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Goals
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Concurrent ChallengeConcurrent Challenge

Wh   h   i  f  What are the proper metrics for 
success?



HydrologyHydrology



HydrographsHydrographs

Higher peak, Greater volume, Earlier peak
Post-development
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Discharge vs Zero discharge eventsDischarge vs. Zero-discharge events 

60 events, 23 with no discharge
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Bioretention Modeling: Size
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Volume Reduction Ratio, fv
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Water QualityWate Qua ty

C ll P k Sil S iCollege Park Silver Spring
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Particulate Matter & 
Bacteria



Bioretention TSS (CP & SS)
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Suspended Solids FiltrationSuspended Solids Filtration
A three-layer model Incoming Suspension
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Bioretention



TSS AccumulationTSS Accumulation

I t itt t fl  diti  ll   Intermittent flow conditions allow more 
particulate capture than continuous flow

SS do not penetrate below 5-20 cm in the 
media

Periodic surface media replacement can 
be used to recover hydraulic conductivity.y y

Li & Davis, J. Env. Engg. 2008



Metals & 
Hydrocarbons



Zinc (CP & SS)
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Bioretention PAH (CP)( )

PAHs in dissolved phase
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Metal & Organic AdsorptionMetal & Organic Adsorption
Fe  - OH Fe - O- Pb+

2+ H+

C - OOH C – O- Cu+

+

Pb2+

Cu2+ H+H+

H

+
Fe  - OH Fe  - HPO4

-HPO4
2- OH-

Media
OMOM

OM



Metals Accumulation PbMetals Accumulation - Pb
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Nitrogen & 
Phosphorus



Total Phosphorus (CP& SS)Total Phosphorus (CP& SS)
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Bioretention TN (CP & SS)
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Nutrient ProcessesNutrient Processes
Phosphorus

Filtration
Adsorption

kBio-uptake
Plant Uptake
Decay & DischargeDecay & Discharge

Nitrogen
NitrificationNitrification
Denitrification
Plant Uptakep
Decay & Discharge



NitrateN t ate
Enhanced Nitrate 

R m al ith Removal with 
Internal Storage

Runoff

Treated

Bioretention
Soil/Media

I i L Biological Denitrification Zone

Treated
Effluent

Impervious Layer Biological Denitrification Zone
NO3
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Kim et al. Water Environ. Res.  2003



What we know so far
Excellent Management of Hydrology

What we know so far…

Media Area & Depth
Filtration:  Excellent Particulate Matter Removal

Media Depth not Important; Surface Accumulation
Adsorption 

Metals, PAH Excellent: Surface Accumulation
Phosphorus, TKN, Complex, Depth important

Bi d d ti  P  I t tBiodegradation Processes Important
Denitrification
Biological PredationBiological Predation
Vegetation in uptake & degradation



Chloride (CP)Chloride (CP)
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Co-WorkersCo Workers
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R b  St k
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Others

Thomas Wild

Others
Eric Seagren
Brian Needelman
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Robert Traver
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Research Sponsorsesea c Spo so s

www.ence.umd.edu/~apdavis/Bioret.htm



Motor OilMotor Oil
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Media & Suspended Solids (O&G Pb)Media & Suspended Solids (O&G, Pb)
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ChallengesC a e ges
Practical Research
Lack of Understanding
Space/Utilities

Long term
ChlorideSpace/Utilities

Regulatory Hurdles
I ti

Chloride
Design/  
PerformanceInertia

Contractor Inexperience

Performance
Vegetation

Ownership of Pollutants
Maintenance

Variability
Metrics of Success



Mass Loads (kg/ha/yr)Mass Loads (kg/ha/yr)
CP SS

In Out In Out
TSS 1190 37 570 38
Chromium 0.09 0.015 0.02 ~0.007Chromium 0.09 0.015 0.02 0.007
Copper 0.26 0.073 0.12 0.045
Lead 0.09 0.013 0.03 ~0.005
Zinc 1.0 0.063 0.36 0.017
Chloride 6800 458 320 25
TN 27 7 2 9 6 3 6TN 27 7.2 9.6 3.6
Nitrate 12 2.5 3.7 ~0.19
TKN 15 4.1 6.0 3.6
TP 3.6 0.72 0.9 0.38
TOC 44 154 43 78

Li & Davis, J. Env. Eng. 2009


