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BIORETENTION CELLS
Introduction

2

Conven0onal
- N, P, TSS
- Heavy metals, PAHs

Unconven0onal
- Trace polar organic contaminants
- Microplas;cs

CONTAMINANTS



Bioreten(on cell site

• Kortright Centre for Conservation, Vaughan, ON

• Started operation in 2013

• Drainage Area (parking lot) = 265 m2

• Infiltration Surface Area = 30 m2
3Spraakman et al. (2020) Ecol. Eng.



Field-scale performance

4Spraakman et al. (2020) Ecol. Eng.

Inlet vs outlet performance
2017-2018



Field-scale performance

5Spraakman et al. (2020) Ecol. Eng.

- Good hydrology performance over years

- High water volume reduction

- High contaminant mass reduction
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Field-scale performance

6Spraakman et al. (2020) Ecol. Eng.
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Field-scale performance

7Spraakman et al. (2020) Ecol. Eng.
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Take-home messages

• Very high volume and load reductions

• Low efficiency for nutrient concentration reduction
àNeeds design/operation optimization

• Working well for PAHs: apolar trace organic contaminants
àHow about polar trace organic contaminants?

Example: Benzotriazole
8

Field-scale performance

Spraakman et al. (2020) Ecol. Eng.



•Corrosion inhibitor
§Antifreeze liquids
§De-icer fluids
§Dishwashing detergents

Solubility = 20 g/L
pKa = 8.4

log Kow = 1.2-1.4

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

Benzotriazole

9



Benzotriazole in European Rivers

R. Loos et al. (2009). Environ. Pollut., 157, 561–568.

Concentra)ons Detection frequency
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• Toxicity
§Acutely toxic at low mg/L levels

§Suspect human carcinogen (NH)
§Affects physiological responses

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

Benzotriazole

Alters molting in D. magna at 2 µg/L

• Environmental persistence
§ Low removal in WWTPs

§Slow biodegradation
§Weak adsorption properties

Liver hypertrophy a8er 30 d at 600 µg/L
11

http://esc.syrres.com/fatepointer/search.asp


Benzotriazole adsorp/on and desorp/on

• Temperature
• Adsorp'on soil > mulch
• Adsorp'on ↗ when temperature ↘ soil

mulch

Rhodes Dicker and Passeport (2019) Ecol. Eng. 12



Benzotriazole adsorp/on and desorp/on

• Temperature
• Adsorp'on soil > mulch
• Adsorp'on ↗ when temperature ↘

• Salinity
• Adsorp'on slightly ↗ with salt

soil

mulch

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



Benzotriazole adsorption and desorption

• Temperature
• Adsorp'on soil > mulch
• Adsorp'on ↗ when temperature ↘

• Salinity
• Adsorp'on slightly ↗ with salt

• Concentra1on
• Less desorp'on at low concentra'on

soil

Rhodes Dicker and Passeport (2019) Ecol. Eng. 14



Benzotriazole adsorp/on and desorp/on

Take-home messages

• At environmentally-relevant concentrations:
àBenzotriazole can adsorb more strongly under cold climate conditions

• Bioretention cells 
àCan retain benzotriazole
àCould retain it even more with amendments

Rhodes Dicker and Passeport (2019) Ecol. Eng. 15



• Br, N, P, OPEs
• Rhodamine WT
• Benzotriazole

Parent &              Transforma.on products

During 
event

In-between 
events

① Con.nuous water injec.on

② Pulse injection of tracer mixture

③ Sample collection
of the outflow

every 5 to 30 min

Contaminants’ fate in full-scale bioreten3on

16

Flow

Time

6 h 26 d



Contaminants’ fate in full-scale bioreten3on
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Contaminants’ fate in full-scale bioretention

èModerate losses
èOrganic N + NH4

+

è40% P adsorp8on

18Gu et al. (Revisions submiCed) ES&T
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Take-home messages

• Pathways
àModerate P adsorption
àMicrobial transformation of N
àPlant uptake

• Need strategies to optimize treatment
àHydraulics
àKeep plants
àAmendments
àSoil with low organic N content
àAnoxic conditions & bioavailable C

Gu et al. (Revisions submitted) ES&T; Marvin, Passeport, Drake (2020) J. Sustainable Water Built Environ. 19

Nutrients’ fate in full-scale bioreten2on
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Benzotriazole’s fate in full-scale bioretention

Recovery: 71 – 75%

Benzotriazole distribution
Soil: ∼8.8%
Exfiltration: 16%
Transformation: 1%

Moderate sorption
Negligible transformation during test

20Gu et al. (Revisions submiCed) ES&T
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Benzotriazole’s fate in full-scale bioreten3on
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Benzotriazole’s fate in full-scale bioreten3on
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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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Take-home messages

• Benzotriazole undergoes 
àModerate adsorption
àMicrobial transformation
àFast phytotransformation

• Need strategies to optimize treatment
àHydraulics
àKeep plants
àAmendments

Gu et al. (Revisions submi>ed) ES&T 25

Benzotriazole’s fate in full-scale bioreten3on



Other trace organics  from non-target analysis

Gu et al. (Revisions Submitted) ES&T

Tentatively identified names Tentatively identified names

More in rain event 26 
days after tracer test

Less in rain event 26 
days a6er tracer test



Microplas*cs

• Hypothesis: MP will be filtered 
out like TSS

Spraakman et al. (2020) Ecol. Eng.

Smyth et al. (2021) Water Research



Microplastics
• Plastic particles < 5 mm
• Health impacts
• Suggested entry point: 

Stormwater

28

Smyth et al. (2021) Water Research
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Quan%fied micropar%cles

PE

500 μm

1 mm

300 μm

106 μm

Field Sampling Sieving Density Separa%on Quan%fica%on Raman

+ isopropyl            
alcohol

PET

PU

Microplas*cs

Smyth et al. (2021) Water Research



Non-parametric censored data

30

• Regression on Statistics and Kaplan Meier methods 
• Detection limit = field blank concentration

In = 186 and  Out = 31 
microparticles / L

Smyth et al. (2021) Water Research



Morphologies

31

Field blanks: 96% fibers

Fibers

Rubber
Fragment

Film

Smyth et al. (2021) Water Research



Particle Characterization

32

(n = 10 inlet and 10 outlet samples) 

PET
PU

PE

Smyth et al. (2021) Water Research



Climate Variables

33Smyth et al. (2021) Water Research



Conclusions
• Bioreten(on cell effec(vely 

removes micropar(cles
• High concentra(ons of 

micropar(cles in stormwater
• Supports stormwater as a 

contribu(ng entry path 

34

Microplas(cs

84% Removal

Smyth et al. (2021) Water Research



Final thoughts

• Strong potential of green infrastructure for water treatment

• Can be enhanced with detailed knowledge of internal processes

• Bioreten9on cell effec9vely 
remove micropar9cles
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Thank you!
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