benefits in
Phytoremediation

* Allows plant selection specific to site
environment and needs

* Allows for phytoremediation on
pollutant concentrations previous
thought impossible

* Able to remediate mixed contaminate
sites

* Increased tolerance, survival and growth
rates

* Enhanced contaminant degradation

* One of the most sustainable methods
and carbon negative

**endophytes are ubiquitous in nature
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