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Phytoremediation
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Limitations of phytoremediation without endophytes
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Accumulation of VOCs = Phytotoxicity = Decreased Growth and Tree Mortality
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School of Environmental
and Forest Sciences

/ERSITY of WASHINGTON

Enhanced Phytoremediation
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Inoculation of Endophyte
Bacteria into Trees

Grow in extreme environments
Increased biomass

Tolerance to pollutants

Enhanced contaminant degradation
Increase carbon sequestration
Improve water use efficiency

**endophytes are ubiquitous in nature




PAH / BTEX Qil / Gas Chlorinated Solvents (TCE/PCE)

Pseudomonas putida &
Sphingomonas yanoikuyae

Enterobacter sp.

Polychlorinated biphenyl (PCB)

Paraburkholderia xenovorans

Munitions TNT / RDX

Pseudomonas sp.

| Contaminant Specific Microbes
Cflntrinsyx Environmental
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Growth Benefits from Endophyte Inoculation

OP-367 Diameter at BH 2015 OP-367 Diameter at BH 2016
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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 mpDL | Reporting
1 2 1 2 1 2 1 2 Limit
ug/L

Trichloroethene 280 /ND\ 300 /'ND\, 260 /ND\ [ 130 | /ND\ | 11 5
trans-1,2-Dichloroethene 17 [/ ~np \ 3.1 / ND \ 22 |/ no\|] 2 |/ no \/[ 013 0.5
cis-1,2-Dichloroethene 140 ND 160 / ND 120 ND 90 ND 1.5 5
1,1-Dichloroethene 7.6 ND 6.8 I ND 5.8 ND 4.6 ND || 0.092 0.5
1,1-Dichloroethane 1.9 0.64 9 }{ 0.58 8.1 ND 6 0.48 0.12 0.5
Vinyl chloride 0.54 ND 0.77 ND ND ND 0.50 ND 0.17 0.5
Tetrachloroethene 0.85 ND 0.88 \ ND 0.86 ND ND ND 0.12 0.5
Chloroform 038 [\ ND ND [\ ND ND ND ND ND 0.13 0.5
1,1,2-Trichloro-1,2,2- 1.5 ND 1.5 ND 2.2 ND 24 ND 0.15 0:5
trifluoroethane (Freon 113) \/ \/ \/ \/

< ! Intrinsyx Environmental




i

&l
S

i
i

Intrinsyx Environmental



TCE Site — Former Military Testing Facility

Salt and Boron Tolerant Poplar in Groundwater in an Arid Environment
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Phytoforensics

Measuring treatment effects:

1. Tree health Assessment
* SPAD/Chlorophyll leaf
measurements
* Visual evaluation

2. Tree core VOC analysis
e gas chromatography mass
spectrometry (GC-MS)
 Low detection limits (ppt)

3. Leafion analysis

4. Soil Vapor and ion analysis

Intrinsyx Environmental
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Gasoline and Diesel Transfer Station — Dos Palos, California

Benzene, hydrocarbons and diesel fuel, Feet of LNAPL on groundwater
Vapor intrusion in community homes
Failing Soil Vapor Extraction (SVE) as well as Pump and Treat System on property

®ETIC
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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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Groundwater Elevation, 2020 Analysis

Groundwater Elevation: Out of Plot Wells vs. In Plot Wells

GWP&T Shutoff 2020 Planting
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Carbon Dioxide Soil Flux Results
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Easy set-up. Expert results.
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PHYTOREMEDIATION &
PHYTOMINING
CONSULTANTS UNITED

Former refinery tank storage - Corpus Christi, TX

Contaminated soil and ground water with nonexistent vegetation
Inoculated poplar trees and buffalo grass seed treatment with PD1

RESULTS: Reductions in benzene and ethylbenzene in ground water within 2 years of planting

Intrinsyx Environmental



Texas, 2016-2022 Benzene Concentrations in Groundwater Versus Time
Monitor Wells MW-2, MW-3A, MW-5 and MW-10
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PHYTOREMEDIATION &
PHYTOMINING
CONSULTANTS UNITED
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Major Alaska Airport

Diesel fuel, TPH, benzene, EDC (chlorinated solvent) in groundwater and soil






Contaminants are being degraded, trees are surviving well

Project Outcomes Regulators approve of current progress of phytoremediation
Phytoremediation system is expanding in 2023

PHYTOREMEDIATION &
PHYTOMINING

Intrinsyx Environmental CONSULTANTS UNITED




TCE Site
Former Manufacturing Facility

Danwville, lllinois
* Trees planted in augured holes through asphalt
e current discussion of site closure
 City turning remediated site into park
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Project Cycle

Installation

Tree Reservation
Planning

(end of Jaw___)

Detailed Design

Authorization
Regulatory + Client

Site Installation
(March - July)

re

£
S
. L
S
<

: A
: Summer

Detailed
Design

Regulatory Buy-in
Site Visit and Assessment

Authorization of
Conceptual Design Conceptual Design (June — August)
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Partners and Collaborators

WS|) GOLDER @ BURNS&WSDONNELU '

<$> ETI C Arbor Da
Foundatloz % USGS

science for a changing world
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Galen O’Toole

Lead Environmental Engineer
galen@intrinsyx.com

1237 Midas Way
Sunnyvale, CA 94085

Intrinsyx Environmental www. IntrinsyxEnvironmental.com
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Multidisciplinary Approach SOl -
Site Geology and — .

Hydrogeology Ecology and
- Agronomy Qj

Plant '
Physiology Molecular

Biology

Microbiology

Plant )
Biochemistry

Genetics § :

f Engineering

Enhanced
Phytoremediation
Solution

7~
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Rhizofiltration
Surface Water and Wastewater

* Root-zone water treatment

* In-situ—Ilakes, ponds, reservoirs
* Effluent treatment

* Floating wetlands

e Sub-surface-flow wetlands

< ! Intrinsyx Environmental



Redevelopment Site

 TCE & 1 4-Dioxane Mixed Waste in the ground water

* Functional Landscaping

* Howard Hughes Facility Legacy Site
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Functional Landscapiqg — Increased value — Reduced Heat Island» Effect

( https://atlaslab.com/work/google-spruce-goose/
j ntrinsyx Environmental



RDX, TNT, Nitrates, and UXO Sites

8l CDANGERD |

UNEXPLODED
ORDNANCE

> L]

* Aerial Seeding and endophyte appl
has been proven in the field
 Tractor-driven application (Seeding +inoculating)
. * Plants + endophytes will degrade TNT/RDX and
thriving in diverse environments
* Looking for new sites to help refine tools

< ! Intrinsyx Environmental
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