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How Can We Track Contamlnant Sourc;es’>
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Tracking Contaminant Sources Is Like Detective Work

Courtesy: Jenna Reimer
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Tracking Contaminant Hot Spots Across Land Use
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N Sources Shift to Manure and Wastewater Downstream
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Potomac River Transects to Chesapeake Bay
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Tracking Hormone Hot Spots
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Hot spots of estrogen are urban and agricultural sub-watersheds during low and medium flow. Inputs from forest land use increases during spring high-flow period.
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How Have Nitrogen Sources Changed Over Time?

VAR Long-term Monitoring Program Shows

=—=" MNATURAL RESOURCES

Improving Nitrogen Trends in Maryland’s
m Rivers and Streams

Surs, Grreen & Ciratdng

Discovery & Impact

Scientists Mark First Evidence That Dolphins Give Birth in

Potomac River

Sources: https://dnr.maryland.gov/streams/Publications/TNFactsheet2009.pdf

https://www.georgetown.edu/news/scientists-mark-first-evidence-that-dolphins-give-birth-in-potomac-river/
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USGS RIM Sites Across Time

Isotope Data from 2010 to 2017
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Different Rivers have Different Nitrogen Sources
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Evaluating stream restoration, stor
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Co-managing Chemical Cocktails with BMPs
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Figure 4 Seasonal variabilities and mean values of concentrations of estrone, total dissolved nitrogen (TDN), soluble reactive phosphorus (SRP), and dissolved organic carbon at urban sites without and with best management practice (Urb_NoBMP and Urb _BMP; left and middle panels), and seasonal variability of their reductions by using BMPs (subtracting the values in Urb _BMP from the values in Urb _NoBMP; right panels). The background area graphs were watershed runoffs.


Examples of Previous BMPs Evaluated

e Duan et al. (2019), Wood et al. (In Progress)

Regenerative Stormwater
Conveyances (RSCs)

* Harrison et al. (2011), Harrison et al. (2012), Harrison et al. (2016),

U rba n Stormwater Newcomer Johnson et al. (2014), Pennino et al. (2016a), Smith et al.
Wetlands Sz

» Newcomer et al. (2012), Newcomer et al. (2014) Newcomer-

Stream- FIOOd pla in Johnson et al. (2016), Pennino et al. (2014), Kaushal et al. (2008),
. Mayer et al. (2010), Klocker et al. (2009)
Reconnection

Examples of Nitrogen Source Tracking: Kaushal et al. (2006), Kaushal et al. (2011), Pennino et al. (2016b),
and other studies
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Freshwater Salinization Syndrome »Alaliy
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Novel Chemical Cocktails Are a Consequence of
Freshwater Salinization Syndrome
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A Dissolved Concentration (mg/L)
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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)



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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New Chesapeake Bay Trust Grant

« What are critical thresholds in concentrations of different road
saltions (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




Preliminary Experimental Design

Number of
Number Number of Salinity
Stormwater BMP of Sites Levels

Bioretention
Legacy Pond

Infiltration

Floodplain
Reconnection 3

Forested Reference 3

Grand total




Examples of Candidate Sites: Anacostia Watershed
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Campus Creek: Mobilization
of Metals in Response to
Freshwater Salinization
Syndrome

W. Nguyen: Senior Thesis

Special acknowledgements: Kelsey Wood,
Joseph Gallela, and Jenna Reimer

Photo courtesy of Kelsey Wood (2019)
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Snowstorm Monitoring: Peaks and Persistence of
Freshwater Salinization Syndrome?

Paint Branch, Washington D.C.
Winter Salt Pulse
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Special Thanks:
Kelsey Wood Collected Past Data
Jenna Reimer and Students Collecting
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Conclusions — How to Monitor Moving Targets?
)

Past
Findings

Questions
Raised

Future
Research
Needs

Sources and Hot Spots of Contaminants Shift Across Space
and Time

Can Sources, Hot Spots, and Chemical Cocktails Be Accurately Tracked and Co-
Managed?

Higher-Resolution Tracking of Sources and Hot Spots Across Space and Time
(Nutrients, Salts, Metals, E. coli)

Contaminant Mobilization: Regional Vulnerability to Freshwater Salinization
Potential Co-management of Chemical Cocktails in BMPs
Monitoring Sources and Hot Spots in Managed vs. Unmanaged Watersheds
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