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Phytoremediation Overview

Phytoremediation

A Bioremediation
technology
A Usesgplants, | S e b

7 Xylem F s [ o
: pe il O CO, + H,O

‘s
,

treesn & ‘: 7. H,_O +Nutrients, 1oET) ; :

Plani -+ Endognyizy

microbes e S e s
3 Sl : b 8g. C,HCL+0,-> Cl"+ €O, + H,0

A Canrremediate: il Sl i %

(12 f015)

. Phytodegradation
A Sﬁﬁ)” ; Uptake + Phytoextraction  } | Carbon H
: Water + Contaminants 4 Sequestration ¢

¥

A iS . et 3% Rhizosphere s
= ; o -Degradation ¢

., r)_ "

A Grf@llll [ﬁ)\l\fﬁmr Endophytes ~ 7 ), " Phytostimulation |
A Sﬂ.ﬂfﬁ&@e\/\\(/ﬂ&ter (e N : Rhizosphere Degra.d-a
' \ S + Mineraliztion %

Sequestration + Mineralization / 25 1
Organic Chemicals + Metals - ' Cometaboliem

”z
A Wastewater FoANS oTg y
- S S : Organic Chemicals ‘_,-"

G Oned

Water Table

< A! Intrinsyx Environmental

-ty CO,+H.O + CI




Previous Limitations of Phytoremediation
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Phytoremediation using Endophytes
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A Our goal isdo understanch these-symbiotic
relationships-and utilize thenv to make
phytoremediationssuceessful indhe harshest
of envirenmentalconditions!
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Professor Sharon Doty

A3 decates stiidyingrimiguei micrebes in : :
plants adapted 40 harshrenvironments discoveries
e P 0 & Videos highlighting recent breakthroughs
AR@mmbh@mta:beraﬂmmﬂlﬁ SIS ANEE - the scientists behind them
Officer (Dr.)dohnEreeman - :
A Discovered highlyrcharacterized strains
publishedi inddozensfof scientifie journals
Alntrinsyxi &«cluSVE IO sdzH 0TS ty'f A
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The Power
of Plant
Sharon L. Doty Partnerships
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Endophyte-Assisted Phytoremediation

Endophyte - microorganisms living inside (“endo0) ¢f plants (“‘ghyte0) )

BioTREEt-HC BioTREEt-CVOC
E'ﬂdmjhyt_esMBm D||ﬁﬁﬁ§&d&ptéd Hydrocarbons Chlorinated VOCS

to contaminated erwiromments
A Enhancedesilienceltolerancetto
environmental contamination

A Enhancedesiliencettocatherssteessors
(salts,cdrought) heat, poornsailquality)

A Enhancedextraction (organicssand Bio TREEt-PCB Bio TREEt-RDX
Inorganics)candidegradationo(erganics Polychlorinated biphenyl (PCB) | B Explosives (TNT/RDX)

A Enhaneedplant growth and mutrient ! |
BioTREEt-Restore

uptake
Enhance Growth and Nutrients,
Salts and Drought Tolerance
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NASA Ames Pilot Study using Endophytes

A Middlefield-Ellis
Whisman( (MEW)
Superfundssite

A Former:site-of
microchip
manufacturing

A Trichiloroethylene
(TCE; aVQQin
groundwater FORE————

A Migrated onto/INAS,
property

A Phytoremedtiation -5
using hybrichpoplar: S
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Endophyte-Enhanced TCE Tolerance Growth
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NASA Ames Pilot Study
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September 28 201{November 21 201| June 27 201] July 17 2018 December 4 202:
Test Well Test Well Test Well Test Well Test Well  |Detection Reporting
1] 2 1] 2 1] 2 1] 2 1 | 2 Limit Limit
>3k [

Trichloroethene (TCE) 280 ND 300 ND 260 | ND | 130 | ND 300 ND 0.85 5
trans-1,2-Dichloroethene (tDCE) 1.7 ND 3.1 ND 22 | ND 2 ND 53 ND 0.15 0.5
cis-1,2-Dichloroethene (cDCE) 140 ND 160 ND 120 | ND 90 ND 150 13 0.085 0.5
1,1-Dichloroethene (1,1-DCE) 7.6 ND 6.8 ND 58 | ND [ 46 | ND 4.6 ND 0.18 0.5
1,1,1-Trichloroethane (1,1,1-TCA) | <0.18 ND 2.4 ND 24 ND | 0.7 ND 0.76 ND 0.11 0.5
1,1-Dichloroethane (1,1-DCA) 7.9 0.64 0.9 0.58 8.1 ND 6 0.48 9.1 1.4 0.11 0.5
Vinyl chloride (VC) 0.45 ND 0.77 ND <0.5| ND | 0.5 ND 0.87 ND 0.12 0.5

Tetrachloroethene (PCE) 0.5 ND 0.88 ND 0.86 | ND [<0.12| ND 1.3 ND 0.13 0.5

LARGELERAZ2MNACIIEND) g ND 15 | ND | 22| ND| 24| ND | <015| ND | 015 | 05
(Freon 113)

“Fortune 100-Camp
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NASA Ames Pilot Study
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A Effectivelyccut 6fTCE plume
migratingonto base

A ERAAppraviabtexexpand
remediationffortsc
incorporating
phytoremediationi intozany
redeveloapmentyplans
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Case Study i- East lllinois

Background
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Case Study | East lllinols

nstallation

T e a—

R v — —_—— ay

< A! Intrinsyx Environmental



Case Study i~ East lllinois

Total VOCs Reductions (mg/L)
Results A
A 100%:tree 7
survival ;‘;
A 3-4yrs
objectives-met /
Z T PLOT ]
A Closure it
PLOT J g0
Broad acceptance:
A Client ezlPINTK]
A lllinois ERA sl > %\
A City Government igg
A LocalResidents - -
Plot C Plot F Plot H Plot J
Degreasing Pit Downgradient DegreasingPit  Downgradient
81lto 44 219100774  11.610045 221025
95% 97% 96% 89%%
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Case Study - Dos Palos, CA

Scientific Basis for Endophytes on Petroleum Hydrocarbon Sites

Control Inculated

A 40% removal of phenanthrene (PAH) from soil by willow and
grasses when inoculated, compared toinoculated controls

A BTEX, gasoline and diesel degradation also discovered
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CQRONMETE,

Degradation, Phytoprotection and Phytoremediation of
Phenanthrene by Endophyte Pseudomonas putida, PD1
“Zareen Khan, David Roman, Trent Kintz, May delas Alas, Raymond Yap, and Sharon Doty*

School of Environmental and Forest Sciences, College of the
States

© Supporting Information

University of Seattle 98195-2100, Unit

School of Environmental
and Forest Sciences

UNIVERSITY of WASHINGTON

College of the Environment
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Case Study |

Background

I
A Former fuel transfer station (GRO/DRO)
A Multiple feetof LNAPL oG

Stressed:

A High concentrations of gas and diesel range compounds at or
near solubility limits >
A High O&M for SVE and P&T systems
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