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The first BRCs…

• 1990 – “Invention” in Prince George’s County, Maryland

• 1993 – First BRC (rain garden) design guidance
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Fast forward 24 years…

• BRCs are one of the most common SCMs in the United 
States, Australia, and Asia

Rooftop Treatment in Albany, NZ (Courtesy Bill Hunt)
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Fast forward 24 years…

• We know that BRCs work:
– Hydrologic & nutrient benefits

• (Davis et al. 2009; Hunt et al. 2012)

– Metals removal (Pb, Cu, Zn, Cd)
• (Davis et al. 2003; Gülbaz et al. 2015; Jang et al. 2005; Jones and Davis 

2012; Li and Davis 2008; Paus et al. 2013; Sun and Davis 2007)
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Pollutant Removal

Top 20 cm

(Jones and Davis 2012;
Turer et al. 2001)

Q: How much are we accumulating and 
what do we need to do about it? 
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Research Question

Charlotte, NC – circa 2005
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Research Question

Charlotte, NC –2015

Is this OK?
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Study Site: Hal Marshall BRC

• Originally studied for hydrology and water quality over 2-year period 
(2004-2006)

– Hunt, W. F., Smith, J. T., Jadlocki, S. J., Hathaway, J. M., and Eubanks, P. R. 
(2008). “Pollutant removal and peak flow mitigation by a bioretention cell in 
urban Charlotte, NC.” Journal of Environmental Engineering, 134(5), 403–408.
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Study Site: Hal Marshall BRC
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Study Site: Hal Marshall BRC
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Study Site: Hal Marshall BRC

• Influent and effluent sampled from 2004 - 2006
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Study Site: Hal Marshall BRC
• Soil media samples (n = 72) were taken on December 

11, 2014

• Taken at depths of 5, 10, and 20 cm (Jones and Davis 
2012; Sun and Davis 2007; Turer et al. 2001)

• Analyzed by NC Dept. of Agriculture Soil Testing Lab
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Study Site: Hal Marshall BRC
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Study Site: Hal Marshall BRC

• NCDA&CS Soil Testing reports Zn, Cu, and P as an 
index value

• Conversion: c	ሺ݉݃	݇݃ିଵሻ ൌ 	
௄∗ூ௡ௗ௘௫

ఘ

Index Conversion Factor

Phosphorus 1.2

Zinc 0.04

Copper 0.02
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Results

• Phosphorous, Zinc, and Copper significantly decrease 
with respect to depth and ordinate distance from the inlet
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Results – Mehlich-3 P
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Results - Zinc
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Results - Copper
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Discussion
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Discussion
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Discussion
• Good news:

– Bioretention works!

– Organic matter binds and complexes metals

• (Clark and Pitt 2009; Davis et al. 2001; Jang et al. 2005; Sun 
and Davis 2007; Paus et al. 2014)

• Affinity: Cu2+ >>> Zn2+ 
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Discussion

• “Bad” news:
– Careful with accumulation of P

– As Mehlich-3 P increases in soil, P concentrations in effluent 
increase (Cox and Hendricks 2000)

Feature Initial
(mg/kg soil)

Sampled
(mg/kg soil)

Forebay

8.4 – 16.8

78.1

Mid-Cell 20.4

Far-Cell 32.0

TABLE 5. Initial and Sampled Mehlich-3 P in HM BRC
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Conclusions

• Metal concentrations in soil media remained well below remediation 
levels following 11 years of service

• Heavy accumulation of Mehlich-3 P in soil media, particularly in the 
forebay and areas near inlet

• Preferential flow is occurring in areas that are accumulating P  we 
are realizing less ability to remove P  we’re missing treatment 
opportunities
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Recommendations

• If using a forebay, remove accumulated soil media every 
5 years

• Forebay can be amended to include water treatment 
residuals, iron filings, or locally available amendment 
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More Info
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Questions

Jeffrey Johnson

jeffrey_johnson@ncsu.edu


