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Why N7

Like P, N can be a
limiting nutrient

Excess N (or changes
in N:P) can lead to
Auisance blooms




0p)
)
-
O
N
O
QU
D
O
[
e
0p)
QU
@
@,

S

.
L
e

.
e

e

.
-
-

.

-

e

-
.
-
-

|
&
.
.
.
.

:
|
M
o

-
-
m
B
e
-
-
-
-

-

-
-
-
e

-

f
»
i
A
-
-
-
-
-

-

-

-
-
-
-

v
Wy
-

-
o
-
.

-

|
.

.
-
-

|
|
|
|

-
-
a
-]
-
|

-
-
-
-
|
o
-
-
-
-
-

i
s
-
-
.
-
-

-
.
-
-
-
-

-
-
-
-
-
.
.

-
-
.
|

-
-

L
-

-

.
77N
) N

=

-
»
]

.

.
-
|
4
-

-

-
-

-

@
_—
. -
.

.

-

|
.
.
.

|

=

“
E

-

-

-
-

-

-
-

.

.

.
s

|

y |

4
-

-

-

e

)

-

=

.

L
i
&

.
-

tems

L

=
L
ko

» |

e T
| R
L

o

=
-

.
£
[

-

-
o
s
o A
-

-
-

-
.

i

yS

-
.
-

-

i

-
-
-
-
.

-
-

-
¥
~
E

3

.
.

@

| B

-
-
.*v
.
.
-
-
=

.

-

-
.

o
-
.

-
o

f
-

.
e

a

&

-
.
-
.

.

&

equences

S

| con

ogica

d Rosenberg. 2008.

ience 321:926-929.

Sc

Diaz an




Gulfof Mexico Hypoxia

Noticed since 1950s,
monitored since 1970s

Driven by Increases in
nitrate (NO,-N) — fertilizer
967% of nitrate from Upper
Mississippl

30% reduction; in N
loading required

Goolsby (2000) Eos. Rabalais et al. (2002) BioScience.




| ake St. Croix Nitrate
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| ake St. Croix Nitrate

Seasonal Kendall Test

[ Prescott (1976-2002)

p <0.05

Nitrate-N (mg/l)
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Increases in fertilizer use

Changes in wastewater
treatment (NH5—NO3)

Atmoesphernc deposition

Changes in soil
denitrification Processes




Stable Isotope Analysis

» \What are stable isotopes?
— Different forms ofi the same element
— Not radioactive
— Commoniones=C, N, O, S, H
» Relative proportions used to infer things about
ecosystem structure and process

 |sotopes of N and O useful for tracking nitrate
— 14N and 15N
_ 160, 170, and 180




Nitrate Stable Isotopes

(" NO,in )

precipitation

desert -

NO,
depcsits =

| L NG, fertilize

I
L

denitrification
manure |
and septic waste |

nitrification

C. Kendall. 1998. Tracing| nitrogen sources and cycling in catchments. Chapter 16 /n C. Kendall
and J.J. McDonnell, eds., Isotope tracers in catchment hydrology. Elsevier Science B.V.




Study Goals

1. Characterize patterns in nitrate
concentration
o NMainstem Lake St. Croix
* Tributaries
» \Wastewater lreatment Plants

2. ldentify nitrate sources
3. Evaluate useiulness of biological proxies




Hypotheses

»  NO;-N concentrations are highest in
downstream tributaries and WVVTPSs

0 °Niand 620 suggest wastewater
iInfluence at upstream; sites, fertilizer
downstream

012N is more stable in zebra mussels than
In water or phytoplankton ever season




Brown’s Creek

Stillwater

Design

Willow River 14 sijtes
— 7 mainstem
— 5 tributaries
— 2 wastewater plants

o sampling events

Afion 3 components

— \Water (nitrate)
—  Phytoplankion
— Zebra mussels

“ Hudson

)
Valley Creek

Trout Brook
6 @,

Kinnickinnic
River

7

l Prescott

Mississippi River
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Vliethods

\Water analyzed for
nitrate concentration
and stable isotopes of N
and O

Diffusion technique (6'°N)

Denitrifier method! (6'°N
and 6'20)

Phytoplankton and
zebra mussel tissue
analyzed for 6'°N (6'°C)




Mainstem Concentrations

SCB SC5

SC1 SC6
High Brldge > Prescott
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Tribs and VWAWWIIPS

=
(@)
E
-
(]
hd
©
| -
=
2




Stable Isotope Results
(Hypothetical)

Eertilizer

%{_/

Expected Measured
Source Signals St. Croix sites




Preliminary Findings

o Nitrate increases
systematically

— Largest increases
downstream

Lake St. Croix
tributaries anad
tributary land use
Important
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Seasonal Patterns

Hydrograph
— Stillwater
Prescott

Discharge (cfs)
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Seasonal Patterns

Mainstem St. Croix Sites

—
~
(@)
E
<
()
i)
(©
| -
—
2




