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Nitrogen in a Pristine Landscape

Nitrogen Sources:

I Lightening strikes
2 Fixation by plant-associated
and soil bacteria

Nitrogen Fluxes:«

3. Denitrification by bacteria
4, Atmospheric deposition
5. Watershed runoff

*A flux is the movement of
nitrogen from one component of
the ecosystem to another.

From Hubbard Brook Foundation




Nitrogen in a Human-Altered Landscape

Nitrogen Sources:

l. Imported food and feed
2 Vehicle emissions

3. Powerplant emissions
4, Fertilizer imports

5. Fixation in croplands

6. Agricultural emissions

Nitrogen Fluxes:

7. Atmospheric deposition
8. Wastewater from septic
tanks and treatment plants
9. Agricultural runoff
10. Forest runoff
Urban runoff

*A flux is the movement of
nitrogen from one component of
the ecosystem to another.

From Hubbard Brook Foundation




Population (2005) CW ~

Chesapeake Bay Watershed Counties

POTOMAC ESTUARY -

« Largest Tributary of CBay | =« e

[ ]40,001-80,000
[ 180,001 - 120,000

e Watershed covers four e o0
I 200,001 - 240,000

states and Washington, B oo 0o
DC |

Tiega | Bradford

—] =

| Wyoming
\ Sulivan [ L3
Lycoming ™.

e

Ontaria

e Lower Population Density

. = ] £
In Mesohaline portion of Y
Lot 4
e
\ £ .
AN ‘}_Eockl_ngj:la'n L
=~ “Harrisgfiburg * Dorchester e
Wicgmica |
ge :
'Alb -5 oisyl\ra"u/
Charlotiesylie “/ ¢
Y a
W 4 h
! 'y Botetourt ™. X
® Craig /' ' Lancaster
Mo agM\/ [y Mhiddlesex
Eile?ﬂngﬁ; iy { Northampton
ontpamery .I.:'pe\s Mathews
Finince Cwﬁl_o_uces!er
orge EWport
W"3un—yNw,‘S£cquoson
of I—k:'npton
Vight; Tl
gPonsrrJé’.l\-"léglg
e O TRERS
Trolk gy ""l'
ecapeaks
Data Sources: US Census. 9 @ = 100 Kilometers
For more information, vist www chesapeakebaynet [ T T T I T T T |
Disclaimer: www.chesapeakebay nettermsofuss_him ] 25 50 100 Miles

Created by JW, 2/13/08 UTM Zone 18N, NAD 83



Major Historical Acts in Water
Quality Monitoring

e 1870s: First sewers built

e 1894: US Public Health Service began sanitary
surveys in DC

e 1897: USGS conducted first water quality survey of
entire Potomac

 1965: Water Quality Act enacted establishing water
quality standards for interstate waters

o 1972: Clean Water Act establishing National
Pollutant Discharge Elimination System (NPDES)

e 1983, 1987: Chesapeake Bay Agreement enacted;
goal to reduce nutrient loads
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Surface Stream Water Quality Is Improving due to Declining

Atmospheric N Deposition

Keith N. Eshleman®*, Robert D. Sabo, and Kathleen M. Kline
. YEnviron. Sci. Technol., 2013, 47 (21), pp 12193-12200
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Our Role: Develop Nitrogen Mass Balance for Potomac Estuary
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Three Cruises:
Spring

High nitrate 16-92 uM
Temperature ~17 °C
DO low near mouth

Summer

Low nitrate 1.0-7.5 uM
High temperature ~27 °C
Anoxic near mouth

Sediments - spring
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Estimates of Denitrification

1. Rate measurements of N2-N
fluxes interpolated across lower
Potomac

2. Raster dataset exported
fromArcGIS, predictions
summed to estimate total
denitrification rate for Potomac.

~15,900 kg N per day

3. Inputs of N from upper
Potomac averaged for July and
August, 2009
8695 kg N per day

4. Inputs of N from Blue Plain
averaged for July and August,

2007

6976 kg N per day

N2-N Flux for Potomac Tributary
“i' August 2010
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[ Journal of Coastal Research 3 [ rv6sr | Cocont Creek, Flarida | July 2016 |
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g Sediment-Water Nitrogen Exchange along the Potomac
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Burial Rates

Measured by estimating sedimentation
rates using Pb-210 activity

Nutrient concentration in sediments
concurrently measured in 5 cm
increments.

Ranged from 2.1-11.2 mm year!
Nitrogen Burial 0.2-2.0 mg cm=2 yr?

Pb-210 Activity (dpm/g) 10
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Inputs, Losses, and Mass Balance
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Comparison of Pre- and Post Denitrification at Blue Plains
(1985 - 1996)
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Source Tracking

Modeled N loads decreased down estuary.

Depending on the season, export of

wastewater effluent to the Chesapeake
Bay main stem characteristic of the Blue
Plains treatment plant ranged from 1-30%

of inputs.

Remineralization of N inputs was evident in
changed ratio of ON15 and 6018 isotopes

of nitrate.

Values estimated using this approach

similar to direct flux measurements.

Total Inputs % of Inputs Net Export % of Blue Plains
(kg/day) from Blue (kg/day) Inputs Exported
Plains*
Winter 49,150 + 30,323 10+ 13 19,844 + 13,728 3.7+ NA
Spring 13,5317 + 14,614 8+0.8 68,431 £ 48,060 71+ 20
Summer 13,888 £ 596 38+3 4,853 + 8,326 19+11
Fall 15,334 + 3,700 47 £ 13 -1,613 +£12,124 18 + 10
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		Total Inputs (kg/day)

		% of Inputs from Blue Plains*

		Net Export

(kg/day)

		% of Blue Plains Inputs Exported



		Winter

		49,150 ± 30,323 

		10 ± 13 

		19,844 ± 13,728 

		3.7 ± NA 



		Spring

		13,5317 ± 14,614 

		8 ± 0.8 

		68,431 ± 48,060 

		71 ± 20 



		Summer

		13,888 ± 596 

		38 ± 3 

		4,853 ± 8,326 

		19 ± 11 



		Fall

		15,334 ± 3,700 

		47 ± 13 

		-1,613 ± 12,124 

		18 ± 10 








The Mid-Point Assessment:
Integrated Trends and Analysis Team

Chesapeake Bay Program

Science. Restoration. Partnership.
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Climate Indicators Show Impacts on Chesapeake Region

National Climatic Data Center
from http://climatechange.maryland.gov/science/

Annual average air temperature in Maryland
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Analytical Approach:
The Watershed

e Examine fall line loads and trends - AL N

 Determine sources contributing to fall line
loads

e Use source analysis to assess role of inputs




Analytical Approach:
The Estuary

e Test explanatory models related to water
quality variables of interest (GAMs)

e Tidal fresh vs Mesohaline
 Think outside the box for explanations
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Net Anthropogenic Inputs -

LIVESTOCK N CONSUMPTION
AGRICULTURAL N FIXATION
LIVESTOCK N PRODUCTION
FERTILIZER N APPLICATION
CROP N PRODUCTION
HUMAN N CONSUMPTION
POINT SOURCE TN LOADS
TOTAL N DEPOSITION

NANI

Nitrogen

MANN KENDALL

Tau

0.73
-0.24*
0.73
-0.41
0.80
1.00
-0.81
-0.48
0.26*

LINEAR REGRESSION

A(abs)
(kg N halyr?)

15.05
-0.23
3.76
-3.64
2.56
2.13
-0.45
-3.64
3.33

95% C.I.

of A(abs)

11.80 18.31
-0.75 0.29
295 4,58
-4.94 -2.35
1.38 3.75
208 2.18
-0.55 -0.36
-5.65 -1.64
-0.76  7.43

A(abs)
(kg N halyr?)

14.92
-0.19
3.75
-3.63
241
2.12
-0.45
-3.40
3.36

GAM
95% C.I.

of A(abs)
13.61 16.47
-0.67 0.20
336 4.14
-4.59 -2.80
099 3.51

1.93 2.28
-0.50 -0.40
-5.30 -1.73
0.74  6.23



Analytical Approach:
The Estuary

e Freshwater:

chla ~ seas + s(doy, bs = "cc") +s(flow,by=seas) +
s(PAR,by=seas) + s(wtemp,by=seas)
+s(bivalves,by=seas)+s(WWtn,by=seas) +s(RIM-
TN,by=seas)+s(RIM-TP,by=seas)

e Mesohaline:

chla ~ seas + s(doy, bs = "cc") +s(stratification,by=seas)
+ S(PAR,by=seas) + s(wtemp,by=seas) +s(main-
TN,by=seas)+s(main-TP,by=seas) +s(RIM-
TN,by=seas)+s(RIM-TP,by=seas)



Trends in Global Cloud Cover in Two Decades of HIRS Observations

DoNaLD WYLIE

Space Science and Engineering Center, University of Wisconsin—Madison, Madison, Wisconsin
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Clams Tell A Story...
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Incremental chlorophyll-a reponse to each variable (ug/L)

05

05

05

0.5

05

05

0.5

Lo

Fitted GAM components - FW

1l

1l

5

N

Fall-Winter Spring Summer
w w
3 -] c J
= (a) RIM flow, p=0.013 (b) RIM flow, p=<0.001 = () RIM flow, p=<0.001
) I T T I I 1 I I 1 I I T I 1 I T -
2 -1 0 1 2 20 10 00 1.0 2 10 1 2
g w g w
E ___'_'_'_______._-———-—' - o / - o -—‘—,—_"_’—-’—"'
3 0 3 w0 3
- o L =R
- (d)PAR, p=0.21 - () PAR, p=0.004 < (f)PAR, p=0.081
f T f 1 f f T l T f T T | p— T I
6 4 -2 0 2 4 10 -5 0 5 10 15 -10 -5 0 5 1
— w o w -
3 w 3 W
- o 4 o 4
= (g)water temp, p=0.31 = (h)water temp, p=0.11 = (i} water temp, p=0.033
} f T f T T | B B R R L T f T
4 -2 0 2 4 8 6 4 -2 0 2 4 6 4 -2 0 2 4
w

; w ; w
3 (j) bivalves, p=<0.001 ° 3 (k) bivalves, p=<0.001 € () bivalves, p=<0.001
T T T T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
3 w 3 w
§ d/\ - § - E /\/—\_,
- o o
4 (m) WW-TN, p=0.005 - T(n) WW-TN, p=<0.001 3 (o) WW-TN, p=0.002
I I I I I I ] I ] I ] I I ] I
-10000 0 5000 -10000 0 5000 -10000 0 5000
e
4 ‘-—..______‘_‘___________'_'_ - o _________‘__________‘_‘_ - o ’—/’/
3 > 3 © 3
- o o o o
- (p)RIM-TN, p=0.32 - (q) RIM-TN, p=0.32 = (r)RIM-TN, p=0.2
1 T T T T T T T T f T T T Y i T
-0.2 0.0 0.2 0.4 0.3 -01 0.1 0.3 02 00 02 04 08
w

L1l

\——_—

(5) RIM-TP, p=0.44

0s

Lo

L1l

N S

(t) RIM-TP, p=<0.001

{u) RIM-TP, p=0.85

T t T t
-0 05 00 05

T T f
0.5 0.0 0.5

Explanatory Variable (units vary)

0.6 0.2 0.2 06

Chlorophyll-a (ug/L)

50

NN

10

0.5

|
1985

|
1990

I | [ I |
1995 2000 2005 2010 2015



Incremental chlorophyll-a reponse to each variable (ug/L)
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Fun with GAMIs:
What would Chl look like in a less
variable world?
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Manipulating Clams and Climate
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Conclusions

Quantifying management effects is possible from
empirical data

Changing agricultural practices mask some declines
In nutrient sources

Climatic factors & Ecological considerations helpful
in understanding lack of expected response

Potomac Estuary water quality responsive to
different factors in tidal fresh versus mesohaline
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Net Anthropogenic Inputs -
Phosphorus

HUMAN P CONSUMPTION
LIVESTOCK P CONSUMPTION
LIVESTOCK P PRODUCTION
FERTILIZER P APPLICATION
CROP P PRODUCTION

POINT SOURCE TP LOADS
NAPI

MANN

KENDALL
Tau (%)

0.74
0.74
-0.92
0.82
-0.90
0.45
0.74

LINEAR REGRESSION
A(abs) 95% C.I.
(kg P halyr?) of A(abs)
0.43 0.42 0.44
6.84 5.48 8.19
2.33 1.87 2.79
-3.02 -3.51 -2.53
0.48 0.29 0.67
-0.13 -0.15 -0.11
1.45 0.38 2.53

GAM

A(abs)
(kg P halyr?)

0.43
6.80
2.32
-2.93
0.44
-0.13
1.51

95% C.I.

of A(abs)

0.39 0.46
6.31 7.43
2.13 2.49
-3.74 -2.10
0.19 0.62
-0.14 -0.12
0.76 2.10
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