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Chloride Concentration (mg/L)

Drinking Water Supply to Baltimore, Maryland
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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)



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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Key Questions

 What are critical thresholds in concentrations of different road salt
ions (Na*, Ca?*, Mg?*) which can mobilize nutrients and metals to
surface waters across varying stormwater BMPs?

 What are the concentrations and loads of different road salt ions and
associated metals and nutrients in nearby stream outfalls before,
during, and after deicing events



Experlental Design & Examples of Study Sites
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In addition, stream restoration/floodplain reconnection sites

Courtesy Joseph Galella



Experimental Methods

ST=1 o [ SOS— Baseline collection: | Winter collection:
sediments and water sediments and water

Sediments + Water + 2
L NaCl (0, 2,4 g CIL?Y)
\ E {
Exp.er.l me.ntal ------- ] Sediments + Water + ——X 2——| Incubate for 24 hours
Salinization | MgCl2 (0,2, 4g CIL™)
| )\
i Sediments + Water + “ o
_______ CaCly(0,2,4gCILY
Y Chemistry: Statistical significance:
Analyses |- Base cations, nutrients, |----------- .| Linearregression of
and trace metals solute fluxes to salinity
(p<0.5)

Courtesy William Nguyen



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
and nitrogen

Courtesy Joseph Galella



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

Retention and Release of
Salts and Metals in Different
Stormwater Management
Features

Photo courtesy of
Kelsey Wood (2019)



High Capacity for Sodium Retention in Restorec

Stream Floodplain Sediments
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High Capacity for Sodium Retention iIn Regenerative

Stormwater Conveyvance Sediments

VN
i °®
1 O+
O ®
\g/ -500 -
(-
fe .
§ —1000 + °
€ $
8 —1500 - Retention
(-
3 2000 -
2 - 2 =0.919 P=8.5e-17
0 2 4 5 3

60 -

40 o

20 1

” =0.696 P =1e-08 .
Mobilization o -

g

0 2 4 6 3

Treatment (g CI L")



What are thresholds
for nitrogen
mobilization?

How much nitrogen is

mobilized?

What are the effects of

different road salt
ions?
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Increased salt concentrations mobilize nitrogen and organic carbon

Different salt ions can change magnitude of mobilization
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Mobilizing Chemical Cocktails:

Comparison by Year and Season
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There can be
some recovery
in water qualit
depending on
amount of
road salt use



Conductivity vs Time (2/18/21 - 2/25/21)
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2021 Large Winter lon Pulses
Retention, Release, and Recovery
of Which lons?

Paint Branch, Washington D.C.
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Developing New Monitoring Approaches: Specific Conductance as a Proxy for lons

Campus Creek
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and also see Galella et al. (2021)



Summary

e Significant retention of salt ions in stormwater sediments
* Release of elements depends on type of deicer ion and site
e Large winter peaks — which ions are retained vs. released?

* Developing new practical monitoring approaches using proxies



Management Implications

* Stormwater sediments/soils can have very high potential to
enhance ion retention and ion exchange

* Reducing winter NaCl inputs can lead to rapid and year long
recovery in some ions

* Water quality monitoring approaches using inexpensive
proxies such as specific conductance can help predict
concentrations of multiple ions and metals
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