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NOTES FOR SEMINAR ATTENDEES

ARemotel U U S ynitcBophar@sare muted at entry to minimizebackgrounchoise
Forattendeesin the auditorium, pleasesilenceyour phones

A A questionand answer(Q/A) sessiorwill follow the presentation

A Forremote attendees,pleaseuse dChat only to type questionsfor the presenter
Forother issuespleasesendemailsto
For attendees in the auditorium, please raise your hand and wait for the
microphoneto aska verbalguestionduringthe Q/A session

A Thepresentationslideswill be postedon the MWRDwebsiteafter the seminar

A Thisseminarhasbeenapprovedby the EngineeringSocietyof Illinois (ESI¥or one
PDHand is pendingapprovalby the IEPAfor one TCH Certificateswill be issued
only to participants who attend the entire presentation For PDH certificate
seekersyou are requiredto complete a brief courseevaluationand submitit.
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Levi Straka. Ph.D., P.E. is a Senior Environmental
Research Scientist at the District who works on
evaluating emerging wastewater technologies and
managing original research projects. Levi received
his Ph.D. from Arizona State University where his
dissertation was on the growth kinetics of-blug

green algae.
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Charles Impastato is a Senior Environmental
Research Technician in the wastewater
research section at the District who carries out
Di strict research 1 ni
work was done with native lllinoisian prairie
species and helped inspire the design of the
Artificial Floating Wetlands. D,
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Phytoremediation using Duckweed and
Artificial Floating Wetlands (AFW) for
Nutrient Removal at MWRDGC
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Outline

1. Phytoremediation treatment of pollutants using green plants
2. Duckweed
3. Artificial Floating Wetlands

A Species Screening

A Pilot Scale Demonstration



Phytoremediation
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Phytoremediation

Passive and low energy Requires light and large areas

Harvestable plant biomass  Bioaccumulation of pollutants

Public perception is positive Limited to growing season



Rotating Algal Biofilm

AAlgae/Bacterial consortium
AAchieved 0.22Fm2/d removal
ARequires infrastructure




Common duckweed at OBR
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AHigh growth rates
AEasy to harvest
ANo structural tissue
ANo serious pests
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LemnaMinor (source: azgardens.com)






Bucket Testing

A5-gallon bucket reactor
AOutside in full sun

AFed with Hanover Park WRP
primary effluent

AHRT of 2.8 d
ASRT of 31 days




Bucket Testing

AAverage: 0.36 mg/arthoP

Orthophosphate Removal (md d+)
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Outdoor Raceway

A55 ft2 raceway pond (34@al)
reactor

AContinuously fed Stickney WRP
Primary Effluent

AOutside in full sun
AVariable HRT and SRT

ARun for most of the growing
season




APhosphorus removal was not
apparent

Alnfluent Flow was not consistent
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Duckweed Inventory

ADetermined the total Duckweed
and duckweed harvested by
extrapolating from a smaller
sample area
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Duckweed Inventory

AManaging the duckweed
Inventory was challenging.

ADuckweed growth increased

markedly in August

ADuckweed Biomass was 0.97%
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Challenges

Aalgae/slime

Aconsistent flow

Amanaging duckweed inventory
Asettling sludge

Alose duckweed with rain




Study Site

Greenhouse at OBRSkokie, IL (with artificial lighting system)




Greenhouse Raceway

A55 ft2 raceway pond (34@al)
reactor

AO2Y Ay dz2dzaf &
secondary effluent

Ain a greenhouse
Amore consistent HRT (3.5 d)

Amore consistent duckweed
coverage (variable SRT)

Alonger growing season




ASaw more consistent duckweed
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Large Tank Duckweed Study

A165 f& large tank (3,27@al)
reactor
ASimilar operation as raceway
Ain the greenhouse
Aduckweed harvest based @
coverage
A1.5d HRT

AConducted during the winter |
AArtificial light '
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Duckweed Orthophosphate Removal
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Summary
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Challenges to a Larger Duckweed Application

AlLarge area
ANeed a method for passive harvesting
ASeasonality



AFW in Baltimore Harbor
Source: Bay Journal



Artificial Floating Wetlands (AFW)

A AFW
are structures
that allow plants §
to grow on top ofj
. 2
water bodies

1 T30S0 / KALF YL AFW on the Chicago River

Source: mexicohistorico.com Source:Peterson, E. WNicodemus, P., Spooner, E., & Heath, A. (2021). The

effectiveness of an artificial floating wetland to remove nutrients in an urban strearn
A pilot-study in the Chicago River, Chicago, IL, H$érology, &), 115.
https://doi.org/10.3390/hydrology8030115



https://doi.org/10.3390/hydrology8030115

A AFWs are essentially a hydroponic
system

A Growing plants without soil using
nutrient solution to deliver nutrition

Hydroponic Lettuce

Source: Progressive Grocer



Plant roots suspended

In nutrient rich,
oxygenated water

,,,,,,,

Plants utilize light
energy to
consume carbon
dioxide

Plant roots uptake nitrogen,
phosphorus and other
contaminants cleaning the
water



AFW 1 Essential Nutrients

Does final effluent contain enough nutrition to facilitate plant growth?

Final

Effluent 51.1 179.1 0.005 0.025
(ppm)

Optimal 0.005% 0.02-

A Macro and Micro Nutrients

Zn

0.1

0.05
0.20




Study Goals

1. Species Selection

2. Construct AFW

3. Quantify Nutrient Removal



Switch GrassRanicum
vergatum)
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A Germinated in
rockwool

A Grown in net cups
with Hydrotonclay
pebbles in nutrient
solutiom



First attempts at growing natives hydroponically

Nutrlent Solutlon

A Grown in nutrient solutior
and small islands In
raceway

adaptation to aquatic life
> A Switched to native

wetland species for next
trial




Goal 1 T Species Selection

Juncus effusus Bromus ciliate¢Fringed  Mentha arvensigwild
(Common Rush) Brome) Mint)

Lycopus americanus

Carex strictgTussock Glyceria striatgFowl (Water Horehound)

Sedge) Grass)
Carex Aquatili§Water  Muhlenbergia racemose HeI?;irgzzwggnale A 14 Native lllinoisian wetland
( )
Sedge) (Marsh Muhly) .
Sci NL&VOO Spartina pectinat{Cord Rumex alatissimu$@le SpeCIeS
SfpUs SyfpEiinEtoe Grass) Dock) A Flood tolerable

Grass)

Hibiscus moscheutos
(Swamp Rose Mallow)

Cephalanthus occidental
(Button Bush)



AGerminated in soil instead of rockwool




Goal 1 T Species Selection

ABucket testing

ATank testing
with final
effluent



A Ortho-P testing :
1-week intervals

A Species isolation

A Morphological
characteristics




. Bucket Testing

A3- and 5Gallon
Buckets

AGrown in net cups
with Hydrotonclay
pebbles

APlants in ideal
conditions



Goal 1 i Species Selection: Bucket Testing

Button Busht 1 Week

Button Busht 2 Months




