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NOTES FOR SEMINAR ATTENDEES

ÅRemoteŀǘǘŜƴŘŜŜǎΩmicrophonesaremutedat entry to minimizebackgroundnoise.
Forattendeesin the auditorium,pleasesilenceyourphones.

ÅA questionandanswer(Q/A)sessionwill follow the presentation.

ÅFor remote attendees,pleaseuseάChatέonly to type questionsfor the presenter.
Forother issues,pleasesendemailsto MnRseminars@mwrd.org.
For attendees in the auditorium, please raise your hand and wait for the
microphoneto aska verbalquestionduringthe Q/A session.

ÅThepresentationslideswill be postedon the MWRDwebsiteafter the seminar.

ÅThisseminarhasbeenapprovedby the EngineeringSocietyof Illinois(ESI)for one
PDHand is pendingapprovalby the IEPAfor one TCH. Certificateswill be issued
only to participants who attend the entire presentation. For PDH certificate
seekers,you are required to completea brief courseevaluationandsubmit it .
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Phytoremediation using Duckweed and 
Artificial Floating Wetlands (AFW) for 

Nutrient Removal at MWRDGC



Outline

1. Phytoremediation - treatment of pollutants using green plants

2. Duckweed
3. Artificial Floating Wetlands
Å Species Screening
Å Pilot Scale Demonstration



Phytoremediation

Delgado-González et al. 2021

ÅMore stringent 
Phosphorus permits 
require new solutions

ÅPhosphorus is a key 
nutrient for plant 
growth



Phytoremediation

Pros Cons

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

ÅAlgae/Bacterial consortium

ÅAchieved 0.22 gP/m2/d removal

ÅRequires infrastructure 



Duckweed

Common duckweed at OBR



ÅHigh growth rates

ÅEasy to harvest

ÅNo structural tissue

ÅNo serious pests

Lemna Minor (source: azgardens.com)

Common Duckweed ( Lemna minor )



Duckweed



Å5-gallon bucket reactor

ÅOutside in full sun

ÅFed with Hanover Park WRP 
primary effluent

ÅHRT of 2.8 d

ÅSRT of 31 days

Bucket Testing



ÅAverage: 0.36 mg/L orthoP
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Outdoor Raceway

Å55 ft2 raceway pond (340-gal) 
reactor

ÅContinuously fed Stickney WRP 
Primary Effluent

ÅOutside in full sun

ÅVariable HRT and SRT

ÅRun for most of the growing 
season



Outdoor Raceway

ÅPhosphorus removal was not 
apparent

ÅInfluent Flow was not consistent

Å/ƻǳƭŘƴΩǘ ǊŜƭƛŀōƭȅ ŘŜǘŜǊƳƛƴŜ 
phosphorus removal from liquid 
data
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Duckweed Inventory

ÅDetermined the total Duckweed 
and duckweed harvested by 
extrapolating from a smaller 
sample area Harvested

Area

Sampled
Area

Total
Area



Duckweed Inventory

ÅManaging the duckweed 
inventory was challenging.

ÅDuckweed growth increased 
markedly in August

ÅDuckweed Biomass was 0.97% 
Phosphorus (gP/g)
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Challenges

Åalgae/slime

Åconsistent flow

Åmanaging duckweed inventory

Åsettling sludge

Ålose duckweed with rain



Study Site

Greenhouse at OBR - Skokie, IL  (with artificial lighting system)



Å55 ft2 raceway pond (340-gal) 
reactor

ÅŎƻƴǘƛƴǳƻǳǎƭȅ ŦŜŘ hΩ.ǊƛŜƴ ²wt 
secondary effluent

Åin a greenhouse

Åmore consistent HRT (3.5 d)

Åmore consistent duckweed 
coverage (variable SRT)

Ålonger growing season

Greenhouse Raceway



Greenhouse Raceway

ÅSaw more consistent duckweed 
ƎǊƻǿǘƘΣ ōǳǘ ŘƛŘƴΩǘ ǎŜŜ ǘƘŜ ǎǳǊƎŜ 
in growth in August/September.

ÅAverage Removal 0.43 mgP/L.
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Large Tank Duckweed Study

Å165 ft2 large tank (3,270-gal) 
reactor

ÅSimilar operation as raceway

Åin the greenhouse

Åduckweed harvest based on 
coverage

Å1.5d HRT

ÅConducted during the winter

ÅArtificial light



Duckweed Orthophosphate Removal

ÅGood duckweed growth
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Summary
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RemovedÅTo remove 1 mgP/L from 
1 MGD requires 47 acres 
at 20 mgP m-2 d-1.



ÅLarge area

ÅNeed a method for passive harvesting

ÅSeasonality

Challenges to a Larger Duckweed Application



Artificial Floating Wetlands (AFW)

AFW in Baltimore Harbor
Source: Bay Journal



Artificial Floating Wetlands (AFW)

ÅAFW 
arestructures 
that allow plants 
to grow on top of 
water bodies 

AFW on the Chicago River
Source: Peterson, E. W., Nicodemus, P., Spooner, E., & Heath, A. (2021). The 

effectiveness of an artificial floating wetland to remove nutrients in an urban stream: 
A pilot-study in the Chicago River, Chicago, IL, USA. Hydrology, 8(3), 115. 

https://doi.org/10.3390/hydrology8030115

!ȊǘŜŎ /ƘƛŀƳǇŀ
Source: mexicohistorico.com

https://doi.org/10.3390/hydrology8030115


AFW -  Hydroponic System

ÅAFWs are essentially a hydroponic 
system

ÅGrowing plants without soil using 
nutrient solution to deliver nutrition

Hydroponic Lettuce
Source: Progressive Grocer



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

Plants utilize light 
energy to 
consume carbon 
dioxide

Plant roots suspended 
in nutrient rich, 
oxygenated water

AFW - Hydroponics



Does final effluent contain enough nutrition to facilitate plant growth?

AFW ï Essential Nutrients

N P K Mg S Ca B Cl Mn Fe Ni Cu Zn Mo

Final 
Effluent 
(ppm)

2-10 1-3 7.2 24.6 51.1 67.0 unknown 179.1 0.007 0.1 0.005 0.025 0.1 0.01

Optimal
(ppm)

100-
200

15-50 150-300 30-75 50-150 100-200 0.3-0.6 0.5-5.0 0.3-0.7 1.0-3.0
0.005-

0.1
0.02-
0.05

0.05-
0.20

0.05-.10

ÅMacro and Micro Nutrients



1. Species Selection

2. Construct AFW

3. Quantify Nutrient Removal

Study Goals



First attempts at growing natives hydroponically ς Spring 2023

Goal 1 ï Species Selection

Big Bluestem (Andropogon 

gerardi)

Switch Grass (Panicum 

vergatum)

ÅGerminated in 
rockwool 
ÅGrown in net cups 

with Hydroton clay 
pebbles in nutrient 
solutiom



First attempts at growing natives hydroponically

ÅGrown in nutrient solution 
and small islands in 
raceway

ÅBoth species failed 
adaptation to aquatic life

ÅSwitched to native 
wetland species for next 
trial 

Goal 1 ï Species Selection

Nutrient Solution Small AFW



Goal 1 ï Species Selection

Sedges/Rushes Grasses Forbs

Juncus effusus 
(Common Rush)

Bromus ciliates (Fringed 

Brome)  

Mentha arvensis (Wild 

Mint)

Carex stricta (Tussock 

Sedge)

Glyceria striata (Fowl 

Grass) 

Lycopus americanus 

(Water Horehound)

Carex Aquatilis (Water 

Sedge)

Muhlenbergia racemose 

(Marsh Muhly) 

Helenium autumnale 

(Sneezeweed) 

Scirpus cyperinus (Wool 

Grass)

Spartina pectinata (Cord 

Grass) 

Rumex alatissimus (Pale 

Dock)

Hibiscus moscheutos 

(Swamp Rose Mallow)

Cephalanthus occidentalis 

(Button Bush) 

Å14 Native Illinoisian wetland 
species
ÅFlood tolerable



Goal 1 ï Species Selection

ÅGerminated in soil instead of rockwool

Marsh MuhlyButton Bush



Goal 1 ï Species Selection

ÅBucket testing 

ÅTank testing 
with final 
effluent



ÅOrtho-P testing : 
1-week intervals
ÅSpecies isolation
ÅMorphological 

characteristics

Fringed BromeWild Mint

Goal 1 ï Species Selection: Bucket Testing



Goal 1 ï Species Selection: Bucket Testing

Å3- and 5-Gallon 
Buckets 

ÅGrown in net cups 
with Hydroton clay 
pebbles 

ÅPlants in ideal 
conditions

Marsh Muhly



Button Bush �t 1 Week

Button Bush �t 2 Months

Goal 1 ï Species Selection: Bucket Testing


