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Environmental agency: Nearly
entire Gulf of Finland overrun

with blue-green algae

The algal blooms have also invaded many inland lakes and researchers say the
situation will only improve in August.

Florida Fights Giant Algal Bloom in Lake Okeechobee

Governor declares state of emergency as algae covers about 90% of the 730-square-mile lake

mnsmmm«s Be the first of your friends.

Algae In
the News

Toxic algae in western Lake Erie makes early
arrival because of heat

(@?\ By Tom Henry | BLADE STAFF WRITER
<

Public health agency warns of blue-green
alae in Toronto waters
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Intensively managed catchments have
legacy stores of nutrients that have built

up over decades of fertilizer application
and contribute to catchment time lags
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Sustainable Phosphorus Management and the Need for a Long-Term
Perspective: The Legacy Hypothe5|s
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5-year fight removes less than 1% of phosphorus from Lake
Winnipeg basin

Targeted action needed against nutrient causing toxic algae blooms, scientists and advocates say
By Cameron MacLean, CBC News Posted: Sep 17,2017 400 AMCT | Last Updated: Sep 17, 2017 11:02 AM CT
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Managing nitrogen legacies to accelerate water quality
expectations improvement
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How long will it take for water quality to improve?
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Phosphorus
Inputs and
Outputs across
US (250 m scale)

1930

(a)
i3
5 g
5 L
0 7
= (
¢ W EAR
[]oto2
(e)
i
I ‘
£ £
o f
B8 .
[JOto2
(i)
Q ]
o
3
5 o
Q.
o
@)
<

[]Joto2

1980 2017
(b) (c)
“’ "} )
¥ TRy e e g A
, 5 .{ et
Inputs (kg-P ha-' yr1)
|:|2t05 |:|5to10 .10to15 .>15
(f) (9)
Fian i
2 N . >
>
Inputs (kg-P ha-' yr1)
[]2to5 []5to 10 [l10to15 JP>15
() (k)
7 i
g | r "\ [

[]2to5

Outputs (kg-P ha' yr1)
[]5t0o 10 [ 10to 15

W>15

10 2
(d)
o
o5 15
o
(@)
X
0 |
1930 1980 2017
10
(h) 2
o
8535 1
o
[®)]
-
0 0
1930 1980 2017
10
(1 3
5 2
0 ]
1930 1980 2017

A 4-61

A d-61

A d-61




Phosphorus
Surplus (Inputs —
Outputs) across

US
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Beyond the Mass Balance: Watershed Phosphorus
Legacies and the Evolution of the Current Water Quality
Policy Challenge

K. J. Van Meter! \*, M. M. McLeod? ", J. Liu® '\, G. Thierry Tenkouano* (", R. I. Hall>¢ (),
P. Van Cappellen*® */, and N. B. Basu**¢
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Models tell us where the P is hiding...

For example, a model
] Groundwater of the Grand River

] Reservoirs & Riparian Zones Watershed showed that
Bl Landfills ' most of the legacy P
- il has accumulated in soil

(ktons)

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




Can we independently
validate reservoir P
accumulation?

A Water Quality Station

Waste water
Treatment Plant

River




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

Normalized Stream Phosphorus Load

Normalized Stream Phosphorus Load
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Legacy as a Resource: If P is building up soils can we

effectively “harvest” it?
&16 e e

|ence LETTER - OPEN ACCESS

Feed the Crop The phosphorus legacy offers opportunities for agro- e
the Food Chair ecological transition (France 1850-2075) it
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A 60% reduction in fertilizer P application led
. iiwe—  toa4o-50% reduction in TDP over a 10-year
eenssen | period, with no reduction in crop yield
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The planet's prodigious !
poo problem |

Each year, livestock produces billions of
tonnes of excrement. It's starting to poison
the natural world. So what is to be dung?

by David Cox

How much poo is generated by the
world’s farms?

Recent research has estimated that by 2030, the planet will be generating at
least 5bn tonnes of poo each year, with the vast majority being deposited by
livestock. With 80% of farms in the Netherlands already producing more cow
dung than they can legally use as fertiliser, and China resorting to drastic

meaciirec to trv to rediice the amoint of mannre heine dicschareed intn
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The LaForge Dairy Farm - a Biogas success story
November 1 2016, 15:30 PM

In the rural community of
Saint-André and among fields of
potatoes and other agricultural
production, the LaForge Dairy
Farm generates enouc '

| The manure from 200 cows, fries, potato
5 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
PR sy system that waste is being put to good use-
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Sustainable Solutions
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California subsidies for dairy cows’
biogas are alose-lose, campaigners say

The state pumps millions into methane produced by manure - but
advocates argue it increases greenhouse gas emissions and

encourages factory farming R rEE—
Sy Sustainable Production and Consumption | ggaed

Volume 29, January 2022, Pages 370-386
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Rethinking biogas transport logistics to

Optimizing transport to maximize nutrient rec

energy recovery adapt to localized agriCU_Iture
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Spatial Optimization for location of

Biogas Plants

nm m
CikZip +
=]l k=1 =1

m
Exc.ess cell can only move the excess P { Zzik <S; Vi
available k=1
n n
Fraction f of the total excess P must be moved { Z zy > f ZS"
i=1 k=1 i=1

n
{ Z(MP,izik) < by; Vk
i=1

Zik = 0, Vl,k

Maximize the savings of manure max
transportation

m

Limit the amount of manure a biogas plant
canreceivetobtons &
Prevent manure from moving to locations
without biogas plants

Vi =01; Vk

[—Co)’k +(y*r+xb*n—q))

n
D (Mpiz)

=1

Parameters:

1=Index of net P supply locations

k = Index of potential biogas locations

n = Number of P excess locations

m = Number of potential biogas locations

cix = Savings from moving manure from cell i to biogas plant j [$/ton P]
¢y =Fixed costs from building and operating a biogas plant [$]

¢; = Variable costs from building and operating a biogas plant [$/kWh]
1, = Variable benefits from building and operating a biogas plant [$/Btu]
1 = Energy produced per volume of gas produced [Btu'm3 methane]

b = Volume of gas produced per mas of manure used [m3 methane/ton manure]
1 = Efficiency of electrical energy generation [-]

Mg = Manure to phosphorus ratio in cell i [ton M'tonP]

S; = total phosphorus supply at cell i [ton P]

f=minimum fraction of excess manure to be transported [-]

b = Maximum manure capacity of a biogas plant [tons M]

Variables:

zix = amount of phosphorus transported from cell i to cell j [ton P]

vi =Is 1 of a biogas plant is built at location j, 0 otherwise



P balance across US:

- Manure is only able to meet 22% of the P needs at location where it is produced
- 12 million ton of manure P remains as excess --- 144 ug/L P in runoff (49 ug/L)
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Currently 260 plants in operation
reduce emissions by 2 million MT of

974 biogas plants
using an average of
60,000 tons of
manure each
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Similar analysis in Southern Ontario highlights food waste
critical for cost-effectiveness of biodigesters
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Similar analysis in Southern Ontario highlights food waste
critical for cost-effectiveness of biodigesters
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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

By . %Y 7
d )

1 (
- ! 2 |



Introduction

* 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

Select a variable and add a chart for it:

Ammonium (mg N/L) ADD CHART

]
L]

Nitrate (mg N/L) ;
ODO (%sat)

0DO (mg/L)

Phosphate (mg P/L)

Sp Cond (uS/cm)
Temperature (°C)
Turbidity (FNU)

pH
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-+~ UNL 1073 field hous

J12.00
-+~ UNL-Greenhouse

10.00,
8.00|
6.00/

4.00/

2.00

0.00—— =
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2022

Phosphate (mg P/

StreamNet, a WQM tool



Introduction

* Public accessibility to water quality data can:
* decentralize decision-making

* facilitate collaboration between diverse
water user groups

* |ead to human health, economic,
ecological, and recreational benefits

¢ S

Sampling a canal in the North Platte River Valley

Select a variable and add a chart for it:

Ammonium (mg N/L) ADD CHART
; Nitrate (mg N/L)

ODO (%sat)

0DO (mg/L)

Phosphate (mg P/L) Phosphate (mg P/L)

12.00 -~ UNL 1073 field hous
N
Sp Cond (uS/cm) a s o.00l -+~ UNL-Greenhouse
10
. £ s.00
Temperature (°C) @ 6.00|
m© |
Turbidity (FNU) ISR
@ 2.00)
pH £ 0.00—

Mar 15 Mar 16 Mar 17 Mar 18 Mar 19 Mar20 Mar 21 Mar 22
2022

StreamNet, a WQM tool



Introduction

¢ - P

Sampling a canal in the North Platte River Valley

Select a variable and add a chart for it:

Ammonium (mg N/L) ADD CHART

« Nitrate (mg N/L)

* However, access to WQM tools and their data BBl
does not automatically influence the use of the S,
t00| or data. Phosphate (mg P/L) Phosphate (mg P/L)
* Norms, attitudes, beliefs, and values can e J12.00 e
. . . . p M Cm) 010.00; -Greenhouse
be associated with the intention to use a € 8.00
Temperature (°C) Sy
tool. g 600
Turbidity (FNU) ISR
@ 2.00]
pH £ 0.00—

Mar 15 Mar 16 Mar 17 Mar 18 Mar 19 Mar20 Mar 21 Mar 22
2022

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

Valley, western Nebraska

Scotts Bluff
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[ ] ‘he asks
Methods: . C—

Your Thoughts on Surface Water Quality and the Use of a
Web-Based Water Quality Monitoring Tool

b Su rvey DeSign For this survey, we use “loral” 1o refer to the Narth Plarte Watesshed withie the Seotrs Bluff,
Ranncr, Marrill, and Garden eounties. We n'so use “surface water(s)” far rvers, lakns,
[ ] Fou r Sectio ns: resenvnirs, canals, tempnrary ponds/wetlands, and streams. Please nse these defininons

whan answenng our survay Questions.

* Perceptions of local water quality

\

Part One: Surface Water Quality, Information Sources, and Community in

* Drivers for a web-based WQ monitoring tool the North Platee Watershed

* Five-point Likert scale Surface Water Quality
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Your Thoughts on Surface Water Quality and the Use of a
Web-Based Water Quality Monitoring Tool

b Su rvey DeSign For this survey, we use “loral” 1o refer to the Narth Plarte Watesshed withie the Seotrs Bluff,
Ranncr, Marrill, and Garden eounties. We n'so use “surface water(s)” far rvers, lakns,
[ ] Fou r Sectio ns: resenvnirs, canals, tempnrary ponds/wetlands, and streams. Please nse these defininons

whan answenng our survay Questions.

* Perceptions of local water quality , 1

Part One: Surface Water Quality, Information Sources, and Community in

* Drivers for a web-based WQ monitoring tool the North Platee Watershed
* Five-point Likert scale Surface Water Quality
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Results

Survey Respondent Information

62 complete survey responses
of 171 returned surveys
 J
73% male
60% producer
Average age: 65



Results

Local surface water quality perceptions
83% (river)/86% (tributaries): “average”, “good”, “excellent”
water quality
44%: “never” seek out local surface water quality information



Results — Conceptual Model
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Results — Step 1. CFA Model Fit Indices

X3(7)=3.98, p-value=0.7819

CFI=1.00
TFI=1.00

Facilitating
Conditions, FC

RMSEA =0.00 SRMR=0.039

Performance
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Personal Norms, PN
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Results — Step 2. Structural Model

Facilitating
Conditions, FC
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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.
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Fourth of July celebration

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?



Thank you!

2@huskers.unl.edu
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Accelerating Water Quality Restoration
with In-lake Management

Scott Shuler
National Manager, EutroPHIX

Sustainable Phosphorus Summit
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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
e > S5 Trillion
* Cost > benefits
» Keiser and Shapiro 2019

* Given the investment and time required to restore

watersheds and realize positive water quality impacts
] 972 ~ 2 O 2 2 additio;val in-lake mana?ement should be considered
to accelerate water quality improvement.
The Next 50 Years

FutroPHIX

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
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e 1971
e 425 Lakes

* Most are still impaired ~ 1972-2022

action 1 f their condition is to be maintained; and,

Those lakes which have deteriorated to the extent that
protective action is no longer sufficient and rehabili-
tation is required if satisfactory quality is to be
re-established.

This report is an attempt to compile the



In-lake Management

Complement to watershed management

Water-column stripping
* EutroSORB® WC
e Alum

Sediment inactivation
* EutroSORB G
e Alum
* Phoslock®

Inlet filtration / nutrient inactivation

e Aeration

I d

Prescription

Utilizing information gained in
the assessment phase to develop
aplan and strategy.

Adaptive
Management

We recommend a process of |

continued monitoring, stakeholder
input, and adaptive management

to successfully achieve or

sustain project goals.

Stakeholder
- Input
Collaboration to create
an understanding of
the project, determine

feasibility, and outline
desired goals.

Assessment
Collection of historical
information, water quality
data, and lake sediment
samples.

Implementation
Efficiently and effectively executing
the prescription outlined.

@2 EutroPHIX




- Phosphorus Locking Technology

EUtroSORB ©




Kitsap Lake, WA

* 99.5-ha lake, 5.5m av. depth

* Mix of forested and developed
watershed (~7.2km?)

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

* Internal loading of P source of
problems

e 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

L] L]
* Decreased hypOl Imnetic phosphorus release
Kitsap Lake - Water Clarity Kitsap Lake - Hypolimnetic (deep water) W20
200 - Total phosphorus Levels 2020 & 2021 2020
18.0 —‘V Lols ~
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14.0 -
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Error Bars = 1 SD (Historical Data: 1996 - 2017 n=36; 2020 n=13; 2021 n=6) Ape i - L Aug Sep




Benefits of In-lake Management

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

e 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

FutroPHIX
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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

) EutroPHIX
S



Questions & Discussion

P
Prescription

Utilizing information gained in
the assessment phase to develop
aplan and strategy.

g

d
Stakeholder
Input

Collaboration to create
4 anunderstanding of
the project, determine
feasibility, and outline
desired goals.

Adaptive
Management

We recommend a process of
continued monitoring, stakeholder
input, and adaptive management
to successfully achieve or

sustain project goals.

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

Assessment
Collection of historical
information, water quality
data, and lake sediment
samples.

y
Scott Shuler 5

National Manager

Implementation

Efficiently and effectively executing

[
-
the prescription outlined.

@2 EutroPHIX
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Volume

Recovering N and P from Urine

Nitrogen content

ine <15 ’f <0.1% ‘II.I.._
urine <1% ' feces () 20-80%

Wastewater
Urine

40 mg N/L
6000 mg N/L

As urea

Phosphorus

50-65%

7 mg P/L
300 mg P/L

As phosphate

Micropollutants

~50%

Source: The Rich Earth Institute

urine
grey water
H feces

B grey water
and feces



Ackd er base

Technologies for Recovering N and P

added for urca -« or

stabilization

.
o
-=
®1

No
i |Prereatment '

Implications

* Sadls fux
» Growsor NH, rocovery
* Roducod chowmng

* Pov B
= Rodoced NIF, secovery
» Froguont <hcanng

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

FRESH URINE

ANION-EXCHANGER

STABILISED URINE

HOT AIR i i s | s | il | i MOIST AIR
AN A

ALKALINE DENYDRATION MEDIA

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

M ramuN

ums
cryeak

wroa perity 41 - 43% W puriy. ™ - 91K

usthisaved
impurities

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



Urine Diversion and Nutrient Recycling

COLLECTION TRANSPORT

Hauling options
(Raw urine)

ﬁ (1 TREATMENT

Drop-off \ 7/
Station Q Q Q

Hauler partner uses their tank

Storage and Treatment
Center

APPLICATION

0 . \|

|

TREATMENT i’

e o (E.g. paturizer) s ,l

—1 R Raw untreated Treated
( (\; urine tank urine tank
= Y
Urine-only Trailer owned by program R
‘. (hauled by permitted pertner) @ @
-
| [ ‘\
ol Barrel
\77/ (at collection site)
//\‘\\
(fomeed)
plumbed
fixture
m | .
TREATMENT Gravity—fed)
[ Urine-only truck e (Mobile pasturizer) T1s } =
(with hauler permit) Raw untreated Treated
= T urine tank urine tank
Storage at colldction sites
sized for transpdrt efficiency
W et Source: The Rich Earth Institute




Urea Hydrolysis as a Problem and Its Prevention

SN
HIN” “NHy yremse . NHs + HO™ “NH,
X

> NH
HO™ “NH, % ¥ &0

The ubiquitous urease enzyme
catalyzes the hydrolysis of urea in
urine to ammonia and carbon
dioxide, making storage and
transport difficult

Ray et al., ES:WRT, 2018

[ urine |+ urease | | urine | +[ Urease |+ Acid

/-~ o AT N

Ultlh\__. mmmmm 4. Urea ].u o AIW“‘ -

. L t )) . % t i
AV B TN

\_ P AL Y/

Increasing ammonia
concentration,
conductivity and pH
are hallmarks of
urea hydrolysis

Urea hydrolysis can
be inhibited by
adding acid
(vinegar) or base
(caustic)



Using Electro-synthesized H,O, for Urea Stabilization

Power

Supply ‘ 10000 ‘ I

: 8000 - |

Q - ) -

2 Urea '

o W | &+ 0de D 6000 - | Untreated

5 E>{H20; £ e G | [ Stabilized g |  ooos control

S S ' —hk—

':_,ﬂ ’ ]L é 2 % Urine = 4000 - _

. 5 . < —®— H202 produced
Urine 8 " 2000 4 = @ 20 A/m2
Collection _ )

Cathode - | / Anode - B s
Urine | Na,SO, 0 pe-—a—=e — = o |
0 10 20 30 40

Arve and Popat, ACS ES&T Engineering, 2021 T| me ( d)




Source
Urine

EC synthesized H,

Proof-of-concept with Real Urine

Untreated

——

Urine

Urine

16,000y
14,0001\
12,0001 TN\

0 o , @ . .
sUntredled JH202%Contrdl ~I§CSyrﬁhesiz§d 7

H202 Time (d)



- Power @

Supply \__/
pH ]| pH 1171
Na* Location Half-Reaction E° (V)
HO [ Anode 2H,0 — O+ 4H* + 4e +1.23
— /7, @)
H,0 S| =0 v
S04 | m © | Cathode 2H,0 + 2e" — H_+ 20H" -0.83
O Py 42 D 2 2
2 o Na+ SO =
+ - 7))
s| N o |2 2
(:% o & < Ny« | 8
o S = 0 £ Whole cell potential:
] 04 |5 S0q2 |
'S« g’ Na+ EO . _ EO - EO |
) re ox ce
= > W (-0.83 V) - (1.23 V) = -2.06 V
4%
SO Nat > Ng+
Anode - Cathode -

Oxidation Reduction




Power

Supply
pH ]| pH T

Urea 9

H* + OzJ = o

O 2 3]

) o @

§.< HO S H,0, uCJ

S g > S

O g_ @
@)

= 3 Uresse £

4)) fi E@

O

2
Anode - Cathode - Urine
0.2M Na2804

Location Half-Reaction E% (V)
Anode 2H20 — O2 +4H" + 4e’ +1.23
Cathode O2 +2H" 42 — H202 +0.695

Whole cell potential:

EO _ EO - EO

red cell

0).4
(0.695V)—(1.23V)=-0.535V

Elevated pH in cathode chamber
Induces calcium phosphate
precipitation



Power
@ Supply 3
pH |

Urea Cr o
H*+ O, | @) S
O (@)
Q <@
= H.O L]
8- Hzo C/~ c
=) ~ O
(7))
5 cr “Uresss | |2
5 a
Q H @
O

Location  Half-Reaction E% (V)

CO(NH,), + 60H — N, +5H,0 + CO, + 6e  -0.746

H202 — O2 +2H" + 2¢e” +0.695
Anode

2H,0 — O, + 4H" + 4e’ +1.23

2ClIT — CI2 + 2e° +1.36
Cathode O2 + 2H" +2e — H202 +0.695

Chlorine oxidizes urea and hydrogen
peroxide and reacts with organics in urine
to produce disinfection by-products



Adding Phosphorus Recovery as Struvite

@ Power @
-/ Supply —/
pH 1

- = e Urea
Q * 1
= NH4+ 8
2. . H,O, c
3 po43- A 3
> | -
= 1  Urease || S
o
e 2]

Location Half-Reaction E% (V)
Anode Mg — Mg?* + 2e -2.37
Cathode O, +2H"+2e"— H,0O, +0.695
Whole cell potential:
EO _ EO - EO

red o) cell

(0.695 V) — (-2.36 V) = 3.07 V



Proof-of-concept — Magnesium Dissolution

@ Power @

T \&) Supply o/ ’l
+ H

= 5> Mg? PR Urea
Q * L
= NH,* 8
(é)' s H,0, c
5| [POS> S
1 | Urease ||
o
® [ NH,MgPO,(s) | NI

Concentration (m

I
Q

W
@

N
o

-
o

2 mA/cm?2 |

Theoretical 1 mol of Mg?*
per mol of H,O, produced

oH202 Mg

5 mA/cm?2 |

9 mA/cm2



Proof-of-concept — Avoiding Chlorine Production and
Urea Oxidation

10,000 0.6
’ i.“““ﬁT:I: —_— ?ﬁ R — ::.:-l
8,000 - - 0.5
- £ 0.4
\g: 6,000 i 8 0 3— - e P
© - . JR— %’
4,000 - O s
. 5 0.2 /
2,000 - o1l /0T ¢
0 , : r : ; 0 s’s"f'" ’.,. : : : .
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)
+2 mA/cm2 =5 mA/cm2 *CI2(F) =CI2(T)

Unchanged urea concentrations Low levels of free and total Cl,



Proof-of-concept — Struvite Precipitation

15

114
113

112
{11 &
N 110

/

7

0

0.5 1 15 2 2D
Current Density (mA/cm2)
¢TSS +Struvite *pH

100%

290% |
> 80% |
5 70% |
P 60% |
5 20% |

-l
= 30% |
h 20% |
2 10% |

0%

OO NN000OOW—a 2

N

0 0.5 1 1D 2
Current Density (mA/cm?2)
P04 ~Mg *pH

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

OO



% P0O43- Removal

90%

85% |
80% |
73% |
70% |
65% |

60%

Proof-of-concept — Phosphate Removal

N

o
lon Ratios in
Precipitates

11
Sind

1.50
1.30 |
1.10 |
0.90 |
L 0.70 |
0.50 |
0.30 |
0.10 |
-0.10—035 1 2

0O 05 1 1.8 2 2
Current Density (mA/cm2) Current Density (mA/cm2)
*+P0O4 *pH NH4 =Mg

Phosphate removal not affected by current density, suggesting

precipitation at calcium and magnesium phosphates at higher pHs



Proof-of-concept — Urea Stabilization

6,000

Time (d)

*0.5 mA/cm2 Urea

*1 mA/cm2 Urea
N & mA/m2. H2O?




Take-home Messages

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

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