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ABSTRACT 

Biofiltration systems like rain gardens and bioswales are an important tool for capturing and 

infiltrating polluted runoff, but little data exists on their efficiencies within Mediterranean 

climates. A two-year study initiated in 2015 investigated water retention and pollutant loading 

and retention in the Ballona Creek Rain Garden (BCRG). This 300 by 3 m biofiltration system 

was constructed by The Bay Foundation in 2011 along Ballona Creek in Culver City, Los Angeles 

County, California. The purpose of the garden was to capture and infiltrate runoff from light 

industrial and commercial operations bordering the Creek, thus reducing pollutants entering 

this waterway and flowing into Santa Monica Bay 9 km downstream. During storm events, 

runoff enters the garden via five inlets, and when filled, flows into the creek via two outlets. 

The goal of this study was to sample flows and pollutant concentrations in runoff entering and 

leaving the garden and then integrate these to calculate mass loading estimates. Flows were 

measured at all inlets and outlets using 90° V-notch weirs outfitted with Hobo water level 

sensors to produce hydrographs. The following pollutants were measured at all flowing inlets 

and outlets two to three times per storm depending on its duration and intensity: fecal 

indicator bacteria (E. coli and enterococci), total suspended solids, metals (copper, zinc, and 

lead), and semivolatile hydrocarbons (polyaromatic hydrocarbons, diesel hydrocarbons, and 

motor oil hydrocarbons). The summation of load method was used to calculate the mass of 

contaminants entering and leaving the garden for each storm event, and their percent capture 

within the garden. The BCRG was very effective at infiltrating runoff and sequestering 

pollutants. The garden’s infiltration rates ranged from 73% to 100% (with 100% for many of the 

smaller storms <1-in). Results for pollutant loading and retention indicated that the average 

percent retentions were in the 80-90% range for all pollutants, with an average of 90% for all 

nine pollutants sampled. This suggests rain gardens and other Low Impact Development (LID) 

systems can be used successfully in urban Mediterranean climates like Los Angeles to promote 

infiltration, capture pollutants, and prevent polluted stormwater from reaching impaired water 

bodies. 
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INTRODUCTION 

Water issues are a prevalent topic all across the world today, whether the subject is access to 

potable water, water pollution, or management in times of drought. The threat of climate 

change only promises to intensify these issues and encourages people to take action.  

 
Stormwater is important to investigate because it influences several of these water issues 

simultaneously, especially in Mediterranean climates where summers are dry and hot, and 

winters are mild and rainy (Lionello et al. 2006). Southern California along with other locations 

with Mediterranean climates can have no precipitation for months, allowing pollutants to 

accumulate on the land surface before being flushed into waterways. Historically, cities like Los 

Angeles took a ‘quantity over quality’ approach and invested more in flood control than 

stormwater management, which led to paved channels and other hardscapes to expedite the 

removal of large volumes of water out of the watershed (Roy-Poirer et al. 2010).  

 
The introduction of Low Impact Development (LID) and Green Infrastructure (GI) has shifted 

thinking by encouraging solutions that mimic pre-development hydrological conditions. The 

goals of these LID strategies are to enhance water quality as well as reduce stormwater runoff 

(Davis 2005). By allowing infiltration of stormwater, it’s possible to replenish groundwater 

reserves in areas where geology is favorable, reduce pollution in nearby water bodies through 

the reduction of runoff, reduce dependence on imported freshwater resources, and promote 

ecosystem services that enhance urban communities.  

 
Urban Watersheds and Stormwater Pollution  

Modern society has numerous incontrovertible effects on watersheds, particularly urban 

watersheds. A watershed is defined as an area of land where all water from precipitation (e.g. 

rainfall or snowfall) and all applied water (e.g. from garden hoses and car washes) drains to a 

common point or outlet (Perlman 2016). Urban watersheds are composed primarily of 

impervious surfaces that impede water infiltration. Less infiltration results in larger amounts of 

polluted runoff washed directly into waterways during storms, with little to no chance for 
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treatment of any kind. This increased volume of urban stormwater can increase erosion, 

increase inputs of contaminants, and affect both instream and downstream biodiversity, where 

pollution-tolerant species dominate (Walsh et al. 2005).  

 
Stormwater management has substantially progressed from its initial focus on flood control. 

The United States Environmental Protection Agency (USEPA) created the National Pollutant 

Discharge Elimination System (NPDES) in conjunction with the 1972 Clean Water Act (CWA) 

(CWA: United States Code 1972). Although the NPDES program initially only dealt with point 

sources of pollution, in 1990 it expanded to include nonpoint sources such as stormwater in its 

regulatory permitting (NPDES: Code of Federal Regulations 2003). Water bodies are placed on 

the 303(d) list when they do not meet water quality standards for specific pollutants. This listing 

triggers implementation of a Total Maximum Daily Load (TMDL) program for violating 

pollutants.  In complying with a TMDL, permitted entities (e.g. municipalities, commercial 

operations) must meet certain pollutant limits in runoff or effluent discharged into a water 

body to enable it to meet standards. This load is then allocated to the region’s permitted 

sources and specifies the allowable discharges in order to reverse or significantly lessen the 

water quality degradation (National Research Council 2009). 

 
With the inclusion of stormwater in water quality regulations, agencies like the State Water 

Resources Control Board and Regional Water Quality Control Boards developed guidelines to 

assist permit applicants in meeting water quality objectives. With regard to water pollution, 

Best Management Practices (BMPs) are practices, both structural and non-structural that 

prevent contamination of water (U.S. EPA 1993), and can involve program development, siting 

principles, operational measures, technological designs or devices, or structural components 

(City of Los Angeles 2000). Different goals correspond with different BMPs; their selection is left 

to respective regions and other local agencies to select the most effective option. Stormwater 

BMPs specifically promote infiltration, evapotranspiration, and stormwater usage through 

natural systems (City of Los Angeles 2011). One way to promote these goals is by employing LID 

strategies. 
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LID systems represent an entire branch of BMPs for green infrastructure that highlight 

sustainable methodology and attempt to shift current hydrologic processes to more natural or 

pre-development versions (Zhan & Chui 2016). LID offers a wide range of practices with 

multiple environmental, social, and financial benefits. Rather than promoting a single solution, 

LID offers a toolkit that can be adapted to different locations, site sizes, costs, and 

implementation feasibility. LID strategies emerge with the potential to drastically improve 

urban waterways and mitigate the effects of urban stormwater runoff (Ambrose & Winfrey 

2015). Some of these strategies are green roofs, porous pavement, and biofiltration systems. 

 
Biofiltration systems, sometimes called bioretention systems, include structures such as 

bioswales and rain gardens. These systems effectively treat polluted stormwater by capturing 

runoff and allowing it to filter through some combination of vegetation and soil media. This 

action allows for sedimentation, filtration of fine particles, sorption, and uptake by vegetation 

(Hatt et al. 2009). Nutrient uptake and cycling occur alongside degradation of organic matter 

and sequestration of metals. Biofiltration systems are becoming increasingly popular for several 

reasons such as aesthetic enhancements, a small energy footprint, and design flexibility 

(Ambrose & Winfrey 2015). In addition to urban runoff decontamination, its infiltration can 

bolster groundwater aquifers that could be important for an area’s drinking water supply.   

 
Many of the field studies regarding performance of these systems were located on the East 

coast with contrasting climatic conditions. Two studies in Maryland and North Carolina found 

bioretention to be effective in pollutant retention as well as peak flow mitigation. The Maryland 

study reported retention percentages of 76, 57, and 83 for copper, lead, and zinc, respectively 

(Davis 2007). The North Carolina study showed a mean peak flow reduction of 99% in addition 

to the pollutant retention (Hunt et al. 2008).  

 
Using biofiltration systems in cities with Mediterranean climates, like Los Angeles, is far less 

studied, but constitutes a great opportunity for improving water quality of receiving waters 

(Ambrose & Winfrey 2015). Multiple agencies from public and private sectors alike are working 

to construct them throughout the southern California region.  Although they have gained 
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popularity, there is very little information about how well they actually work, especially within 

an arid climate like that of Los Angeles.  

 
Through this study, the author will examine the efficiency of an existing biofiltration system 

located in the urbanized Ballona Creek Watershed. The focus will be on estimating how 

pollutant loads are reduced, and the amount of water infiltrated by this system.  

 
Ballona Creek Watershed and Study Site 

The Ballona Creek Watershed is located in southern California and includes portions of the City 

of Los Angeles. Of the approximately 130 square miles in area it encompasses, about 87% is 

developed, and is the largest single watershed draining to the Santa Monica Bay (Figure 1) 

(Abramson 2014). This degree of urbanization and the extensive concrete-lined storm-drain 

system results in polluted stormwater discharges impacting water quality in Santa Monica Bay 

(Bay et al. 2003). Contaminants in the runoff can include bacteria, pathogens, surfactants, 

pesticides, herbicides, fertilizers, trace metals, synthetic organic chemicals, petroleum products, 

and sediment which often result in public beach closures (Washburn et. al 2003).  Flow is 

measured at a rain gage positioned between Sawtelle and Sepulveda Boulevards operated by 

Los Angeles County Department of Public Works (LACDPW) (Gage ALERT ID 370; 

http://dpw.lacounty.gov/wrd/Precip/alertlist.cfm). The Los Angeles Regional Water Quality 

Control Board updated Ballona Creek flow statistics to reflect 24 years of flow data. From 1987 

to 2012, the average daily flow ranged from 0.03- 148 cms (0.68- 3,378 MGD) with a median 

flow of 0.5 cms (11.0 MGD). Wet weather flow is categorized as above 1.8 cms (41.1 MGD). (Los 

Angeles Regional Water Quality Control Board 2013).  
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This Study 

The goal of this study is to determine the effectiveness of the Ballona Creek Rain Garden in 

infiltrating storm runoff and sequestering (and removing) associated pollutants. Specific study 

questions are: 

 
• What is the water retention capacity for this rain garden? 

• What is the pollutant retention efficiency for this rain garden? 

• Does the size of the storm (volume, duration, intensity) affect either of the above 

questions and if so, to what extent? 

• Are there any significant differences in pollutant concentrations between inlets (e.g. 

does one inlet habitually experience higher or lower pollutant concentrations when 

compared to other inlets? 

 
The general approach in addressing these questions was to quantify the mass loading of 

pollutants entering and exiting the garden into Ballona Creek during storms along with 

estimates of water infiltrated into the garden. This information will provide essential evidence 

about the efficacy of rain gardens in Mediterranean climates and why they should continue to 

be promoted as a successful LID tool. The information learned from the Ballona Creek Rain 

Garden can then be used to help guide policy and decision-making to ensure better 

environmental health in urban areas. 

 
METHODS 

This study took place over two rainy seasons in 2015-16 and 2016-17. A minimum of three 

storms per season were targeted, with each storm having 1.9 cm (0.75 in) or more of rainfall. 

For each storm, the goal was to capture three sets of samples reflecting the rise, peak, and fall 

of runoff flows. At least two sets were obtained if the storm quickly moved through the area.   

 
For the first season (2015-16), four storms were sampled for both hydrology and pollutant 

concentrations. To provide additional information regarding water infiltration, all storms 

forecasted to have greater than 0.25 cm (0.1 in) of rainfall were measured for flow during the 
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Figure 5.  Schematic of the largest weir positioned at Inlet No. 4. The configuration included a large inset box 
within the inlet drainage system. The figure shows the v-notch as well as the PVC pipe with the HOBO unit. 
 

After the storm passed, units were retrieved, and data were downloaded using Onset 

HOBOware Pro software. After adjusting water pressure by subtracting the ambient 

atmospheric pressure, the resulting pressure readings were converted into water heights using 

Equations Set 1 below (McCutcheon et al. 1993). Flows from all inlets were summed to yield a 

total inflow, and the same was done for outlet flows.  

 

 
 
Based on water height (WH) relative to the weir notch, flow (gpm) was calculated using the 

following formulas after Grant and Dawson (1995) (Equation Set 2 and Figure 6).  
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Figure 6.  Water heights used to calculate flows in the V-notched weirs. 

 
Hydrographs and Hyetographs 

Using the calculations above, inflow and outflow over time were plotted to create a hydrograph 

for each storm showing the flow (Q) over time (t) at 1-min intervals.  

 
Los Angeles County Public Works Water Resources Division measures rainfall intensities at a 

gage along Ballona Creek at Sawtelle Boulevard (Gage ID 370). This station provided rainfall 

intensities at 5-minute intervals for all 28 storms which were used to compile hyetographs for 

each storm showing rainfall intensity over the duration of the storm.  

 
Pollutant Concentrations 

Sampling Frequency/season 

The pollutants sampled were: fecal indicator bacteria (FIB: E. coli, enterococci), total suspended 

solids, copper, zinc, lead, polyaromatic hydrocarbons, diesel hydrocarbons, and gas 

hydrocarbons. Samples were collected at each inlet and outlet by filling up each testing 

container with flowing water as it passed into the weir.  

Fecal Indicator Bacteria 

Three replicate samples for Fecal Indicator bacteria were collected in sterile 125ml 

polypropylene containers from each flowing inlet and outlet, placed on ice, and processed 

within six hours of collection time.   Concentrations (Most Probable Number/100 ml) were 

determined using chromagenic substrate tests (APHA et al. 1998; Standard Methods Section 
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9223 for E. coli and 9230 for Enterococci).   IDEXX media Colilert®-18 was used to measure 

densities of E. coli while Enterolert® was used for enterococci (IDEXX Laboratories, Inc., 

Westbrook, ME). Each sample was diluted to 0.01 (1 mL of sample into 99 mL of dilution water) 

and quantified using IDEXX Quanti-Tray® 2000 97-well trays.  Lab blank controls were included 

with each collected batch of samples to check for sterility of the dilution water.  

Total Suspended Solids 

From each flowing inlet and outlet, 1 L of runoff was collected in a polyproplyene container to 

measure concentrations (mg/L) of total suspended solids using the gravimetric procedure 

described in APHA et al. (2005; Standard Methods 2540D). Within an hour of collection, up to 1 

L of runoff was filtered depending on the concentration of TSS. Samples with elevated TSS 

resulted in less water being filtered due to clogging of the glass filters, whereas the entire 1-L 

sample was filtered for other samples.   

Metals (Copper, Zinc, and Lead) 

Metal runoff samples were collected in Corning® 50 ml self-standing centrifuge tubes. 

Hydrochloric acid (HCl) was added to each vial after returning to the lab to acidify samples (pH 

<2.0). Samples were then later processed using Inductively coupled plasma-mass spectrometry 

(ICP/MS) according to procedures given by U.S. EPA 1996 (EPA Method 1640). 

Organics (Polyaromatic Hydrocarbons, Diesel Hydrocarbons, Gas Hydrocarbons) 

The organic compounds were collected in 1.0 L amber glass jars, refrigerated, and then 

transported on ice to the Institute for Integrated Research in Materials, Environments and 

Society (IIRMES) laboratory for analyses according to EPA Method 8015 (U.S. EPA 2003). 

 
Data Analysis 

Water Infiltration 

Infiltration data was calculated by comparing the garden’s inflows and outflows (Gulliver et al. 

2010) with the percent infiltration (% I) calculated as follows (Equation 3): 
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Inlet Concentration Variation  

After all the concentration data was gathered, the total suspended solids and zinc results were 

fed into a Kruskal Wallis online calculator (http://scistatcalc.blogspot.com/2013/11/kruskal-

wallis-test-calculator.html#) to determine if specific inlets habitually experienced higher 

pollution levels.  

 

RESULTS 

Hydrology 

The storm events were highly variable in both duration and size (Table 1). The shortest duration 

was just over three hours, and the longest was just under 72 hours. The total volume of 

infiltrated stormwater ranged from just under 80,000 L (20,996 gal) to just under 4 million L 

(1,034,245 gal). Three storms were targeted each season, with a total of nine storms sampled 

over the two-year period. 

Table 1. Summary data for all storm events surveyed for hydrology over the two-year study. The date, duration, 
and rainfall amount are shown along with the number of sample sets taken for the storms sampled  
for pollutant concentrations. 

Season Storm Date Duration (hr) Rainfall (cm) Rainfall (in) Number of Sample Sets 

1 5-Jan-16 24 3.48 1.37 3 

1 31-Jan-16 24 0.61 0.24 2 

1 5-7-Mar-16 71.98 2.82 1.11 2 

1 11-12-Mar-16 23.98 1.12 0.44 2 

2 20-21 Nov-16 19.5 1.60 0.63 2 

2 26-Nov-16 3.25 0.51 0.2 NS 

2 15-16 Dec-16 16.83 3.78 1.49 3 

2 21-22 Dec-16 23.58 1.63 0.64 NS 

2 30-31-Dec-16 20.42 0.61 0.24 NS 
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Table 1 continued 

Season Storm Date Duration (hr) Rainfall (cm) Rainfall (in) Number of Sample Sets 

2 31-Dec-16 6.67 0.15 0.06 NS 

2 4-5 Jan-17 14 1.07 0.42 2 

2 7-Jan-17 5.67 0.18 0.07 NS 

2 9-Jan-17 8.25 2.13 0.84 NS 

2 10-11-Jan-17 25.42 0.61 0.24 NS 

2 11-12 Jan-17 19.5 2.67 1.05 NS 

2 19-Jan-17 7.83 1.93 0.76 2 

2 20-Jan-17 13.5 2.54 1 NS 

2 22-23 Jan-17 27.17 5.77 2.27 NS 

2 3-Feb-17 14.67 0.53 0.21 NS 

2 6-Feb-17 15.08 1.96 0.77 NS 

2 7-Feb-17 13.25 0.91 0.36 NS 

2 7-8 Feb-17 13.58 0.15 0.06 NS 

2 10-11 Feb-17 18.58 0.99 0.39 NS 

2 17-18 Feb-17 27.08 3.94 1.55 3 

2 19-20-Feb-17 14 0.13 0.05 NS 

2 21-Feb-17 5.17 0.10 0.04 NS 

2 26-Feb-17 4.67 0.13 0.05 NS 

2 21-22 Mar-17 19 0.30 0.12 NS 

* NS indicates hydrology data only (i.e. not sampled for pollutant concentrations) 

Hydrographs  

A total of 28 hydrographs were created using the flow data from the HOBO units and the 

intensity data. Within each hydrograph there is an embedded hyetograph showing the rainfall 

intensity across the storm event using data from the Sawtelle rain gage. Figure 8 shows an 

example of a smaller storm from November 26, 2016 where roughly 0.5 cm (0.2 in) of rain fell. 

Along with many of the smaller storms, 100% of the water was retained in this storm, as 

evidenced by the orange line representing zero recorded outflow across the duration of the 

storm. 
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Figure 8. November 26, 2016 storm hydrograph and embedded hyetograph. The blue line shows the combined 
inflow from all inlets and the orange line shows the combined outflow.  
 

Figure 9 shows an example of a large storm that occurred on January 22-23, 2017 where a total 

rainfall of 5.77 cm (2.27 in) was recorded. This figure shows the correspondence between the 

hydrograph and the hyetograph where the similarities between peaks in rainfall intensity and 

garden flow reflected real-time conditions. This storm retained approximately 75% of the 

combined inflow. All other hydrographs are displayed in Appendix 1. 
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Figure 9. The hydrograph and embedded hyetograph from the January 22-23, 2017 storm.  
 

Infiltration 

The garden’s infiltration rates ranged from 73% to 100%. During the largest storm in 2017 when 

5.77 cm (2.27 in) of rain fell, nearly 4 million L (1 million gal) were infiltrated (Table 1, Figure 

10). Even in such a large storm, the garden still infiltrated 75% of the total flow. Ten of the 28 

total storms recorded had 100% infiltration within the garden. These smaller storms are seen 

on the left side of Figure 10, indicating the least amount of volume infiltrated but the highest 

infiltration percentage. The trend lines show high correlation, with R2 = 0.77 for percent volume 

as the blue line, and R2 = 0.93 for total volume infiltrated as the orange line. This trend is 

supported by the corresponding multiple regression analysis for the garden’s infiltration 

capacity where total rainfall significantly predicted infiltration (p < 0.05) but rainfall intensity 

and storm duration were not significant (p > 0.05) (Table 2).  
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Using the concentrations from Table 4, masses of pollutants were calculated for rise, peak, 

and/or fall segments for each inlet and outlet per storm and then summed to get a total mass. 

Figures 11 through 19 display mass loading data and retention for each analyte. The overall 

average retention across the nine storms with all nine analytes was 90.1% (Table 5); the means 

and standard errors are grand means of the data shown in Figures 11 to 19. For FIB, Enterococci 

had higher masses for both inlets (154.3 ± 45.7 MPN X 109) and outlets (20.8 ± 5.9 MPN X 109) 

compared to E. coli (113.3 ± 50.4 MPN X 109 and 10.8 ± 4.7 MPN X 109), but the average retention 

within the garden was slightly higher for E. coli (87.2% ± 5.2) relative to Enterococci (83.3 ± 

4.8%) (Figures 11 and 12). Enterococci had the lowest average % retention within the garden 

for all nine pollutants. Total suspended solids displayed considerable variability in percent 

retention, ranging from 47.1 – 99.7% (Figure 13). The average mass of Zinc entering the garden 

surpassed the other metals by a substantial margin, with averages of 474.8 ± 195.5g versus 52.0 

± 26.1g and 12.6 ± 7.2g for copper and lead, respectively. Despite the difference in inlet and 

outlet masses, the average retention rates for all metals were very similar, ranging from 92.2 ± 

1.8% - 92.9 ± 1.3% (Table 5, Figures 14 to 16). The organics mass trends were similar to their 

concentration trends, with PAHs again much lower than both diesel and motor oil mass inputs 

(Figures 17 to 19, Table 5). Motor oil hydrocarbons displayed high input masses at an average 

of 432.5 ± 172.6 g, but they also experienced the highest retention within the garden at 94.1 ± 

2.0 %. Data per storm used to generate means in Table 5 are given in Appendix 2. 
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Table 5. The average mass of each pollutant measured at the inlets and outlets, the retention within the garden, 
and the percent retention. The number of storms (n) used in calculating the mean and standard error (SE) are 
shown for each.  

    

Inlets 

 

Outlets 

 

Retention 

 

% Retention 

 

Pollutant n Mean SE Mean SE Mean SE Mean SE 

E. coli (MPN X 109) 9 113.3 50.4 10.8 4.7 102.5 48.7 87.2 5.2 

Enterococci (MPN X 109) 9 154.3 45.7 20.8 5.9 133.5 42.7 83.3 4.8 

Total Suspended Solids (kg) 9 27.2 11.6 2.8 1.8 24.9 11.6 88.1 5.8 

Copper (g) 9 52.0 26.1 3.7 2.0 48.3 24.1 92.9 1.3 

Zinc (g) 9 474.8 195.5 38.5 15.1 436.3 181.8 92.2 1.8 

Lead (g) 9 12.6 7.2 1.3 0.9 11.3 6.4 92.5 1.6 

Total PAHs (g) 8 39.2 19.5 1.9 0.8 37.3 18.9 89.9 3.5 

Diesel hydrocarbons (g) 8 221.0 92.8 15.9 7.4 205.1 86.4 90.4 2.7 

Motor oil hydrocarbons (g) 8 432.5 172.6 19.2 7.6 413.3 165.9 94.1 2.0 

 

 

 
Figure 11. The mass (log scale) of E. coli measured at the inlets (shown in blue) and outlets (shown in orange) 
along with the percent retention for each storm.  
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Figure 12. The mass (log scale) of Enterococci measured at the inlets (shown in blue) and outlets (shown in 
orange) along with the percent retention for each storm. 
 

  

Figure 13. The mass in kilograms (shown in a log scale) of total suspended solids measured at the inlets (shown 
in blue) and outlets (shown in orange) along with the percent retention for each storm.  
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Figure 14. The grams of mass (log scale) of Copper measured at the inlets (shown in blue) and outlets (shown in 
orange) along with the percent retention for each storm. 
 

 

 

Figure 15. The mass (log scale) of Zinc measured at the inlets (shown in blue) and outlets (shown in orange) 
along with the percent retention for each storm. 
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Figure 16. The mass (log scale) of Lead measured at the inlets (shown in blue) and outlets (shown in orange) 
along with the percent retention for each storm. The lead measurements taken at outlets for the January 31, 
2016 storm were 0 ug/L, so the outlet mass is absent for this figure. 
 

 

 

Figure 17. The mass (log scale) of polyaromatic hydrocarbons measured at the inlets (shown in blue) and outlets 
(shown in orange) along with the percent retention for each storm. 
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Figure 18. The mass (log scale) of diesel hydrocarbons measured at the inlets (shown in blue) and outlets (shown 
in orange) along with the percent retention for each storm. 
 

 

  

Figure 19. The mass (log scale) of motor oil hydrocarbons measured at the inlets (shown in blue) and outlets 
(shown in orange) along with the percent retention for each storm. 
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DISCUSSION AND CONCLUSIONS 

System Performance 

The Ballona Creek Rain Garden continues to perform well six years after its original 

construction. The data from this study show that these systems are capable of retaining large 

amounts of urban stormwater as well as associated pollutants and can also effectively capture 

and retain dry-weather runoff. The capture of dry-weather flow was observed on multiple 

occasions at the BCRG. Runoff from landscape irrigation and car washes frequently made its 

way to the garden (primarily the southern end) and formed a small pond area before infiltration 

occurred. It was assumed that all dry-weather runoff was quickly infiltrated within the garden, 

although it was not included in the infiltration volume calculations. Discounting this dry-

weather flow, the BCRG conservatively retained 31.6 million L of urban stormwater over a two-

year period, with an average of 1.13 million ± 0.2 million L per storm. 

 
The pollutant retention capacity of this garden compares favorably with other biofiltration 

studies, offering further proof of their efficiency in southern California and other arid climates. 

A field-scale study of two bioretention systems in southeast Australia found averages of 80-90% 

retention for suspended solids and heavy metals (Hatt et al. 2009). A study of a North Carolina 

biofiltration system reported average reductions of 69% for fecal coliform counts and 71% for E. 

coli counts, corroborating results from this study (Hunt et al. 2008). Although environmental 

data for metals and bacteria are highly variable by nature, the Ballona Creek Rain Garden 

achieved comparable pollutant mass retention levels with average percentages for FIB 

retention above 80%, organics above 89%, TSS at 88%, and metals greater than 90% (Table 5). 

The similarities between mass loading results from this study and published results from other 

systems, taken with the well-documented methodology for mass loading calculations, indicate 

high validity for the study as a whole. 

 
Within Mediterranean climates like Los Angeles, biofiltration systems can be especially effective 

in meeting TMDL requirements. As mentioned previously, Ballona Creek has TMDLs for both 
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bacteria and metals. In order to comply with water quality requirements within the TMDL for 

bacteria in Ballona Creek, several projects were considered and drafted within an 

environmental impact report. The Final Environmental Impact Report for the Ballona Creek 

Bacteria TMDL Project lists three project proposals (Catalyst Environmental Solutions 

Corporation 2018). One of these proposed projects uses a pump station to transport 3.6 million 

L/day (0.96 MGD) of dry weather runoff to Hyperion Water Reclamation Plant for treatment. 

On February 17 and 18, 2017, the Ballona Creek Rain Garden captured 0.97 million gal of 

stormwater. Although this was not dry-weather flow, this was the impact from a single project. 

If more of these biofiltration systems were constructed along the Creek, the collective impact 

from multiple biofiltration projects dispersed along the creek could be significant. 

Assumptions 

It is important to note some study assumptions and analyses constraints. One key assumption 

was related to inflow and outflow; outflow is assumed to equal inflow minus infiltration, 

discounting any effects evaporation may have. The representativeness of grab samples with the 

timing of the sampling sets is another key assumption. The use of grab samples is assumed to 

represent average pollutant concentrations at rise, peak, and fall segments within storms, and 

the timing of the sampling runs corresponded with these segments. Timing of sampling runs for 

storm events was planned using real-time radar observations from the National Weather 

Services’ Los Angeles-Oxnard Forecast Office (https://www.weather.gov/lox/) to capture the 

first steady rainfall, the peak of the storm, and the falling point before rainfall ceased. With 

regard to variation between inlet concentrations, the Kruskal Wallace tests were not performed 

for every analyte; total suspended solids and zinc were chosen for their relatively high 

concentrations and were assumed to represent the patterns of the other analytes. Since the 

variability between storms was more significant than the variability between inlets for both TSS 

and zinc, the other analytes are likely to present similar patterns of significance as the 

differences in their values were similar. 

 
Despite these assumptions, the study most likely underestimated infiltration data. Portions of 

the runoff at Inlet 3 was observed on several occasions to bypass the v-notch weir, and no data 



 43 

were collected from Inlet 5 during the first season. The volume of water that bypassed the v-

notch weir was not included in the flow calculations, but still received by the garden, leading to 

underestimation of infiltration results. This indicates the amount of water infiltration for BCRG 

is actually greater than 31.6 million L over the two-year period, and the average per storm 

infiltration is over 1.13 million ± 0.2 million L. 

Management 

Although the performance of the garden showed high success rates, it’s possible for 

management issues like maintenance to hinder the efficiency of similar systems. System 

longevity is an important component in planning and construction of rain gardens. Issues like 

lack of funding for upkeep and maintenance can actually shorten their lifespan. The design 

goals (i.e. metal retention or peak flow attenuation) must be carefully planned and are met 

when regularly inspected and maintained (Hunt et al. 2012). The Ballona Creek Rain Garden 

undergoes regular maintenance coordinated by The Bay Foundation with work days using 

volunteers to remove invasive plants and care for native ones. In addition to maintenance and 

upkeep, these systems bring up the important issue of pollutant fate and ownership. In 

restoring more natural drainage to urban areas, pollutants are captured rather than discharged 

to water bodies. This capture, although beneficial to nearby and downstream communities, has 

the potential to create ‘ownership’ of pollutants (Davis 2005). ‘Ownership’ creates additional 

questions that need to be addressed. Is there a responsibility to periodically test soil and/or 

plants for levels of heavy metals? Is the original constructor of the system always responsible 

for maintenance or does it pass to sequential landowners? Is there a finite lifespan for 

biofiltration systems, and what happens when it reached? If heavy metals accumulate in the 

soil or plants, is there a point when soil and/or plants need to be removed and replaced to 

avoid long-term liability? Because these systems provide benefits to populations downstream, 

should the cost of constructing and/or maintaining them be shared with other areas? All of 

these questions, while important to investigate, do not detract from rain gardens’ efficiencies in 

pollutant retention and water infiltration. 

Further Research 
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Despite the increase in information gained from this study about biofiltration in Mediterranean 

climates, more research is still needed. Specific topics like pollutant fate, system lifespan, and 

potential ecosystem services provided would be of great benefit in understanding these LID 

systems and strengthening the need for them. Much of the current research suggests die-off of 

bacteria occurs within a few days of biofiltration capture (Zhang et al. 2001), but this 

consequence depends heavily on microbial conditions within the system, composition of the 

runoff, and exposure to UV light. Contaminant and nutrient uptake levels can vary with 

surrounding land uses as well as climatic conditions.  The organic pollutants like PAHs are 

usually captured near the surface in mulch or soil media due to the hydrophobicity of the 

compounds (Hunt et al. 2012). The metals were also found to primarily gather in the upper 

layers of soil media (Li & Davis 2008). This could mean periodically replacing this upper layer 

would elongate the lifespan of the system. Results from another study onsite at the Ballona 

Creek Rain Garden found zinc sequestration in upper soil layers, but had difficulty finding other 

metals above non-detect (ND) levels. Although the metals’ concentrations in BCRG fell below 

regulatory limits, it is difficult to say anything conclusively about their location in the soil media 

(Yousavich 2018). More work is needed to determine the role of plants in metal sequestration 

as well as soil media. Presently, a research program in the BCRG has been implemented 

assessing variability between soil and several components of plants, individuals of the same 

species, as well as incorporating leaf litter as a component for pollutant sequestration (Britt, 

unpublished data). 

 
Another important area of study is to better characterize ecosystem services provided by these 

LID systems. These services are defined as “the benefits human populations derive, directly or 

indirectly, from ecosystem functions” (Costanza et al. 1997), and offer urban green spaces that 

have the potential to benefit human health as well as promote biodiversity (Bolund and 

Hunhammar 1999). They can help combat heat islands that are frequently associated with 

urban areas, mitigate flooding, and recharge aquifers. Long-term studies should also be done to 

determine the effect of pollutant accumulation on continued retention capacity and additional 

work on their fate through soil geochemical processes. The longevity of biofiltration systems 

needs to be studied further to ascertain their potential impact on stormwater management. 
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Although more research should be done to truly measure longevity, pollutant fate, and 

ecosystem services provided by biofiltration systems, this two-year study sheds further light on 

biofiltration system usage within Mediterranean climates like southern California. The 

combined average pollutant retention levels ranging from 83% to 94% across all sampled 

analytes (Table 5) combined with the 73-100% stormwater infiltration range (Figure 10), and 

the understanding that these values may be underrepresenting the full range of retention, 

shows that these biofiltration systems can truly have a positive impact stormwater 

management in urban areas.  
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APPENDIX 1: HYETOGRAPHS 
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  Dec 15 2016 1117.9 53.3 1064.6 95.2 
Jan 5 2017 195.2 1.0 194.2 99.5 
Jan 19 2017 128.1 20.5 107.5 84.0 
Feb 17 2017 1196.8 49.3 1147.4 95.9 

Average   432.5 19.2 413.3 94.1 
ST DEV  488.1 21.5 469.3 5.6 
ST Error   172.6 7.6 165.9 2.0 
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