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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.



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...
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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...
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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

2] Untitled 5 - IMP -
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3 384204167 -77.1980556 NWIS USGS Maryland Water Scien 2 58.0
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730

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.
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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

Calcium
of

2 °
> 4001 z
Q ®
% <
S 2001 o? .
c
< ”\, :

1@ * L

1940 1960 1980 2000 2020

Sodium
LY
2] ®
= ( 4
% 400 x.
4 '
S 200
c :i
C
<
WEL ] "‘ I

1940 1960 1980 2000 2020

Annual Results

Annual Results

Magnesium
o
L J
4001 x
e @
[ ]
2001 ..i o
01® *% »

1940 1960 1980 2000 2020

Sulfate
®
400 1
e
200 Ciﬁ.
WEL ‘y‘

1940 1960 1980 2000 2020

Annual Results

Annual Results

4004

2001

Potassium

] .;fs"

4004

2001

0

1940 1960 1980 2000 2020

Silica

%
° -# a\

1940 1960 1980 2000 2020

Annual Results

Annual Results

Nitrate
®
1000 1 ®
o0
° ®
500 ® oy °~ ¢
,;rs,- .
b‘«. *
01 @ [ ) . . .
1940 1960 1980 2000 2020
Chloride
®
600 :
®
400 .’
.
L J
200
X7 g
01 @ . oaP ’. “ % .
1940 1960 1980 2000 2020

Annual Results

Specific conductance

@
1500 L
oo‘
1000
.m;
500 1 of °
®
0 ewee I.-I"" ~. . .
1960 1980 2000 2020

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.



s have increased over time, particularly in the last 2 decades

nductance are much more common

¥ Calcium B Magnesium B Potassium B Sodium .~ Sulfate
B Chloride | Nitrate "~ Silica " Specific conductance

i
: |\|‘||“||||\|||“
EE
ol - . o me- ==IIlllIIIIIIIIIIIIiI ‘Il ‘ | |

1975

Total Results (n=132,638)

5000 -

Nitrate (16.7%)

4000 -

3000 -

N
o
o
o
1

Annual Results

2000 2025

. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the 8
ament shall be held liable for any damages resulting from the authorized or unauthorized use of the information.




Overall, result counts are relatively well
distributed across the area
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Specific conductance
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Chloride Sample Count * 13 © 4-10 ¢ 11-50 € 51+
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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
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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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bserved in discrete sample and continuous

SC increased 2-3% at from 2008-2018
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Figure 24. Monthly trends in specific conductance expressed as a percent change per year at 14 monitoring stations between

April 2008 and March 2018.
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orth, with impervious cover, and over time...
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has changed significantly over the past 4 decades

Summer baseflow Na and Cl have doubled since 1979
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Average annual SC has tripled since 1979
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Plot of average annual specific conductance for water-quality samples collected from
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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.
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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...
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Rising Sodium in the Occoquan Reservoir
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Salt Sources and Drivers
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Research agenda reflection: Salt Sources and Drivers
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Challenge 1: salt is added all along the flow path
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Challenge 2: different sources dominate at different times
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Challenge 2: different sources dominate at different times

Flow in the tributaries to the Occoquan Reservoir
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Challenge 3: salt inputs are tied to human behavior
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Challenge 3: salt inputs are tied to human behavior
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Challenge 3: salt inputs are tied to human behavior

Sodium or Chloride Concentration (mg/L)

80 —

60 —

40 —

20 —

Along the flow path

O3 Chloride
E Sodium

n=1 n=1
<1.5mg/L <1.5mg/L

n=21
17 mg/L

n=21
9.8 mg/L

n=419 n=419
68 mg/L 49 mg/L

n=21 n=21
24 mg/L 14 mg/L

Rainwater

Source Water

ary and is subject to revision. It
1e need for timely best science.

" Finished Drinking Water Sanitary Flow

Grant et al.,, in prep.

37



Challenge 3: salt inputs are tied to human behavior

Na/Cl
Molar Ratio

Sodium or Chloride Concentration (mg/L)
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Challenge 3: salt inputs are tied to human behavior

Table 1. Molar ratios in water discharged from the CSIRO model house

Washing | Dish Shower Kitchen Vanity Toilet+ Total
Machine | Washer sink Unit Vanity
Cl (g/wk) 6.296 7.580 2.269 5.021 0.5258 15.902 37.595
Cl (mol/wk) 0.178 0.214 0.064 0.142 0.0148 0.449 1.060
Na (g/wk) 55.609 7.456 2.466 3.213 0.766 15.362 84.872
Na (mol/wk) | 2.418 0.324 0.107 0.140 0.033 0.668 3.69
Molar Na/Cl 13.58 1.51 1.67 1.00 2.23 1.5 3.48
Soaps Detergents
o H@—{CHﬁ;(O—CH;CHﬁ;o—:S:—o' Na*
g g which may aiso be reprasente -
------------ b ydrophob:cgroup hydrophn'hcgroup hydrophobic group hyt;;';)phmc ;_:};;Jup H3C/{CH2)’R(OA%/O_E_C‘, o

s e ey oo g
an alkyl ether sulfate
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Challenge 3: salt inputs are tied to human behavior
Na/Cl ratio peaks during the falling limbs of the
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One way to address the three challenges:
integrated models of salt sources & transport

In-home 1/
salt use (sewer
Deicer (behavior) maintenance)
Application S(t, x) 1/1(t)
Rainfall ~ Rates l |
(climate) (behavior) lons in drinking water
R(t) J(t, %) TTD Model | .

of the
\ | / Sewershed

TTD Model | Qs(®) | )y | TTD Model Fairfax
i of the S of the orinking
(), StorAge Selection Watershed > ' >
M salt n%ass loading M,,(t) Reservoir Cow(t) | Water Plant
C, salt concentration Q,,(t) Q.-(t)
J, S, salt flux
R, rainfall TTD=transit time distribution, tracks evolution of age distribution with time

USGS This information is preliminary and is subject to revision. It 41
is being provided to meet the need for timely best science.
for a changing world




One way to address the three challenges:

integrated models of salt sources & transport

Taste, corrosion, public health

A

lons in drinking water
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ey del O, (t
(), StorAge Selection TTgfll/Ihoe © s(t) l M. (t)
M, salt mass loading Watershed R
C, salt concentration M, (t)
J, S, salt flux Q0
t
R, rainfall w(t)

This information is preliminary and is subject to revision. It
is being provided to meet the need for timely best science.
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Research agenda reflection: Responding to ECOS
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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...

=, Experimental treatments
/ are needed to evaluate
~ impacts and mechanisms

e Na

= USGS

science for a changing world
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needed to understand ion
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Synthesizing this knowledge is needed to understand and manage FSS in the MWCOG region

This 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

prelimin;
dt me tth eed for tmlyb t

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

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

~What are the impacts, mechanismes,
and frameworks?
Sujay
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How Does Freshwater Salinization Syndrome
Impact Stormwater BMPs?

e Are there critical thresholds in concentrations of road
salt ions (Na*, Ca?*, Mg?*) 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?

it ion i nd is subj revision.
i beie rouded to-meet the seod for s bestsienee, . ACknowledgements: Chesapeake Bay Trust and COG
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NaCl Addition (g/L)

NaCl Addition (g/L)

NaCl Addition (g/L)

NaCl Addition (g/L)



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)
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CC (Urban, 27% ISC, Washington DC USA)
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Retention and Release of Chemical Cocktails along Stream and Stormwater Flowpaths
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Add salts (NaCl, CaCl,, & MgCl,) at varying
concentrations and incubate on shaking
table for 24 hours

Collect sediment and water from
stormwater management feature

Analyze for major and trace
elements, organic / inorganic carbon
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Hold the Salt: How Much Can Be Retained in Sediments?
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Bioswale 1 TN CaCl, Bioswale 2 TN NaCl
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Mobilizing Chemical Cocktails:
Comparison by Year and Season
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There can be
some recovery
in water quality
depending on
amount of
road salt use

Kaushal et al. (In Review)
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Conductivity vs Time (2/18/21 - 2/25/21)
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Year 1: Retention and Release of Chemical Cocktails along
Stormwater Management Flowpaths

Road Salt Mobilizes Chemical Cocktails across Flowpaths
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Sensor Monitoring Approaches: Specific Conductance as a Proxy
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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

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

{ X This information is preliminary and is subject to revision. It 62
\ | ] / is being provided to meet the need for timely best science.
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Rising Sodium in Rivers of the Northeastern United States
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ldentifying Regional Risk Factors
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saltwater intrusiont® capacityl’™! -Resource extraction®2 -Mine drainage® -Alternative stable statest%
-Soil fertility!6383%! -Mining!'23 -Wastewater discharges?®*  -Infrastructure life cycles?”
-Water-rock -Wastewater!"?”} -Water treatmentl*”
interactiong1%€l -Vegetation removall! -Saltwater intrusion into
groundwatert*®!

nformation is preliminary and is subject to revision. It
ng provided to meet the need for timely best science.
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Diagnosing and Predicting Stages

Stages of FreshwgterSaIinizaﬁo@ﬁ}d

rd T R =

HIGHEST WATER QUALITY ~

Stage 0. Highest water quality;
O— minimally disturbed.

Driven by 7
State Factors: h

Stage I. Abnormally elevated
00— concentrations of at least one or more
ions across one season.

- Climate

- Geology

- Human activities |
- Flowpaths A
- Time

J

(Stage II. Chronically elevated
Lconcentrations of ions across multiple

Seasons.

J

(Stage [1l. Formation of harmful chemic&

cocktails exceeding water quality
thresholds.

J

Stage IV. Systems-level failures in
infrastructure and ecosystem functions
and services.

Vv |\7 N Mg# HCO, CI
LOWEST WATER QUALITY__ L/ % SO Na* K ca P

is information is preliminary and is subject to revision. It K aus h a I et a I ( I n R eVi eW)

being provided to meet the need for timely best science.



Specific conductance (uS/cm at 25 °C)

Proportion of time above thresholds
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Diagnosing

2016 2017 2018

|
" A
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Capacén River Potomalc River Difﬂcullt Run Anacosltia River

Site

Stages Using
Exceedances of Water Quality

Thresholds Characterize Stages: Exceed a n Ces Of

—— Anacostia River

— Capacon River Th res h O | d S

— Difficult Run

Potomac River

Thresholds:

O 300: Maximum Good Drinking Water Limit, Murray-Darling Basin Authority
800: USEPA Aquatic Life Benchmark for Central Appalachians
2000: Damage to Crops, USDA Classification and Use of Irrigation Waters

preliminary and is subject to revision. It Kaus h a I et a I ( In ReVieW) 66

meet the need for timely best science.



COG Salt Team: from Diagnosis to Prognosis to Cure

* 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)

Freshwater Salinization Syndrome on a Global Scale

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