RISING SALINITY IN THE GREAT LAKES REGION:
ECOLOGICAL AND REGULATORY PERSPECTIVES
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SALINIZATION: WE
HAVE A SALT PROBLEM
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Chicaao Tribune NATIONAL

Road salt drives salinization of GEOGRAPHIC

lakes North America's Waterways are
Researchers express alarm about human health, Getting Saltier. That's a Big
ecosystems Problem

MOTHERBOARD

Road Salt is Turning North
America's Freshwater Lakes into
Saltwater

If current trends continue, many freshwater
lakes in the US and Canada will be too salty
for human use or acuatic life.
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Road salts reduce accident rates on

average by 87% and 78% on two-lane
and multi-lane highways, respectively



The need for road salts in the US
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Regions that get snow and ice contain
more than 70% of the roads and
almost 70% of the US population.

(US Federal Highway Administration 2017).



How much road salt is applied?
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is applied?

How much road salt
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t snow... it’s salt
Photo: B. Hintz
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Why so much salt?
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SPECIAL ISSUE-LETTER

Tributary chloride loading into Lake Michigan

Hilary A. Dugan'™,"* Linnea A. Rock >, Anthony D. Kendall? Robert J. Mooney '

ICenter for Limnology, University of Wisconsin-Madison, Madison, Wisconsin; zDepartment of Earth and Environmental
Sciences, Michigan State University, East Lansing, Michigan

« 1.08 Tg/yr = 2,380,992,431 pounds per year of chloride

* Year after year

e Other stressors
* Invasive species
e Climate change
* Other contaminants







How do we answer questions about salt pollution?




Large-scale experimental studies

Experimental food web

\g@

Filter feeders Grazers

,? (Zooplankton, clams) (Snails, amphipods, isopods) i

Phytoplankton = Macroalgae Periphyton

Nutrients & Sunlight




A loss of food resources for freshwater fishes in highly

contaminated systems

Low-salt control
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In our field studies, amphipods a highly preferred food item

for yellow perch

Yellow Perch
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Concerns with loosing certain species within an ecosystem

No-salt

High salt?

Slower growth,

smaller adults Fewer, smaller

offspring

Reduced availability of
quality food resources?




No road salt
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Rainbow trout growth: salt type matters
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Road salt reduces trout growth

After 25 days

High road salt

5
CENTIMETERS

What will/could/has
happened over the long- CENTIMETER
term to our fisheries?

Hintz and Relyea 2017, Environmental Pollution




CANADA

Chronic: 120 mg Cl-/L

UNITED STATES

Chronic: 230 mg Cl-/L

GERMANY
50 - 200 mg Cl-/L, “slightly
polluted”

200 - 400 mg Cl7/L, “moderately
polluted”

WATER QUALITY
GUIDELINES: FEDERAL

Chloride (Cl') thresholds applicable
to protecting freshwater
environments from salinization




STATE OF MICHIGAN

No water should exceed 500
mg/L of dissolved solids

Public water supply not to
exceed 125 mg Cl-/L

Great lakes and connecting
waters not to exceed 50 mg Cl-/L

4

WATER QUALITY
GUIDELINES: STATES

Chloride (Cl') thresholds applicable
to protecting freshwater
environments from salinization
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DO CHLORIDE
THRESHOLDS
PROTECT
FRESHWATER
ORGANISMS?
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The impacts of NaCl on the zooplankton-algal energy pathway

California, U.S. Eastern Canada & Europe
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More algae due to the loss of zooplankton grazers

47% of
Study Sites

J

Hintz et al., Proceedings of the National Academy of Sciences (2022).



CANADA
Chronic: 120 mg Cl/L CHLORIDE THRESHOLDS DO

NOT PROTECT ECOLOGICAL

COMMUNITIES IN MANY
UNITED STATES | akES

Chronic: 230 mg Cl-/L

GERMANY
50 - 200 mg Cl-/L, “slightly
polluted”

200 - 400 mg Cl7/L, “moderately
polluted”




Impacts on lake food webs
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Road Salt Impacts Freshwater Zooplankton at Concentrations below Current Water Quality Guidelines
Shelley E. Arnott*, Martha P Celis-Salgado, Robin E. Valleau, Anna M. DeSellas, Andrew M. Paterson, Norman D. Yan, John P Smol, and James A. Rusak

& Cite this: Environ. Scii Technol. 2020, 54, 15,
0308-9407

Publication Date: June 28, 2020 ~
https:/fdoi.org/10.1021/acs.est 0c02396
Copyright © 2020 American Chemical Society
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The susceptibility of key aguatic herbivores in Canadian Shield lakes, at low C|™ concentrations ranging from 5 to 40
mg/L, provides strong evidence that current water quality guidelines do not protect sensitive aquatic taxa.




Beyond the ecology... FEDNOH EORISE.

INFRASTRUCTURE,
CARS

v' $1,320 to $3,000 per ton of road
salt applied

v > 15 million tons applied each
year

v’ Estimates: $19.8 - $45 billion
v S1 road salt, $10 in damage

Vitaliano 1992. Journal of Policy Analysis and Management
Schuler, Canedo-Arguelles, Hintz, et al. 2019. Philosophical Transactions of the Royal Society
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| ECONOMIC COSTS |
TO OUR DRINKING |
WATER

In southern New York, 25 — 50% of
wells used for drinking water surpass
US EPA guideline of 250 mg CI/L

Costs to fix:
" $4.7 million (20 homes)
£3.2 million (500 homes)

Schuler, Canedo-Arguelles, Hintz, et al. Philosophical Transactions of the Royal Society
Kelly et al. 2018. Journal of Environmental Quality
French 2016. Politico



Value of water clarity

1 m of water clarity worth
USS140 million

Walsh et al. 2016 - Proceedings of the National Academy of
Sciences

THE UNIVERSITY OF
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Solutions to the problem?

Cover salt storage to
minimize runoff

Evaluate expectations
for levels of service

Calibrate
equipment to
& T prevent over
“ eyt application
II//
= Evaluate — ‘ 3 Best
! performance Management
after each storm X
j Practices
W -~ § - | Vary application
Road salts reduce accident rates on — e
average by 87% and 78% on two-lane ' st
. . . Use live-edge e
and multi-lane highways, respectively plows to Y i
remove more snow
Pre-wet
. o materials or apply
Hintz, Fay, and Relyea. 2022. Frontiers in Ecology quuids before storms

and the Environment




A collaboration to address salt pollution in

northwest Ohio

THE UNIVERSITY OF
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KEY TAKEAWAYS QUESTIONS?

v Road salts are changing the ecology and Contact: William.Hintz@utoledo.edu

functioning of freshwater ecosystems

v' Current “guidelines” may not protect N
many freshwater orgamsm R

and strategies to better p
waters from salt pollution

THE UNIVERSITY OF

TOLEDO



Use of Salt Solids (Metric Tons)

» ' :
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What about streams?

Stream Chloride Concentrations (mg/l)

m 0-1 B 10-100
Bl 1-10 B 100-1,000

B 1,000-10,000
O =10,000

Data from www.waterqualitydata.us.
Figure by Dr. Hilary Dugan, University of
Wisconsin



http://www.waterqualitydata.us/
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Impacts on lakes
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Let’s look at impacts of road salts on other species

Experimental food web

\@

Filter feeders Grazers

/Q (Zooplankton, clams) (Snails, amphipods, isopods) i

Phytoplankton = Macroalgae Periphyton

Nutrients & Sunlight
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Reduced
recruitment or
condition of
piscivores from
altered resource
abundance

Altered lake
hydrology
(e.g., lack of
seasonal
turnover
leading to
meromixis)

Reduced food
resources leads to a
reduction in the
growth and
recruitment of
forage fish

Release of
phosphorus
from lake
sediments

h Oxygen depletion in
hypolimnion

Lake Ecosystem

<

2

Road salt reduces
the diversity and
abundance of
zooplankton

Reduced grazing

'I

I pressure from large-
1 bodied zooplankton
I leads to

1

phytoplankton
blooms

1

Phytoplankton
blooms reduce light
penetration leading

to a reduction of
benthic primary
production in
addition to direct
effects of road salt

——

Reduced benthic
primary
productivity
reduces resources
for invertebrate
macroconsumers in
addition to direct
effects of road salt

—-——

Road salt




w8 OHIO RANKS # 3 IN
ea— | ROAD SALT USE

New York 758,677
Pennsylvania 746,160

Ohio 692,760 [ |
Tennessee 482,685 B - SER
Massachusetts 445,540 .. . _
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