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A framework for Ecosystem 
Service improvement

- Improving place

- Increasing visits

- Growing goods and services

Technicalities of coastal planting

Practicalities of community engagement



Replicable model for strategic tree planting:

1) i-Tree Eco survey with local volunteers 
2) Desktop opportunity mapping 
3) Stakeholder consultation 
4) Identify plantable spaces 
5) Tree planting
6) Develop Tree Planting Strategy





Thank 
you
Kate Sheldon|Trees for 
Cities

kate@ treesforcities.org
www.treesforcities.org

mailto:kate@treesforcities.org
http://www.treesforcities.org/
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Maximizing ecosystem services using 
phyto-recurrent selection for 
environmental applications

1 USDA Forest Service, Northern Research Station, Rhinelander, Wisconsin, USA
2 University of Missouri, Center for Agroforestry, Columbia, Missouri, USA



Sustainable, cost- effective solutions are needed to restore 
degraded lands

Globally, 3.2 billion people are negatively impacted by land 
degradation* 

Colorado State University RPS Group

*IPBES (2018): Summary for policymakers of the thematic assessment report on land degradation and restoration of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. R. Scholes, L. Montanarella, A. Brainich, N. Barger, B. ten Brink, M. 
Cantele, B. Erasmus, J. Fisher, T. Gardner, T. G. Holland, F. Kohler, J. S. Kotiaho, G. Von Maltitz, G. Nangendo, R. Pandit, J. Parrotta, M. D. Potts, S. Prince, M. Sankaran and L. Willemen (eds.). IPBES secretariat, Bonn, Germany. 



Phytotechnologies
“The strategic use of plants to 
solve environmental problems 
by remediating the qualities 
and quantities of our soil, 
water, and air resources and 
by restoring ecosystem 
services in managed 
landscapes.”
-International Phytotechnology Society



Examples:
Green Roofs / Eco Roofs
Green Infrastructure
Stormwater Wetlands
Constructed Wetlands
Bioswales / Rain Gardens
Urban Tree Canopies
Vegetative Forest Buffers
Brownfields Restoration
Mine Reclamation

Phytoremediation

PC: greenroofs.org PC: easterlake.org

PC: American Society of Landscape Architects



How do we maximize the 
environmental benefits of trees 
grown for phytotechnologies and 
optimize system success?



• Process of choosing tree genotypes that are matched to 
conditions of individual sites

• Involves multiple selection cycles to select superior 
genotypes that can maximize system success

Mimic real- world conditions (e.g. soil, 
irrigation)

Phyto- Recurrent Selection (PRS)



Data Complexity, Growing 
Length

Number of Genotypes 
Tested

Cycle 1 Cycle 2 Cycle 3 Cycle 4

Weighted summation index used 
to select genotypes for 

subsequent testing cycles based 
on data collected 

Survival
Growth

Survival
Growth
Health

Physiology
Contaminant 

Uptake

Phyto- Recurrent Selection Process



Phyto- Recurrent Selection Field Testing

• Long- term testing and 
monitoring of genotypes 
through the collection of 
data on:

• Survival
• Growth
• Health
• Physiology

• Water Uptake
• PEA, chlorophyll fluorescence, 

stomatal conductance, SPAD
• Contaminant Uptake Results are necessary to evaluate 

performance over time and 
identify superior clones with 

long- term success 



Environmental Applications of 
Phyto-Recurrent Selection



• Established 16 phytoremediation buffer 
systems across Wisconsin and Michigan

• Over 20,000 hybrid poplar and willow 
trees established across 3 years (2017-
2019)

• Genotypes selected for each field site 
based on phyto- recurrent selection 
greenhouse cycles

Objective: Reduction of non- point source 
       

Landfill Phytoremediation Using 
PRS



Greenhouse Testing

Field 
Implementation 

and Testing

Cycle 1 Cycle 2
Cycle 3

Multiple Growing 
Seasons Until Harvest

Landfill Phytoremediation Using PRS



Long- term phyto 
projects that 
maintain the 

plantings and collect 
data are important 
to evaluate long-

term success

Long- Term Monitoring of Field Plantings



• 450,000 yards of copper ore mining 
waste, known as stamp sands, 
deposited at the Keweenaw Bay 
Indian Community’s Sand Point

• Stamp sands have elevated levels of 
heavy metals, which can impact 
recreation, wildlife and culturally 
significant areas

• Need to select genotypes with the 
greatest potential to stabilize and 
remediate the stamp sands

Phytoremediation/Phytostabilization of Michigans 
Stamp Sands



2 cycles of PRS conducted using 
hybrid poplars and willows

Cycle 1
• 66 genotypes tested
• Survival and growth data collected
• 98.5% overall survival

Cycle 2
• 22 genotypes tested
• Survival, growth, health and 

physiology data collected

Data from cycle 2 used to select 
genotypes for field planting

7 days after planting

14 days after planting

21 days after planting

PRS for Stamp Sands Remediation +  Stabilization



• US congressional directive to study 
mercury and sulfur pollution

• Elevated levels of sulfate in waterways 
due mining, manufacturing and other 
activities

• Sulfate interacts with mercury to promote 
the formation of methylmercury, a potent 
neurotoxin

Objective: Develop sustainable, cost-
effective methods to prevent sulfate from 
being transported to areas of mercury 
accumulation

Remediation of Sulfur 
Pollution





20 Hybrid Poplar Clones
Survival
Growth
- Height
- Diameter
- Aboveground Biomass
- Belowground Biomass

10 Hybrid Poplar Clones
Survival
Growth
- Height, Diameter
- Aboveground Biomass
- Belowground Biomass
Physiology
- SPAD
- Chlorophyll Fluorescence
- Stomatal Conductance

5 Hybrid Poplar Clones
Survival
Growth
- Height, Diameter
- Leaves, Stems Biomass
- Belowground Biomass
Physiology
- SPAD
- Chlorophyll Fluorescence
- Stomatal Conductance
Sulfur Mass Balance
- Soil and Leachate Collection

Cycle 1
Identify poplar clones with superior 
growth and establishment under 
elevated  SO4

2-  conditions

Cycle 2
Determine the threshold SO4

2-  
concentration at which poplar 
growth and physiology are 
impacted

Cycle 3
Investigate the fate and transport 
of sulfur within the soil- poplar-
water continuum



Landfill Leachate Mine Reclamation

Other Phyto- Recurrent Selection Applications

Urban Afforestation



Scan Here to 
Learn More!

https://ferm- search.fao.org/practices/FERM_BYfbsJeRaOk6aL2vROB9

Phyto- Recurrent Selection Endorsed as “Good Practice” by the 
United Nations.



Thank you

Ronald S. Zalesny Jr. | USDA Forest Service
ronald.zalesny@ usda.gov 

Ryan A. Vinhal | USDA Forest Service
ryan.vinhal@ usda.gov 

Elizabeth R. Rogers | USDA Forest Service
elizabeth.r.rogers@ usda.gov  

mailto:ronald.zalesny@usda.gov
mailto:ryan.vinhal@usda.gov
mailto:elizabeth.r.rogers@usda.gov
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Community-driven green infrastructure:
an undercanopied neighborhood taking 
charge and making positive change

President, Trees for Honolulus Future








Goals
1. Serve as a replicable 

community-based model  

2. Increase the urban tree canopy

3. Engage with residents and 
business owners

Impervious  
Surfaces (houses, 
pavement) 63%
Grass 20%
Trees 17%

Existing area land features

Community-driven





Aquifer Recharge












42












10) Engage Community

Keys to Success

9) Right Site
8) Supportive Landowner
7) Simple Design
6) Timing & Right Plants
5) Smart Construction 
4) Ongoing Care
3) Educate/Higher Purpose
2) Find Yoda!
1) Thank/Celebrate



Mahalo 
(Thank you)

Daniel Dinell| Trees for Honolulus 
Future

ddinell@ TreesForHonolulu.org
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Agroforestry phytoremediation buffer 
systems reduce water and soil pollution in 
the Great Lakes Basin, USA 

1 USDA Forest Service, Northern Research Station, Rhinelander, Wisconsin, USA
2 University of Missouri, Center for Agroforestry, Columbia, Missouri, USA
3 USDA Forest Service, Northern Research Station, Bayside, New York, USA
4 Missouri University of Science and Technology, Dept. of Civil, Architectural, and Environmental Engineering, Rolla, Missouri, USA
5 University of Minnesota Extension, Duluth, Minnesota, USA
6 University of Novi Sad, Institute of Lowland Forestry and Environment, Novi Sad, Serbia



Phytoremediation:
The use of trees to clean 
contaminated soils and waters

Source: Adobe Stock



The Phytoremediation Procedure
Design | Implement | Monitor

Problem
Identification

Project
Preparation

Species
Selection

Project
Implementation

Data Collection
and Monitoring

Data Analysis
and Synthesis

Project
ClosureOpportunities at WFUF…

Phytoremediation side event

Breathless presentation by Liz Rogers

Phytoremediation Training Academy at 
USDA Forest Service International 
Programs

     Thursday, October 19, 2023

     0930 to 1230 

     1 Thomas Circle, NW, Suite 400
     Washington, DC 20005



Temporal Benefits of Phytoremediation

Short-Term Medium-Term Long-Term

Enhanced aesthetics

Improved mood
Lowered stress
Improved psychological wellbeing

Improved soil health
Noise reduction
Improved air quality
Erosion control
Wind speed reduction

Carbon sequestration
Pollution remediation





The overall mission of Great Lakes Phyto is to optimize 
genotype × environment interactions and enhance ecosystem 
services across the rural to urban continuum in order to 
develop sustainable silvicultural prescriptions that inform 
pollution solutions which are regionally adapted yet globally 
relevant.

https://youtu.be/7e2bqtnU75g 

https://youtu.be/7e2bqtnU75g




Laurentian Great Lakes of North America
Lake Superior
Lake Michigan
Lake Huron
Lake Erie
Lake Ontario

Great Lakes: Benefits to People and the Environment

Largest surface freshwater ecosystem in the world

   21% of the world’s freshwater supply

   84% of North America’s surface freshwater

Substantial ecosystem services to >34 million people

   10% of United States population

   32% of Canadian population

Gross regional product (GRP) estimated at ~4.1 trillion USD



Agroforestry Phytoremediation Buffer Systems in the Great Lakes Basin

https://www.fs.usda.gov/research/nrs/projects/phytoremediation-buffers 

https://www.fs.usda.gov/research/nrs/projects/phytoremediation-buffers


Whitelaw, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Groundwater Recycling, Phytoremediation
Partners: Waste Management, Inc.; Wisconsin DNR







Manitowoc, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Phytoremediation, Phytostabilization, Phytovolatilization
Partners: City of Manitowoc; AECOM; Wisconsin DNR





Menomonee Falls, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Stormwater Management, Runoff Reduction, Phytoremediation
Partners: Waste Management, Inc.; Sand County Environmental

Poplars

Willows

Poplars



Menomonee Falls, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Stormwater Management, Runoff Reduction, Phytoremediation



Menomonee Falls, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Stormwater Management, Runoff Reduction, Phytoremediation



Menomonee Falls, Wisconsin, USA
PC: P.V. Manley, J.G. Burken, Missouri S&T

Applications: Stormwater Management, Runoff Reduction, Phytoremediation







Phyto-Recurrent Selection Endorsed as ‘Good Practice’ by the United Nations

https://ferm-search.fao.org/practices/FERM_BYfbsJeRaOk6aL2vROB9 

Scan here to learn more!

https://ferm-search.fao.org/practices/FERM_BYfbsJeRaOk6aL2vROB9






Thank you
Ronald S. Zalesny Jr. | USDA Forest Service

ronald.zalesny@ usda.gov 

mailto:ronald.zalesny@usda.gov
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Improving Schoolyard Air 
Quality with Vegetative 
Buffers
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Outline
Poor Air Quality

Vegetation Barriers

Vegetation Barrier Toolkit for Schools & 
Communities

Chicago, Illinois, USA & 
Potential Sites for Vegetative Barriers



Poor Air Quality



Poor Air Quality

• Combination of gases and particulate matter

Near road air 
pollutants

Particulate 
Matter

Carbon 
monoxide

Benzene

Volatile 
organic 

compounds

NOx

Black 
Carbon

Criteria Air Pollutants
EPA calls these pollutants “criteria” air pollutants 
because it sets NAAQS for them based on the 

criteria, which are characterizations of the latest 
scientific information regarding their effect on 

health or welfare.



Poor Air Quality

Near road air 
pollutants

Particulate 
Matter

Carbon 
monoxide

Benzene

Volatile 
organic 

compounds

NOx

Black 
Carbon

Criteria Air Pollutants
EPA calls these pollutants “criteria” air pollutants 
because it sets NAAQS for them based on the 

criteria, which are characterizations of the latest 
scientific information regarding their effect on 

health or welfare.

• Combination of gases and particulate matter



Poor Air Quality

Near road air 
pollutants

Particulate 
Matter

Carbon 
monoxide

Benzene

Volatile 
organic 

compounds

NOx

Black 
Carbon

Criteria Air Pollutants
EPA calls these pollutants “criteria” air pollutants 
because it sets NAAQS for them based on the 

criteria, which are characterizations of the latest 
scientific information regarding their effect on 

health or welfare.

ENTIRELY DIFFERENT ISSUE

• Combination of gases and particulate matter



Poor Air Quality

Near road air 
pollutants

Particulate 
Matter

Carbon 
monoxide

Benzene

Volatile 
organic 

compounds

NOx

Black 
Carbon

Source: Encyclopedia of the Environment

• PM is the mixture 
of solid particles 
and liquid 
droplets in 
suspension

• Dust, dirt, soot or 
smoke

• Commonly found 
suspended in air

• Combination of gases and particulate matter



Sources
• Anthropogenic sources

– Stationary emissions
• Factories, powerplants, smelters, etc.
• Road dust

– Mobile emissions – on road & nonroad
• Vehicles, planes, trains emissions
• Brake and tire wear

Poor Air Quality



Sources

Poor Air Quality

• Anthropogenic
– Stationary emissions

• Factories, powerplants, smelters, etc.
• Road dust

– Mobile emissions – on road & nonroad
• Vehicles, planes, trains emissions
• Brake and tire wear

• Natural
– Volcanic
– Wind-blown dust (eolian sands)



Poor Air Quality

– In USA –

• Over 50 million people estimated 
to live within 300 ft (100 m) of a 
source

• Almost 17,000 schools are 
estimated to be within (820 ft) 250 
m of a source

– Massive health impacts

• Populations in close proximity to source:

• Increasing traffic 
• Congestion with “stop & go”
• Certain meteorological or terrain

–calm winds during rush hour
–street canyons

• Old, poorly maintained vehicles

• Elevated concentrations near road due 
to:

Composition of Near-Road Air Pollution



Poor Air Quality

Asthma & Cardiovascular Health Concerns 

Onset of childhood asthma

Other respiratory problems

Impaired lung function

Total mortality

Cardiovascular mortality

Cardiovascular morbidity
Modified EPA Slide
References:  Health Effects Institute, 2010; Perez et al., Environ. Health Persp.,  2012; Gauderman et al., LANCET, 2007; https://chicagohealthatlas.org/indicators/HCSATHP?topic=adult-asthma-rate  
Slide acknowledgement:  U.S. EPA Best Practices for Reducing Near Road Pollution at Schools Oct 2020 Webinar ; Photo: The Guardian.com

Studies have linked:
• Respiratory and cardiovascular health
• Cancer including childhood leukemia
• Cognitive development
• Birth and developmental effects

- P

Increased health risks from air pollution near roadways:
• Kids, older adults, those with cardiopulmonary disease 
• Greater impacts in lower socioeconomic populations

https://chicagohealthatlas.org/indicators/HCSATHP?topic=adult-asthma-rate


Poor Air Quality

CO – carbon monoxide
EC- elemental carbon
NO- nitric oxide
NOx – nitrogen oxides
UF1 - >3 nm – 352 nm *
UF2 – 15 nm – 1000 nm *
VOC1 – varies w distance
Benzene – petroleum 
bioproduct
NO2 – Nitrogen dioxide
Fine Particle - 300-
20,000nm
PM10 – less than 10 nm
VOC2 – does not vary w 
distance

* Size range in literature

• Combination of gases and particulate matter
• Often elevated near large transportation corridors

– Highest concentrations 500 – 1,000 ft (150-300 m) from source



Poor Air Quality

Source: EPA

https://www.epa.gov/transportation-air-pollution-and-climate-change/overview-air-pollution-transportation


Poor Air Quality

Let’s add Vegetation Barriers 
to Solutions



• Vegetative barriers have other positive 
attributes

– Reduce noise
– Reduce stormwater runoff/flooding 
– Improve water quality
– Increase carbon sequestration
– Reduce heat island effects
– Improve aesthetics/property values
– Enhance community livability
– Generally, improve public health

“Exposure to green space has been associated 
with better physical and mental health”

Slide:  U.S. EPA

Poor Air Quality



Vegetative Barriers



What is a Vegetative Barrier?

“Vegetation barriers are a collection of trees and shrubs that separate a 
source of pollutions such as a highway from places where people live, learn, 
work, and play.”

TMA Toolkit



EPA Urban Vegetation Recommendations

• Design & implement planting projects in US & Europe
• vegetation alone  OR  combined with solid barriers
• Higher the barrier = higher the pollution reduction

• > 13 ft (4 m) tall, ideally 9.8 ft (3m) thick

• Pollutants CAN meander around edges – go long!
• Sensitive areas should be > 164 ft (50 m) from edge 

• Pollutants do not disappear!
• “upwind” sources may need to be considered
• Expect deposition at barrier

• accumulate in soil

• The closer to the source the better!

Slide adopted from Dr. Richard Baldauf, EPA



• No gaps in vegetation
• Complete coverage from ground to top of canopy
• Thickness adequate to reduce porosity & avoid gaps
• Conifers and thick shrubs are ideal

– Minimal seasonal effects
– Complex, rough, waxy surfaces

• Gaps in vegetation
• Incomplete coverage from ground to top of canopy
• Not thick enough
• Deciduous trees used where conifers would have 

thrived
– Effectiveness fluctuates with seasons

Filtering Component

Slide credit: 
Baldauf, EPA

Adequate Inadequate 



Examples of Trees & Trees+Wall

Slide credit: 
Baldauf, EPA



Slide: Baldauf, EPA and Region 5 Air Quality Team 

Plants Trap & Filter 
PM



SEM Images
• Produces detailed, magnified images by 

scanning its surface using focused beam of 
electrons

• Provide information on:
– Topography – distribution of features
– Composition – what the material is made of
– Morphology – the form, shape, or structure

What happens to the PM?
  Let’s take a closer look!

Image: SEM silver birch leaf (Wang et al, 2019) 

Trichomes

  PM

Costs:
$80,000-2,000,000 USD



Vegetative Barrier 
Toolkit for Schools & 
Communities



Many guides exist to --

Improve Air Quality Install Trees

Lacks in-depth, tree-focused step-by-step detailed directions to 
help community members through the process 

Directed at industry, 
too technical



GOAL: 

Take a community group 
step-by-step 

through the process of 
planning, creating, & caring 

for a vegetation barrier in 
addition to using 

vegetation barriers 
as part of science curricula.



What’s in the Toolkit?



Guides  --      Field Sheets



Guides    --     Field Sheets



Guides    --    Field Sheets



Curriculum Toolkit for Educators – STEM based lessons

Toolkit education loaning resources

• Learning objectives
• Curriculum outline & lesson progression
• Toolkit education loaning resources

Separate document for Educators



Chicago, IL, USA & 
Potential Sites 



• 235 sq miles (606 km2), 597 ft asl. (182 m asl)
• 2.7 million people in city -- 3rd biggest US city

–  9.6 million people in metro
• Lake Michigan -- lake breeze & lake-effect snow
• Humid continental climate, 4 distinct seasons
• Average ppt 42” (16 cm) -- rain and snow
• Plant hardiness zone 5 -- zone 6 close to lake

Chicago, Illinois, USA



Source: Environmental Law and Policy Center

Source: U.S EPA

1.

3
.

2.

1. BROAD – Identified 28+ Schools (ELPC)

2. INTERMEDIATE – 15, down to 10

3. ON-THE-GROUND – Site visit to 10 schools

Three Levels 
of Screening

Schools 
within 

500 ft (152 m)    
of source

Slide credit: EPA





Michele Clark H.S.

Jens Jensen 
Elementary

Earle Stem
Elementary

Perspectives H.S. of 
Technology

Final 4

Slide credit: EPA



Students served (2019) 304

% low income 92

% homeless 14

% black 84

CSX 132 acre (53.4 ha) site

Distance from RAILYARD to planting site 40-100 ft (12 - 32 m)

Distance from RAILYARD to school 216 ft (66 m)

Lift counts per year (2012) 261,025

School elevation compared to source Lower by 13 ft (4 m)

PLAYGROUND

EARLE STEM ELEMENTARY



Students served (2021) 336

% low income 93

% homeless na

% black 99.1

Distance from highway to planting site 137 – 165 ft (42-50 m)

Distance from highway to school 180 ft (55 m)

Annual avg daily traffic count (2019) 247,600

Annual avg daily heavy commercial -- 6+ tires (2020) 16,000

School elevation compared to source Higher at 9.8 ft (3 m)

PERSPECTIVES H.S. OF TECHNOLOGY



Fantastic potential for hybrid! 
    

ART WORK

(Graphic) Tong, Baldauf…et al., 2016, Science of The Total Environment (EPA)

PHASE 1 TREE PLANTING SCHDULED FOR NEXT WEEK!



Distance from highway to planting site 40-200 ft (12.2-61 m)

Distance from highway to school 160 ft (48.8 m)

Annual avg daily traffic count (2019) 193,700

Annual avg daily heavy commercial -- 6+ tires (2017) 8,000

School elevation compared to source Higher at 11.3 ft (3.4 m)

Students served (2019) 371

% low income 99.2

% homeless 3.8

% black 98

JENS JENSEN ELEMENTARY



Slide modified from McGuire, UIUC



Slide modified from McGuire, UIUC



Slide modified from McGuire, UIUC



Next Steps

- Work with EPA to reinstate
– Portable Air Quality Samplers (PAQS)
– Solar Powered Air Quality Bird House (S-PAQ)

• Arduino-based portable systems with GPS (PAQS)
• Black Carbon Aethlabs MA-200
• NO2 with CairClip
• Interactive Display – RETIGO- ready files
• Wind speed and direction (S-PAQ)
• Solar Powered Air Quality Bird House (S-PAQ)

– Move from car to cart!

- CDPH is interested 
- Improved placement of future schools

Slide credit: EPA



Environmental Law & Policy Center
• Susan Mudd, Senior Policy Advocate (Principal 

Contact for Logistics)

The Morton Arboretum – Chicago Region Trees 
Initiative
• Michelle Catania, Green Industry Outreach 

Coordinator
• Allyson Salisbury, PhD, Adjunct Researcher, 

Temple University and University of Florida
• Lydia Scott, Director, Chicago Region Trees 

Initiative (Principal Contact for Logistics)
• Meghan Wiesbrock, Manager of School & Camp 

Programs

U.S. Forest Service 
• Michael Rizo, Program Specialist
• Drew Hart, Chicago Region Natural Resources 

Specialist

U.S. EPA Region 5
• Sheila Batka, Air Quality Specialist 
• Kara Belle, Healthy Schools Coordinator
• Megan Gavin, Environmental Education 

Coordinator
• Kathy Kowal, Healthy Communities Team/NEPA
• Jen Blonn Tyler, Healthy Communities Team/NEPA 

(Principal Contact for Logistics)
U.S. EPA ORD/OTAQ 
• Richard Baldauf, Research Physical 

Scientist/Engineer, U.S. EPA ORD/OTAQ
• Ken Davidson, EPA Region 9/OTAQ

University of Illinois, Urbana Champaign & Depave 
Chicago
• Mary Pat McGuire, PLA, Chair, Master of Landscape 

Architecture Program

In Coordination with IL DOT
• Melissa Del Rosario, Landscape Maintenance
• Fabiola Quiroz, Landscape MaintenanceNordson Green Earth Foundation

OUR TEAM & FUNDERS

Toolkit developed by grant from the



Thank

Michelle Catania | The Morton Arboretum
Green Industry Outreach Coordinator

mcatania@ mortonarb.org

you
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A novel approach for 
enhancing the effectiveness 
of tree-based systems

Chung-Ho Lin1, Ronald Zalesny Jr.2,  
Mohamed Bayati1,3, Shu-Yu Hsu2

1University of Missouri, Center for Agroforestry
2USDA Forest Service, Northern Research Station
3Tikrit University

Elizabeth Rogers1,2



Urban area dynamics during 1985– 2015 
at the global and continent scales.

Photo Credit: National Geographic

Photo Credit: Ron Zalesny, USDA Forest Service

Photo Credit: CUNY Graduate Center

Liu et al. Nat. Sustain. (2020)



• Sustainable, cost-effective            
McCutcheon and Schnoor. Phytoremediation: Transformation 
and Control of Contaminants. (2003)

• Urban phytoremediation 
applications
-Wastewater remediation             
Dimitriou and Aronsson. Unasylva (2005)

-Air pollution control                    
Podhajska et al. Sustain. Cities Soc. (2023)

-Soil reclamation                            
Guidi Nissim and Labrecque. Urban For. Urban Green. 
(2021)

• Effectively identifying and 
prioritizing pollutants to 
target is critical for designing 
successful systems

Phytoremediatio
n 



• Phytoremediation studies focus on remediation of small number of 
contaminants (e.g., Cd, As, benzene, toluene)

• An approach for comprehensively identifying priority pollutants to target with 
phytoremediation efforts is urgently needed

Fragmented Approaches

Regulatory 
Lists

Standardized Approaches

Toxicity 
Data

Site-
Specific 
Data

Literatur
e

The Problem: Fragmented Approaches to Identifying and 
Prioritizing Contaminants



Develop a standardized method for pollutant identification 
and prioritization
• Integrate a global metabolomics approach with toxicity 

profiling

Use the developed approach to identify and 
prioritize pollutants in landfill leachate and 
contaminated groundwater 

Objectives



Objective 1: Develop Standardized Method



UHPLC High-Resolution 
Mass Spectrometer 

>10,000 
candidates

Step 1: Global Profiling Approach



1. Identify contaminants using global 
metabolomics approach

2c. Prioritize contaminants to target with 
remediation activities

2a. Collect toxicity data from public 
databases

2b. Integrate data using ToxPi

Step 2: Prioritize Contaminants



2a. Collect Toxicity Data from Public 
Databases

https://comptox.epa.gov/dashboard/ 

CompTox Chemicals 
Dashboard

In vitro assay toxicity data 

ECOTOX database

In vivo toxicity data from 
plants, animals

Conditional Toxicity 
Value (CTV) predictor

Model-based in silico 
approach, generates 

quantitative predictions for 
human toxicity values

https://cfpub.epa.gov/ecotox
/

https://toxvalue.org/6-CTV/Cover.php  

https://comptox.epa.gov/dashboard/
https://cfpub.epa.gov/ecotox/
https://cfpub.epa.gov/ecotox/
https://toxvalue.org/6-CTV/Cover.php


Toxicological Prioritization Index (ToxPi)
• Integrates multiple sources of data into one 

dimensionless index score

• Generates a toxicity profile for each 
compound

• Users have ability to add different weighting 
schemes to data sources

Example
   (EC50) + (AC50) + (% Active Assays) +(Cancer Potency) = Toxicity Score

Scheme 1.  (0.25)   (0.25)    (0.25)      (0.25)

Scheme 2.  (0.10)   (0.10)    (0.30)      (0.50)

2b. Integrate Data using ToxPi

Rogers et al. 2021.   
J. Environ. Manage.



Objective 2: Identify and Prioritize 
Pollutants from Landfill Field Studies



Landfill Field Studies

• Commercial landfill that operated 
between 1976-1986

• Population served: ~39,000
• Population demographics: mixture 

of rural towns and one small city 
• Acres: 17
• Wastes handled: fly ash, garbage, 

demolition, refuse, wood matter

Information gathered from Brrts on the Web: 
https://dnr.Wisconsin.gov/topic/Brownfields/botw.html 

Landfill B

State Cartographer’s Office. University of Wisconsin – 
Madison. 

• Municipal landfill that operated 
circa 1970-1990

• Population served: ~32,000
• Population demographics: mixture 

of rural towns and one small city
• Acres: 46
• Wastes handled: demolition, 

garbage, refuse, wood matter

Landfill A

Wisconsin, USA

https://dnr.wisconsin.gov/topic/Brownfields/botw.html


Results: Features Identified

HRMS Data

List of 
Contaminants

Forward 
Searching

Putatively identify 
candidates 
(n = 21)

Search HRMS data 
in XCMS Online

List of contaminants 
from the literature

(n = 150)

Reverse Searching

Putatively identify 
candidates
(n = 909)

Identify features in HRMS 
data using XCMS Online 

(n > 90,000)

Narrow Down List 
(relative peak intensities, retention 

time, available CASRN)



Results: Ranked Contaminants

Top 10 leachate contaminants 
according to ToxPi analysisDistribution dot plot of ToxPi scores for 189 

leachate and groundwater contaminants
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Rank Name Uses/Sources Health Impacts

1 Clotrimazole pharmaceutical potential endocrine 
disruptor

2 Benzo[ghi]perylene industrial byproduct not classified

3 Indeno[1,2,3-
cd]pyrene industrial byproduct

animal carcinogen; 
possible human 

carcinogen

4 Flurandrenolide pharmaceutical damage to heart, liver, 
kidneys, muscles

5 Fluoxymesterone pharmaceutical liver damage, high 
blood pressure

6 Canrenone pharmaceutical
possible carcinogen; 
organ damage; toxic 

to aquatic life

7 Ajmaline pharmaceutical
damage to 

cardiopulmonary 
system

8 Clomipramine pharmaceutical
behavioral effects; 
possible aquatic 

toxicity

9 Benz[a]anthracene

asphalt, fossil fuels, 
vehicle exhaust, 
wood and soot 

smoke

possible carcinogen  

10 Chlorprothixene pharmaceutical toxic to aquatic life

94% of prioritized 
compounds are not 
included landfill leachate 
regulatory lists



Next Steps: Confirm and Quantify Contaminants Using Targeted Analysis

Example Calibration Curve

11.882 Peak 1 - TQ 2: MS2 Scan 2: 150.00-650.00 ES+, Centroid, CV=Tune (Uncalibrated          
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Spectrum
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Domingo-Almenara et al. Nat. Methods. (2018)



Prioritized 
Contaminants

Toxicity Data

Community PrioritiesSample from 
Contaminated 

Site
Design 

Phytoremediation 
Systems

HRMS Data

Vision for Future Applications



Thank You!
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Session 1.5: Breathless: How urban 
forests and trees can contribute to the 
reduction of air, water and soil pollution
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