BREATHE

Bridging Research, Equity, and
Asthma Through Healthy
Environments

& *® Cincinnati city of
uChildren’s CINCINNATI@

Monday Virtual
July 27, 2026 Microsoft Teams
1-2:30pm

What is
BREATHE?

A coalition of scientists,
community organizers, public
servants, and Cincinnatians
interested in improving air
quality in the region.

Using collaborative, data-

driven, systems-level
approaches to improving our
air quality and asthma rates
by addressing the City’s built
environment.

Vision: Quarterly meetings to
collaborate and learn about
air quality research and
actions to improve air quality
within the Cincinnati region.




* Introduction & Recap of April Meeting
« Coalition Victories

* Presentations

» Green Heart Louisville - Dr. Aruni Bhatnagar
* Metro - Nathan Groh

« Upcoming Events or Calls to Action
* Next Meeting Info



4/13/26 Meeting Recap

 Introduction & Recap of January Meeting
« Coalition Victories

* Presentations

e Cardinal Land Conservancy

« Greening Greater Cincinnati for Equity and Health
— Jessica Spencer

« Southwest Ohio Air Quality Agency — Ron Bitner &
Dawn Mays

« Upcoming Events or Calls to Action
* Next Meeting Info
* Air Monitor Show and Tell & networking




Coalition Victories

« City OES & CHD installed 28 additional purple
air monitors at CPS Schools. Intent is to have
each CPS school host one purple air monitor.

« RISE selected 4 new Communities & Teams
for Year 4 of the grant for 2026-2027

O ejsensors.com

 Reds Community Day at Winton Hills 7/23/26

o0 Reds community makeover to bring major changes
to Winton Hills - WLWT

Any Additional Victories?


https://www.ejsensors.com/
https://www.ejsensors.com/
https://www.wlwt.com/article/reds-community-makeover-winton-hills-cincinnati/71684007
https://www.wlwt.com/article/reds-community-makeover-winton-hills-cincinnati/71684007
https://www.wlwt.com/article/reds-community-makeover-winton-hills-cincinnati/71684007
https://www.wlwt.com/article/reds-community-makeover-winton-hills-cincinnati/71684007
https://www.wlwt.com/article/reds-community-makeover-winton-hills-cincinnati/71684007
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THE GREEN HEART PROJECT

Aruni Bhatnagar, PhD, Department of Medicine, University of Louisville
Christin_a Lee Brown Envirome Institute
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In England...

The rate of cardiovascular
mortality in least green areas was
twice that of greenest areas.




INCREASE IN CARDIOVASCULAR MORTALITY

15.3%
13.2% O
10.1% O
8.1% O
6.0% O
3.8% O
O
1 2 3 4

YEARS OF ASH BORER INFESTATION

Am J Prev Med 44.139. 2013



THE US NATIONAL CANCER INSTITUTE'S SURVEILLANCE. EPIDEMIOLOGY AND END RESULTS

(SEER) COHORT

Cohort of 5.529.005 individuals. 2.263.8/4 deaths

Warm Months NDVI

' I 0.83 @ NDVI Alone

All Cancer B NDVI with PM 2.5

oy

- . " Unstratified Full Cohort »
‘ 0.20 Low survivability :

‘ Medium survivability -

High survivability

Environ Int 15/. 2021



GREEN SPACES

Proximity to green spaces is associated with a decrease in cardiovascular mortality
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Many studies show that
proximity to green spaces
IS associated with a
decrease in all-cause and
cardiovascular mortality.







Residential distance to
greenness and urinary
VOC metabolites.
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Central
Hypothesis

s
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Exposure to neighborhood
greenery diminishes the risk of
cardiovascular disease by
decreasing the levels of

air pollution.




Neighborhood
Selection

Low to middle-income

Q@ @

Low tree canopy
High traffic

Q

Mixed race residents

@ @

Neighborhood goal —
IMmproving tree canopy




Community
Engagement

© Community advisory
board

© Community outreach
© Door-to-door canvassing

© Contacting area
businesses
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Hyperspectral Scan




LEAF AREAINDEX
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Fixed Site Air
Pollution
Monitoring




UFP (#/cc)

30-m median

B Q1 (1,800 - 4.600)

I Q2 (4.600-6,500)
Q3 (6,500 - 8200}

B Q4 (8.200 - 11,000)

B 11.000 - 100,450

[ Study Area (12 k)
® Swtonary sne
0  Restaurants

- Railload

Distribution of
Air Pollutants
In the Green
Heart
Neighborhood

Street type

w—— Expressway
Intersiate ramp
Mayor arterial
Primary collector
Minor anerial
Local

. Land use
_LOUISVILLE Resident sl

INTL Commercial
AIRPORT .

industrial
\ Parka/open space

Public space
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Map of 140 locations sampled from 2019-2021



Species Richness (q = 0)
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Relationship of Bird Species Richness with

Vegetation and Air Pollution

NDVI (50 m)
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Relationship of Pollution and Greenness with Bird Stress
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Sleep Efficiency

90%

85%

80%

75%

Barometric

PM, Humidity Temperature co, Pressure Noise
|1 p=0.0671 p=0.8349 p=0.0187 p=0.0094 p=0.2175 p<0.0001
k
T * * *
* * k
k * E 3
| * *
I *
* %
12345 12345 12345 12345 12345 12345



CARDIOVASCULAR EXAM

Blood Pressure, Lipids, Obesityand Diabetes

Cardiovascular disease risk, biomarkers of cardiovascular injury



Psychosocial
Evaluation




Planting the first

tree




Transplant large trees
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Current
Condition

Normalized Concentration
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C-Clusters
20,148 Trees

T-Clusters

6,108 Trees
+ 8,425 Evergreen Trees
+ 630 Deciduous Trees



42 species of evergreen trees from
5 different families

© Pinaceae © Aquifoliacae

© Cupressaceae © Magnoliaceae

“ Taxaceae

Deciduous tree families

© Dogwood
© Oak

© Serviceberry



Green Heart composite figure: NDVI and land surface temperature
Panels show clustersevel NOVI, ALST relative to 2021, the NDVI-LST association, and group-level NDVI trajectories

A Cluster-level NDVI

NOVT by Cluster, 2022-2025
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C NDVI-LST regression

Relative greenness versus relative temperature

@ Control
3 4 L B Intervention

L5T dewiation from annual mean {(*C)
[ =]

=0.08 =06 =.04 =0.02 0.00 0.02 0.04 0.06
MOV deviation from annual mean

A 0.38 C lower LST per 0.01
higher NDVI, p < 0.001

NDVI = normalized difference vepetation index; ALST = land surface temperaiure change. All summaries are based on clusterievel summer comg



GREEN HEART TIME LINE

Qutcome: high-sensitivity C-reactive protein (hsCRP)

Data Collected: biological samples, CVD risk assessment, lifestyle factors

2013 [2019 ] 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 |

Clinical Exam Wave 1 Wave 2 Wave3 Wave4 Wave 5 Wave 6
Air Pollution ~ XXX XXX XXXX XXXX XXXX  XXXX  XXXX  XXXX  XXXX XXX
X X X
Temperature X X X X X X X X X
Noise X X X X X X X X X
Light X X X X X X X X X X
Planting Replacement as needed
LIDAR+ X X X X

Engagement X X X X X X X X X X X X



BASELINE DEMOGRAPHICS

Observations:

Baseline: //5

Post-Greening
(2022): 380

Post-Greening
(2023): 427

Categorical Variable | Total n (%) Control Treatment
N 775 473 302
Sex
Female 466 (60.1) | 275 (58.0) 191 (63.3)
Male 309 (39.9) | 198 (41.9) M (36.8)
Race
NH White 613 (79.1) | 353 (74.6) | 260 (86.1)
NH Black 121 (15.6) 91 (19.2) 30 (9.9
Other 41 (5.3) 29 (6.) 12 (4.0)
Income
<$45,000 399 (51.5) | 246 (52.0) | 153 (50.7)
>$45,000 376 (48.5) | 227 (48.0) | 149 (49.3)
Education (n=624)
< High School Diploma | 234 (30.2) | 150 (31.8) 84 (27.8)
Some College 288 (37.2) | 184 (39.0) | 104 (34.4)
> Four -year 252 (32.6) | 138 (29.2) 114 (37.8)
degree
Continuous Variable- mean (SD)
Age (years) 48.7 (12.8) | 48.9 (12.7) | 48.4 (13.0)
BMI 30.3 (7.3) 30.8 (7.4) 29.5 (71
hsCRP 3.6 (4.6) 3.6 (4.5) 3.6 (4.6)




‘m\ EFFECT OF THE GREENING INTERVENTION
TODAY

hs-CRP
Overall Treatment effect 10—
-22.7% (95% CI: -33.9, -9.6)
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OBSERVATIONAL ANALYSIS

: - . : hs-CRP
« 790 unigue participants recruited in the
summer months 0_ .........................................
« NDVI-LANDSAT at 30-meter 10+
resolution, yearly summer average -
s
©
« 4 visits from 2018 thru 2023 s 1 ¢ *
32
¢« % Changein hs-CRP per O.1 increase in -30-
NDVI.
-40

T T T
200m 500m 1km




Geometric mean CRP concentration (mg/L)
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-4~ Men Lancet 375, 9709, 2010
—- Women

The decrease in CRP levels
& upon greenness is equal to a 7
year decrease in age

I I I | I I I
30 40 50 60 /0 30 90

Mean age within 5-year bands (years)



TheNature @
SILSSIEIGY O, = Total Project Cost

$8.9M  $8.2M $22.1M

NC STATE
UNIVERSITY
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- Creating healthier cities
_— of tomorrow

New ways to prevent chronic
disease

New way to decrease air pollution

Development of new urban
policies, guidelines, building codes

A new model of healthy, urban
living that could be replicated
worldwide
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Issues in Toxicology

Edited by Aruni Bhatnagar

Environmental Cardiology

ELEMENTS
B OF NATURE




Thank you.

Aruni Bhatnagar, PhD

Department of Medicine,
University of Louisville
Christina Lee Brown Envirome Institute
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METRO FLEET — BEBs and Hybrids

BEB, hybrid, and geofencing work underway | July 2026

metro

your way to go




BATTERY-ELECTRIC BUS
PROGRAM

Building the operating foundation before scaling the fleet




Battery-electric buses: what Metro has put in motion

20,160

BEB miles operated year-to-date diesel gallons avoided estir_nated CC_)ze avoided.vs.

equivalent diesel operation
. . Depot

6 GILLIG battery-electric buses on site — 7 more charging

coming

The charging program is designed around overnight Launch footprint

depot charging, six 180 kW chargers, and 18 overhead 6 buses

dispensers. 6 chargers at 180 kW each

. . . 18 overhead dispensers
The early work is about proving the daily process:

charge, dispatch, recover, maintain, and measure.

3. metro

your way to go




BEB launch work is operational, not just technical

Vehicle Charging Maintenance Operator Service
readiness readiness training training fit
Depot power, High-voltage safety, Charging Range testing, route

Pre-delivery checks,

p charger lockout/tagout, connection, range matching, operator
fault tracking, and .o - .
. commissioning, incident response, awareness, and bus confidence, and
vehicle acceptance. . . . . . .
reels, and uptime. and diagnostics. handling differences. recovery planning.

The launch gives Metro a way to learn where BEBs fit best and where
constraints are.

That learning matters before larger capital decisions are made.

metro

your way to go




HYBRID FLEET SCALE-
UP

Cleaner operation with familiar fueling, service, and dispatch
practices




A practical transition is already underway

413 MT 144 k+

estimated COze avoided vs. hybrid coaches in service LTD hybrld ZE-mode miles
equivalent diesel operation

Metro is testing cleaner propulsion in real service ) )

The work is being tied to maintenance, charging,

operator training, route planning, and emissions brnleneT

accounting. Scale-up
Geofenced operation

Geofencing gives Metro a way to use hybrid electric-

mode capability more deliberately where it matters

most.

’. metro

your way to go




Hybrids are already producing measurable electric-mode operation

403,872 39,388 10%

share of hybrid miles in full-electric

total 2026 YTD hybrid miles 2026 YTD electric-mode miles mode
2026 YTD PERFORMANCE
Total hybrid miles D 403,872 Hybrid buses allow Metro to reduce fuel use
and emissions while leveraging existing fueling
Electric-mode miles ] 39,388 and maintenance infrastructure.

Fuel-mode e P 364484

As more coaches arrive, the value of tracking
electric-mode performance grows.

The current YTD hybrid estimate indicates approximately $26k in fuel savings

and 130 metric tons of CO,e avoided versus an equivalent diesel operation.

metro

your way to go




The hybrid program creates a bridge between today’s fleet and tomorrow’s fleet

Diesel baseline Hybrid fleet
Known routes Lower fuel use Zero-emission
) ) operation
Known fueling Electric-mode
miles Depot charging
Known
maintenance Geofencing Route-fit learning

The bridge is important because Metro must still deliver service every day as the technology mix evolves.

Hybrids give Metro a scalable, lower-risk step that can support emissions goals while BEB infrastructure and
operating practices mature.

; metro

your way to go




GEOFENCING

Using hybrid electric-mode capability where it has the highest
operating value




Geofencing turns electric-mode miles into a targeted operating tool

Geofencing defines zones where the bus should prioritize quieter, lower-emission operation.

( ) ( )
O — O
\_ J \_ J
Downtown Hospitals / Transit centers /
core campuses layover areas

The value is deliberately placed electric-mode miles.

3‘ metro

your way to go




How geofencing can help Metro

Public-facing benefit Quieter curbside operation and reduced street-level exhaust.
Operational benefit A repeatable way to prioritize EV operation.
Cleaner before-and-after comparisons.

Planning benefit Evidence for where future BEB service or hybrid deployment should be prioritized.

Goal: treat geofencing as a measurement, not just a software feature.

metro

your way to go




The work is measured with a common scorecard

Reliability

Pull-outs made kWh per mile
Road calls MPG by mode
Charger uptime Fuel gallons
avoided

CO,e avoided

Local pollutant
proxy

Electric-mode
share

Maintenance

DPF / regen
burden

Fault frequency

Labor impact

Customer /
public

Noise-sensitive

Zones

Curbside
exposure

Visibility

The scorecard gives our leadership a clearer basis for future decisions on fleet, infrastructure, and policy.

metro

your way to go



Near-term roadmap

Establish Improve Optimize Decide

Use data to refine BEB Use operating results to

Launch the first 6 BEBs routes Refine existing hybrid inform future bus
into service. ) zone boundaries. procurements, route
deployment, staffing,

Track hybrid fuel

Complete charger I . Identify additional and training.
commissioning, training LAl T locations where
’ ’ mode performance. .
and emergency geofencing could Scale each technology
response preparation. . S provide an operational, where it performs well,
Gl =Tl AT environmental, or rather than applying a
Establish reporting with buses, charging, community benefit. single solution across

training, or maintenance. .
= the entire system.

The goal is disciplined scaling: prove the operating model, measure the benefits, and
then expand where the data supports it.

metro

your way to go




QUESTIONS?

Nathan Groh
Alternative Fuels Program Manager
Cincinnati Metro
Email: nathan.groh@go-metro.com




Upcoming Events

. October 2026: RelLeaf is giving away 1000 trees,
celebrating with a Night in the Trees
. October 2026 — second Miyawaki Forest to be

installed in Camp Washington with Taking Root, Cincy
Parks, and others

. October 27: Let's Grow Local Madisonville



https://takingroot.info/working-to-bring-mini-forests-to-greater-cincinnati/
https://takingroot.info/working-to-bring-mini-forests-to-greater-cincinnati/
https://www.cincinnati-oh.gov/cincyparks/news/lets-grow-local/

Upcoming Meetings

Q4: Monday, September 28

In person, at Cincinnati Zoo & Botanical Garden
More info to come soon
Let us know if you are interested in speaking!

Interested in hosting a meeting or field trip? Let us know!
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