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Largest PCE cleanup in the world winding down
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Superfund Sites: New Detroit River site added for threats of PCB, metal,
cyanide contamination



Great Lakes

RESTORATION

‘ Curing the ills of the past

$3.8 billion from FY 2010 to FY 2021
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34 cumulative
stressors

+ an expanded set of
challenges:

Habitat alterations
Coastal Development
Fisheries management
Invasive species

NPS runoff

Emerging contaminants
Climate change
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Iap Water Ban for Toledo Residents
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*~ 50 years later



Contents lists available at ScienceDirect

Journal of Great Lakes Research . ‘O!AG, LR

journal homepage: www.elsevier.com/locate/ijglr

Review

| TheGreen Bay
" Dead e

Areal Extent
O >50 sq. km
© 15-50 sq. km
o <15 sq. km

Form of Hypoxia

@® Hypolimnetic
® Over-winter
O Diel

© Episodic

Widespread prevalence of hypoxia and the classification of hypoxic
conditions in the Laurentian Great Lakes

Ghagk for
Opdates

Joshua M. Tellier ™*, Nicholas I. Kalejs?, Benjamin S. Leonhardt?, David Cannon”, Tomas 0. Haok <,
Paris D. Collingsworth *©

DISSOLVED OXYGEN CONCENTRATIONS IN LAKE ERIE 10.0
Ereliminary estimales of dissolved oxygen
concentrations (ing/L) in Lake Lrie during 9.0
September 7-11, 2005. 8.0
7.0
6.0
5.0
4.0
/ , 3.0
Black dots show sampling stations. Nole lhe large area
of bottom hypoxia (dissolved oxygen levels < 2 mg /L) in 2.0
the central basin. This layer ranged in thickness from 1-5 m ’
above the lake bottom (surface waters had sufficient oxygen). 1.0
Data were collected as part of the International Field Year on :
Lake Erie program, coordinated by scientists at NOAAS Great Lakes 0.0

Environmental Research Laboratory in Ann Arbor, M1
Sourcoe: IFYLE program, NOAA-GLERL
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Quagga mussels: 950 trillion tiny time bombs in our
lakes? 1o
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Acrew of governiment sclsntists
was meaguring water clarity
recently in Lake Michigan,
seversl miles offehore of
Frankfart, when they saw

something none had thought

Quagga mussels

|u:.~:-.||.:!-.—.

“The warer was gin clsar ... vou

contld gee g0 feet down,” sadd

Gary Fahnenstiel, 8 senior .__-'- i .1 S

enalogist at the Mational Ceeanic &E‘q ¥ 4. Apfll Mean Phﬂﬂplﬂn kton Abundance*
e —— (micrograms of chlorophyll per liter of water)

and Atmespheric

April 1998 April 2000 April 2005 April 2010

are- ecosystem ~ r oo
re-engineered t 10 s
3.0
2.2
1.6
1.4
1.2
09

877% decline in phytoplankton biomass 07
0.5

707% decline in phytoplankton primary production o

Chlorophyll - a, pg/L

500 million pounds of quagga mussels Lake Superior is now the 3rd clearest in the Great Lakes
= 4 X weight of all prey fish species
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https://projects.jsonline.com/news/2017/1/15/intro/oil-and-water.html

Eric Anderson & David Schwab
J. Great Lakes Res (2013)

& GLERL *-

NOAA - Greal Lakes Emvinonmental Research Laboratory

« Near-surface
* Mid-depth
* Near-bottom

10/03/1990 03:00
10.1 days after release

Simulated Sp||| trajectories — St. Mackinac — up to 20 days post spill
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h(eat The Great Lakes are awash in plastic. A new
““{\0“ { project is using trash-trapping technology to get
0 rid of it
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> 20 M pounds per year, ~1/2 to Lake Michigan & =

Emerging contaminants

pharmaceuticals, nanomaterials, pesticides, PFAS, personal care products, microplastics, etc




South Shors

Water Reclamation @

A8 Dutfall

pharmaceuticals

1.6 Jon Enst

1.6 ke Bomth

[

e.g. presence = input/persistence

Lake Michizan

Metformin (

3.2l Soorh

it

3.2 Jan Enst

s

Favility
Discharge (kg/year)
Metformin 6400
Caffeine 1700
Acetaminophen 450
Paraxanthine 450
Naproxen 200
Sulfamethoxazole 120
Sulfanilamide 120
Ofloxacin 100
Trimethoprim 90
Triclosan 90
Diltiazem 80
Ampicillin 70

o 7t most prescribed drug in US
e Highest input of any drug to environment

4

Main Gap 1 km
o ®

_|South Shore 1 km

re WRF

ISouth Shore Bkm

Yl

R South Shore 5 km

A

—County Line 1 km ounty Line 8km

County Line 5 km

km 5km 10 km 15 km

lodine-131 .
Short lived, Radioactive
~ 8 day half life



Climate change

ifth National Climate Assessment

Ve Y N

lake effect snow

OUR CHANGING PLANET

The ULS. Climate Change Science Program
for Fiscal Years 2004 and 2005

A Report by the
Climate Change Science Program and
the Subcommittee on Global Change Research

A Supplement to the President’s Budgets for Fiscal Years 2004 and 2005
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Qe Cireat Lakes Averade loe Cover
B

% lce Cover

+ 4-9 F. hotter
by 2090
warmer

+10-20% ppt -|
increase -
wetter

e

— 50-100% increased freq intense events

1910 1960 2010 2060

D. Lorenz UW-Madison 16



Ehe New $Jork Times

Want to Escape Global
Warming? These Cities
Promise Cool Relief

f & v = B =

Demographics will change

* Climate

* Freshwater
e Quality of life
* Jobs

All dependent upon a
healthy GL ecosystem

https://www.nytimes.com/2019/04/15/climat
e/climate-migration-duluth.html



& Great Lakes Decadal Science Strategy

Patterned after ocean plans, linked to regional plans

SCIEMCE AND TECHNOLOGY FOR
AMERICA'S DCEARS: A DECADAL
RUEATHTY

GHEA LAKES iy, —

SCIFNTF ST=ATHGY

A s by U

R ARTTRE 1 (AN SCERRCE AN TR LA
TOMPFITTEE O DNVIRONMENT
L T 5
THOHAL SCIRSCE & TRCHWOLOGN (I hl_lhlll

HOVEMEEE 101 e
N
e s e wlia

u

More than a century of cooperation protecting our shared waters IJC.ORG @IlJCsharedwaters 18



— JOIN THE DISCUSSION <«
An International Decade of Great Lakes Exploration and

Research
IAGLR/IJC-SAB Townhall meeting

White Paper

Development of a Comprehensive Science Plan for a
Decadal Scale, Binational Program of Great Lakes Research

April 20, 2021

Prepared fo

IJC Great Lakes Decadal Science Plan
Virtual Workshop Proceedings,
Appendix C Workshop Notes AT LAK

April 8-9 and 15-16, 2021

SAJEMLE = | HAIES

FOR THE NEXT DECADE

Great Lakes Science Strategy for
the Next Decade

April 26, 2022

Prepared for: International Joint Commission

2018-2022

Congressional briefing Jan 2022 %USGS

science for a changing workl

Binational Decadal Science Plan for

the Great Lakes U.S. Geological Survey Great Lakes Science Forum—
Summary of Remaining Data and Science Needs and

Ay,
|1C Science Advisory Board ! Next Steps
https://pubs.usgs.gov/o0f/2021/1096/0fr20211096.pdf

ait of thiv lita
il Burvey

INTERNATIONAL JOINT COMMISSION GREAT LAKES SCIENCE ADVISORY BOARD 20

GREAT LAKES SCIENCE STRATEGY

FOR THE NEXT DECADE

Wa
ial to the

re a binational,
gy for

million) annually for the nex

2 The |)C seeks

The Great Lakes region is becoming a highly sought-after place to live, work and play, almost entirely
because of the presence of nearly 20 percent of the world’s available fresh surface water. The

Great Lakes ecosystem, while resilient, is surprisingly fragile. The lakes are transforming rapidly

n response 1o climate change, far-reaching land use alterations, and the onslaught of emerging
stressors, Now mere than ever, the Great Lakes need cutting-edge science and surveillance to
anticipate and prevent these threats to protect the wellbeing of the 40 million residents who rely on
the lakes for drinking water and the region’s US$6 trillion (CDN$7.5 trillion) economy.

The framework for these essential science and surveillance needs is outlined in the IJC Great Lakes
Science Advisory Board's 2022 report (Science
Strategy). To implement the Science Strategy, the |JC's next steps are to create a detailed and
actionable basinwide Science Plan, The IJC calls on your participation to help make the Science Plan
areality.

The Science Plan will be a detailed and actionable
roadmap to accomplish the six priority areas

of the Science Strategy (see back). The )C is
convening coalition to prepare the Science Plan
with invelvement from governments, Indigenous
nation representatives, academia and tribal
colleges, nongovernment organizations and

others. The Science Plan will position Canada

and the United States to achieve the intimately
inked goals of a healthy, protected, and sustained
regional economy, environment, and high quality
of life for basin residents. The future of the Great
Lakes, and the generations to come that will
depend on them, depends on actions taken taday.

L ORGASABTGL SUENCES | RAIEGY.




Science Strategy Investment Priorities ~ $100M/y

1) Basic process research

More than a century of cooperation protecting our shared waters IJC.ORG @IlJCsharedwaters 20



2) Monitoring and long time series measurements

40
+ USGS A. All Data . b
35 » CanMinesRes n = 10271 N £ iaw
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0
1900 1920 1940 1960 1980 2000

Increasing stoichiometric imbalance in North America’s largest lake:
Nitrification in Lake Superior

Robert W. Sterner,' Eleni Anagnostou,” Sandra Brovold,' George S. Bullerjahn.,’
Jucques C. Finlay," Sanjeev Kumar,' R. Michael L. McKay,? and Robert M. Sherrell®

7/
154

Separating biological variability and noise
from long term trends like climate

. ; 4
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LVAW Ll Y TR
1920 1960 2000 today
Michigan-Fon lake levels last 100 yr
more details !
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B FOR SUESCRIBERS MEWST

Buoys are collecting a wave of data
on 'the pulse' of the Great Lakes. But
winter remains a mystery.
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3) Enhanced models and forecasting systems
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Decernber 16, 2016 snow accumulation: low

'&NCCOS 25 YEARS! ABOUT US  FACILITIES FUNDING RESEARCH & TOOLS MEWS a

NOAA Predicts Moderate to Larger than Moderate Harmful Algal Bloom for Lake Erie this
Summer

Lake Erie
10 4 Predicted bloom severity r
data to 2024-05-02

Heidelberg Univ.
NOAA:

8 NOSINCCOS
NWS/OHRFC

Lake effec
SNOW

— - - - - = — — —

Great Lakes Operational
Forecasting System

https://nccospublicstor.blob.core.windows.net/hab-data/bulletins/lake-
erie/2024/projection_2024_01.pdf

https://www.glerl.noaa.gov/res/glcfs/ncast.php?lake=mih =« - e e wa e



Top concern in scientific community
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and Centers of Excellence

N WY

.:..|'.,|:.h;;.|_.'_-;| iV f 'I Tl




k.“\_tis_'_ & ,..__—I Il.
1

- T |
kt{fFt) For Sat Oct 15 2011 &AM EOT
NG/ National Heather Sarvice
3 = al Ot a5 N EDT



Age, years

GL Assoc Science Ships (GLASS)

100
80 -

60

old

Gibralter 1l

40 -

Jackson

20 Lampsilis

Academic research fleet is small and aging
No ice-capable vessels

* No year-round operations

* No dynamically positioned

0 20 40 60 80 100 120 140
Length LOA - ft

23 University operated
RVs

https://canamglass.org/



REVIEW ARTICLE
10.1029/20211G006247

Special Section:
Winter limnology in a chang-
ing world

Key Points:

«  Winter limnology is a key knowledge
gap that limits understanding and
management of the Great Lakes and

Aatlhmawlavma mmncmsmallar fonmas Talrans

JGR Biogeosciences

The Changing Face of Winter: Lessons and Questions

From the Laurentian Great Lakes

Ted Ozersky' ', Andrew J. Bramburger’, Ashley K. Elgin’

, Henry A. Vanderploeg*

Jia Wang' (U, Jay A. Austin’, Hunter J. Carrick®, Louise Chavarie’, David C. Depew’
Aaron T. Fisk®, Stephanie E. Hampton®, Elizabeth K. Hinchey"’, Rebecca L. North"

Mathew G. Wells*

Guy A. Meadows"*
Arthur Zastepa®

, Marguerite A. Xenopoulos"
Melissa B. Duhaime", Ayumi Fujisaki-Manome'®

, Mark D. Rowe"

, Sapna Sharma'’

, Maureen L. Coleman** (7,
, R. Michael McKay'” 2,

, Michael R. Twiss”’, and

»




5) Science infrastructure and Centers of Excellence

New Coast Guard center to study
impact of oil spills in freshwater

* Ecosystem Model development, archiving, and operational management ol
* Indigenous and community knowledge, advancement and engagement
 Economic and socio-economic data collection and analysis

* Numerical modeling, forecasting, Al, and machine learning

* Advanced Analytical services — ‘Omics, PFAS, plastics, emerging contaminants . u
* Operational cooperatives - ships, AUV’s, ROVs ..
* Research coordination networks ;

 Communications, outreach, public engagement =

e Specialized Training centers
e Early warning systems and horizon scanning frameworks

TBD - Activities that require ongoing, long term commitments
beyond that of the typical 3-5 y research project




-. >200 Indigenous communities

g - g P g iy

E [y -"5'. s, N . :-
. P .. iy _. f % Jlgﬂ‘ Hk { _| \ ' . i ke Sipmn -:

> Climate Change

F Vulner dLlllll', J'J-bbESbIH'E'II
/ .-i W

Lake
[yl

i —ri— =

r

Z

E&um"ieh}
A ol
LR e
o
=
_ﬁ.,i. S0 07 o AT /T

S

Coernalagy

4
LILCEN T RUNELTTINT BN LA PR
Factual
Cbparntion
gt N
ﬁ‘l
Eeran g amg Poelicin o Leied U e
Tanparal
Crlnarabans
&1l e & "wal Hakegarantl Tusu Epmoys
Marigerrert
fysberms al I'
rzimal 2l e Welsnbac Fo-asHmark karimnl-g Cull.m Chacdip

e AR i\l

L)

vl iy h




From Strategy to Plan

Conceptualize Develop Strategy Draft and refine Final Strategy Develop Science
project: 2019 elements: 2020 Strategy: 2021 report: 2022 Plan: 2023-2025

¢ IAGLR town hall « Estimate  Two virtual « Joint Aquatic * Initiate
meeting: "A existing workshops: Sciences development of
Great Lakes investments in topical focus Meeting full-day a detailed
Decade of Great Lakes and session Science Plan
International . . . .
exploration ar % Established a Collaborative to guide the development of Science Plan. . accemble

Research” project

6 workshops 2024-2025 : Collaborative
. ggeanpc'ﬁ‘éfjs‘ * |dentify management & governance arrangements + Plan and
Board project » Articulate science gaps & identify workforce needs. implement six
. . workshops
* Estimate needed level of investment
o > Review and critique draft Science Plan ~
~<IAGLR — ~IAGLR
~JAGLR
\ — =

More than a century of cooperation protecting our shared waters IJC.ORG @l1JCsharedwaters 33



GL decadal science plan —
Desighed to avoid restoration in the first place



If we don’t study the mistakes of the future,

we are doomed to repeat them for the first time

Andrew Janssen, age 17, circa 2017
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