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Phosphorus 
Legacies

Intensively managed catchments have 
legacy stores of nutrients that have built 
up over decades of fertilizer application 
and contribute to catchment time lags

adapted from Reddy et al.(2011)
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Network 
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Stores
How much?
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Fluxes
How are these 

legacies 
mobilized?

CLIMATE

How long will it take for water quality to improve?
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Representation of the Urban P 
Component



Models tell us where the P is hiding…
For example, a model 

of the Grand River 
Watershed showed that 

most of the legacy P 
has accumulated in soil

Since 1900, ~4% of 
net P inputs to the 
GRW have been 

exported to 
downstream waters



Can we independently 
validate reservoir P 

accumulation?

Modelled accumulation: 38 kg/ha

Measured accumulation: 43 kg/ha



--Nils Bohr, Nobel laureate in Physics
This quote serves as a warning of the importance of validating a forecasting model out-of-sample. 
It's often easy to find a model that fits the past data well--perhaps too well!--but quite another 
matter to find a model that correctly identifies those patterns in the past data that will continue to 
hold in the future.

Mississippi

Prediction is 
very 

difficult…
especially if 

it’s about the 
future.

-Nils Bohr



Reducing 
manure 

losses leads 
to some of the 

fastest 
improvements 

to water 
quality
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Legacy as a Resource: If P is building up soils can we 
effectively “harvest” it?

A 60% reduction in fertilizer P application led 
to a 40-50% reduction in TDP over a 10-year 
period, with no reduction in crop yield
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Intensificatio
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In the rural community of 
Saint-André and among fields of 
potatoes and other agricultural 
production, the LaForge Dairy 
Farm generates enough electricity 
to power 1000 to 1200 homes

The manure from 200 cows, fries, potato 
skins, starch products, slaughterhouse waste, 
sludge from waste water treatment system -- it 
would otherwise all be disposed of-- but 
thanks to the LaForge anaerobic digester 
system, that waste is being put to good use- 
powering homes and business near the 
LaForge Farm.
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Maximize the savings of manure 
transportation

Excess cell can only move the excess P 
available

Fraction f of the total excess P must be moved

Limit the amount of manure a biogas plant 
can receive to b tons &
Prevent manure from moving to locations 
without biogas plants

Spatial Optimization for location of 
Biogas Plants



P balance across US: 
- Manure is only able to meet 22% of the P needs at location where it is produced 
 - 1 million ton of manure P remains as excess --- 144 ug/L P in runoff (49 ug/L)



Currently 260 plants in operation 
reduce emissions by 2 million MT of 
CO2

974 biogas plants 
using an average of 

60,000 tons of 
manure each



Currently 260 plants in operation 
reduce emissions by 2 million MT of 
CO2

974 biogas plants 
using an average of 

60,000 tons of 
manure each

Potential Emission 
Reduction of 
7.5 million MT of CO2



Similar analysis in Southern Ontario highlights food waste 
critical for cost-effectiveness of biodigesters
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Annual Feedstock 
Processed

RNG Price: $25/GJ

Tipping Fee: $15/tonne

34

Similar analysis in Southern Ontario highlights food waste 
critical for cost-effectiveness of biodigesters
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Thank you and 
Questions
Twitter: @nanditabasu2
Email: nandita.basu@uwaterloo.ca
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web-based water 
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Introduction

• Water quality management (WQM) depends on 
the reduction of nutrient inputs, yet sampling 
frequency and coverage do not reliably 
represent changing systems, such as rivers. 

• Frequency = temporal

• Coverage = spatial

 

Sampling a canal in the North Platte River Valley



Introduction

• Water quality management (WQM) depends on 
the reduction of nutrient inputs, yet sampling 
frequency and coverage do not reliably 
represent changing systems, such as rivers. 

• The development of near-real time sensors 
allow users to visually monitor water quality 
using web-based technology (~15 min).

 

Sampling a canal in the North Platte River Valley

StreamNet, a WQM tool 



Introduction

• Public accessibility to water quality data can:

• decentralize decision-making

• facilitate collaboration between diverse 
water user groups

• lead to human health, economic, 
ecological, and recreational benefits

 

Sampling a canal in the North Platte River Valley

StreamNet, a WQM tool 



Introduction

• Public accessibility to water quality data can:

• decentralize decision-making

• facilitate collaboration between diverse 
water user groups

• lead to human health, economic, 
ecological, and recreational benefits

• However, access to WQM tools and their data 
does not automatically influence the use of the 
tool or data. 

• Norms, attitudes, beliefs, and values can 
be associated with the intention to use a 
tool. 

 

Sampling a canal in the North Platte River Valley

StreamNet, a WQM tool 
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Study System: North Platte River (NPR) 
Valley, western Nebraska

Christmas lights emphasize 
multi-use landscapes



Methods: 

• Survey Design

• Four sections:

• Perceptions of local water quality

• Drivers for a web-based WQ monitoring tool

• Five-point Likert scale

• Land description

• Demographics info



Methods: 

• Survey Design

• Four sections:

• Perceptions of local water quality

• Drivers for a web-based WQ monitoring tool

• Five-point Likert scale

• Land description

• Demographics info

• Tailored Dillman Design Method



Results 

Survey Respondent Information

62 complete survey responses 
of 171 returned surveys

●
73% male

60% producer
Average age: 65



Results

Survey Respondent Information

62 complete survey responses 
of 171 returned surveys

●
73% male

60% producer
Average age: 65

Local surface water quality perceptions
83% (river)/86% (tributaries): “average”, “good”, “excellent” 
water quality
44%: “never” seek out local surface water quality information
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Results – Step 1. CFA Model Fit Indices 
Χ2(7)= 3.98, p-value=0.7819
CFI = 1.00
TFI = 1.00 
RMSEA =0.00 SRMR=0.039
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Performance 
Expectancy, PE

Effort Expectancy, EE

Facilitating 
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Social Influence, SI
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Moderator: 
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Results – Step 2. Structural Model
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Conclusion
• A majority of water users within the counties of Scotts Bluff, Banner, Garden, and Morrill perceived 

river and tributary water quality as average or better, while less than half did not actively seek out 
water quality.

• Performance expectancy had a significant, positive association with behavioral intention. 

Farmer’s Irrigation Canal diversion, NE



Implications

• When presenting water users (or a target 
population) with a tool for environmental 
monitoring, it is important to align the 
WQM tool with the water users’ goals and 
objectives.

• What are the water resource goals 
(quality/quantity) of water users?

• How can resource managers make 
water quality more salient for local 
water users for the NPR Valley 
specifically?

Rodeo Fourth of July celebration

Concentrated animal feeding operation



Thank you!
apoetzl2@huskers.unl.edu



Accelerating Water Quality Restoration 
with In-lake Management

Scott Shuler 
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• Improving water quality since enacted in 1972
• Significantly reduced point source pollution
• Efforts are improving watersheds
• Non-point source pollution must be addressed in new ways

• Relatively small efforts for in-lake management
• Investments needs to be more efficient

• > $5 Trillion
• Cost > benefits
• Keiser and Shapiro 2019

• Given the investment and time required to restore 
watersheds and realize positive water quality impacts 
additional in-lake management should be considered 
to accelerate water quality improvement. 

Image downloaded from https://cwa50.org/  May 17, 2022

https://cwa50.org/


• Over 48,000 lakes impaired with 
phosphorus in the US

• >300,000,000 pounds flow into 
the Gulf of Mexico each year







• 1971
• 425 Lakes
• Most are still impaired



In-lake Management

• Complement to watershed management

• Water-column stripping
• EutroSORB® WC

• Alum

• Sediment inactivation
• EutroSORB G

• Alum

• Phoslock®

• Inlet filtration / nutrient inactivation

• Aeration





Kitsap Lake, WA

• 99.5-ha lake, 5.5m av. depth

•Mix of forested and developed 
watershed (~7.2km2)

• Anoxic bottom water in summer, 
cyanobacteria blooms summer/fall

• Internal loading of P source of 
problems

• Storm drains also needed upgrading

• Phosphorus Management Plan 
developed utilizing adaptive 
management strategies 



Kitsap Lake, Bremerton, WA
•No HABs or associated toxins

•4X increase in Secchi disk readings

• Improved water quality

•Nutrient goals met

•Decreased hypolimnetic phosphorus release

June 2020

August 2021



Benefits of In-lake Management

•Rapid water quality improvement
• Or preservation of current trophic state

•Often needed to realize improvement within a generation(s)

• Less favorable environments for HABs

• Improved oxygen levels

• Improved breakdown of organic matter

• Less down-stream phosphorus loading







Summary
•The Clean Water Act - improving water quality since enacted in 1972

• Much success has occurred
• We have a long way to go

•Given the investment and time required to restore watersheds and 
realize positive water quality impacts additional in-lake management 
should be considered to accelerate water quality improvement

•Phosphorus mitigation at the lake level is a viable management 
strategy to restore waterbodies and improve designated uses

•Adaptable to a wide range of lake and stream conditions



Questions & Discussion

E: scotts@eutrophix.com
M: (317) 703-9510
eutrophix.com 

mailto:scotts@eutrophix.com
http://www.eutrophix.com/
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Recovering N and P from Urine

Source:  The Rich Earth Institute

As urea As phosphate



Technologies for Recovering N and P

Urea recovery by FO-MD (Ray et al., 2019)

Ammonia recovery by nanofiltration (Ray et al., 2022)

Urea recovery by alkaline dehydration (Simha et al., 2018)

Urea recovery by ethanol evaporation (Marepula et al., 2021)



Urine Diversion and Nutrient Recycling

Source:  The Rich Earth Institute



Urea Hydrolysis as a Problem and Its Prevention

The ubiquitous urease enzyme 
catalyzes the hydrolysis of urea in 

urine to ammonia and carbon 
dioxide, making storage and 

transport difficult

Increasing ammonia 
concentration, 

conductivity and pH 
are hallmarks of 
urea hydrolysis 

Urea hydrolysis can 
be inhibited by 

adding acid 
(vinegar) or base 

(caustic)

Ray et al., ES:WRT, 2018



Using Electro-synthesized H2O2 for Urea Stabilization

Arve and Popat, ACS ES&T Engineering, 2021



Proof-of-concept with Real Urine
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Anode -
0.2 M Na2SO4

Cathode -  Urine
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Elevated pH in cathode chamber 
induces calcium phosphate 

precipitation
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Adding Phosphorus Recovery as Struvite

Location Half-Reaction E0 (V)
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Proof-of-concept – Magnesium Dissolution

Theoretical 1 mol of Mg2+ 
per mol of H2O2 produced
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Proof-of-concept – Avoiding Chlorine Production and 
Urea Oxidation

Low levels of free and total Cl2Unchanged urea concentrations



Proof-of-concept – Struvite Precipitation

Lower struvite recovery at higher current densities, linked to a 
high pH achieved at higher current densities



Proof-of-concept – Phosphate Removal

Phosphate removal not affected by current density, suggesting 
precipitation at calcium and magnesium phosphates at higher pHs



Proof-of-concept – Urea Stabilization



Take-home Messages

Electrochemical stabilization of real urine can be 
achieved with in situ electrochemical peroxide 
production

1

2

3

Using magnesium anodes in electrochemical urine 
stabilization leads to the dissolution of Mg for 
struvite precipitation and avoidance of Cl2 
production

Struvite precipitation is affected by current density, 
which affects the urine pH in the electrochemical 
cell – pHs >10 leads to phosphate recovery as 
calcium and/or magnesium phosphates 



Electrochemical 
Urine Stabilization 
with Concomitant 

Phosphorus 
Recovery using 

Magnesium Anodes 
and 

Peroxide-producing 
Cathodes
Philip Arve

Prithvi Simha
Dyllon Randall
Sudeep Popat

parve@g.clemson.edu


	1 - P Sustainability Week Basu .pptx
	2 - Poetzl_STEPSconference.pptx
	3 - Shuler SPS Speaker Accelerating Water Quality Restoration Final (1).pptx
	7 - P Week 2022 Arve.pptx

