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Establishing a Science Partnership to 
Support Understanding of the 
Freshwater Salinization Gradient in the 
Metropolitan Washington, D.C. Region

What is the problem? Freshwater salinity is rising across many regions of the United 
States and globally - a phenomenon called the “freshwater salinization syndrome” 
(FSS). This syndrome can:
1. Mobilize chemical constituents previously sequestered in streambed sediment,
2. Alter the structure and function of soil, stream, and riparian ecosystems, and
3. Impact regionally important drinking water supplies

Why should MWCOG care? FSS impacts on drinking water supplies, stream biota 
and stream health have been documented throughout the MWCOG region. These 
impacts are expected to continue and may only be mitigated by applying knowledge 
about ion sources, transport, and transformation to management strategies.

What is our vision? To develop a partnership between scientific agencies working on 
FSS research in the MWCOG region that can lead to a better understanding of FSS 
sources, impacts, and effective management strategies.
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Local studies are
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Synthesizing this knowledge is needed to understand and manage FSS in the MWCOG region
3



Establishing a Science Partnership to 
Support Understanding of the 
Freshwater Salinization Gradient in the 
Metropolitan Washington, D.C. Region

A collaborative scientific partnership is needed to address a complex, regional issue…

Local studies are
needed to understand ion 
sources and flow paths

Rainfall

Deicers

Home use

Experimental treatments 
are needed to evaluate 
impacts and mechanisms

Synthesizing this knowledge is needed to understand and manage FSS in the MWCOG region
4

Monitoring 
networks can 
characterize 
patterns over 
time and space 



Work is currently underway to assemble a 
comprehensive dataset of specific conductance 
and ion data in the COG region.

The research team will target initial efforts at sites 
that are “well known” (USGS, OWQML, UMD 
stations) and then expand focus to other locations.

D1a (USGS leads, Year 1): compile continuous and discrete 
ion monitoring data (initially from the USGS, OWML and 
UMD) across the COG region into a single data file, explore 
additional datasets (DEQ, DNR,..) to ultimately include
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Compilation of available data yielded results from 
606 sites within the MWCOG Area

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Annual sample counts for ions have increased over time, particularly in the last 2 decades

Measurements of Specific Conductance are much more common

7This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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8This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Most sites have < 10 unique samples

Overall, result counts are relatively well 
distributed across the area

9This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Specific conductance

10This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Nitrate

11This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Chloride

12This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Sodium

13This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Calcium

14This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Magnesium

15This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Potassium

16This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Sulfate

17This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Silica

18This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



Is additional monitoring needed?

19This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 
U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



D1b (USGS leads, Year 1): compile and synthesize 
existing information on ion monitoring and SC data 
trends in the COG region and compute summary 
statistics at COG monitoring sites

Specific conductance trends have been 
computed in the COG region as part of 
multiple water-quality studies.

Specific conductance increased in 13/14 headwater 
Fairfax County streams between 2008 – 2018!
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Increases in SC have been observed in discrete sample and continuous 
data across Fairfax County… 

SC increased 2-3% at from 2008-2018

Porter and others, 2020

SC increases were most prevalent in spring and fall
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SC and Cl increase South to North, with impervious cover, and over time… 

Moore and others, 2020

SC

Cl
Cl trends in Mid-Atlantic
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SC and ionic composition has changed significantly over the past 4 decades 
in Difficult Run… 

Webber and others, in prep

Plot of average annual specific conductance for water-quality samples collected from 
the Difficult Run streamgage (USGS station ID 01646000) between 1979 and 2018.

Boxplots of specific conductance, sodium, and chloride from water-quality 
samples collected throughout Fairfax County watersheds in 1977 and 
from Difficult Run (USGS station ID 01646000) between 2011 and 2018.

Average annual SC has tripled since 1979

Summer baseflow Na and Cl have doubled since 1979

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is 
provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting 
from the authorized or unauthorized use of the information.
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In summary…

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is 
provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting 
from the authorized or unauthorized use of the information.

• SC and ion data from the region have been compiled and summarized
• A spatially and temporally rich dataset is available
• Suitability for future analyses is question dependent

• Available information about trends in SC and ions has been compiled
• SC and ions are increasing

• Over time
• With increasing impervious cover
• Along a South to North gradient

• Additional analyses of trends could be pursued with available data
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Rising Specific Conductance in the Occoquan 
Reservoir

26This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Rising Sodium in the Occoquan Reservoir

Bhide, S.V. et al. (2021) Addressing the contribution of indirect potable reuse to inland freshwater salinization. 
Nature Sustainability. https://doi.org/10.1038/s41893-021-00713-7

27This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.

https://doi.org/10.1038/s41893-021-00713-7
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This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Bhide, S.V. et al. (2021) Addressing the contribution of indirect potable reuse to inland 
freshwater salinization. Nature Sustainability. https://doi.org/10.1038/s41893-021-00713-7

Challenge 1: salt is added all along the flow path

32This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.

https://doi.org/10.1038/s41893-021-00713-7


Challenge 2: different sources dominate at different times

33This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.

Bhide, S.V. et al. (2021) Addressing the contribution of indirect potable reuse to inland 
freshwater salinization. Nature Sustainability. https://doi.org/10.1038/s41893-021-00713-7

https://doi.org/10.1038/s41893-021-00713-7


Low Flow (2.6 m3 s-1) Median Flow (6.9 m3 s-1) High Flow (31 m3 s-1)

Flow in the tributaries to the Occoquan Reservoir

Challenge 2: different sources dominate at different times

34Bhide, S.V. et al. (2021) Addressing the contribution of indirect potable reuse to inland 
freshwater salinization. Nature Sustainability. https://doi.org/10.1038/s41893-021-00713-7

This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.

https://doi.org/10.1038/s41893-021-00713-7


Challenge 3: salt inputs are tied to human behavior

35This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Challenge 3: salt inputs are tied to human behavior
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Human excretion

Water Treatment
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36This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Challenge 3: salt inputs are tied to human behavior

Grant et al., in prep.

Along the flow path

37This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Challenge 3: salt inputs are tied to human behavior
Along the flow path

38Grant et al., in prep.This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Challenge 3: salt inputs are tied to human behavior

Soaps Detergents

39Grant et al., in prep.This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Challenge 3: salt inputs are tied to human behavior
Na/Cl ratio peaks during the falling limbs of the 
sewer hydrograph (in the middle of the night to 
early morning) reflecting human behavior + 
transport through the sewer network)

A B

CD

40This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



One way to address the three challenges: 
integrated models of salt sources & transport
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TTD=transit time distribution, tracks evolution of age distribution with time
41This information is preliminary and is subject to revision. It 

is being provided to meet the need for timely best science.
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42This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.
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44This information is preliminary and is subject to revision. It 

is being provided to meet the need for timely best science.



Freshwater Salinization Syndrome along 
Stormwater Flowpaths

What are the regional trends?  
~John, Jimmy, & Andrew

What are the diverse sources and 
levers of change?  
~Stan

~What are the impacts, mechanisms, 
and frameworks? 
Sujay

45This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



How Does Freshwater Salinization Syndrome 
Impact Stormwater BMPs?

• Are there critical thresholds in concentrations of road 
salt ions (Na+, Ca2+, Mg2+) that mobilize nutrients and 
metals in stormwater BMPs? 

• How much do road salt ions increase pulses of metals 
and nutrients in urban streams and stormwater
BMPs?

Acknowledgements:  Chesapeake Bay Trust and COG 46This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

NaCl  Addi ti on ( g/L) NaCl  Addi ti on ( g/L) NaCl  Addi ti on ( g/L) NaCl Addition (g/L) 

Kaushal et al. (2018b) 
Philosophical Trans. Royal Society

Duan and Kaushal (2016)  
Biogeosciences

Haq et al. (2018)  
Biogeochemistry

Salinization 
Mobilizes 
Metals and 
Nutrients to 
Streamwater

47This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.
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NaCl Addition (g/L)

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)



Mn	0	0.5	1	2.5	5	10	0	0	-2.9999999999999472E-4	-3.9999999999999758E-4	1.0000000000000286E-4	-8.000000000000021E-4	4.0000000000000452E-4	3.0000000000000165E-4	3.6600000000000001E-2	3.5499999999999997E-2	0.10819999999999999	0.1069	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	1.9299999999999998E-2	-1.1799999999999998E-2	1.4899999999999997E-2	-1.6899999999999998E-2	1.67E-2	4.0000000000000036E-3	3.1E-2	2.4800000000000003E-2	7.9200000000000007E-2	0.1176	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	4.0000000000000036E-3	9.000000000000008E-3	7.0000000000000062E-3	1.0000000000000009E-3	5.1999999999999991E-2	2.7999999999999997E-2	0.13399999999999998	7.9999999999999988E-2	0.14519999999999997	0.14759999999999998	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	1.2999999999999998E-2	1.26E-2	2.1100000000000001E-2	1.9599999999999999E-2	5.8300000000000005E-2	5.4200000000000005E-2	0.14810000000000001	0.1094	0.29449999999999998	0.26300000000000001	0	0.5	1	2.5	5	10	





GFGB (Suburban, 15% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	-2.9999999999999472E-4	-3.9999999999999758E-4	1.0000000000000286E-4	-8.000000000000021E-4	4.0000000000000452E-4	3.0000000000000165E-4	3.6600000000000001E-2	3.5499999999999997E-2	0.10819999999999999	0.1069	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	1.9299999999999998E-2	-1.1799999999999998E-2	1.4899999999999997E-2	-1.6899999999999998E-2	1.67E-2	4.0000000000000036E-3	3.1E-2	2.4800000000000003E-2	7.9200000000000007E-2	0.1176	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	4.0000000000000036E-3	9.000000000000008E-3	7.0000000000000062E-3	1.0000000000000009E-3	5.1999999999999991E-2	2.7999999999999997E-2	0.13399999999999998	7.9999999999999988E-2	0.14519999999999997	0.14759999999999998	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	1.2999999999999998E-2	1.26E-2	2.1100000000000001E-2	1.9599999999999999E-2	5.8300000000000005E-2	5.4200000000000005E-2	0.14810000000000001	0.1094	0.29449999999999998	0.26300000000000001	0	0.5	1	2.5	5	10	





MCDN (Agricultural, 0% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	-1.8500000000000003E-2	-4.4899999999999995E-2	-1.1800000000000005E-2	-9.1999999999999998E-3	-1.9100000000000006E-2	-4.6999999999999993E-2	1.5899999999999997E-2	-2.8999999999999998E-3	9.6299999999999983E-2	6.7100000000000007E-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	-1.2200000000000003E-2	3.1000000000000055E-3	-5.0999999999999934E-3	6.069999999999999E-2	-2.3300000000000001E-2	-1.5799999999999995E-2	4.6100000000000002E-2	8.6899999999999991E-2	0.13469999999999999	7.2499999999999995E-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	3.9500000000000007E-2	5.3999999999999992E-2	7.0500000000000007E-2	7.8000000000000014E-2	0.13950000000000001	0.14599999999999999	0.23050000000000001	0.24100000000000002	0.38050000000000006	0.39500000000000002	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	1.4699999999999998E-2	1.6799999999999999E-2	2.52E-2	2.58E-2	6.0099999999999994E-2	5.8900000000000008E-2	0.13270000000000001	0.13779999999999998	0.2823	0.2954	0	0.5	1	2.5	5	10	





NERP (Urban, 29% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	1.2400000000000001E-2	8.6999999999999994E-3	4.2799999999999998E-2	-1.0100000000000001E-2	1.3400000000000002E-2	1.6799999999999999E-2	2.3100000000000002E-2	2.1899999999999999E-2	0.10979999999999999	9.5399999999999999E-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	-4.2999999999999997E-2	-1.3100000000000001E-2	-4.2099999999999999E-2	9.3000000000000027E-3	2.9200000000000004E-2	1.89E-2	0.05	4.4300000000000006E-2	9.3800000000000008E-2	9.169999999999999E-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	3.2000000000000001E-2	4.6000000000000013E-2	0.06	5.7000000000000023E-2	8.3000000000000018E-2	6.5000000000000002E-2	0.1444	0.13589999999999999	0.18100000000000002	0.17100000000000001	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	0.10589999999999999	0.10449999999999998	0.1769	0.15049999999999999	0.4829	0.29350000000000004	0.82889999999999986	0.73050000000000004	1.5249000000000001	1.7954999999999999	0	0.5	1	2.5	5	10	





CC (Urban, 27% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	-1.5E-3	-1.0999999999999998E-3	-6.9999999999999988E-4	-7.9999999999999971E-4	7.9000000000000008E-3	-6.9999999999999988E-4	7.7000000000000002E-3	5.8000000000000013E-3	3.2500000000000001E-2	2.3200000000000002E-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	-2.7999999999999987E-3	5.4999999999999997E-3	-3.3999999999999985E-3	2.76E-2	5.400000000000002E-3	5.3999999999999999E-2	1.9800000000000002E-2	2.5000000000000001E-2	3.2000000000000001E-2	3.8200000000000005E-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	-5.0000000000000044E-3	7.0000000000000062E-3	0	1.3000000000000012E-2	1.999999999999999E-2	1.8000000000000016E-2	3.1799999999999995E-2	3.8599999999999995E-2	5.2999999999999992E-2	7.0800000000000002E-2	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	-2.7699999999999999E-2	2.6299999999999997E-2	1.4700000000000005E-2	5.0599999999999999E-2	5.3300000000000007E-2	8.2900000000000001E-2	0.14850000000000002	0.18489999999999998	0.3493	0.40289999999999998	0	0.5	1	2.5	5	10	
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Kaushal et al. (In Review) 48This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Experimental Design & Examples of Study Sites

Bioswale #1

Bioswale #2

Bioretention #1

Bioretention #2

In addition, stream restoration/floodplain reconnection sites 
Courtesy Joseph Galella 49This information is preliminary and is subject to revision. It 

is being provided to meet the need for timely best science.



Collect sediment and water from 
stormwater management feature

Add salts (NaCl, CaCl2, & MgCl2) at varying 
concentrations and incubate on shaking 

table for 24 hours

Analyze for major and trace 
elements, organic / inorganic carbon 

and nitrogen 
50Courtesy Joseph GalellaThis information is preliminary and is subject to revision. It 

is being provided to meet the need for timely best science.



Broader Impacts 7

Retention and Release of 
Salts and Metals in Different 

Stormwater Management 
Features

Photo courtesy of Kelsey Wood (2019)

Hold the Salt:  How Much Can Be Retained in Sediments?

51This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



High Capacity for Sodium Retention in Restored Stream 
Floodplain Sediments 

Desorption

Retention

Release
Retention

52This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.
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High Capacity for Sodium Retention in Regenerative Stormwater
Conveyance Sediments 

Retention!!

Desorption!!
Mobilization

Retention

53This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Different salt 
ions pose 
different risks

54This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.
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• Increased salt concentrations mobilize nitrogen and organic carbon
• Different salt ions can change magnitude of mobilization

What are thresholds 
for nitrogen 
mobilization?

How much nitrogen is  
mobilized? 

What are the effects of 
different road salt 
ions?
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Courtesy Joe Galella 55This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Photos Courtesy:  Kelsey Wood 56This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



There can be 
some recovery 
in water quality 
depending on 
amount of  
road salt use

Kaushal et al. (In Review) 57This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Year 1 Monitoring
2021 Large Winter Ion Pulses
Mobilization of Multiple Chemical 
Cocktails  from BMPs

58Kaushal et al. (In Review)This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Year 1:  Retention and Release of Chemical Cocktails along 
Stormwater Management Flowpaths

59Kaushal et al. (In Review)This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Sensor Monitoring Approaches: Specific Conductance as a Proxy

Kaushal et al. (2021) Galella et al. (2021) 
for Rock Creek

60This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Summary

• Significant retention of salt ions in stormwater sediments

• Release of elements depends on type of deicer ion and site

• Chemical cocktails – multiple ions released along flowpaths

• Developing new practical monitoring approaches using proxies 

61This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Management Implications

• Stormwater sediments/soils can enhance ion exchange and retention

• Types of salt ions matter in terms of contaminant mobilization

• Reducing winter NaCl inputs can lead to rapid and year long recovery 

• Conductivity can be inexpensive proxy for multiple ions and metals

62This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Mapping Future Risks 
of Freshwater 
Salinization Syndrome

-Developing a framework to identify 
interactive impacts 

-Predicting risks using a systems level 
approach  

-Diagnosing stages based on current and 
future trends

Kaushal et al. (In Review) 63This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.



Identifying Regional Risk Factors

64This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science. Kaushal et al. (In Review)



Diagnosing and Predicting Stages

65This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science. Kaushal et al. (In Review)



Diagnosing 
Stages Using 
Exceedances of 
Thresholds

66This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science. Kaushal et al. (In Review)



• Mapping/predicting interactive and growing problem requires a lot of teamwork!

• Need to integrate trends with mechanisms to regional models and management

• Year 1:  Developing diagnostic monitoring frameworks to manage interactive risks 
across systems John (operations), Stan (models), Jimmy (trends), Andrew (GIS)

COG Salt Team:  from Diagnosis to Prognosis to Cure  

? Getting 
Ahead of 
Problems

Kaushal et al. (2021) 67This information is preliminary and is subject to revision. It 
is being provided to meet the need for timely best science.
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