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Watershed 102

Aquatic ecology as it relates to stream and watershed restoration and protection

Water Chemistry
Nitrogen and Phosphorous

Marc Peipoch, PhD
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Factors affecting ecosystem integrity

*Channel width/depth

*Banks
— *Substrate P—
c *Sunlight
| -anopycover *Pri Production
Habitat *Riparian vegetation Energy rimary Fro .
«Gradient/slope *Secondary Production
Structure } Source *Organic matter inputs
~ +Nutrient availability

e
*Temperature
Ecological 1} o *Turbidity
. *Conductivity
Watershed Integrity Water *Dissolved Oxygen
characteristics  J of the . OIEI[l9A " *Nitrogen
River " *Phosphorous
opH
*Contaminants

— *Competition
Biotic 'Reprotljuction
Velocity Interac- *Predation
* Volume ) | *Feeding
¢ Surface runoff tions *Parasitism
*Disease

* Groundwater

* Variability )
* High-low extremes %&D
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1. Introduction and Natural Conditions
a. What's in the water?
b. How do we measure it?

c. Nitrogen and Phosphorous Cycles

2. Urban and Agricultural Impacts

a. Sources and processes
b. How do N and P get to the stream?

3. Effects and Efficacy of Remediation

a. Riparian buffers/Farming practices
b. Stormwater BMPs
c. Are we cleaning our waters?
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Dissolved vs. Particulate

Particulate (suspended) material: > 0.45um,
(~100 thinner than human hair)

Total Suspended Solids = TSS




Major Particulate Constituents

Mineral Organic

GRAVEL

SAND
st CAY
_; Invisible at
this scale
mm
| : | bt ——if
0 1 2 3 4 5
inches
! : : : a : :
0 1 2 3
"6 "6 e
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Major Particulate Constituents

Turbidity (NTU) = the degree to which light is scattered
by particles suspended in water.

Depends on the presence
of suspended particles
Turbidity ~ TSS

Low Turbidity
Theresa Crimmins




Dissolved vs. Particulates

/




Dissolved vs. Particulates

Particulate (suspended) material: > 0.45um, - human hair ~ 60um

clay, silt, sand, algae, etc.
add up as Total Suspended Solids = TSS

Dissolved material: < 0.45 ym
Total Dissolved Solids = TDS

a. Dissolved salts




Major Dissolved Constituents

briny water
brine pools

Freshwater is the least
concentrated solution

ﬂ&hht"{‘i wWaker

water, salt lakes
3 0 ppt

Freshwater is in constant
dilution

bmciﬂsh water

estuaries, mangrove swam
brackl h seas and lake bmckush
wamps

Freshwater is a unique salt
mixture tied to underlying

geology

fresh wdﬁ‘?r

ponds, lakes, rive
aquifers




Major Dissolved Constituents

Cations Anions
mCa++ mMg++ mNa+ mK+ mFel+ mHCO3- mSO4= mCl- mNO3-
4% _ 0%

Average water chemistry in North America (Wetzel 1978) Ly




Major Dissolved Constituents
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Dissolved Solutes > Hardness > Alkalinity > pH

Crystalline-rock aquifers Siliciclastic-rock aguifers Carbonate-rock aquifers
Piedmont and Blue Ridge Early Mesozic basin Valley and Ridge Piedmont and Blue Ridge Valley and Ridge
EXPLANATION
pH range
|:| Lessthan 6.5
[ ] 65t075
- Greater than 7.5

Granite-based geology Limestone geology
* Low in CaCOs; « High in CaCO; or MgCO,
« Lower TDS « Higher TDS
« Soft water and low Alkalinity « Hard water and high alkalinity

* Acidic pH « Neutral pH SIRQUD
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Major Dissolved Constituents

Conductivity (uS cm-1) = ability of water to conduct e

Depends on the presence of
dissolved ions.
Conductivity ~ TDS ~ Hardness




Major Dissolved Constituents

Particulate (suspended) material: > 0.45um, - human hair ~ 60um

clay, silt, sand, algae, etc.
add up as Total Suspended Solids = TSS

Dissolved material: < 0.45 ym
Total Dissolved Solids = TDS

a. Dissolved salts
b. Nutrients




Major Dissolved Constituents

NITROGEN
e nitrate (NO5
e ammonium (NH,*)

PHOSPHOROUS
e phosphate (PO,

= = -
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Major Dissolved Constituents

Particulate (suspended) material: > 0.45um, - human hair ~ 60um

clay, silt, sand, algae, etc.
add up as Total Suspended Solids = TSS

Dissolved material: < 0.45 ym
Total Dissolved Solids = TDS

a. Dissolved salts
b. Nutrients
c. Dissolved gases




Dissolved Gases

Most ecologically relevant: dissolved O,

« Seek for equilibrium with atmosphere
« More soluble with warm temperatures

6
A 4 RIVER
Solids and Liquids
= 3
=z 12
w
[
4 10
2 3 .
o) z& °
= U
0 (7 ?
N o
4
Gases
Temperature (°C) 5 10 15 20 25
TEMPERATURE
5 &
= =
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Dissolved Gases

Most ecologically relevant: CO, and O,

« Seek for equilibrium with atmosphere
« Their solubility varies with Temperature
« Biology consume and generate them

photosynthesis

co, + |-|20'< >|(CH20),, + 0,

respiration




Day-night variations in water chemistry

Nitrogen (as NO;) ZZ_ /\/\/\_/\/\/\/\
2 A typical week

Dissolved Oxygen s\ I \N\NNN_S at the creek...

temperature . :\/\/\/\/\/\/\’

4
0
2
8
0.4
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What's in the water?

H,0
Turbidity ‘ Conductivity
particulate dissolved
inorganic organic inorganic organic gases
[ \ ( \ Ca, Mg, Na, K, [
Al, Fe, Si, Ca, C-H-X 0 o C-H-X N,, CO,,
- Mgll e (algae) nutrients: (urea) O, CH,
detritus i
sediments ( ) N, P, Si
QUD




How do we measure it?

Concentration: amount of solute in a given volume
of water, (mass/volume)

Example : mg of NO5/L

Load: total mass transported per unit time.
concentration * discharge = mass/time
Example : 3 mg of NO5/L * 1000 L/s = 3000mg NO3/s




c. Nitrogen and Phosphorous Cycles

2. Urban and Agricultural Impacts

a. Sources and processes
b. How do N and P get to the stream?

3. Effects and Efficacy of Remediation

a. Riparian buffers/Farming practices
b. Stormwater BMPs
c. Are we cleaning our waters?




Nitrogen and Phosphorous
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Nitrogen and Phosphorous

nitrogen (N) - needed for proteins, enzymes, nucleic acids

H
(0] , H | o
I_II III || N“--m,‘.l:__f ;—.LH./l nﬁ/ | “"c"“-.N-fT o
— — — o N
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SdeChain — poargup
pe

Canaliculi ~ Osteocyte ~  Matrix

Matri
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Global Nitrogen Reservoirs

Nitrogen Reservoir Petatonnes Actively cycled
nitrogen

Atmosphere 3.9 No
Ocean
inorganic 0.0069 Yes
Biomass 0.000052 Yes

Continental
inorganic 0.0011 Slow
Biomass 0.00025 Yes

N is the 5t most abundant element in the universe \ISS—-




Global Nitrogen Cycle

gaseous atmospheric
nitrogen store

lightning
fixation

Precipitation
bacteria \
‘ fixation \ e g

N\,
\ 23 $ £ fossil fuel -
N TE i ‘

- emission

organic matter (R-H5)

fertlllzers
4 4 gaseous losses
- B mineralization ?_ Ny & NoO
denitrification ammonium — =&
nitrification run off (NH™)
leaching
& plant
A consumption
eutrophication denitrification
nitrification / \
nitrates leaching nitrates
(NO2") ~—~ " | (NO3)
nitrification

By ACS Distance Education

Sgup
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Phosphorous Gigatonnes Actively cycled
Reservoir Phosphorous
Atmosphere 0.000001 No
Ocean
Inorganic 0.3 Yes
Living biomass 1.2 Yes
Dead biomass 11.4 Slow
Continental
Inorganic (mostly apatite) 108 Slow
Living biomass 0.4 Yes
Dead biomass 2.9 Yes

Phosphorous in the Biosphere




Global Phosphorous Cycle

Phosphorus cycle

phosphate
il uptake by
phosphate plants
extraction 8\
from mines : o X
fertilizer
f e
m‘”r" runoff in rivers uptake A
and streams | by plants alan’
j 5 e ~m\‘/’, :{'Q
erosion from oy ;
hosphate rocks uptake by
algae and other
e dissolved photosynthetic
JIAr phosphates organisms
paw a R l
. " uptake by
°’9,a"'|° deciom dposutl_on organic decomposition <= aquatic and
(am:nat was de, .ecalymg (animal waste, decaying ~ marine animals
plants and animals) plants and animals) o< B
et N = tio
B——— Marine sedimentation
© 2012 Encyclopzaedia Britannica, Inc. i ok e : $Ea @UD
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Nutrient forms

Total Nitrogen
Total Phosphorus

particulate dissolved

inorganic organic inorganic organic gases

Sediment & ) NH, NO; Urea (N & P) N,, N,O
% mineralization
-1 R PO, Aminoacids
\ 4 X
Algae, plants - -

bacteria SIROUD
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2. Urban and Agricultural Impacts
a. Sources and processes
b. How do N and P get to the stream?




Urban and Agricultural Sources




Reference Conditions

o Reference Sites (63)

Nutrient Ecoregions
Willamette/Central Valleys
Western Forested Mts.

Xeric West

Great Plains/Shrublands
Cultivated Great Plains

Corn Belt and N. Great Plains
Mostly Glaciated Dairy Region
Glaciated Upper Midwest and N.E.
S.E. Temperate Forested Plains
TX-LA Coastal/MS Alluvial Plains
Central/E. Forested Uplands
Southern Coastal Plain

Southern FL Coastal Plain

14 [0 Eastern Coastal Plain

Szaw
Smith et al. 2003 o
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Reference Conditions

- Il Reference median
1 Current median

x5 times over
reference values
for Total N J

Total nitrogen (mg L")
[\)
|
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How did we get here?

Point-source contamination can Air pallution spreads across the landsca
bjg traced to specific points of and is often overlooked as a major nonpoin
N & P discharge from wastewaterl source of pollution. Airborne nutrients and
treatment plants and factories or pesticides can be transported far from their
from combined sewers. ». 1. 3. n, areaoforigin.
1Tt
iV 1 WM
WASTE i ff k Wi
RUNOFF \WATER

A 0 NOFF '% Eroded soil and sediment

e R S Al -ﬁt can transport considerable
r‘ - Sy R R m amounts of some nutrients,

such as erganic nitrogen and

phosphorus, and some
aaa pesticides, such as DDT,
to rivers and streams.

H2didorl GROUND-WATER = aziE

DISCHARGE
TO STREAMS

Sy
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Agricultural Nutrient Sources

1. Fertilizers

Nitrogen Fixation
a. Synthetic

Sty
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Human Influence on Nitrogen Fixation

N

7  14.0067

Nitrogen

Fritz Haber Carl Bosch

nobelprize.org Sci. and Soc.

Nitrogen Gas
Haber-Bosch process
N, + 3H, <— 2NH3, + AH

SEQUD
== -
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Human Influence on Nitrogen Fixation

Late in the twentieth century
human sources of fixed nitrogen
exceeded nonhuman sources
for the first time in history.

%

N
A%
N fixation by nonhuman processes h

Human additions to the ;
100+ pool of fixed nitrogen
increased exponentially g
during the twentieth ég
o

Global nitrogen fixation
(Tg/year)

0
0 1920 1940 1960 1980

Y
Increase in nitrogen fixation by human
processes during the twentieth century.

- - — —
N fertilizer use rate (g N m? yr') VoA
ﬁl

Q-

Cao et al. 2018 .
SEQD
S
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Human Influence on Nitrogen Fixation

Manuel €. Molles, Jr., Ecology: Concepts and Applications, © 1999 The McGraw-Hill Companies, Inc. All rights reserved.

B Fossil fuel
Human and & Int:lsusstrilall?f!i"xation

nonhuman = crop fixation

sources of F Hanning
fixed

. t 200 B Terrestrial fixation
nitrogen.

Terragrams of nitrogen
fixed/year
(x 10'%g N/year)
(=]
o

Nonhuman

Nitrogen fixation
by humans now
exceeds
nonhuman

sources.

Sources of fixed nitrogen

Human

Sty
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Agricultural Nutrient Sources

1. Fertilizers
a. Synthetic
b. Organics (manure)

OuUD
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Agricultural Nutrient Sources

Estimated nitrogen (N) and phosphorus (P) produced from
animal manure in 2007 (EPA).

Estimated animal Estimated animal SeATnE s E L Sl SOl
State manure manure manure per farm land manure per farm land
area (kg of N/km?) area (kg of P/km?)
Delaware 20,080 5,994 9,729 2,880
North Carolina 215,818 80,115 6,201 2,302
Maryland 37,297 10,548 4,474 1,265
Pennsylvania 125,555 32,946 3,978 1,044
Georgia 158,802 48,575 3,810 1,165
Alabama 133,956 41,438 3,678 1,138
Vermont 15,934 3,047 3,201 612
Iowa 398,551 144,981 3,198 1,163
California 327,287 75,388 3,184 733
Arkansas 179,024 56,005 3,183 996
Virginia 102,834 30,895 3,137 943
Wisconsin 191,761 42,098 3,117 684

WATER RESEARCH CENTER




Agricultural Nutrient Sources

1. Fertilizers
a. Synthetic
b. Organics (manure)

2. Livestock residues

WATER RESEARCH CENTER




Agricultural Nutrient Sources

The problem with Herbivores....

« Imbalanced diet
* Only assimilate 50%

» They eat constantly

« Excrete 50% of it which is
more bioavailable than it
was before

WATER RESEARCH CENTER




Agricultural Nutrient Sources

1. Fertilizers
a. Synthetic
b. Organics (manure)

2. Livestock residues
3. Groundwater contamination

OuUD
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Agricultural Nutrient Sources

It can take a long time to clean a watershed

Travel-time of Nitrate through Groundwater to Streams

Why nitrate?

Surficial
Aquifer

rrrrrrrrrrr

Confining unit




Agricultural Nutrient Sources

NH,
O CIJ 0 Fertilizer N Volatilization
NHy T O — P O{Il:‘— }»P O NH
O

o o | TE‘ =

. n . =
MHA MHa NHA B

Ammonium
NH,* - A
Nitrification

{ﬁnitriﬁcation

Nitrate NO,

I\

[Organic N ] Leaching, runoff

Sty
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Agricultural Nutrient Sources

volatilization and
denitrification crop uptake

How does N and P end up in
agricultural streams?

Ieahmg FQEI_LQ
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Agricultural Nutrient Sources

Most nitrogen enters Most phosphorus
via baseflow enters via stormflow

NITROGEN PHOSPHORUS QrRQUD




Agricultural Nutrient Sources

LOG TN (mg/L)

S ) . LOGTN 1
: : “a LOGTN 2
L . "o LOGTN 3
1.5
V] 10 20 30 40 50 60 70 80 90 100

% WATERSHED AGRICULTURE

Maryland Biological Stream Survey (Morgan et al. 2012)
total nitrogen (TN) and total phosphorus (TP) of small-order

LOG TP (mg/L)
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Differences between N and P in the watershed

Nitrogen Phosphorus

* Available from decomposing soil* Available from organic matter
organic matter. and minerals.

OuUD
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Urban Sources

1. Lawn fertilizers

NITROGEN
Helps with leaf development
and makes your lawn green

PHOSPHOROUS
Aids in root growth

POTASSIUM
Vital for disease resistance
and root development

Numbers on the bag
are percentages.
For example, 16-4-8
is 16% nitrogen, 4%
phosphorous, and
8% potassium.

Milorganite

' NITROGEN FERTILIZER' '

LUSH LAWNS
ABUNDANT GARDINS
TRUSEID 1OR OVIR 90 Y [ ARS

WATER RESEARCH CENTER




Urban Sources

1. Lawn fertilizers
2. Sewage (grey infrastructure)

WATER RESEARCH CENTER




Urban Sources

1. Lawn fertilizers
2. Sewage T—
3. Septic pU=El Septic System |

Treatment in Soil

Groundwater

Bedrock

Please note: Septic systems vary. Diagram is not to scale. Ol D
"‘Q&'\rﬁ«
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Urban Sources

- Grey
1. Lawn fertilizers Nfrastructure
2. Sewage
3. Septic Green
4, Stormwater

infrastrutu re




Urban Sources

Lawn fertilizers
Sewage

Septic
Stormwater
Industrial sources

o h =




Urban Sources

How does N and P end up
in urban streams? RAL ENVIRONME!

Phosphorus export
increases as land 40% 30%
use intenSiﬁeS. {"""2\4,.‘ evaporation evaporation gl

N
RN W

\
b
e~

100

25% shallow infiltration < sml® anae o Nt 10% shallow infiltration

Phosphorus export (kg/km2/year)

25% deep infiltration 5% deep infiltration

Forest Agriculture
Land use

+ urban development - more P and at high-flows SIROUD
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How does N and P end up in urban streams?

Hobbie et al. 2017

Watershed inputs (kg kmZy™)

8,000

7,000}

6,000

5,000}

4,000
3,000}
2,000
1,000
0 —
AHUG EK

Atmospheric deposition
Household pet waste

Residential fertilizer

d
0
B Non-crop biological N fixation
B
|

Non-residential fertilizer

Nitrogen

PC TBEBTBWB TBO SAP

Watershed

[] Crop biological N fixation
B Agricultural animal waste
B Weathering
[ ] County compost

—
Urbanization

Sty
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Agricultural and Urban Impacts on Watersheds

In the Chesapeake Bay Watershed

Nitrogen runs into Phosphorus

the bay from... comes from...

Agricultural areas Air pollution  Agricultural Urban and
Fertilizer, animal Auto exhaust, runoff suburban
waste i industrial 46% 399

42% confaminants

Urban and —— Sewage A Sewage
suburban areas treatment treatment
Septic tanks, improperly plants plants
discarded chemicals, litter 20% 290,

16%

Sty
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Agricultural and Urban Impacts on Watersheds

In the Delaware River Watershed Nitrogen Loads

Delaware River Basin

Agriculture
14,625 tonsiyr

Suburbant

‘—m
Kauffman 2018 WATER RESEARCH CENTER




Agricultural and Urban Impacts on Watersheds

Consequences of increasing loads of nutrients in
urban and agricultural watersheds...

OuUD
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Freshwater Eutrophication

Land-based N Inputs
(Biological No-Fixation, Synthetic Fertilizer, Atmos.NO,) Vast m aj Ority Of I a nd_based N inputs
~270 Tg Ny . . . .
—-— disappear in terrestrial ecosystems (soils)
Soils and at the interface between terrestrial
l and aquatic environments (groundwater,
Groundwater, Lakes, and Rivers lakes and riverS).
| Seitzinger et al. ().
Estuaries

Atmospheric N Continental Shelves
e L//\\\\\j
Deposition l -

Q Open OCean ( JMarine NZ-FiXatiOn

\ 87-156 Tg Ny
Oxygen Minimum Zones

= =
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https://ecologicalprocesses.springeropen.com/articles/10.1186/2192-1709-1-11#ref-CR70

Eutrophication

:—v.\b precipitation O ONGSNES Causes:
" ;  Warm Temperatures
S i ) 4 %, .« High N orHigh P or High N&P
e X B ) N  Light
Consequences:

« Biomass growth

« Temporal Loss of biodiversity

* Anoxia

* Permanent Loss of
biodiversity

Sty
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Marine Eutrophication

Bottom Water Hypoxia July 21-25 1998

Anoxic zone in the
Gulf of Mexico

Bl oxygenleas than 2 mgiL

33.5 33.a 925 924 als ala 2.5 0.4 835 Algal blooms

in Grat lakes

P

Algal blooms
in the Bays

Sty

WATER RESEARCH CENTER




Eutrophication in Running Waters

Srow
Dodds et al. 2009 A
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Eutrophication in Running Waters

Nitrogen Enrichment Phosphorus enrichment

Decline 1n species numbers Decline 1n species numbers

Decline in rare species Decline in numbers of rare species

Decline in mosses Decline in mosses

Increase 1 Lemna sp Increase 1 Cladophora, Enteromorpha.
Potamogeton pectinatus, Sparganium erectum,
Apium nodiflorum and Lemna minor

Dawson et al. 1999 WATER RESEARCH CENTER




Stream Eutrophication

Effluents of sewage treatmnt faC|I|t|es

Effluent input

Flow direction

WATER RESEARCH CENTER




River Eutrophication

50
45
40
35
30
25
20
15
10

Water Temperature °C

Dissolved Oxygen vs. Water Temperature
Delaware River at Ben Franklin Bridge (2012)

" 10
L\'v\ Based on dissolved oxygen saturation, a 2° 9;'— v‘"
\ rise in water temperature fram " ]\}
28 deg C corresponds to a 0.2 mg/| ~ 8 g
LJM decline in dissolved oxygen from 3.57%4.7 E_
- L™ ‘ =
YRV 6 28
‘n.--'-‘ = 0 D
h *'J N i
= LN A AN 25 ¥ 4 @
. A w L] (¥ 5
Y ' N\ , 3
M g
S
0
A M J J A S o M D

Dissolved Oxygen water Temperature
DRBC DO Criteria (3.5 mg/1) = = = Future DO Criteria (5.0 mg/l}
Water Temperature [+ 2degC] = ===—-- Dissalved Oxypen [w/ + 2 deg Crise)

Kauffman 2018
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3. Effects and Efficacy of Remediation
a. Riparian buffers/Farming practices
b. Stormwater BMPs
c. Are we cleaning our waters?




Riparian Buffers/Farming Practices




Riparian Buffers




Riparian Buffers

' Forest Buffer
(s — critical for in-stream ecosystem services
- intercepts some nutrients & sediment

Rlparlan
- Forest Buffer

Lev“eI-Skbreader A'
| — intercepts and infiltrates runoff, removes sediment

h@,’\“ rm,‘,“.v., .
i vg',(i\(w(‘ﬂﬂ b




Riparian Buffers

Stream width
Ecosystem Services of 3 LI
e
. . 2. ©
Riparian Buffers B e,
2] feccccncccnancccnccnccnnccns
75°5024"W 75°4312'W " 7“7 ) 2 : :
|‘chh ‘Jsr. g
DoeL urel k :‘.'E g Phosphorus uptake
ann Pocopso| e
39°54'0"N9 %MQ b P39°54'0'N g 5- (o]
A 4 ﬂ.:' 2] teccnna - L @
1 £ T
rx 3 ° .
5 WL Br, Wi AV4 ? T:E 3-
o x h E Total macroinvertebrates
£'e -. (g 39°45'0°N o >
2 x| s L 2] P °
£08
S, Ul RN Dip.cicailBianans e
mkﬁ }‘"’ ‘ T
75°50°24"W 75° 4312w 2 * ©

0 zs 5 0.1 1 10 100 SUD
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Riparian Buffers

Case study:
The Stroud Preserve




Riparian Buffers: The Stroud Preserve

Proof of Concept:

1) Demonstrate ability of riparian reforestation b
to improve water quality \
2) Assess time needed to achieve full benefit LS Station
of restoration || Fa




Riparian Buffers: The Stroud Preserve

Level-lip spreader
1994



Riparian Buffers: The Stroud Preserve
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Riparian Buffers: The Stroud Preserve
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Riparian Buffers: The Stroud Preserve
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Riparian Buffers: The Stroud Preserve

CROP LAND

13 hectares

Upslope input
245 =

«—— BUFFER
0.72 hectar

Groundwater
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Stream-water NO,-N (mg/L)

Riparian Buffers: The Stroud Preserve

« N pollution decreasing as buffer grows
* N enters via baseflow (leaching)

« P pollution unaffected
« P enters via stormflow (runoff)

«  But TSS was reduced by 43%, and
particular P was 22% lower on
average

SIEQUD
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Riparian Buffers: The Stroud Preserve

e The riparian buffer removes ~26% of nitrate from
subsurface flow.

e The riparian buffer removes ~40% of sediment from
overland flow.

e The spreader removes ~26% of particulate phosphorus,
but removal by buffer system is not significant.




The Stroud Preserve

The work continues: 2018-2023
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Reducing Pollution from Agriculture
in the Delaware River Watershed




Farming Practices: The Stroud Preserve

Conservation
No-Till

Stroud
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Farming Practices: The Stroud Preserve

Crop

Conventional Synthetic Synthetic

Conservation Yes No Synthetic Synthetic
Organic till Yes Yes Manure/Compost Non-synthetic

Organic no-till Yes No Manure/Compost Non-synthetic
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Farming Practices: The Stroud Preserve

Farming practices and N storage
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Farming Practices: The Stroud Preserve

No-Till

Measure whole watershed stream Lo e ——

response to oraanic practices
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Farming Practices: The Stroud Preserve

Morris Run, 27 years after tree planting

Morris Run Storm June 19, 2019
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Stormwater infrastructure



Stormwater infrastructure
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Stormwater infrastructure
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Are we improving water quality?

Water-quality trends for TDS at 762 sites in the conterminous US between 2002 and 2012.
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Are we improving water quality?
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