Session 1.5

Breathless: How urban forests and trees
can contribute to the reduction of air, water
and soil pollution

Chair: Yujuan Chen
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Forgotten Places: greening

coastal towns and cities in the
UK

How trees are breathing new life intfo Bexhill-
on-Sea

Presented by
O .II:.gEES Kate Sheldon
T CITIES Chief Executive, Trees for Cities
16 October 2023
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HOUSE OF LORDS
Chief Medical Officer's Annual Report 2021

Health in Coastal Communities Select Committee on Regenerating Seaside

Towns and Communitics

Eeport of Session 2017-19

The future of
seaside towns

Ordered o be prineed 19 March 2009 and published 4 April 2009

Published by the Authorny of the House of Lords

HL Paper 3200



Forgotten Places Project 2021-23
- Delivery
- Research
- Modelling

- Campaign

Green Recove Cha]lengeFur;l

Department The :
for Environment National Lottery Environment
Food & Rural Affairs Heritage Fund Agency



FORGOTTEN PLACES

GREENING COASTAL
TUWNS ANn BITIES M(L The countryside charity

TREE 10 GUIDES Bﬂglltﬂll & Hove Sussex
City Council

COMMUNITY
TREE-PLANTING
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O A framework for Ecosystem
G Service improvement
TREES FOR CITIES

- Improving place

o Forest Research
- Increasing visits

TREE PLANTING IN

! COASTAL TOWNS i : .
AND CITIES Growing goods and services

Information and quidance

for practitioners

Technicalities of coastal planting

Practicalities of community engagement
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Replicable model for strategic tree planting:

Y QUUERIGE

Planting Strategy 4 | 1) i-Tree Eco survey with local volunteers
. 2) Desktop opportunity mapping
ot s 3) Stakeholder consultation
Rother e e 4) Identify plantable spaces
e 5) Tree planting

6) Develop Tree Planting Strategy

O TREES | Q‘
% FOR

CITIES Forest Research Rother

District Council
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“IT WAS SUCH A LOVELY EVENT,
S0 CASUAL AND CHILLED WHICH  ° _
MADE IT MORE ENJOYABLE. THE q
DEMONSTRATION WAS USEFUL Gzt )
AND THE TEAM WERE HELPFULTOD
MAKING SURE WE WERE ABLETO DO
IT. | REALLY ENJOYED THE DAY AND
WOULD LOVE TD TAKE PART AGAIN!"

Stockton-0n-Tees regident at a Trees for Cities

.||JI‘-||.-\. TR AT
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Thank
you

Kate SheldonITrees for
Cities

P

.
J

kate@ treesforcities.or
www.treesforcities.or

o
g Food and Agriculture ﬁ:\y} S
\/ and / ) NS | e g g
Organization of the @ e S r— =
Qﬁ United Nations Arbor Day @ POLITECNICO Qﬁ =D et e
For MILANO 1863 mithsonian
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Maximizing ecosystem services using
phyto-recurrent selection for
environmental applications

Presented by

Ryan A. Vinhal', Elizabeth R. Rogers'?,
Ronald S. Zalesny'

1 USDA Forest Service, Northern Research Station, Rhinelander, Wisconsin, USA
2 University of Missouri, Center for Agroforestry, Columbia, Missouri, USA
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Globadlly, 3.2 billion pec:rle are negatively impacted by land
egradation*

7 RPS Group Colorado State University

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

*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 soill,
water, and air resources and
by restoring ecosystem
services in managed
landscapes.”

-International Phytotechnology Society
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* green and eco-roofs
» stormwater wetlands
* bioswales
» phytoremediation
of landfill effluent
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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




How do we maximize the
environmental benefits of frees
grown for phytotechnologies and
optimize system successe
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Phyto- Recurrent Selection (PRS)

* 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

g e
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g
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60 varieties

15 varieties
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12 varieties
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140 varieties Mimic real- world conditions (e.g. soil,

Irrlga'l'lon ( )\ Phyto-Recurrent Selection
\ w7/ Test. Select. Deploy.
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Phyto- Recurrent Selection Process
Cycle 3

N B O\ S
e S S
= © e
: =

Number of Genotypes

Data Complexity, Growing
Survival AY Survival
Growth Weighted summation indexused . Growth
[ V&l to select genotypes for - Health
Il subsequent testing cycles based @ ' - Physiology
@ | Phyto-Recurrent Selection : on dcﬂ'a colleci'ed ) Contaminant

Test. Select. Deploy.
[ [y P pEgy
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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 an

identify superior clones wit
long- term success
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Landfill Phytoremediation Using &t

PRS

- 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

Obiective: Reduction of non- poinf source

Great Lakes
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Landfill Phytoremediation Using PRS

| Mull'ile Growing
Seasons Until Harvest

Field

Implementation
and Testing

Greenhouse Testing
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Long- Term Monitoring of Field Planting

¥ TS *

.:li-
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Long- term phyto
projects that
maintain the

plantings and collect
data are important
to evaluate long-
ferm success
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Phytoremediation/Phytostabilization of Mlchlgans
Stamp Sands

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

e 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




% 2mdwerd roremon PRS for Stamp Sands Remediation + Stabilization

OV&.. Urban Forests
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2 cycles of PRS conducted using
hybrid poplars and willows

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

Cycle 2

e 22 genotypes tested

 Survival, growth, health and
physiology data collected

Data from cycle 2 used to select
genotypes for field planting
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Remediation of Sulfur
Pollution

 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

Obijective: Develop sustainable, cost-
effective methods fo r -7
being /, ‘rfed fo «  Natural Resources
Research Institute

UnIvERSITY OF MiNNEsSOTA DULUTH

[*8)
S
TMENT OF AGRICU\







Cycle 1

Identify poplar clones with superior
growth and establishment under

elevated SO/ conditions

T e
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e
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20 Hybrid Poplar Clones
Survival

Growth
Height
Diameter
Aboveground Biomass
Belowground Biomass

s

Cycle 2
Determine the threshold SO 2
concenfration af which poplar
growth and physiology are

impacted

10 Hybrid Poplar Clones
Survival

Growth

- Height. Diamefter

- Aboveground Biomass
- Belowground Biomass

Physiology

- SPAD

- Chlorophyll Fluorescence
- Stomatal Conductance

Cycle 3

Investigate the fate and transport
of sulfur within the soil- poplar-
wafer continuum

5 Hybrid Poplar Clones
Survival
Growth
- Height. Diamefter
- Leaves, Stems Biomass
- Belowground Biomass
Physiology
- SPAD
- Chlorophyll Fluorescence
- Stomatal Conductance
Sulfur Mass Balance
- Soil and Leachate Collection
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Other Phyto- Recurrent Selection Applications

Landfill Leachate Mine Reclamation
7‘_
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Phyto- Recurrent Selection Endorsed as “Good Practice” by the

United Nations.

ECOSYSTEM

Y
v RESTORATION
—

2021-2030

Phyto-recurrent selection to enhance ecosystem services and
livelihoods in rural and urban communities

Description:

Phyto-recurrent selection is a technique for selecting and monitoring optimal varieties of
trees to be implemented within phytotechnology applications. Typical applications
where phyto-recurrent selection has been successfully applied include:...

Organization:
USDA Forest Service, Northern Research Station

Partners:

University of Missouri, Center for Agroforestry

Missouri University of Science and Technology

University of Minnesota Duluth, Natural Resources Research Institute
Waste Management, Inc.

AECOM Technical Services, Inc.

City of Manitowoc, Wisconsin

Marquette County Solid Waste Management Authority

Delta County Solid Waste Management Authority

Reviewers:
B4 Robin Chazdon B Mahoussi Simone Assocle B Anita Diederichsen

https://ferm- search.fao.org/practices/FERM_BYfbsJeRaOk6alL2vROB9

Phyto-Recurrent Selection
Test. Select. Deploy.

United States of A=

America —

Submitted:
2023-03-22
Published:
2023-05-30
Updated:
2023-03-22

Good Practice

source:
FRAMEWORK

TN ECosirem
‘@ @ MONITORING

Scan Here to
Learn More!
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United Nations

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

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

Ronald S. Zalesny Jr. | USDA Forest Service
® ronald.zalesny@ usda.qgov
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Community-driven green infrastructure: V‘&V
an undercanopied neighborhood taking “Vé
charge and making positive change S

SN

=

Presented by

Daniel Dinell ‘-

President, Trees for Honolulus Future
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Goals

1. Serve as a replicable
community-based model

ures

s roadl S ~ T

2. Increase the urban tree canopy

3. Engage with residents and
business owners

z - ‘['4.:, .
Ry ‘3,# Impervious
'“f Surfaces (houses,
f

el povement) 3% Community-driven

.“
T

|95 Grass 20%
Trees 17%

J




A"r‘\

v
-“’!{: 2nd World Forum on

'l*‘"-- Urban Forests
R
w/" Washington DC, 2023

Guide to
Enhancing Your

Urban Tree Canopy

Lessons Learned from Trees for Kaimuki
For Your Community
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' Stormwater

Mulch Layer
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Bridal shop

Ukulele

Musical instrumd
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Keys to Success

10) Engage Community
9)Right Site
8) Supportive Landowner
7) Simple Design
6) Timing & Right Plants
5) Smart Construction

._T‘h ursday, Jan uary 26, 2023

4) OI‘IQOing Care 1 1t /Harding Avenues 8
3) Educate/Higher Purpose '- | |

2) Find Yodal!
1) Thank/Celebrate




NATIOMAL
PARK
SERVICE

SMART TREES
P A C I _F I C

—ﬁ

i’

(Thank you)

Daniel Dinelll Trees for Honolulus
Future

N

® ddinell@ TreesForHonolulu.org

\g/ Food and Agriculture @?\ PN _
M Organization of the g égj‘@? = .
United Nations Arbor Day (] POHJESSLSO — P (A >
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Agroforestry phytoremediation buftter
systems reduce water and soil pollution In
the Great Lakes Basin, USA

Presented by
R.S. Zalesny Jr.', R.A. Vinhal', E.R. Rogers'?2, C-H. Lin?, R.A. Hallett3,

J.G. Burken?, B.S. DeBauche?, J. Jackson?®, A. Pilipovic¢é, A.H. Wiese’

T 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
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Phytoremediation:

The use of trees to clean
contaminated soils and waters

<>
PHYTOREMEDIATION

PHYTOVOLATILIZATION
Volatilization of Pollutants

PHYTOEXTRACTION

Concentration of Contaminants
from Soil to Plant Tissue

O

PHYTODEGRADATION PHYTOSTIMULATION
Degradation of Organic Stimulation of Microbial Activity
Contaminants

o @

o) 3 )
PHYTOSTABILIZATION —J RHIZOFILTRATION
Reduction of Bioavailability N Adsorption and Absorption

of Contaminants O of Pollutants from Water
\ @ @ @) :
«;\ ‘Q 4

Source: Adobe Stock
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Problem
Identification

Project
Closure

Opportunities at WFUF...

Phytoremediation side event

Project
Preparation

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

Data Analysis
and Synthesis

Species
Selection

The Phytoremediation Procedure
Design | Implement | Monitor

Data Collection
and Monitoring

u.l
[}
'~

2THENT OF AGRCU

Project
Implementation

/N
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Temporal Benefits of Phytoremediation

Short-Term Medium-Term Long-Term

Enhanced aesthetics |

Improved mood Improved soil health
Lowered stress Noise reduction
Improved psychological wellbeing Improved air quality
Erosion control

Wind speed reduction

Carbon sequestration
Pollution remediation
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f Lake Superior

Wisconsin, USA

GREAT LAKES PHYTO

. . Michigan, USA
Enhancing Ecosystem Services ’

The overall mission of Great Lakes Phyto is to optimize
genotype X 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
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The Problem
Degraded
Lands and Waters

Quality
of Life

The Solution
Agroforestry Phyto Buffers

Stewardship

A

GREAT LAKES PHYTO

Enhancing Ecosystem Services

Profit

The Outcomes
Pillars of Sustainability

Quality of Life
PN
Reduced Health Public Best
i Management
Risks from Engagement :
i Practices
Pollution
Stewardship
s 1 &
Carbon

Clean Water  Healthy Soils g
Sequestration

Profit
o =
Bioenergy Biofuels Bioproducts

e
9

Enhanced Productivity
of the Land



Laurentian Great Lakes of North America

Lake Superior B 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

- tl‘-‘"_" 2nd World Forum on
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https://www.fs.usda.gov/research/nrs/projects/phytoremediation-buffers
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Agroforestry Phytoremediation Buffer Systems in the Great Lakes Basin
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CANADA
Research Locations
@ Phyto Buffer (establishment year x number of buffers)
Y Institute for Applied Ecosystem Studies
Great Lakes
GREAT LAKES PHYTO
L ) Enhancing Ecosystem Services



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

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

Lake Michigan

Landfill

Runoff and Groundwater
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- Applications: Phytoremediation, Phytostabilization, Phytovolatilization
? Partners: City of Manitowoc; AECOM; Wisconsin DNR




Manitowoc, Wisconsin

Lake Michigan
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Applications: Stormwater Management, Runoff Reduction, Phytoremediation
Partners: Waste Management, Inc.; Sand County Environmental
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Phyto-Recurrent Selection Endorsed as ‘Good Practice’ by the United Nations

Phyto-recurrent selection to enhance ecosystem services and United States of A= SCQ N here ‘I‘O Ie(] rn more!
livelihoods in rural and urban communities America —
Description:
Phyto-recurrent selection is a technique for selecting and monitoring optimal varieties of Submitted:
trees to be implemented within phytotechnology applications. Typical applications 2023-03-22
where phyto-recurrent selection has been successfully applied include:... Published:
Organization: Llgdie
USDA Forest Service, Morthern Research Station Updated:
2023-03-22
Partners:

University of Missouri, Center for Agroforestry

Missouri University of Science and Technology

University of Minnesota Duluth, Natural Resources Research Institute
Waste Management, Inc.

AECOM Technical Services, Inc.

City of Manitowoc, Wisconsin

: _ Good Practice
Marquette County Solid Waste Management Authority

Delta County Solid Waste Management Authority source:
Reviewers ® i,
B9 Robin Chazdon B4 Mahoussi Simone Assocle B Anita Diederichsen !&b MONITORING

https://ferm-search.fao.org/practices/FERM_BYfbsJeRaOkéalL2vROB9

UNITED NATIONS DECADE ON

ECOSYSTEM
RESTORATION

2021-2030

Phyto-Recurrent Selection

Test. Select. Deploy. v



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

@ Forest Service

- U.S. DEPARTMENT OF AGRICULTURE

Northern Research Station

Rooted in Research

ISSUE 10 | JUNE 2022




Rural and Urban
Applications

Edited by
Ronald S. Zalesny, Jr. and Andrej Pilipovié
Printed Edition of the Special Issue Published in Forests

www.mdpi.com/journal/forests %

 for Ecosystem |

 Services and

~ Phytotechnologies

; Edited by

Ronald S. Zalesny Jr., William L. Headlee,

Raju Y. Soolanayakanahally and Jim Richardson
Printed Edition of the Special Issue Published in Forests

www.mdpi.com/journal fforests m\D\Py :
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Air Quality Buffer
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Improving Schoolyard Air
Quality with Vegetative
Buffers

Presented by
Michelle N. Catania

Green Industry Outreach Coordinator
The Morton Arboretum - Lisle, lllinois, USA
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Outline

Poor Air Quality
Vegetation Barriers

Vegetation Barrier Toolkit for Schools &
Communities

Chicago, lllinois, USA &
Potential Sites for Vegetative Barriers
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« Combination of gases and particulate matter 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.

Sulfur Dioxide Ground-level Ozone

Partic_b até

Carbon

Carbon monoxide : ;! l

2 Nitrogen Dioxide ———

) L
‘ Benzeﬁ '

Volatile
organic )
compounds
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« Combination of gases and particulate matter 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.
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« Combination of gases and particulate matter 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.

Sulfur Dioxide Ground-level Ozone
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€ PM2s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.

_50-70pum <2.5Um (microns)in diameter
{microns) in diameter

« Combination of gases and particulate matter

© PMyg
Dust, pollen, mold, etc.
10 UM (microns) in diameter

_ * PM is the mixture
Particu ate of solid par’ricles
i ¥ and liquid
droplets in

90 pum (microns) in diameter

Carbon

Carbon monoxide : SUSpenSion FINE BEACH SAND
* Dust, dirt, soot or
smoke PM10 PM2.5

« Commonly found |, Q r?
suspended inair O (

—\es e ?\/ ea\

organic o / [\
compounds \
Coarse particules Fine particules Very fine particules Ultrafine particules
Upper respiratory tract Lower respiratory tract Alveolus Blood/Whole body

Source: Encyclopedia of the Environment
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Sources
* Anthropogenic sources

— Stationary emissions
* Factories, powerplants, smelters, etc.
* Road dust

— Mobile emissions — on road & nonroad
* Vehicles, planes, trains emissions

e Brake and tire wear
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Sources
 Anthropogenic
— Stationary emissions

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

— Mobile emissions — on road & nonroad
* Vehicles, planes, trains emissions

e Brake and tire wear

* Natural
— Volcanic
— Wind-blown dust (eolian sands)
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Composition of Near-Road Air Pollution
 Elevated concentrations near road due  Populations in close proximity to source:
to: . .

* Increasing traffic — In USA -

« Congestion with “stop & go” * Over 50 million people estimated

» Certain meteorological or terrain to live within 300 ft (100 m) of a

source

—calm winds during rush hour
* Almost 17,000 schools are

estimated to be within (820 ft) 250
m of a source

—street canyons
 Old, poorly maintained vehicles

— Massive health impacts
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SPECIAL REPORT 1|7

t ® I H I t HEALTIT Traffic-Related i Pllution:
sriroir  ACritical Review of the Literature
Asthma ardiovascular Health Concerns Y|
Health Effects
s
o

i HE Panel on the Heakh Effoss
of Tralfc Related Air Poludan

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

' Onset of childhood asthma

Studies have linked:
* Respiratory and cardiovascular health

‘ Other respiratory problems

‘ Impaired lung function

’ Total mortality

‘ Cardiovascular mortality

* Cancer including childhood leukemia
« Cognitive development
* Birth and developmental effects

‘ 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
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« Combination of gases and particulate matter

« Often elevated near large transportation corridors
— Highest concentrations 500 — 1,000 ft (150-300 m) from source

Distance from edge (m)

Near-roadway air quality: synthesizing the
findings from real-world data.

A. Karner, D. Eisinger, D. Niemeier - Published 18 June 2010 - Environmental Science - Environmental science & technology

o 0 100 200 300 400

= ! ! | | | | | | | | | ! ! |

o Rapid: >50% drop by 150 m Less rapid or gradual decay No trend CO - carbon monoxide
e (]l - co@2 | eeee-- Benzene (33) EC- elemental carbon

B - — — EC(49) - = = NO, (125) NO- nitric oxide

N oqo04, mg (?;%) o, b= PM, 5 (61) T NOx — nitrogen oxides

s | Y XA e N AT e UF1 - >3 nm - 352 nm *
g \ —— —UF1 Particle no. (76) e e e L. UF2 - 15 1000 *
S 08 . -—-— UF2 Particle no. (93) R Teaent — 1o nm - YUY nm
< v\ VOC1 (80) s o VOCT1 - varies w distance
e 06- \,w e e Benzene — petroleum

i~ AL NP LA s _ - @000@0@0O0O0O0O0O0O0@O0O0@0@oo0Vnvv-- bioproduct

S ey - - - * - : F . . .

2 D~ \" e e m=eemg Fine particle no. (19) NO2 - Nitrogen dioxide
g e Ry M R By - = = PMy (57) Fine Particle - 300-

£ 02 e 1 IR Ve oz) 20,000nm

9 L ot PM10 - less than 10 nm
s 00— VOC2 - does not vary w
5 | | | | | T T | | T | | | | distance

° 0 100 200 300 400 0 100 200 300 400

o

* Size range in literature
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Sources of Transportation Air Pollution Solutions for Transportation Air Pollution

Smog and soot =» Health and welfare impacts

Emission reductions =) Cleaner air & better health

=

CO; and other greenhouse gases =» Climate change

CeRIO0STOC

Light Duty Heavy Duty Motorcycles Aircraft Nonroad Marine Engines/  Locomotives Lawn Recreation

shicles Vehicles Diesel Equipment Ocean Vessels Garden Vehicles Catalytic Fuel Engine Transmission Diesel Alternative vehicle Better
converters standards technologies technologies filters technologies transportation
\AN \AA/ in conjunction with reduce exposure to like computer like 7+ speeds, reduce particulate like plug-in electric planning
unleaded gasoline and pollutants like controls, variable dual clutch matter from vehicles & for passengers &
low sulfur levels lead and benzene valve timing, transmissions (DCTs), on road & fuel cells = zero freight reduce
ON ROAD NONROAD significantly reduce multi-valve engines, & continuously variable off road tailpipe emissions emissions &
hydrocarbon & nitrogen Renewable turbo charging &  transmissions (CVTs) diesel engines fuel use
oxide emissions fuels reduce gasoline direct improve fuel economy
CO, emissions injection improve & reduce
fuel economy & reduce  CO, emissions
CO, emissions

o) EPA United States
e Environmental Protection
\’ Agency

Source: EPA


https://www.epa.gov/transportation-air-pollution-and-climate-change/overview-air-pollution-transportation
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Sources of Transportation Air Pollution Solutions for Transportation Air Pollution

Smog and soot =» Health and welfare impacts

CO; and other greenhouse gases =» Climate change

Emission reductions =) Cleaner air & better health
Ljgt Duty Heavy Duty Motorcycles Aircraft Nonroad Marine Engines/  Locomotives Lawn Recreation

hicles Vehicles Diesel Equipment Ocean Vessels Garden Vehicles Catalytic Fuel Engine Transmission Diesel Alternative vehicle Better
converters standards technologies technologies filters technologies fisportation
\‘/ / in conjunction with reduce exposure to like computer like 7+ speeds, reduce particulate like plug-in electric aranni
unleaded gasoline and pollutants like controls, variable dual clutch matter from vehicles &
low sulfur levels lead and benzene valve timing, transmissions (DCTs), on road & fuel cells = zero i
ON ROAD NONROAD significantly reduce multi-valve engines, & continuously variable off road tailpipe emissions
hydrocarbon & nitrogen Renewable turbo charging &  transmissions (CVTs) diesel engines

oxide emissions fuels reduce gasoline direct improve fuel economy
CO, emissions injection improve & reduce

fuel economy & reduce CO, emissions
=) EPA gmled States .
N nvironmental Protection
\’ Agency ” °

CO, emissions

Let’s add Vegetation Barriers

to Solutions
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* 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

CrossMark

cdearupirias

Green spaces and cognitive development in

primary schoolchildren

Payam D At Mark J. Ni i ", Mikel Esnaola™"", Joan Foms™"™*', Xavier Basagafia™™",
Mar Ah.raraz-PEdrercll’""‘ loar Rivas™>*, Ménica Lopez Vicente™"", Montserat De Castro Pastual™®, Jason Su’,

Michael Jerrettd, Xavier Queral®, and Jordi 5|myer‘“'"

*ertre for Reszarce in Environmien tal Epidemiclog

i Heal

¢ (CREAL), DEDCA Barcelona, Spain;
Balcelon a Catelone, Spar; “Ciger on Epidenilogy and Fublic Heslt (ZIEERESF), 2

~, 3473, Gak, Horvay; *Departrm
CSIC-ICES), 02034 Earcelons, Catslon

“Bxparimantal and Health Stiznces, Pormoau Fabra Uniiarsity, 03008
029 Med id, SoBk7; ‘Ceun'{n’en of Ganes and Enyiro” meal Crasion

t of G Institura of Envirnrmental Az jatar
ain; 'E tal Healt: Soences, Scrool of
5 Sthanl of Punlic Hasit-, University of Zalitrnia

Ezited ty Susan Hanson, Clark University, Yorcester, MA, and aoaroved Mey 15, 2215 (recaived for e bebroary 18, 20750

Exposure to green space has been assodoted with better physical
arwl mental health, Although this exposure could also influence
cognitive development in children, availoble epidemiclogicl
evidence on such on impact is scorce. This study aimed Lo ossess
the assedation belween exposure (o green spoce and measwes of
cognitive in grimary i This studly wins
based on 2,593 schoulchildrenin the second Lo feurth gradas (7-10
y) of 26 primary schoals in Barcalons, Spain (2012-2013), Cognitiva
duvaloprment was assessed as 12:mo changs in developmental
trajuciory of working memary, superior working memery, and in-
attentiveness by using four reprated (every 3 mo) computeri e
cognitive tests for each outcome We assessed exposure to green
space by of izing outdoor s ding greerness ot home
arl schoal and during ing by wiing high lation (5 m %
5 m) salullite data on gresnness (normalized dilference vegetation
inchin), Multilsvel moduling was used o eslimate te associations
b Lwsenrs grean spaces and cognilive development. We observed
an wnhanced 12-mo prograss in working memory and superior
werking memery and a graater 12-mo reduction ininattentiveness
mzsociated with gresnness within and surreunding sdhool bound-
aries and with total surrounding greenmess index (including green-
nass surrounding home, commuting routs, and school), Adding a
trafficrelated air pollutant (elemental carben} to models explained
H-65% of our estimated assedations between school greenness
el 12-4me egnitive daveloprmenl, Our study shewed o benefidal
avsocinlion bulwawn wxposura Lo gren spocn and cognilive deval-
oprmant among schooldhildran that wis partly mediatad by raduc-

tion in exposurn o air pollution.

maurodmelopran | greannas | cognition | huilt amironmant | stost

Cmﬂn ot with nature is thought to play a crocial and irre
p]aceabe role in brain developmest (L, 2). Natural emvi
ronsents indnds

‘de children with tnigue
:vppon‘; titfes taling, discovary,
‘astenf .md COht x:-]‘ st spthening semse of self, in
states incloding senze of wouder, and
I restoration, swhich are siggested to in-
gitive drurh'-“mr -

c
fuence po
3. Benaficis

ight accrn

dated pmhvva;s ability of grer spaces (o miti.
st Ta fated air tion (TRAP) (4) conld “ead to a
benedicial fmpact of green spaces on cognitive development,
bec:mse exposice 1o TRAF kas been segatively associated with

2itive development i chilcres (3} Furtzer to TRAF, green
cint #lso reduce 2oise (9), which iself too has bee:. nag
associated v 1

activity are related to imy

proved cognitive developz

58 has also heen reported to o

t (L0, which may positiv

5 Through thes pattways,

exposure o g:“e- space, mdu:l:g ourdoar & TOUICNE ETESTmEss

and proximity 1 d influence .Agnmw de
m-ha

al and sarly pos-

peroc.s. which are \D“ldﬁ'“d ag t_e most valzerable
wmc.ows Tor effects of environmental exposures (113 However,
e f;Jx: ioeg cﬂnse]y related with learsig and school
memery and attention—develop

assess the assoc t.io
space and mems itive:
meminy {the gystem lh*l holds mJuplr pL..m o tramsi
oz i the mind where they can be nustipuated), sipeiz
1y { e uig uleJ]]:)r_-, that
leir Ter),

el Ve
y aim, we als sveluated
o as ons of the

Significance

Gresn spaces have i rangs of halth barwfits, but it is known in
r|||.|l.|un e Luqnlll\'l‘l (Illvaluplrmulm childran, This stuoly, basad on

lion of vuldoor s o grewn-
NEess (-n homE school, and during commuting) and repeated
computerized oognitive tests in schooldhiloren, found an improve-
ment in cognitive development associated with surrounding
greenness, partioulary with greenness at schools. This asscaiotion
weas portly madiated by reductions in air pollution, Our findings
provide polcymakers with evidence for feasible and achisvakle
Largutad intervantions sudh as improving green spaces ol scheols
Ly allain improverments in osnbal capilal ol popdstion vl
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to Mcresse physics] activity (#), and higher levels of physical
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“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.”

Air Quality Buffer
|
I I

TMA Toolkit
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* Design & implement planting projects in US & Europe

* vegetation alone OR combined with solid barriers

 Higher the barrier = higher the pollution reduction .

United States

« > 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

Recommendations for Constructing
Roadside Vegetation Barriers to

* Pollutants do not disappear! RN gL B
« "“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
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* 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

Slide credit:
Baldauf, EPA

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

Beis B NSRS -
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Open Road: Single or low multi-story buildings along a busy road

BEFORE GI IMPLEMENTATION

AFTER GI IMPLEMENTATION

A busy highway borders a
playground and park on one

side, and buildings on the other

side
% A vegetative barrier comprised of tall
The par‘l;: playglroun_d, a"'il‘ ho"'sesl are A green screen is coniferous trees now lines the area
identified as locations that would implemented as a between the road, park, and houses

benefit from vegetative barrier
implementation

vegetative barrier
along the playground

A busy freeway borders houses,

separated only by an existing low A vegetative barrier of tall coniferous trees
wall that extends up higher than the existing wall
will enhance the protection from roadway
pollution

Slide credit:
Baldauf, EPA
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PM P o

Gases

The result is lower
roadway pollutant
concentrations in the
area protected by the
vegetative barrier

Pollutants are dispersed
into the air by roadside
trees

Some pollutants are
filtered and others are
absorbed directly by
foliage

Air pollution produced
by vehicles on heavily

. ‘?

trafficked roadway jﬁ';}%,_

eV
5 N

Slide: Baldauf, EPA and Region 5 Air Quality Team



Particles

What happens to the PM?

Let’s take a closer lookl
SEM Images

* Produces detailed, magnified images by
scanning its surface using focused beam of
electrons

P o

Gases

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

Trichomes

PM

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

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



Vegetative Barrier
Toolkit for Schools &
Communities
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Improve Air Quality Install Trees

Air Quality

Improvement

Guide for Local Governments
e ‘

Recommendations for Constructing : ONTARIO
Improve NearRoad Alr Qualty . LAN%ECEAPE

.'n.-

PLANTING

CAPHE PHAP-RM
7.3 BUFFERS & BARRIERS

2016

Lacks in-depth, tree-focused step-by-step detailed directions to Directed at industry,
help community members through the process too technical



«ﬁ THE ._ CHICAGD i
- The 5L CHAMPION | Lo | i ik
. Morton of TREES | cur Funrs.
Arboretum -
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Guides

GUIDE #1

What’s the Best Place for a Vegetation Barrier?

To reduce air pollution, a vegetation barrier will be
most effective if it is downwind of and close and
parallel to a ground-level source of pollution, such as
a busy roadway. This way, the wall of trees or shrubs
intercepts the wind that would bring polluted air
onto a site. The methods described in these guides
are typically used for open areas. While vegetaticn
barriers can be designed for streets between
crowded buildings in cities, those conditicns are
much more complex and conseguently more
challenging to ensure the vegetation barrier will
work effectively.

Vegetation barriers are generally made of a few
rows of trees and/or shrubs. These plants grow

to form a living wall or hedge that can trap air
pollutants or direct polluted air away from the area
you want to protect. Vegetation barriers planted
near an actual wall cor solid fence also provide
effective air pollution improvements. As the plants
grow, their branches should be close encugh so the
barrier does not have any gaps near the ground or
between the trees. Gaps in the vegetation barrier
can act like a funnel for air pollutants and let them
through to the other side. The vegetation barrier
can also be more than functional: You can add more
decorative plants around and below the barrier. (See
the Additional Plants to Complement Vegetation
Barriers section.)

If there are already scme trees or large plants
between the road and the area you want to protect,
it is preferable NOT to remove those plants to make
a new barrier. Those plants are probably providing
other benefits and are already mature. If you have
existing trees where you think a vegetation barrier
should go, it could be helpful to work with an
arborist to determine if those trees are healthy and
should be saved. If you do want to keep existing
trees at your site, you can add vegetation barrier
species around existing planted areas to enhance its
ability to improve air quality.

Field Sheets

FIELD SHEET #1

Bring this field sheet with you to your potential vegetation barrier focation.

o Air Quality Buffer

Ee
|

Vegetation barriers should be planted between the source of
ground-level air polfution, such as @ road, and the aree you want
to protect, such as a playground.

Think about where you might want to put a
vegetation barrier; this is your planting area. Take a
walk around your site and look at it with an online
map. Use your observations to answer the questions
in Field Sheet #1.

If you answered “Yes” to all of the questions in

Field Sheet #1, proceed to Guide #2 to start making
measurements that will help you figure out if your
planting area has enough space to grow vegetation
barrier trees and shrubs. If your location doesn't
have a good place for a vegetation barrier, the
Additional Resources section c¢an direct you to other
practices that can help improve local air quality.

If you answer “No" to question #4, a vegetation
barrier could still be planted in some circumstances.
In this case, the vegetation barrier should be higher
than the pollution source to be effective. For
example, imagine a planting area that is 7 feet lower
than a nearby highway. The vegetation barriers
would need to grow at least 23 feet tall so that the
trees extend 16 feet higher than the road.

Cited sources

1. Aphijith, KV, Kumar, P, Gallagher, J., McNabola, A, Baldauf, R., Pilla, F, Broderick, B., Di Sabatino, 5. and Pulvirenti, B, 2017,
Alr pollution abatement performances of green infrastructure in open road and built-up street canyon environments-4A roview.

Atmospheric Environment, 162, pp.71-86.

GUIDE #1

VEGETATION BARRIER TOOLKIT FOR SCHOOLS AND COMMUNITIES

Materials

« Field Sheet #1
+ Pen or pencil

a vegetation barrier)

Estimated time
1 hour

Observations

questions.

What’s the Best Place for a Vegetation Barrier?

= Phone or separate camera (can be helpful to take pictures of areas you think could be a good space for

While walking around the area you want to shield from ground-level polluticn, use your observations to
answer the questions in the table below. Using online maps and aerial photos can also help you answer these

Is your potential vegetation barrier planting area....

Yes

No

1. Parallel and dewnwind to a ground-level pollution source such as a busy road?

2. Separating the source of ground-level air pollution from areas where people
spend time outside?

3. Longer than the area you want to protect?

4. At the same elevation or above the pollution source?

5. Net located in between two pollution sources such as a busy roadway and a side
street where cars and buses idle? (This situation can trap air pollution on the sice of
the vegetation barrier where people are located.}

Other notes:

FIELD SHEET #1

WEGETATION BARRIER TOOLKIT FOR SCHOOLS AND COMMUNITIES
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GUIDE #5
Get to Know Your Soil

If you want to grow healthy trees and plants, you
need healthy soil. Trees and other plants get water
and essential nutrients from soil and rely on soil to
hold them in place. This guide provides background
about soil and helps you check for several common
soil problems that can be found near roadways and
other places affected by construction. Use Field
Guide #5 to record your observations about the
planting area soil.

Background: Healthy trees need
healthy soil

Healthy and happy trees start with healthy soil. Soil
is a collection of tiny rock and mineral particles,
organic matter, water, and air. Soils are unique: They
vary from place to place, and they are constantly
changing over time. Soil is fundamental for the
growth of plants on land. It helps store and filter
water, breaks down dead materials and wastes so

their nutrients can be reused, and is a home for
many creatures. Ideally soil is about 5% organic
matter (the remains and wastes of plants and
animals) and 45% tiny rock fragments. The rest is
empty space between the solid pieces that can be
filled with the air and water plants and soil critters
need to live.

Have you ever wondered where soil comes from?
The answer is not a bag from the hardware store.
In nature, soil forms slowly over time as weather,
plants, animals, and microbes break rocks into
smaller and smaller particles and add organic
matter. In some parts of the world, it can take 100
years to form an inch of rich, organic topsoil.

Unfortunately, removing or damaging good-quality
soil can happen quickly. Constructicn activities

usually remove topsoil — an upper layer of soil that
can be rich in nutrients and good for plant growth.

Natural Soil Formation

Soil forms from bare rock

over very long periods of time

with the help of microbes.

insects, fungi, plants, and
animals. Construction severely
changes soil by removing
topsoil rich in organic matter
and compacting the soil.

Soil restoration can improve
the condition of soil after
construction so it is more
suitable for growing trees and
other plants.

CHICAGO REGION TREES INITIATIVE

GUIDE #5




Field Sheets

Record your measurements of the soil drainage test. Remember to save the soil f
a bucket for the other soil tests.

FIELD SHEET #5
Get to Know Your Soil

Soil Test #3 - Organic matter

Estimate the amount of organic matter by matching your soil sample color to the chart below.
Poor drainage - less than 4 inches per hour

Moderate drainage - 4 to 8 inches per hour ) ) )
Bring this field sheet with you to your potential vegetation barrier location. Excessive drainage - more than 8 inches per hour Soil color Organic matter |Soil sample
>10% .

Materials for all soil tests Sample Depth of | Initial 15 min. Change C _

. Eield Sheet #5 location hole water water (initial 1

L P e helght height miny (x _ o .

+ Phone or separate camera min.)

+ Tape measure or yardstick that can get wet Example 12 in. 10 in. 8in. 10-8 = 2 39-4% .

. ShOVEVSOH e o © _

» Water source and bucket/hose

+ Resealable plastic sandwich bags 1%-2% .

+ Wire probe (description below) #1

= Squirt or spray bottle {optional) <1% .
Soil Test #1 - Soil profile assessment and drainage

#2 .
Record your observations about each soil profile you remove. Soil Test #4 - pH
Record the results of your soil pH test here:
Sample #1 Sample #2
Example Soil is brown, deeper Top 10 cm of soil is #3

F

soil is darker. Grass roots
grow about 10 cm deep.
Soll forms larger clumps
10-20 cm deep.

brown, forms large deng
clumps. 10-20 cm is ligh{
tan color, mostly sand
and gravel.

Observations (number of
sail layers, colors, gravel,
smell, other notes)

Causes for concern: gray
soils, buried human-
made materials such as
asphalt, rotten smell

Soil Test #2 - Soil texture
Soil texture type determined by the texture-by-feel method (for example, "silty |

= Clay lcam

+ Sandy clay

CHICAGO REGION TREES INITIATIVE

« Silty clay

* Clay

Scil texture Category Notes

* Sand Coarse Water flows through ver|
Difficult to compact

+ Loamy sand

Y Not good at holding nut

+ Sandy loam

+ Sandy clay loam Medium Water flows through at

. Loam Somewhat easy to com
Good at holding nutrien

= Silt loam

= Silt

= Silty clay loam Fine Water flows through vet]

Easy to compact
Very good at holding ny|

FIELD SHEET #5

VEGETATION BARRIER TCOLKIT FOR SCHOO

Soil Test #5 - Soil compaction

After each penetration test, check off if a sample location had severe, moderate, or acceptable soil
compaction.

How deep did Soil compaction | Sample location | Sample location | Sample location
the wire go? #1 #2 #3

Less than 4 inches | Severe . . .

4 to 12 inches Moderate . . .

More than 12 inches | Acceptable . . .

CHICAGO REGION TREES INITIATIVE FIELD SHEET #5
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Curriculum Toolkit for Educators — STEM based lessons NS

A e

Toolkit education loaning resources

Lesson Plans

The following set of lesson plans using problem-based learning and citizen science approaches are available
from The Morton Arboretum’s Education Department in both PDF and Word document forms. Materials

such as portable air quality sensors can also be available for classrooms to borrow. Connect with The Morton . . .
Arboretum’s Education Department at registrar-edia:mortenarb.org [ Lea rn I n g O b I ect Ives

L] L] L]
Curriculum outline and lesson progression ¢ CUI’I’ICUIUm OU'HIne & |esson progression

(Strategy-based: problem-Based learning & citizen science)

« Toolkit education loaning resources

° Introduction Activity - Anticipation Set- Find the Fiction - Air Quality Headlines Activity
° Vocabulary Build: Vocabulary Story - Air Quality and Trees

+ Investigating the problem
® Observation: Measuring the Air Quality at Your Site, How to Use the Sensors, and Understanding

Air Quality. Bin contents

+ Additional resources: U.S. Environmental Protection Agency (Air Sensor Loaning Resource) H = : . . =
{only available as an appendix in tooclkit’s printed rescurce} * B‘Inder WIth prlnte'd tDUlklt aﬂd Jump drl""re'
° Connect: Trees, Shrubs and Air Quality - Science Notebook Activity (dlgltal COntent)
+ Designing a solution R
° Action Planning Worksheat + Soil probes and/or shovels (gty: 3-5)
° Planning Your Vegetation Buffer .
° Investigating Soil on Your Schoolyard « Cli DbOardES} eq}" 3'5}
° Choosing the Trees for Your Barrier - Final Planning Activity
° Bringing It All Together - Planting Design Proposal « La rge tape measure (Clt'y" 3—5:} — 1
« AjrBeam?2 sensor (EPA Loaning Resource, & .'

guantity determined by educators during
toolkit registration)
) ; + Mobile device for sensor (EPA Loaning
The % cHAMPION  [EUBEAR\ RIS oo Resource, quantity determined by educators
of TREES . ; ! . . . .
during toolkit registration)

/\g Beamp Quick Start
Uide Presentation

V10 m
Arboretum

Vegetation Barrier Lesson Plans

.

Vegetation

January
guffer T

Separate document for Educators S

N

LESSON PLANS VEGETATION BARRIER TOOLKIT FOR SCHOOLS AND COMMUNITIES
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Chicago, lllinois, USA

235 sq miles (606 km?), 597 ft asl. (182 m asl)
2.7 million people in city -- 3" 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



Air Quality and Health Index, ||~ Nilea

Chicago 2020 9 = I
(]

Three Levels =

of Screening

Oak Pao @(@gg,ago

Cicero

>3

Bridgeview - 9\
Oak Lawn 8’

254

Schools
within
500 ft (152 m)

of source -

- Water

— Highways

Sources:

US EPAEJScreen

American Community Survey
US CDC 500 Cities .

IDPH Vital Statistics Created by Office of Epidemiclogy,

Various years combined, 2011-2018 Chicago Depatment of Public Health, January, 2020

* i

1. BROAD - Identified 28+ Schools (ELPC) - S : ‘.US,-EP:A,;
2. INTERMEDIATE - 15, down to 10 | Source: US EPA |

3. ON-THE-GROUND - Site visit to 10 schools Slide credit: EPA
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Air Quality and Health Index,
Chicago 2020

Final 4

Earle Stem

Elementary
g =

Air Quality + Health Index Deciles

Jens Jensen —p
I 2nc
Elementary I o
i [ ] am
e | ‘ [ Jom
Bl st
|
=
[ Inodata
B viater

Perspectives H.S. of
Technology

— Highways

Sources: bl 2
US EPAEJScreen -
Amencan Community Survey al

Chicage Department US CDC 500 Cities : K -
) IDPH Vital Statistics ; Created by Office of Epidemiology, . R
of Public Health Various years combaned, 2011-2018 Chicago De partment of Public Health, January, 2020 S I | d e C red I'l' : E PA



CSX 132 acre (53.4 ha) site
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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)

Students served (2019) | 304
% low income 92
% homeless 14
% black 84
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Distance from highway to planting site 137 — 165 ft (42-50 m) Students served (2021) | 336
Distance from highway to school 180 ft (55 m) % low income 93
Annual avg daily traffic count (2019) 247,600 % homeless na
Annual avg daily heavy commercial -- 6+ tires (2020) 16,000 % black 991
School elevation compared to source Higher at 9.8 ft (3 m)
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Fantastic potential for hybrid!

(Graphic) Tong, Baldauf...et al., 2016, Science of The Total Environment (EPA)
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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
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VEGETATION BUFFER DESIGN AREA - Adequate Planting, No Planting (Possible), Constrained Planting
(On CPS Property)

: [30W batfer recommendation mat)

(15" needed tor circulation ard amergency access) fvariable d'mensions; playground, parking)

e mm————— Petential Buffer Extension, Beyond Area of Concern
i (150" minimum beyand exposure anea) . : .
| (Baldauf etal, 20008, 2014) r - - -IDOT Property, adjacent the schoal r - — -IDOT Property, adjacent to the playground
! | wimensions vanable, tapered condition) {dimension variable, tapered condizion)
! 1
I r = - - Adequate Planting Area 1 r = = - No Planting Area
: ' Wast of the school [ East of school
|
1
| I

i
: - = Constrained Planting Area
Behind/north of schoal | I
i i
| i
| I

I iLLINoIs

URBANA-CHAMPAIGN

|
Adequate (Supplemental) Planting frea, west edge of playground 300 minimu recommencatcn met)

Slide modified from McGuire, UIUC
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OFF-RAMP JENSEN SCHOOL OFF-RAMP VEG. BARRIER JENSEN SCHOOL
VEG. BARRIER " BUFFER
BUFFER N ~ - <! - N
TN S e AT
p e

i D00 000 000 000 000
LICIEE Lo Croie RO LECIL

LRI ORI R DN L

e LAIL

1Blave) ; School Building

@) .
1.; 1‘ .;
200 WALL + 20-30° VEG -~ b ——
{TREE ZONE) 30° WALL + 10' VEG
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| N — VARIABLE conmnon
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Slide modified from McGuire, UIUC
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Slide modified from McGuire, UIUC
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- 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
* NO, 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 Mobile & Stationary Vehicles:

BC, NO,, PM, CO & other parameters

| PELICAN

Slide credit: EPA



@iz, 3 World Forum on OUR TEAM & FUNDERS

Z«x Urban Forests

oy
ﬂi' Washington DC, 2023

Depave Chicago
g ThL%

ILLINOIS

uuuuuuuuuuuuuuu

I UNIVERSITY OF Arboretmtrclm YUHED

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

Toolkit developed by grant from the

Nordson Green Earth Foundation
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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 9/0TAQ

University of lllinois, 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 Maintenance
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A novel approach for
enhancing the effectiveness

of free-based systems

Presented by
Elizabeth Rogers'2

Chung-Ho Lin', Ronald Zalesny Jr.2
Mohamed Bayati'-3, Shu-Yu Hsu?

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

3Tikrit University
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Urban area dynamics during 1985~ 2015
at the global and continent scales.

o0
-
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- Urban area " | Africa [ Asia [ North America  _ -
"""" Linear regression B Australia Il South America
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Liu et al. Nat. Sustain. (2020)

/APho’ro Crédl’r: CUN+ Gro;dddfe Center



McCutcheon and Schnoor. Phytoremediation: Transformation
and Control of Contaminants. (2003)

* Urban phytoremediation

applications
-Wastewater remediation

Dimitriou and Aronsson. Unasylva (2005)

-Air pollution control
Podhaiska et al. Susfain. Cities Soc. (2023)

-Soil reclamation

Guidi Nissim and Labrecque. Urban For. Urban Green.
(2021)

 Effectively identitying and
prioritizing pollutants to
target is critical for designing
successtul systems
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The Problem: Fragmented Approaches to Identifying and
Prioritizing Contaminants

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

* An approach for comprehensively identitying priority pollutants to target with
phytoremediation efforts is urgently needed

Fragmented Approaches Standardized Approaches
Literatur
Regulatory
Lists \ ./ € O
— ‘
Toxicity Site-
Data ~ Specific

Data
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[ [
Objectives
— Develop a standardized method for pollutant identification
— j and prioritization
— Vv * Integrate a global metabolomics approach with toxicity

profiling

Use the developed approach to identity and
prioritize pollutants in landfill leachate and
contaminated groundwater
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Objective 1: Develop Standardized Method
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1is impact

UHPLC High-Resolution
Mass Spectrometer
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Step 1: Global Profiling Approach
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2 United Stat
) w4 w4 W 4 \"EPA Er?\lrifonmae:tsal Protection CTV
Agency Conditional Toxicity Value Predictor
- - - - An In Silico Approach for Generating Toxicity Values for Chemicals
TOXCAST
TOXCAST: EPA ToxCast Screening Continue

Library

Environmental Topics Laws & Regulations About EPA

ECOTOX Knowledgebase

1. Identify contaminants using global 2a. Collect toxicity data from public
metabolomics approach databases

2c. Prioritize contaminants to target with
remediation activities 2b. Integrate data using ToxPi
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Databases

ECOTOX database

In vivo toxicity data from
plants, animals

Environmental Topics Laws & Regulations About EPA

ECOTOX Knowledgebase Home Search

Parameters = Aquatic Terrestrial

All Chemicals +
All Effects +
All Endpoints +
About Search
All Species * Search is a great tool for retrieving data frc

exact parameters you want to search.

https://cfpub.epa.gov/ecotox

CompTox Chemicals
Dashboard

In vitro assay toxicity data

CompTox Chemicals Dashboard
Search 1,200,059 Chemicals

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

Conditional Toxicity

Value (CTV) predictor

Model-based /n silico
approach, generates
qguantitative predictions for
human toxicity values

CTV
Conditional Toxicity Value Predictor

An In Silico Approach for Generating Toxicity Values for Chemicals

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

/
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https://cfpub.epa.gov/ecotox/
https://cfpub.epa.gov/ecotox/
https://toxvalue.org/6-CTV/Cover.php
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Toxicological Prioritization Index (ToxPi) ToxP

* 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)

Rogers et al. 2021.

Scheme 2. (0.10) (0.10) (0.30) (0.50) J. Environ. Manage.
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Objective 2: Identify and Prioritize

Pollutants from Landfill Field Studies
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Landfill A

« 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

*  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

Wisconsin, USA

Information gathered from Brrts on the Web: State Cartographer’s Office. University of Wisconsin —
https://dnr.Wisconsin.gov/topic/Brownfields/botw.html Madison.
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Forward
Searching

List of contaminants
from the literature

(n = 150)

l

Search HRMS data
in XCMS Online

|

Putatively identify

candidates
(n = 21)

List of
Contaminants

| I .“ "

HRMS Data

Reverse Searching

|dentity features in HRMS
data using XCMS Online
(n > 90,000

|

Narrow Down List

(relative peak intensities, retention
time, available CASRN)

|

Putatively identify
candidates

(n = 909)
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Results: Ranked Contaminants

Distribution dot plot of ToxPi scores for 189
leachate and groundwater contaminants

Top 10 leachate contaminants
according to ToxPi analysis

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

200 175 150 125 100 75 5

Rank

0

25

Rank Name Uses/Sources Health Impacts
1 Clotrimazole pharmaceutical po’ren’rl.ol endocrine
disruptor
2 | Benzo[ghi]perylene | industrial byproduct not classified
animal carcinogen;
I 1,2,3- . : : !
3 ndeno[l,2,3 industrial byproduct possible human
cd]pyrene .
carcinogen
4 Flurandrenolide pharmaceutical dam'age to heart, liver,
kidneys, muscles
: liver damage, high
5 Fluoxymesterone pharmaceutical
blood pressure
possible carcinogen;
6 Canrenone pharmaceutical organ damage; toxic
to aquatic life
damage to
7 Ajmaline pharmaceutical cardiopulmonary
system
behavioral effects;
8 Clomipramine pharmaceutical possible aquatic
toxicity
asphalt, fossil fuels,
hicle exhaust . :
9 Benz[a]anthracene venicie exhaust, possible carcinogen

wood and soot
smoke

1N

nL\H VY NN I+:I‘t‘||

I I R I:'Fr\
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Example MS Spectrum Example MSMS
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HRMS Data Priori’ri.zed
Contaminants

Rank | ToxPi Score | Name
1 0.5867 Atropine methyl bromide
||| lll, 2 0.5846 | Fluorene
3 0.5546 Butylate
4 0.5527 Fluoxymesterone
5 0.5488 Pyrilamine
6 0.5449 Octylonium bromide
7 0.5201 3-Methyl-1,2-cyclohexanedione
8 0.5077 Benz[a]anthracene
9 0.4944 Dimethametryn
10 0.4943 DL-a-Lipoic Acid
11 0.4937 4-Biphenylamine
12 0.4928 Tulobuterol hydrochloride
13 0.4772 9-Hydroxyrisperidone
® ® 14 0.4771 Acarbose (Glucobay)
TOXI C I‘l'y D q ‘l'q 15 0.4714 Tropisetron
16 0.4708 raclopride
17 0.4680 Benzofuran
18 0.4646 Eletriptan
19 0.4616 Quinocide

I 20 0.4541 Felodipine

Community Priorities Design

Sample from
Contaminated

Site ® o ® Phytoremediation
(\mﬁ RN Systems
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Thank You!




Funding

Collaboration

Support

Great Lakes Ii
RESTORATION ’d

The Center for Agroforestry -y

University of Missouri

University of Missouri

e Chung-Ho Lin

* Mohamed Bayati
e Shu-Yu Hsu

« Zhentian Lei

USDA Forest Service
* Ron Zalesny

e Ryan Vinhal

w ®

WASTE MANAGEMENT

G
Ap

5557745006



Thank yovu

Elizabeth Rogers| University of Missouri, USDA Forest Service
Graduate Research Assistant, Pathways Intern
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P
i & S R
\?/ good and Agriculture & Nl
rganization of the w4 g?@&_f% ':_I—'
United Nations ArborDay @ POLITECNICO — e (Y



CEUs

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