
Photo image area measures 2” H x 6.93” W and can be masked by a 
collage strip of one, two or three images.

The photo image area is located 3.19” from left and 3.81” from top of page. 

Each image used in collage should be reduced or cropped to a maximum of 
2” high, stroked with a 1.5 pt white frame and positioned edge-to-edge with 
accompanying images.

Joel Hoffman  (Hoffman.Joel@epa.gov), Erik Slawsky, 
Marie Russell, Kristen Cowan, Beth Haley, 
Hanna Jardel, David Dillon, Caitlin McConaghy, and 
Kristen Rappazzo

Benefits to human health from 
improving Great Lakes 
ecosystem services

Office of Research and Development
Great Lakes Toxicology and Ecology Division



1



2



3



Remediation to Restoration to 
Revitalization (R2R2R) Framework

To help transform 
remediation and restoration 
projects into sustainable 
revitalization of the 
surrounding community by 
maximizing the positive 
societal and environmental 
outcomes

4



Ecosystem Services

5 Angradi et al., 2016
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Williams and Hoffman 2021

fisheries.noaa.gov



R2R2R as a Social-Ecological System

• Ecosystem-based
• Ecosystem services ~ environmental quality, 

ecological health
• Beneficiaries
• Stakeholder engagement, data co-production
• Feedback loops

–Between Rs
–Adaptive management
–Social change

7
Hoffman and Williams, 2020
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“Thus, the result of environmental 
restoration and outcomes is ultimately 
social and cultural well-being, identity, 
and quality of life.”

Williams et al., 2022

epa.gov/enviroatlas

• Removing impairments will 
benefit the community

• Few empirical or synthesis
studies to demonstrate this

• Literature-reviews of existing 
health studies that are 
directly related to the 14 BUIs 

• Characterize array and 
magnitude of health benefits 

Research Goals



What are the public health benefits of addressing 
beneficial use impairments (BUIs)?

9

*
*

Beneficial Use Impairments Group
Degradation of Aesthetics 1
Loss of Fish and Wildlife Habitat 1
Eutrophication or Undesirable Algae 2
Restrictions on Drinking Water Consumption/Taste and Odor 
Problems

2

Beach Closings 2
Degraded Fish and Wildlife Populations 3
Fish Tumors or Other Deformities 3
Bird or Animal Deformities or Reproductive Problems 3

Restrictions on Fish and Wildlife Consumption 4
Tainting of Fish and Wildlife Flavor 4
Degradation of Phytoplankton and Zooplankton Populations 5
Degradation of Benthos 5
Added Costs to Agriculture or Industry 6
Restrictions on Dredging Activities 7



Improving 
Aesthetics of Green 
and Blue Spaces
• Address degradation

– Slicks, sheens, foams, 
colors, turbidity, odors, 
debris, litter

• Attract people to places
• Ultimately, improve ecological 

and human health
– Direct connection
– Indirect connection 

(via EGS)
– Cumulative and indirect 

effects

10
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Systematic 
Review
• Based on search terms
• Screening

– Exposure is 
aesthetics-related

– At least one health 
outcome

– Original study
• Extraction

– Study design
– Methods
– Exposure/Outcome
– Effect size

11

Slawsky et al., 2022



Results
• Evidence for positive effect of 

exposure to “natural” spaces
– Self-reported health
– Physical activity
– Alzheimer’s Disease
– Depressive symptoms
– Suicide mortality
– Mood/anxiety disorders
– Mental health (various tools)
– Wellbeing

• Evidence for negative effect to 
exposure to poor quality spaces

– Injury (litter)

• Multiple studies found weak or no 
effects

12

Slawsky et al., 2022



Russell et al., 202313

Impacts on Disease Transmission



Addressing 
Combined Sewage 
Overflows (CSOs)
• Relationship between rainfall 

and gastrointestinal (GI) illness 
is been well-studied but 
association varies widely

• CSO events likely mediate the 
association

• Extreme precipitation events 
are predicted to increase

• We conducted a 
comprehensive review of 
studies that investigated a 
potential association between 
CSOs and GI health outcomes.

14
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a) Average projected changes in 
annual precipitation by midcentury 
(2036-2065 relative to 1991-2020) 

b) Locations of permitted combined 
sewer outfall locations,20 grouped 
spatially by watershed subbasins, 
Hydrologic Unit Code 8

Russell et al., in review

CSOs Remain a Widespread Concern



Systematic Review

• Based on search terms
• Screening

– Exposure is CSO-related
– At least one health 

outcome
– Original study

• Extraction
– Study design
– Methods
– Exposure/Outcome
– Effect size16 Russell et al., in review



Review #2 – Combined Sewer 
Overflow and Gastrointestinal 
Illness• Related to algal blooms, drinking water restrictions, 
and beach closing impairments

• Actually searched on neurological and cardiovascular 
outcomes as well, but no papers identified

Russell et al., in review17

Results



Conclusions

Improved environmental quality can yield a wide 
variety of health benefits
• Aesthetics: potential for improved physical health, 

mental health, and reduced disease and mortality
• CSOs: reduced GI illness through recreation and 

drinking water pathways
• Our interdisciplinary team will continue to conduct 

systematic reviews and use the AOC program as 
case study

18
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