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Introduction
rm.. BIORETENTION CELLS CONTAMINANTS

Conventional
- N, P, TSS
- Heavy metals, PAHs

Unconventional
- Trace polar organic contaminants
- Microplastics



Bioretention cell site
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Field-scale performance

Ecological Engineering 158 (2020) 106036
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Field-scale performance

Hydrology
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Good hydrology performance over years
High water volume reduction

High contaminant mass reduction



Field-scale performance
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Field-scale performance
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Field-scale performance

Take-home messages

* Very high volume and load reductions

* Low efficiency for nutrient concentration reduction
—>Needs design/operation optimization

* Working well for PAHs: apolar trace organic contaminants
- How about polar trace organic contaminants?

Example: Benzotriazole

Spraakman et al. (2020) Ecol. Eng.



Benzotriazole

. Corrqsmn |ph|_b|tor N Solubility = 20 g/L
= Antifreeze liquids \\N oKa = 8.4
» De-icer fluids /  log Kow =1.2-1.4

» Dishwashing detergents

Iz

W. Giger et al. (2006). Environ. Sci. Technol., 40(23), 7186-7192.



Benzotriazole in European Rivers
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Benzotriazole

* Toxicity * Environmental persistence
» Acutely toxic at low mg/L levels * Low removal in WWTPs
» Suspect human carcinogen (NH) » Slow biodegradation
» Affects physiological responses » Weak adsorption properties

Alters molting in D. magna at 2 pg/L Liver hypertrophy after 30 d at 600 pg/L

A. Seeland et al. (2012). Environ. Sci. Pollut. Res., 19(5), 1781-1790; SRC Inc.: http://esc.syrres.com/fatepointer/search.asp; Duan et al. (2017). Environ. Poll., 224:706-713
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http://esc.syrres.com/fatepointer/search.asp

Benzotriazole adsorption and desorption
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Rhodes Dicker and Passeport (2019) Ecol. Eng.



Benzotriazole adsorption and desorption

* Temperature
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Rhodes Dicker and Passeport (2019) Ecol. Eng. 13



Benzotriazole adsorption and desorption
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Benzotriazole adsorption and desorption

Take-home messages

* At environmentally-relevant concentrations:

—Benzotriazole can adsorb more strongly under cold climate conditions

e Bioretention cells
—>Can retain benzotriazole

—> Could retain it even more with amendments

Rhodes Dicker and Passeport (2019) Ecol. Eng.



Contaminants’ fate in full-scale bioretention
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Contaminants’ fate in full-scale bioretention
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Contaminants’ fate in full-scale bioretention
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Nutrients’ fate in full-scale bioretention

Take-home messages

e Pathways

—>Moderate P adsorption
—>Microbial transformation of N
—>Plant uptake

* Need strategies to optimize treatment
—>Hydraulics

—>Keep plants

- Amendments

- Soil with low organic N content

- Anoxic conditions & bioavailable C

Gu et al. (Revisions submitted) ES&T; Marvin, Passeport, Drake (2020) J. Sustainable Water Built Environ.
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updates

State-of-the-Art Review of Phosphorus Sorption
Amendments in Bioretention Media:
A Systematic Literature Review

State-of-the-Art Review

Jeffrey T. Marvin'; Elodie Passeport?;, and Jennifer Drake, M.ASCE?

Abstract: The ability of bioretention systems to treat phosphorus heavily depends on the filter media composition. Dissolved phosphorus is
primarily removed from influent stormwater runoff through sorption processes, although the organic material contained within bioretention
media can also leach phosphorus. Amendments containing sorptive metals such as aluminum, iron, and calcium have been introduced in
recent years to increase the phosphorus sorption capacities and rates of bioretention media. This study is a state-of-the-art review that uses a
systematic literature review process to identify, integrate, and critically evaluate the findings of all published column, mesocosm, and field
studies identified from two database platforms that have provided quantitative analyses of phosphorus sorption amendments for bioretention
systems. These amendment materials were grouped into four categories: (1) waste products, (2) natural materials, (3) processed materials, and
(4) proprietary products. A total of 51 amendment materials or material combinations were evaluated across 59 studies, of which only four
have been evaluated within a field setting (expanded slate, fly ash, Sorbtive Media, and aluminum-based water treatment residuals) and only
one (fly ash) has been evaluated within an aged system. This study provides a detailed discussion on the performance, applicability, con-
structability, and operational challenges of phosphorus sorption amendments used in bioretention systems. Recommendations for amendment
selection and installation methods are provided to support both engineering practice and future research on the topic. DOI: 10.1061/
JSWBAY.0000893. © 2019 American Society of Civil Engineers.
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Benzotriazole’s fate in full-scale bioretention
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Benzotriazole’s fate in full-scale bioretention
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Benzotriazole’s fate in full-scale bioretention
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Benzotriazole’s fate in full-scale bioretention
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Benzotriazole’s fate in full-scale bioretention
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Benzotriazole’s fate in full-scale bioretention

Take-home messages

* Benzotriazole undergoes
—>Moderate adsorption

—>Microbial transformation
- Fast phytotransformation

* Need strategies to optimize treatment
—>Hydraulics

—2>Keep plants

- Amendments

Gu et al. (Revisions submitted) ES&T 25



Other trace organics

Tentatively identified names
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Gu et al. (Revisions Submitted) ES&T
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Microplastics

* Hypothesis: MP will be filtered
out like TSS

Total Suspended Solids

Total Suspended Solids, mg/L

Outlet

Spraakman et al. (2020) Ecol. Eng.

Smyth et al. (2021) Water Research



Microplastics

* Plastic particles <5 mm
* Health impacts

» Suggested entry point:
Stormwater

Contents lists available at

Water Research

journal homepage: v

Bioretention cells remove microplastics from urban stormwater )
Kelsey Smyth?, Jennifer Drake?, Yourong Li" Chelsea Rochman®, Tim Van Seters®, -

Elodie Passeport™"™

Department of C
Department of Ecology

Teron

emistry, University of Toromta, 200 €
5 Willcocks Street. To

iversity of Toronto, 25 W
ange Avenue, Concord ON LK

Region Conservation

ARTICLE INFO ABSTRACT
Article history ficroplastic pathways in the environment must be better understood to help select appropriate miti
Received 28 Octo gation strategies. In 2-year long field study, microplastics were characterized and quantified in ur

ban stormwater runoff and through a bioretention cell, a type of low impact development infrastructure.
Concentrations of microparticles ranged from below the detection limit to 704 microparticles/L and the
dominant morphology found were fibers. High rainfall intensity and longer antecedent dry days resulted
in larger microparticle concentrations. In addition, atmospheric deposition was a source of microplastics
to urban runoff. Overall, these results demonstrate that urban stormwater runoff is a concentrated sou
of microplastics whose concentrations depend on specific climate variables, The bioretention cell showed

X en n in the 106-5,000 pm range, and thus is effec
tive in filtering out microplastics and preventing their spread to downstream environments, Altogether.
these results highlight the large contribution of urban stormwater runoff to microplastic contaminai
in larger aquatic systems and demonstrate the potential for current infiltration-based low impact devel-
opment practices to limit the spread of microplastic contamination downstream.

e

a crease in median microparticle ¢

Stormwater

© 2020 Elsevier Lrd. All

ts reserved

Smyth et al. (2021) Water Research




Microplastics
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Smyth et al. (2021) Water Research
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Non-parametric censored data

2 800 e
s *  CD:84%

.g 600 ; _ LR:92-100%
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* Regression on Statistics and Kaplan Meier methods
* Detection limit = field blank concentration

Smyth et al. (2021) Water Research



Morphologies

Inlet Outlet 85
Fibers

® Fibers = Fragments Film = Rubber

Rubber
Field blanks: 96% fibers Fragment

Smyth et al. (2021) Water Research .



Particle Characterization
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Smyth et al. (2021) Water Research



Climate Variables

® Inlet Concentration

Smyth et al. (2021) Water Research
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Conclusions

 Bioretention cell effectively
removes microparticles

* High concentrations of
microparticles in stormwater

 Supports stormwater as a
contributing entry path

Smyth et al. (2021) Water Research
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Final thoughts

e Strong potential of green infrastructure for water treatment

e Can be enhanced with detailed knowledge of internal processes

BIORETENTION CELLS  RGEND
o Plant uptake & phytotransformation Molecules  Bioretention cell effectively
ol \, P Q‘) \, p \’) Y Parent . .
& W& 0 S8 s [+ conreer remove microparticles
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Details in published work

* Gul, Rodgers, T.F.M., Spraakman, S., Van Seter, T., Flick, R., Diamond, M.L., Drake, J., and Passeport E. Trace organic contaminant transfer
and transformation in bioretention cells: a field tracer test with benzotriazole. (Revisions submitted on May 28, 2021). Environmental
Science and Technology.

e Akdeniz, C., Yu, Z.-H., Passeport E. Adsorption and desorption of naphthalene in bioretention cells under cold climate conditions. (In
Press). Ecological Engineering.

* Smyth K., Drake J., Li Y., Rochman C., Van Seters T., Passeport E. Bioretention cells remove microplastics from urban stormwater. (2021).
Water Research. 191:116785.
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* Marvin J., Passeport E., Drake J.A. State-of-the-art review of phosphorus sorption amendments in bioretention media: A systematic
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* Rhodes-Dicker, L., Passeport E. Effects of cold-climate environmental factors temperature and salinity on benzotriazole adsorption and
desorption in bioretention cells. (2019). Ecological Engineering. 127:58-65

* Ding B., Rezanezhad F., Gharedaghloo B., Van Cappellen P., Passeport E. Bioretention cells under cold climate conditions: Effects of
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Copies available from elodie.passeport@utoronto.ca and jenn.drake@utoronto.ca
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