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2026 ITRC Project Team Proposal Form 
 
Environmental Topic 

Phytoremediation/Phytotechnology 

Proposed Project Title  

Advancing Nature-Based Remediation with Enhanced Phytotechnologies 

Project Deliverables 

1. Develop Information Sheet for Project Team 

2. Update existing Phytotechnology Guidance Document (2009) 

3. Prepare Tech Sheet on Endophyte-Assisted Phytoremediation 

4. Develop digitized Decision Trees for existing remediation guidance tools or web-based tools for 
decision making 

5. Develop and deliver webinars on various phytoremediation topics (as identified by project team 
throughout course of project) 

This list is not exhaustive and may be expanded or adjusted pending input from project team. 

Problem Statement  

Nature-based solutions are becoming a growing priority for public agencies and private stakeholders as 
they seek to address environmental challenges in sustainable and cost-effective ways. Among these, 
phytotechnologies (including phytoremediation), are receiving renewed attention for their potential to 
remediate contaminated sites while delivering broader environmental and social benefits. While 
phytoremediation has been studied and applied for decades, its use is still limited by outdated 
perceptions and a lack of awareness of recent scientific and practical advancements. 

Recent developments in the field, such as the use of endophyte-assisted degradation and enhanced 
rhizosphere activity, have significantly expanded the scope of what phytotechnologies can accomplish. 
These innovations allow for in-situ degradation of contaminants, treatment of deeper groundwater, and 
remediation of sites with higher contaminant concentrations than was previously feasible. Biologically 
enhanced approaches can also accelerate cleanup timelines and broaden the range of treatable 
contaminants. Despite this progress, many remediation decisions are still based on assumptions that 
no longer reflect the state of the science. As a result, phytotechnologies are often excluded from 
consideration during site evaluations, even when they could offer significant advantages. 

Although current guidance documents—developed by ITRC, EPA, and other expert bodies—have played 
a valuable role in introducing phytotechnologies and describing their mechanisms, they do not fully 
capture the range of benefits these technologies now offer. In many cases, guidance documents have 
not kept pace with innovations or field-based evidence demonstrating expanded applications. This 
limits their utility for regulators, consultants, and responsible parties who are seeking modern, effective, 
and community-aligned remediation strategies. 

The consequences of this gap are substantial. Communities, agencies, and site owners may be missing 
opportunities to implement solutions that not only address contamination but also contribute to air 
quality improvements, carbon sequestration, ecological restoration, and social uplift. These benefits 
are particularly relevant as environmental remediation increasingly intersects with sustainability, 
resilience, and community health goals. 
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This project team proposes to work with subject-matter experts to update the ITRC Phytotechnologies 
Guidance document. The goal is to reflect current capabilities, highlight case studies and practical 
applications, and address technical and regulatory barriers that stem from outdated perceptions. Some 
of the key challenges we intend to address include: 

• Misunderstandings about cleanup timeframes 

• Concerns about effectiveness for deep groundwater remediation 

• Limited awareness of the full range of treatable contaminants 

• Perceptions that high contaminant concentrations or large plumes prevent phytotechnology use 

• Uncertainty about managing risks through endophyte enhanced tree and plant-based systems 

• Questions about whether phytotechnologies can reliably meet regulatory cleanup goals 

• A belief that immediate remediation is always necessary, even when there is no current 
exposure risk 

• The assumption that phytotechnologies cannot be used as a primary remedial approach or as 
part of an integrated remedial approach 

Through this effort, we aim to provide modern, science-based, and practical guidance that reflects the 
current and future role of phytotechnologies in environmental remediation. 

Additional Information  

Brief literature review: 

Since the publication of the original ITRC Phytotechnologies Guidance document, the field has 
advanced significantly, warranting an updated framework that reflects cutting-edge science, expanded 
field applications, and emerging regulatory and stakeholder considerations. Recent literature 
demonstrates substantial progress in genetic engineering, microbiome enhancement, and the 
application of endophyte-assisted phytoremediation to address a broader range of contaminants under 
increasingly complex site conditions. 

Notably, Sharon Doty and colleagues have contributed extensively to the development of transgenic 
and endophyte-assisted trees that dramatically improve contaminant uptake and degradation in real-
world settings, including Superfund sites. These advancements have enhanced phytoremediation’s 
efficiency, even for deep or recalcitrant pollutants, while expanding its geographic and climatic 
applicability. Complementing this, studies by Kang et al. (2012), Reichenauer and Germida (2008), and 
Yousaf et al. (2011) showcase the pivotal role of plant-associated microbial communities and 
engineered bacterial consortia in degrading hydrocarbons and boosting plant resilience. 

Emerging research, such as that reviewed by Thijs et al. (2016) and Torres-Farradá et al. (2024), 
highlights the critical function of the plant microbiome and fungi in contaminant transformation, 
underscoring the need to integrate microbial synergy into future guidance. Additionally, advancements 
in biochar, compost amendments, and combined treatments (Hussain et al., 2018) point to a systems-
based approach that exceeds the technical boundaries outlined in the existing guidance. 

Beyond technical innovation, social acceptance and risk perception, explored by Weir & Doty (2016), 
illustrate the growing importance of stakeholder engagement and public trust in phytotechnologies. 
These dimensions, along with newer field applications and pilot studies (e.g., Landmeyer et al., 2021), 
reinforce the need for updated guidance that bridges scientific advances with practical implementation 
and regulatory clarity. 

In summary, the recent literature confirms that phytotechnologies are evolving rapidly. To maintain 
relevance and utility, the ITRC guidance must be updated to incorporate biotechnological innovations, 
refined ecological understanding, expanded contaminant coverage, and contemporary implementation 
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challenges. This revision will empower regulators, practitioners, and site managers with state-of-the-art 
knowledge and tools to apply phytotechnologies more effectively across diverse environmental 
contexts. 

The following publications illustrate these advancements and collectively underscore the need for an 
updated ITRC Phytotechnologies Guidance document. 

• Doty, S.L. (2008), Enhancing phytoremediation through the use of transgenics and endophytes. 
New Phytologist, 179: 318-333. https://doi.org/10.1111/j.1469-8137.2008.02446.x 

• S.L. Doty, C.A. James, A.L. Moore, A. Vajzovic, G.L. Singleton, C. Ma, Z. Khan, G. Xin, J.W. Kang, 
J.Y. Park, R. Meilan, S.H. Strauss, J. Wilkerson, F. Farin, & S.E. Strand (2007), Enhanced 
phytoremediation of volatile environmental pollutants with transgenic trees, Proc. Natl. Acad. 
Sci. U.S.A. 104 (43) 16816-16821.  https://doi.org/10.1073/pnas.0703276104 

• Newman, L. A., Doty, S. L., Gery, K. L., Heilman, P. E., Muiznieks, I., Shang, T. Q., Gordon, M. P. 
(1998). Phytoremediation of Organic Contaminants: A Review of Phytoremediation Research at 
the University of Washington. Journal of Soil Contamination, 7(4), 531–542. 
https://doi.org/10.1080/10588339891334366 

• Kang JW, Khan Z, Doty SL (2012), Biodegradation of Trichloroethylene by an Endophyte of 
Hybrid Poplar. Appl Environ Microbiol, 78. https://doi.org/10.1128/AEM.06852-11 

• David N Dowling, Sharon L Doty, Improving phytoremediation through biotechnology, Current 
Opinion in Biotechnology, Volume 20, Issue 2, 2009, Pages 204-206, ISSN 0958-1669, 
https://doi.org/10.1016/j.copbio.2009.03.007 

• Sharon L. Doty, John L. Freeman, Christopher M. Cohu, Joel G. Burken, Andrea Firrincieli, 
Andrew Simon, Zareen Khan, J. G. Isebrands, Joseph Lukas, and Michael J. Blaylock, Enhanced 
Degradation of TCE on a Superfund Site Using Endophyte-Assisted Poplar Tree 
Phytoremediation, Environmental Science & Technology 2017 51 (17), 10050-10058, DOI: 
10.1021/acs.est.7b01504, https://doi.org/10.1021/acs.est.7b01504 

• Tanya Q. Shang, Sharon L. Doty, Angela M. Wilson, William N. Howald, Milton P. Gordon, 
Trichloroethylene oxidative metabolism in plants: the trichloroethanol pathway, Phytochemistry, 
Volume 58, Issue 7, 2001, Pages 1055-1065, ISSN 0031-9422, https://doi.org/10.1016/S0031-
9422(01)00369-7 

• Khan,Z. and Doty,S., 20113314202, English, Book chapter, India, Trivandrum, Current Topics in 
Plant Biology, Volume 11, (97–105), Research Trends, Endophyte-assisted phytoremediation., 
(2011) 

• Weir, E., & Doty, S. (2016). Social acceptability of phytoremediation: The role of risk and 
values. International Journal of Phytoremediation, 18(10), 1029–1036. 
https://doi.org/10.1080/15226514.2016.1183571 

• Tournay, R.J. and Doty, S.L. (2022). Microbial Endophytes for Clean-up of Pollution. In Good 
Microbes in Medicine, Food Production, Biotechnology, Bioremediation, and Agriculture (eds 
F.J. de Bruijn, H. Smidt, L.S. Cocolin, M. Sauer, D. Dowling and L. 
Thomashow). https://doi.org/10.1002/9781119762621.ch29 

• Peer, W.A., Baxter, I.R., Richards, E.L., Freeman, J.L., Murphy, A.S. (2005). Phytoremediation and 
hyperaccumulator plants. In: Tamas, M.J., Martinoia, E. (eds) Molecular Biology of Metal 
Homeostasis and Detoxification. Topics in Current Genetics, vol 14. Springer, Berlin, Heidelberg. 
https://doi.org/10.1007/4735_100 

• Pilon-Smits, E.A. and Freeman, J.L. (2006), Environmental cleanup using plants: 
biotechnological advances and ecological considerations. Frontiers in Ecology and the 
Environment, 4: 203-210. https://doi.org/10.1890/1540-9295(2006)004[0203:ECUPBA]2.0.CO;2 

https://doi.org/10.1111/j.1469-8137.2008.02446.x
https://doi.org/10.1073/pnas.0703276104
https://doi.org/10.1080/10588339891334366
https://doi.org/10.1128/AEM.06852-11
https://doi.org/10.1016/j.copbio.2009.03.007
https://doi.org/10.1021/acs.est.7b01504
https://doi.org/10.1016/S0031-9422(01)00369-7
https://doi.org/10.1016/S0031-9422(01)00369-7
https://doi.org/10.1080/15226514.2016.1183571
https://doi.org/10.1002/9781119762621.ch29
https://doi.org/10.1007/4735_100
https://doi.org/10.1890/1540-9295(2006)004%5b0203:ECUPBA%5d2.0.CO;2
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• Landmeyer, J. E. (2011). Introduction to phytoremediation of contaminated groundwater: 
historical foundation, hydrologic control, and contaminant remediation. Springer Science & 
Business Media. 
https://books.google.com/books?id=Yca0hVWTdv0C&lpg=PR3&ots=dZ_1oCCKjL&dq=james%2
0landmeyer&lr&pg=PP1#v=onepage&q=james%20landmeyer&f=false 

• Thijs, S., Sillen, W., Weyens, N., & Vangronsveld, J. (2016). Phytoremediation: State-of-the-art and 
a key role for the plant microbiome in future trends and research prospects. International 
Journal of Phytoremediation, 19(1), 23–38. https://doi.org/10.1080/15226514.2016.1216076 

• Pawlik, M., Cania, B., Thijs, S. et al. Hydrocarbon degradation potential and plant growth-
promoting activity of culturable endophytic bacteria of Lotus corniculatus and Oenothera 
biennis from a long-term polluted site. Environ Sci Pollut Res 24, 19640–19652 (2017). 
https://doi.org/10.1007/s11356-017-9496-1 

• Torres-Farradá, G., Thijs, S., Rineau, F., Guerra, G., & Vangronsveld, J. (2024). White Rot Fungi as 
Tools for the Bioremediation of Xenobiotics: A Review. Journal of Fungi, 10(3), 167. 
https://doi.org/10.3390/jof10030167 

• Fida Hussain, Imran Hussain, Aqib Hassan Ali Khan, Yousaf Shad Muhammad, Mazhar Iqbal, 
Gerhard Soja, Thomas Gerhard Reichenauer,  Zeshan, Sohail Yousaf, Combined application of 
biochar, compost, and bacterial consortia with Italian ryegrass enhanced phytoremediation of 
petroleum hydrocarbon contaminated soil, Environmental and Experimental Botany, Volume 
153, 2018, Pages 80-88, ISSN 0098-8472, https://doi.org/10.1016/j.envexpbot.2018.05.012. 

• Reichenauer, T. and Germida, J. (2008), Phytoremediation of Organic Contaminants in Soil and 
Groundwater. ChemSusChem, 1: 708-717. https://doi.org/10.1002/cssc.200800125 

• Sohail Yousaf, Muhammad Afzal, Thomas G. Reichenauer, Carrie L. Brady, Angela Sessitsch, 
Hydrocarbon degradation, plant colonization and gene expression of alkane degradation genes 
by endophytic Enterobacter ludwigii strains, Environmental Pollution, Volume 159, Issue 10, 
2011, Pages 2675-2683, ISSN 0269-7491, https://doi.org/10.1016/j.envpol.2011.05.031 

• Landmeyer JE, Rock S, Freeman JL, et al. Phytoremediation of slightly brackish, polycyclic 
aromatic hydrocarbon-contaminated groundwater from 250 ft below land surface: A pilot-scale 
study using salt-tolerant, endophyte-enhanced hybrid poplar trees at a Superfund site in the 
Central Valley of California, April‒November 2019. Remediation. 2021; 31: 73–
89. https://doi.org/10.1002/rem.21664 

• Das, Nandita and Kumar, Vijay and Chaure, Kamlesh and Pandey, Piyush, Environmental 
restoration of polyaromatic hydrocarbon-contaminated soil through sustainable 
rhizoremediation: insights into bioeconomy and high-throughput systematic analysis, Environ. 
Sci.: Adv., 2025, RSC, http://dx.doi.org/10.1039/D4VA00203B 

Identifying subject matter experts from states, federal government agencies, and the private sector that 
may be interested in joining this Project Team: 

Proposal Supporters 

• Kirby Gimson (Intrinsyx) 

• Dr. Chris Cohu (Intrinsyx) 

• Galen O’Toole (Intrinsyx) 

• Dr. John Freeman (Intrinsyx) 

• Joshua Reilly (Illinois EPA) 
• James Fish (Alaska DEC)  
• Dan Niles (CA Waterboards) 

https://books.google.com/books?id=Yca0hVWTdv0C&lpg=PR3&ots=dZ_1oCCKjL&dq=james%20landmeyer&lr&pg=PP1#v=onepage&q=james%20landmeyer&f=false
https://books.google.com/books?id=Yca0hVWTdv0C&lpg=PR3&ots=dZ_1oCCKjL&dq=james%20landmeyer&lr&pg=PP1#v=onepage&q=james%20landmeyer&f=false
https://doi.org/10.1080/15226514.2016.1216076
https://doi.org/10.1007/s11356-017-9496-1
https://doi.org/10.3390/jof10030167
https://doi.org/10.1016/j.envexpbot.2018.05.012
https://doi.org/10.1002/cssc.200800125
https://doi.org/10.1016/j.envpol.2011.05.031
https://doi.org/10.1002/rem.21664
http://dx.doi.org/10.1039/D4VA00203B
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• Benjamin Stanphill (DTSC) 
• David Tsao 
• Kendra Waltermeyer (Jacobs) 
• Doug Burge (Ramboll) 

 

Similar work done by other organizations that could be leveraged: 

Phytoremediation Advances Fact Sheet (NAVFAC) 
Phytoremediation Resource Guide (USEPA) 
Brownfields Technology Primer: Selecting and Using Phytoremediation for Site Cleanup (USEPA) 
Citizen's Guide to Phytoremediation (USEPA) 
Evaluation of Phytoremediation for Management of Chlorinated Solvents In Soil and Groundwater 
(USEPA) 
Phytoremediation Monograph Final Report (IMPEL) 
 

https://clu-in.org/download/techfocus/phyto/Final-PhytoremediationAdvances_FactSheet.pdf
https://www.epa.gov/sites/default/files/2015-04/documents/phytoresgude.pdf
https://www.epa.gov/sites/default/files/2015-04/documents/phytoremprimer.pdf
https://19january2021snapshot.epa.gov/sites/static/files/2015-04/documents/a_citizens_guide_to_phytoremediation.pdf
https://www.epa.gov/sites/default/files/2015-04/documents/chlor_solv_management.pdf
https://www.impel.eu/contents/libraryfile/phytoremediation-final-report.pdf



