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General view of the Flint River as it passes through downtown on March 17, 2016 in Flint, Michigan.
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North America's Waterways are
Getting Saltier. That's a Big Problem.

A salty chemical cocktail could make rivers and streams more corrosive,
leading to dangerous effects.
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ROAD SALT TURNS STREAMS TOXIC

July 29, 2008 | Environmental Policy | 1 Comment

U.S. rivers are getting saltier, potentially compromising drinking water

The bomb cyclone that hit the northeastern United States last ... could mean compromised drinking water akin to the crisis that struck
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Flint, Michigan, in 2014 when the city switched its water source ... F re S hwate r Sa I I n I zat I o n
Science - 10mon )
— An Emerging
U.S. Waterways Are Getting Saltier, With Possible Effects on Drinking Water
Streams and rivers across much of the U.S. are getting saltier and ... accelerated weathering of concrete. Saltier water is more corrosive
which can damage pipes and increasing the risk of lead enter... nVI ro n m e n a SS u e
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Local

The snow brought out the salt, which caused Montgomery’s
brown water

Contamination of
Drinking Water
Hits Home...

Brown water pours from an opened hydrant on Wednesday in Potomac, Md. Montgomery County residents have been making reports about it since
March. Officials blame salt and manganese. (Michael S. Williamson/The Washington Post)

By Katherine Shaver
June 17, 2015

If you live in Montgomery County and are wondering why your drinking water has taken on a brownish

tinge, blame the winter weather.

The water utility for suburban Maryland said the salt used to treat Washington-area roads and
sidewalks during the icy winter probably caused significantly higher levels of sodium chloride in the

Potomac River, which provides drinking water for the county.

The Washington Suburban Sanitary Commission (WSSC) suspects the levels — the highest seen in its
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Background

e Freshwater quality has changed in North America over 100 years

* Increased warming, salinization, and alkalinization of fresh waters
(e.g., Kaushal et al. 2005, 2010, 2013, 2014, 2017, 2018a,b,c)

* Freshwater Salinization Syndrome (FSS) is now a key feature of the
Anthropocene



Outline

1. Freshwater Salinization Syndrome (FSS)

2. Novel Chemical Mixtures as a Consequence of FSS

3. The Watershed ‘Chemical Cocktail’ Concept
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Human-Accelerated Weathering and River Alkalinization

- Patuxent River, Maryland, USA
-—Saddle River, New Jersey, USA
——Baltimore Drinking Water, Maryland, USA
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Human-Accelerated
Weathering

Photo Courtesy: Colin Delzel

Evolving Weathering In
Urbanized Watersheds
Over Time

Cities create a distinct urban geology

Kaushal and Belt (2012)

Weathering of “urban "’
eathering of “urban karst Kaushal et al. (2014, 2015)



Freshwater
Salinization
Syndrome on a
Continental Scale?

Increased pH and specific
conductance over 50 years

Kaushal et al. (2018a) PNAS
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ATMOSPHERIC INPUTS
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Outline

1. Freshwater Salinization Syndrome (FSS)

2. Novel Chemical Mixtures as a Consequence of FSS

3. The Watershed ‘Chemical Cocktail” Concept



Taking water quality with a
grain of salt — other
effects?
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Photos Courtesy: S. Kaushal




2. Novel Chemical Mixtures Are a Consequence of FSS
Experimental Salinization Experiments

Haqg et al. (2018) Biogeochemistry
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POBR (Forest)

MCDN (Agriculture)

BARN (Suburban)

GFGB (Suburban)
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Salinization Mobilizes Nitrogen in Streams
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A Dissolved Concentration (mg/L)
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NaCl Addition (g/L)
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GFGL (Suburban, 19% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	1.1999999999999997E-3	2.8000000000000004E-3	1.3999999999999985E-3	4.9999999999999992E-3	7.2699999999999987E-3	1.4000000000000002E-3	2.2699999999999998E-2	7.9000000000000008E-3	2.47E-2	2.7300000000000001E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-1.4000000000000019E-3	-4.5999999999999999E-3	6.9999999999999923E-4	1.67E-2	2.0999999999999977E-3	8.0000000000000002E-3	6.0999999999999978E-3	1.7500000000000002E-2	3.0300000000000001E-2	3.8100000000000002E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	9.000000000000008E-3	1.7000000000000015E-2	5.0000000000000044E-3	3.0999999999999972E-2	4.0999999999999981E-2	4.0999999999999981E-2	7.2000000000000008E-2	8.2999999999999963E-2	0.16399999999999998	0.15099999999999997	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	3.1399999999999997E-2	2.3599999999999996E-2	4.82E-2	4.02E-2	9.06E-2	8.2699999999999996E-2	0.19330000000000003	0.1754	0.39130000000000004	0.3614	0	0.5	1	2.5	5	10	





GRGF (Urban, 61% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	5.0421008777789891E-3	-6.2611370800808412E-3	-4.5566803462272765E-4	5.1265716048327914E-4	-4.8968431391749334E-4	-1.2078070087946369E-3	3.7419805945292775E-2	3.8343353758575768E-2	2.2249774048728806E-2	8.1401102473990933E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	1.3159300721621935E-2	-5.3129526172189384E-3	1.1906899512512739E-2	-1.7559526629234934E-2	1.0839251436447081E-2	5.5863788816113424E-3	2.1548862954648744E-2	3.114356827141098E-2	7.1372710475222742E-2	0.11422749574492852	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	5.9916291253430676E-3	7.5138545616960373E-3	1.1857330035775548E-2	-1.1939344254060763E-2	4.2601419257365686E-2	2.1083398519821189E-2	0.13130421472068071	0.100156708554131	0.12748057120613959	0.11707026323475278	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	1.8764733144793586E-2	1.058289865068001E-2	1.8603775678867451E-2	2.0156400959849177E-2	6.5572985108075119E-2	5.3988470959185755E-2	0.14732549715771182	0.1067760125087702	0.26767550939462159	0.21511596811150521	0	0.5	1	2.5	5	10	





SLIGO (Urban, 41% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	1.4700000000000001E-2	1.7000000000000001E-3	3.0000000000000003E-4	7.000000000000001E-4	3.3E-3	2.7000000000000001E-3	1.43E-2	2.9300000000000003E-2	4.7300000000000002E-2	9.1700000000000004E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-1.5299999999999999E-2	3.0500000000000003E-2	1.3599999999999999E-2	2.0500000000000001E-2	2.0500000000000004E-2	2.3800000000000002E-2	4.8600000000000004E-2	4.6199999999999998E-2	9.3300000000000008E-2	8.1000000000000003E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	3.2999999999999974E-2	3.3999999999999975E-2	5.5999999999999994E-2	5.1999999999999991E-2	8.500000000000002E-2	8.5999999999999965E-2	0.129	0.13099999999999989	0.19079999999999997	0.14959999999999996	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	9.0499999999999997E-2	9.2100000000000001E-2	0.14749999999999999	0.16210000000000002	0.39350000000000002	0.3851	0.60950000000000004	0.79509999999999992	1.8274999999999999	1.4491000000000001	0	0.5	1	2.5	5	10	





PB (Urban, 32% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	-1.9999999999999879E-4	3.0000000000000165E-4	1.1999999999999997E-3	-4.9999999999999351E-4	-2.5000000000000022E-3	-1.2999999999999956E-3	3.4700000000000002E-2	6.6599999999999993E-2	0.1089	0.10580000000000001	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-1.9400000000000001E-2	-1.7400000000000013E-2	9.5999999999999974E-3	2.4499999999999994E-2	-9.7000000000000003E-3	-2.3100000000000009E-2	5.6900000000000006E-2	1.9299999999999998E-2	0.11890000000000001	1.21E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	2.2999999999999993E-2	1.100000000000001E-2	2.2999999999999993E-2	2.0999999999999991E-2	5.099999999999999E-2	5.099999999999999E-2	9.2999999999999999E-2	8.7999999999999995E-2	0.18419999999999997	0.1744	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	5.7799999999999997E-2	3.8599999999999995E-2	8.8700000000000001E-2	5.7099999999999998E-2	0.1537	0.11659999999999998	0.32069999999999999	0.2676	0.62670000000000003	0.55159999999999998	0	0.5	1	2.5	5	10	





DRKR (Urban, 31% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	3.8000000000000048E-3	5.2999999999999992E-3	-1.4800000000000001E-2	-5.4999999999999979E-3	1.5000000000000013E-3	-1.6300000000000002E-2	4.8700000000000007E-2	4.1600000000000005E-2	0.10289999999999999	0.1008	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-2.529835426975427E-2	-6.429716884223613E-3	-1.4666825074023115E-3	1.0504052129322997E-2	-1.9632139277791477E-2	4.0377321824675017E-3	4.3634267176362318E-2	4.4074384454159996E-2	8.2834395610100794E-2	6.6456671355450789E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	3.337442305241739E-2	1.5571096469861045E-3	1.0977794209998004E-2	1.7545734634088372E-2	4.7839338842315504E-2	4.4330106003246578E-2	0.11167121974039271	8.0961213580340446E-2	0.2066153804819634	0.19621978712423754	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	5.4287674878831862E-2	4.6819753754294494E-2	8.7015318847159309E-2	4.699923100438369E-2	0.1600639380071458	0.10628337182035812	0.34109505705215126	0.25044690019856664	0.41608753028184797	0.44343215855807999	0	0.5	1	2.5	5	10	





GFVN (Suburban, 17% ISC, Baltimore USA)
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1. Freshwater Salinization Syndrome (FSS)

2. Novel Chemical Mixtures as a Consequence of FSS

3. Watershed ‘Chemical Cocktail’ Concept
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3. Chemical Cocktails are novel chemical combinations
transported in fresh waters due to shared hydrologic
flowpaths and increased biogeochemical interactions.
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Conductance as a Proxy for Chemical Cocktails
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Conclusions

1. Freshwater Salinization Syndrome (FSS) emerges
across local, regional, and continental scales

2. Novel chemical mixtures are a consequence of FSS

3. Watershed ‘Chemical Cocktail” approach can be
applied to understand changes in freshwater chemistry



Freshwater Salinization Syndrome: An Introduction

by Matthew Wright
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* https://www.youtube.com/watch?v=y-VCYHwpHmE&feature=youtu.be
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