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Introduction 
This report provides the results of the Englewood Community Redevelopment 
Area (CRA) Green Infrastructure Best Management Practice Evaluation Project 
monitoring conducted by VHB for Sarasota County. The project served to 
evaluate pollutant removal efficiencies of the bioretention Best Management 
Practices (BMPs) for the Englewood Green Infrastructure Pilot Project.  
 
The Englewood Commercial Redevelopment Area commercial district is 
located along West Dearborn Street west of Indiana Avenue (State Road 776) 
in Sarasota County. Untreated stormwater runoff from this commercial 
district currently discharges directly into the Lemon Bay (an Aquatic Preserve 
and Outstanding Florida Water). The stormwater retrofit system provides 
water quality treatment for existing and future development using green 
infrastructure techniques for nutrient removal.  
 
The objective of the monitoring plan was to evaluate the removal efficiency 
for total nitrogen and total phosphorus, at a minimum, by the implemented 
Best Management Practices. Inflow and outflow was monitored over an eight 
month period for both concentrations and flow volumes. The two main 
objectives are to assess pollutant removal efficiency of different bioswale 
types and to assess pollutant removal efficiency for the project as a whole.  
 
The project was funded through a grant provided by Southwest Florida Water 
Management District (SWFWMD).  
 

1.1 Project Description 

The project includes a combination of four types of bioswales, including:  
 
A. Retention bioswales with grass on the side banks and non-turf plants in 

the bottom.  
B. Detention bioswales planted with non-turf plants on both the swale 

bottom and side banks.  
C. Detention bioswales with grass on the side banks and non-turf plants in 

the bottom.  
D. Detention bioswales with grass on the side banks and non-turf plants in 

the bottom, and with pollutant-reducing media in tubes on the side banks.  

1 
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The four types of bioswales 
created for this project 
reduce pollutants in 
stormwater runoff by 
capturing pollutants in soil, 
pollutant-reducing media, 
turf grass, and non-turf 
plants.  In addition, runoff 
volumes are reduced by 
depressional storage in the 
swales, soil capture, 
evaporation, transpiration 
by plants, and irrigation 
from cisterns.   
 
The detention bioswales are 
contained within a liner designed to prevent the mixing of adjacent 
groundwater. Stormwater runoff infiltrating through the bioswale plants and 
sediments is collected within an interconnected cistern system for these 
detention bioswales.  
 
There are a total of six cistern systems, each is a different size and has a 
different combination of detention bioswales. Each cistern system contains a 
pump within a wetwell and the cistern water is used to irrigate the detention 
bioswales associated with it. Excess treated stormwater from the cistern 
system discharges from the site to Lemon Bay.  
 
 

1.2 Performance Evaluation Overview 

The purpose of this study is to collect the data and perform the analyses 
necessary to document the effectiveness of the bioswales BMP stormwater 
treatment system and the total load reductions. The primary target pollutants 
for the system are total nitrogen and total phosphorus. Data and samples 
were collected for storm events over a 202 day evaluation period (July 14, 
2015 to January 31, 2016). The results of monitoring are used to document 
changes in concentration and volume to develop removal efficiencies and 
load for various parameters. 
 

Bioswale with grass on side banks and non-turf 
plants in bottom. 

2 Introduction 

\\flsadata\projects\66025.16 Englewood 
LID Mon FY2016\reports\Englewood 

LID 2015-Report With Photos-
6.28.16.docx 

 



 

 

Methods 
To conduct the BMP evaluation, the pollutant removal efficiency of each type 
of bioswale and the project as a whole was desired. This required monitoring 
of the water quality and volume entering the bioswales, the quality of the 
water after infiltrating the bioswales, and the quality and volume of water 
discharging from the cistern system. To assist in the interpretation of the 
results, stage and water quality data were also collected from shallow 
groundwater wells and the cistern systems. Rainfall data were also collected 
within the project area and pumping of the cistern for irrigation was also 
measured. 
 

2.1  Bioswale Monitoring 

Bioswale monitoring was conducted through the sampling of a series of 
lysimeters installed during construction. The typical design of a lysimeter 
located at the bottom of a bioswale is shown below. Lysimeters were also 
installed between the roadways and the bioswale to capture surface runoff 
into the bioswale. Although the lysimeter is shown with a cap on the bottom, 
so the sample was isolated from the cistern system, the lysimeters were 
actually directly connected to the cistern, except for the retention bioswale.   
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A series of lysimeters were selected for representative sample collection for 
the inflow (top of bank lysimeters) and each bioswale type. The locations of 
the lysimeters selected for bioswale monitoring are listed in the tables below 
by bioswale type, and are depicted in Figure 2-1.  
 

Top-of-bank lysimeters.  

ID Latitude Longitude Street Cross Streets 
Swale 

Number 

LC20 26 57 40.50 -82 21 31.50 W. Green St. S. Mango St. / S. Maple St. GS-31 

LC10 26 57 47.88 -82 21 16.09 Cocoanut Ave. N. McCall Rd./ Indiana Ave. CA-22 

LC26 26 57 40.39 -82 21 15.62 W. Green St. New York Ave. / Indiana Ave. GS-47 

LC27 26 57 40.46 -82 21 12.92 W. Green St. New York Ave. / Indiana Ave. GS-49 

LC13 26 57 41.04 -82 21 47.09 W. Green St. W. Dearborn St. / Cherokee St. GS-09 

LC15 26 57 40.61 -82 21 43.02 W. Green St. Winson Ave. / Magnolia Ave. GS-15 

LC19 26 57 40.50 -82 21 04.82 W. Green St. S. Orange Ave. / S. Mango Ave. GS-29 

LC18 26 57 40.61 -82 21 35.89 W. Green St. S. Orange Ave. / S. Mango Ave. GS-26 

LC22 26 57 40.61 -82 21 28.15 W. Green St. S. Maple Ave. / S. McCall Rd. GS-35 

LC16 26 57 40.75 -82 21 41.58 W. Green St. Winson Ave. / Magnolia St. GS-18 

LC32 26 57 45.97 -82 21 53.46 
Old Englewood 
Rd. 

W. Dearborn St. / Cocoanut Ave. OE-03 

LC53 26 57 42.77 -82 21 25.52 N. McCall Rd. W. Green St. / W. Dearborn St. MR-03 

LC54 26 57 45.36 -82 21 25.42 N. McCall Rd. W. Dearborn St. / Cocoanut Ave. MR-06 

 
Detention bioswales with grass on side banks and non-turf plants in the bottom.   

ID Latitude Longitude Street Cross Streets 
Swale 
No. 

I24T 26 57 46.98 -82 21 26.57 Cocoanut Ave. N. Maple St. / N. McCall Rd. CA-16 

I25T 26 57 46.98 -82 21 26.57 Cocoanut Ave. N. Maple St. / N. McCall Rd. CA-16 

I33T 26 57 45.86 -82 21 19.19 Library Alley N. McCall Rd./ Indiana Ave. LA-03 

I41 26 57 41.76 -82 21 48.20 W. Green St. W. Dearborn St. / Cherokee St. GS-09 

I50 26 57 40.46 -82 21 42.84 W. Green St. Winson Ave. / Magnolia Ave. GS-15 

I66 26 57 40.75 -82 21 37.33 W. Green St. Magnolia Ave. / S. Orange Ave. GS-24 

I89T 26 57 40.46 -82 21 34.34 W. Green St. S. Orange Ave. / S. Mango Ave. GS-29 

I88T 26 57 40.46 -82 21 35.78 W. Green St. S. Orange Ave. / S. Mango Ave. GS-27 
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Detention bioswales with non-turf plants on side banks and in the bottom. 

ID Latitude Longitude Street Cross Streets 
Swale 
No. 

I95 26 57 40.43 -82 21 15.66 W. Green St. New York Ave. / Indiana Ave. GS-47 

I96 26 57 40.57 -82 21 14.40 W. Green St. New York Ave. / Indiana Ave. GS-48 

I97 26 57 40.39 -82 21 12.89 W. Green St. New York Ave. / Indiana Ave. GS-49 

 

Detention bioswales with grass on side banks, non-turf plants in the bottom, and pollutant 
reducing media tubes on side of banks.  

ID Latitude Longitude Street Cross Streets 
Swale 
No. 

I56T 26 57 40.82 -82 21 41.33 W. Green St. Winson Ave. / Magnolia St. GS-18 

I08 26 57 45.65 -82 21 53.10 
Old Englewood 

Rd. 
W. Dearborn St. / Cocoanut Ave. OE-03 

I136A 26 57 43.13 -82 21 25.31 N. McCall Rd. W. Green St. / W. Dearborn St. MR-03 

I138 26 57 45.40 -82 21 25.24 N. McCall Rd. W. Dearborn St. / Cocoanut Ave. MR-06 

 

Retention bioswales with grass on side banks and non-turf plants in the bottom. 

ID Latitude Longitude Street Cross Streets 
Swale 
No. 

LR1 26 57 40.54 -82 21 31.46 W. Green St. S. Mango St. / S. Maple St. GS-31 

LR2 26 57 47.81 -82 21 15.80 Cocoanut Ave. N. McCall Rd./ Indiana Ave. CA-22 
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Sampling of Bioswale Lysimeters 

For the purpose of lysimeter monitoring, it was assumed that all top-of-bank 
lysimeters receive runoff from similar landscapes and roads and the quality of 
the stormwater runoff is the same for all bioswales.  Each top-of-bank 
lysimeters has a small contributing area and small storage capacity.  As such, 
the subsamples collected from all of the top-of-bank lysimeter listed above 
were composited for each storm event to collect a sufficient volume for 
analyses and to better characterize the quality of runoff from most of the 
project area.   
  
Top-of-bank lysimeters were thoroughly cleaned at the beginning of the 
monitoring program and after sample collection for each storm sampling 
event to prevent sample contamination by any materials other than 
stormwater.  Lysimeters visibly contaminated by non-stormwater materials 
were not used for sample compositing.  Top-of-bank lysimeters were sampled 
using a clean container to dip the sample out and deposited into a clean 
composite bottle. After sample collection, each top-of-bank lysimeter was 
properly cleaned and rinsed with deionized water for future sampling. 
 
Concentrations of stormwater treated by the different bioswale systems was 
determined from samples taken from the bottom-of-bank lysimeters. For 
each storm event, discrete samples were collected from all of the listed 

bottom-of-bank lysimeters and 
composited for each type of bioswale. 
Similar to top-of-bank lysimeters 
sampling, bottom-of-bank lysimeters 
were thoroughly cleaned at the 
beginning of the monitoring program 
and after sample collection for each 
storm sampling event to prevent 
sample contamination. This cleaning 
could only be conducted for the 
retention bioswale lysimeters and 
when the cistern was dry at the other 
bioswales. A peristaltic pump with a 
clean sampling hose was used for 
drawing the sample from the bottom-

of-bank lysimeters. 
 

For all four (4) types of bioswales, water quality sampling was conducted for 
six (6) storm events.    Storm events were defined as rainfall greater than 0.1 
inches following an antecedent dry period of at least 72 hours.  Field sampling 
followed applicable field collection, quality control, and record keeping 
requirements described in the Florida Department of Environmental 
Protection (FDEP) Standard Operating Procedures (SOPs) as provided in FDEP-
SOP-001/01, Rule 62-160.800, F.A.C. 

Bottom-of-bank lysimeter. 
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The following parameters were sampled and analyzed for all water quality 
samples collected for the project. 
 
1. Total Nitrogen 
2. Total Kjeldahl Nitrogen 
3. Ammonia Nitrogen 
4. Nitrate + Nitrite Nitrogen 
5. Ortho-phosphorus 
6. Total Phosphorus 
7. Total Suspended Solids 
8. Total Recoverable Lead  
9. Total Recoverable Zinc  
 
In addition, in situ measurements of temperature, specific conductance, 
percent dissolved oxygen, and pH were made of the composited samples with 
a data sonde. 

 

2.2  Flow-Weighted Storm Event Monitoring 

Since bioswale monitoring using lysimeters cannot measure volume 
reductions, a single cistern outfall location from the bioswale system was 
chosen for discharge monitoring and the results were assumed to estimate 
total project pollutant removal efficiency.  The selected outfall location 
represents the discharge from the cistern system (Cistern 6) with the largest 
contributing area. The North Orange Street location is listed below and 
depicted on Figure 2-1.  
 

Station Street Latitude Longitude 

OF5 NW Corner of N. Orange St. and W. Dearborn St. 26 57 44.60 -82 21 36.65 

 
The purpose of this monitoring is to characterize the quantity and quality of 
stormwater discharged by the bioswale system.  Another sampling location 
was established adjacent to the location referenced above to measure 
untreated concentrations and volumes of stormwater discharge from West 
Dearborn Street for comparison of results and calculation of load reductions 
(see Figure 2-1).  
 
The contributing area size and land uses were slightly different for the flow-
weighted storm event monitoring sites. The West Dearborn Street (DEA) 
inflow site is 4.1 acres and primarily commercial and retail uses, while the 
Cistern 6 drainage area capture at the North Orange Street (ORA) outfall site 
is 7.7 acres and a mixture of residential and commercial land uses. Figure 2-2 
depicts the drainage basins for both stations and the associated land uses. 
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Field Instrumentation 
An ISCO Avalanche Composite Sampler was installed at each flow-weighted 
monitoring station for the collection of storm event water quality composite 

samples.  This refrigerated unit was installed on wooden 
platforms anchored at each location within a locked, 
weather resistant enclosure.  Each sampler was linked to 
two deep cycle batteries with a solar panel to keep it 
charged. The vinyl suction sample tubing was placed within 
the culvert at a location where flow exits the culvert and 
adjacent to the velocity sensor at each location. At Stations 
ORA and DEA, the ISCO Avalanche units were programmed 
to allow samples and continuous flow data to be collected 
autonomously.   
 
At Stations ORA and DEA, water levels and velocity were 
measured with an ISCO 750 

Module and Low Profile Area Velocity Sensor 
installed within the culvert. The discharge was 
calculated with a formula that considered the 
culvert’s cross-sectional area, velocity, and the 
stage.   
 
There was a concern that it would be difficult to 
measure low volume runoff because of the 
blanking distance for the velocity sensor. So a board was installed along the 
lip of the culverts that served to pond about three inches of water within the 
culvert. In addition to creating the required blanking distance, this also 
created enough water depth so the water sampling strainer was submerged. 
 
Rainfall data were collected with an ISCO 674 Tipping Bucket (0.01” tip) Rain 
Gauge.  A rain gauge was installed at each flow-weighted monitoring station 

and wired into the ISCO autosampler. Rainfall served as the 
initial trigger to begin sampling.   
 
An ISCO 6712ci modem and antenna were installed at Station 
DEA. The modem sent a callout text message to VHB once the 
ISCO unit was triggered by rainfall to initiate sample collection.   
 
Table 2-1 summarizes the equipment installed for the 
Englewood CRA Green Infrastructure BMP Evaluation Project.  
 

  

ISCO Avalanche 
Autosampler 

ISCO 750 Area Velocity Sensor 

Tipping Bucket Rain 
Gauge 
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Table 2-1. Summary of monitoring equipment used for the Englewood CRA Green 
 Infrastructure BMP Evaluation Project.  

Data Type Station(s) Equipment 

Discharge ORA/DEA 
ISCO 750 Module and Low Profile Area Velocity 
Sensor 

Rain Gauge ORA/DEA ISCO 674 Rain Gauge (Tipping Bucket) 

Automatic Water Sampling ORA/DEA 
ISCO Avalanche Composite Sampler with 10 liter 
(2.6 gallon) bottle 

Modem DEA ISCO 6712ci 

Water Level  GW-1/GW-2/CIS In-Situ Level Troll 500  

Pump Volumes CIS-6 Greyline PDFM 5.1 

ORA – N. Orange Street Site, DEA – W. Dearborn Street Site  
GW-1 – Groundwater Well 1, GW-2 – Groundwater Well 2, CIS-6 - Cistern 6 
 

Sampling 
Flow-weighted storm event sampling using the automated sampling 
technique draws aliquots of stormwater runoff throughout the storm event.  
The ISCO Avalanche automatic sampler was used to collect the flow-weighted 
composite sample.  The frequency of each aliquot was paced based upon the 
measured discharge at the sampling location. The result was a composite 
sample that, when analyzed, provided a single pollutant concentration that is 
representative of the stormwater quality during the storm event.  The 
resulting concentration is known as the event mean concentration (EMC).  The 
ISCO Avalanche unit was programmed to trigger after the accumulation of 0.1 
inches of rainfall in a 24 hour period.  Once triggered, the unit was 
programmed to collect sample aliquots based upon flow. 
 
A subsample was collected after each predetermined volume of discharge 
took place. The discharge volume varied by rainfall event and station location.  
The subsample collection frequency and discharge volumes were refined 
throughout the project to ensure flow-weighted samples were captured at 
each station. The composite storm event sample consisted of equal size 
subsamples (150 ml) collected at variable frequency, based upon flow.  The 
sub samples were composited into collection bottles (with a disposable ISCO 
ProPac two gallon sample bag).  The initiation of the sampling event activated 
the refrigeration system to properly chill the sample until collection. 
   
Storm event samples were typically collected within 48 hours of sample 
initiation and were collected within 24 hours of sampling completion. Each 
sample was preserved as required by the FDEP SOPs and placed in a cooler 
with ice.  Filtering of the samples was conducted by the laboratory. The cooler 
with the samples was delivered promptly to the laboratory, with appropriate 
chain of custody forms completed. 
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The automatic samplers were inspected and cleaned after sample collection.  
The samplers were designed to purge one to two volumes of sample through 
the tube prior to collection of the sample.  The end of the sample tubing was 
inspected and cleaned as necessary to remove any debris or buildup.  The 
ProPac sample bag was replaced following the collection of each sampling 
event.  
 
Six (6) storm event samples were collected.  Storm events are defined as 
rainfall greater than 0.1 inches following an antecedent dry period of at least 
72 hours.  The flow-weighted composite samples were analyzed for the same 
parameters identified for the bioswale lysimeters. Since standing water was 
usually not present in the culvert upon sample retrieval, the in situ 
measurements were often taken from the composite sample. 

 

2.3  Continuous Discharge Monitoring 

At Stations ORA and DEA, the installed 750 module velocity meter recorded 
water level and velocity in the culverts at 15-minute increments. Discharge 
was calculated using the calculated area of the culvert and the average 
velocity of water moving through the culvert over the 15-minute intervals. 
The discharge data were downloaded during regular site visits, and the level 
meter were inspected, cleaned of any debris, recalibrated, and maintained as 
necessary to keep it properly functioning. 
 
The discharge data collection occurred throughout the monitoring period. For 
analysis purposes, discharge data was only used when accurate 
measurements were recorded at both the inflow and outflow sites. 
 

2.4  Groundwater Monitoring 

The objective of groundwater monitoring was to discern how groundwater 
compares to the water quality in the bioswales.  One well was installed on 
Cocoanut Avenue just west of North Indiana Avenue. The second well was 
installed on West Green Street just east of South Orange Street.  One shallow 
well was installed in the surficial aquifer in proximity to a retention bioswale 
that is being monitored for stormwater (Figure 2-1).  The groundwater 
sampling site for the retention bioswale is identified as Well GW-1.  A second 
shallow well was installed in the surficial aquifer in proximity to a detention 
bioswale that is being monitored for stormwater (Figure 2-1). The 
groundwater sampling site for the detention bioswale is identified as Well 
GW-2.   
 
Water Quality 
Four discrete samples were taken from each well for water quality analysis, 
two during the wet season and two during the dry season.  Wet season was 
defined as any month from July through September when the preceding 30 
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days was typically wet.  Dry season was defined as any month from October 
through January when the preceding 30 days was typically dry.   
 
Well purging and sampling protocols were developed to ensure compliance 
with the procedures stipulated in FDEP SOP-001/01 FS 2200 for water quality 
sampling in wells with either partially or fully submerged well screens and for 
sampling wells that purge dry (as applicable).  A low-flow peristaltic pump was 
used to draw water from the well with clean tubing placed down the well. 
Samples were collected once the well was stabilized or until 3-5 times the well 
volume was purged. The water quality samples were analyzed for the same 
parameters as the lysimeter and flow-weighted samples. 
 
Stage 
An In-Situ Level Troll 500 data logger was installed in each 
well to record the groundwater elevation on an hourly basis. 
The water table elevations in the surficial aquifer were 
monitored continuously in both groundwater wells for the 
duration of the stormwater monitoring project.   
 

2.5  Cistern Monitoring 

One cistern (Cistern 6), CIS-6 located upstream of the flow-weighted bioswale 
system outflow monitoring station at ORA was monitored.  This cistern system 

receives treated stormwater runoff from a variety of detention 
bioswale types. A wetwell is located on the corner of Cocoanut 
Avenue and North Mango Street and represents the center of the 
interconnected system. A pump in this location distributes the 
cistern water to irrigate the bioswales on a regular frequency. 
 
Water Quality 
Four discrete water quality samples were taken for water quality 
analysis, two during wet season and two during dry season.  Wet 
season was defined as any month from July through September 

when the preceding 30 days was typically wet.  Dry season was 
defined as any month from October through January when the 

preceding 30 days was typically dry.  Cistern sampling was   conducted using 
a low-flow peristaltic pump to draw water from the cistern through clean 
tubing into the sample bottles.  Sample analyses were for the same 
parameters as the other monitoring stations. 
 
Stage 
In addition to discrete water quality sampling, water levels in the cistern were 
monitored continuously with a Level Troll 500 pressure transducer.  A stilling 
well was installed in the Cistern 6 wetwell and the data logger was installed 
to measure continuous water level data in the cistern.  
 

  

In Situ Troll 500 

Cistern Wetwell 
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Irrigation Pumping 
A Greyline Portable Doppler Flow Meter was installed on the Cistern 6 pump 
to monitor the volume of water redistributed for irrigation.  
 

2.6  Rainfall 

Rainfall data were collected continuously on the project site by tipping bucket 
rain gauges at the two flow-weighted composite sampling locations (DEA and 
ORA).  ISCO 674 Rain Gauges (Tipping Bucket) were installed at the bioswale 
system inflow and outflow locations and integrated into the ISCO automatic 
samplers. The gauges were inspected every few weeks, cleaned as required, 
calibrated, and maintained throughout the life of the project.  The project site 
data were compared to that of the nearby weather stations.  
 
In addition, rainfall and tide stage were monitored by the County at nearby 
ARMS Station 470 in Indian Mound Park, located at 210 Winson Avenue. This 
rainfall station is located approximately 0.45 miles southwest of the project 
site.  Additional rainfall data were continuously monitored near Oyster Creek 
in Charlotte County at a gauge operated by SWFWMD. This location is 
approximately 3.5 miles southeast of the project site.  
 
Rainfall data were obtained from all of these gauges and combined to create 
a complete composite rainfall data set for the project.   
 

2.7  Laboratory Analyses 

All laboratory analyses were conducted by Benchmark EnviroAnalytical, Inc. 
(BEI), a NELAC certified laboratory. Table 2-2 summarizes the laboratory 
analytical methods and Method Detection Limits (MDLs) for the sample 
analyses.   
 
The laboratory entered the analysis results into an Excel spreadsheet and 
provided it with a lab report to the County’s QA/QC officer.  The County 
QA/QC officer reviewed the data results, chain of custody form, sample hold 
times, and laboratory precision and accuracy data to assure the validity of the 
data.   
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Table 2-2. Analytical methods and detection limits of Benchmark EnviroAnalytical, Inc.’s 
 laboratory analyses for the Englewood CRA Green Infrastructure BMP Evaluation  
 Project monitoring project.  

Parameter Method 

Reference 

Analytical Method  

Detection Limits (MDLs) 

Zinc  EPA 200.7 1.4 µ/L 

Ammonia Nitrogen EPA 350.1 0.008 mg/L 

Total Kjehldahl Nitrogen EPA 351.2 0.05 mg/L 

Nitrate + Nitrite Nitrogen EPA 353.2 0.004 mg/L 

Total Nitrogen EPA 353 + 351 0.05 mg/L 

Specific Conductance APHA 2510 B 1.24 µmhos/cm 

Lead APHA 3113 B 0.670 µg/L 

Orthophosphorus EPA 365.3 0.002 mg/L 

Total Phosphorus EPA 365.3 0.008 mg/L 

Total Suspended Solids (TSS) APHA 2540 D 0.570 mg/L 

APHA - American Public Health Association, American Water Works Association and Water Pollution Control Federation, 
1992.  Standard Methods for the Examination of Water and Wastewater, 22nd Edition.  American Public Health Association. 

 EPA - U.S. Environmental Protection Agency, 1983.  Methods for Chemical Analysis of Water and Wastes, EPA - 600/4-79-
020, National Environmental Research Center, Cincinnati, Ohio. 

 

2.8  Data Analyses 

The objective of the water quality sampling program was to collect 
representative samples from flow through the bioswale BMPs and evaluate 
the system’s removal efficiency. Removal efficiencies were calculated based 
on samples collected from untreated stormwater runoff (Station DEA), and 
for treated stormwater where it exits the bioswale treatment system (Station 
ORA).  Flow volumes for each event were determined from the volume of 
water passing through the culverts during the event. The load was determined 
for each storm event by multiplying the Event Mean Concentrations (EMCs) 
by the discharge volume. Loads were also calculated for all of the storm events 
measured using the average EMCs and the total storm event discharge. The 
overall load and load removal were also calculated for the entire monitoring 
period using the total discharge volumes and the average EMCs. The BMP 
removal efficiencies were evaluated by calculating the percentage of load 
removed between untreated (DEA) and treated (ORA) stormwater runoff.  
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Pollutant load removal efficiencies were determined for each event, all events 
combined, and the for the entire 202-day study.  
 
Flow volumes were also analyzed to compare reduction of water volume 
being discharged from the treatment area versus water being discharged 
through non-treated areas.  
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Results and Discussion 
The sampling equipment was installed and monitoring of rainfall, discharge, 
and stage began on July 14, 2015. Monitoring continued for 202 days and was 
completed on January 31, 2016.  
 
The results are presented below. 
 

3.1 Rainfall 

Rainfall data were collected continuously at two sampling stations through 
January 4, 2016. Due to a malfunction with the site rain gauge towards the 
end of the study period, data from two local weather stations were used to 
develop a complete, composite daily record. The first reference gauge is 
operated by Sarasota County and is located at Indian Mound Park, 
approximately 0.45 miles southwest from the project site. A second reference 
gauge, operated by SWFWMD, was used to complete the coverage at the 
Sarasota County gauge. The SWFWMD device is located near Oyster Creek in 
Charlotte County, approximately 3.5 miles southeast of the project site. The 
location of the site rainfall gauge in relation to the reference gauges is 
illustrated in Figure 2-1. A comparison of daily site rainfall data to data from 
the local gauges is illustrated in Figure 3-1. The average composite rainfall 
data from the site and local gauges for the evaluation period are presented in 
Figure 3-2. 
 
Using composite rainfall data, a total of 28.40 inches of rainfall was recorded 
at the site during the 202 days of the evaluation period. Of this total, 4.22 
inches corresponded to the six monitored storm events. Rainfall amounts 
were calculated for each sampling event defined as the start of the rainfall 
event (when rainfall accumulated to 0.1” within a 24 hour period) through the 
completion of sample collection. Rainfall for the sampled storm events ranged 
from 0.15 inches during Events 1 and 4, to 2.62 inches during Event 3. Total 
rainfall amounts for each storm flow sampling event are presented in Table 
3-1. 

3 
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Figure 3-1. Comparison of daily rainfall data from the project site with local rain gauges. 
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Figure 3-2. Average daily composite rainfall for the study period. 
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3.2  Water Quality 

3.2.1 Bioswales 

The average Event Mean Concentration (EMC) values were determined by 
parameter for each bioswale type, the top of bank lysimeters, the W. 
Dearborn Street inflow station and the N. Orange Street outflow station, and 
are presented in Table 3-2.  
 

Table 3-2.  Summary of average event mean concentration by parameter for storm events. 

Sampling 
Station 

Ammonia 
Nitrogen 
(mg/L) 

Nitrate+ 
Nitrite 
(mg/L) 

Organic 
Nitrogen 
(mg/L) 

Total 
Nitrogen 
(mg/L) 

Ortho 
Phosphorous 

(mg/L) 

Total 
Phosphorous 

(mg/L) 

Total 
Suspended 

Solids (mg/L) 

Lead 
(ug/L) 

Zinc 
(ug/L) 

DEA 0.105 0.123 0.974 1.203 0.132 0.339 16.9 1.64 38.7 

ORA 0.926 0.058 1.610 2.593 0.425 0.486 1.7 0.47 14.2 

L-IN 0.065 0.056 1.332 1.453 0.357 0.551 38.7 1.37 28.1 

L-RET 0.040 0.431 0.818 1.290 0.336 0.709 25.0 20.02 425.0 

L-NTP 0.199 0.019 0.913 1.130 0.096 0.148 3.1 <0.67 15.2 

L-GNTP 0.181 0.006 0.992 1.178 0.194 0.241 1.6 <0.67 7.6 

L-PRM 0.122 0.011 0.987 1.119 0.391 0.578 3.4 <0.67 7.2 
 

  

Table  3-1. Sample collection date, total rainfall, and discharge by storm monitoring event. 

Storm Event Sample Date 
Event Rainfall 

(in.) 
Inflow Volume 

(cf) Outfall Volume (cf) 

1 7/16/2015 0.15 258 55 

2 7/21/2015 0.46 478 76 

3 7/29/2015 2.62 34,981 7,423 

4 8/11/2015 0.15 5,087 5,303 

5 8/15/2015 0.68 3,751 2,635 

6 11/11/2015 0.16 1,870 257 

Total  4.22 46,425 15,749 

Average  0.70 7,737 2,625 
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When reviewing the results of the three detention bioswales it is important 
to remember that they were collected from lysimeters contiguous with the 
cistern system which means the samples likely reflect the results of multiple 
storm events as well as the influence of irrigating from the cistern system. It 
should also be noted that more than one type of bioswale infiltrates into at 
least some of the cistern systems, indicating that the observed water quality 
results reflect a combination of bio-detention types. 
 
A total of six storm events were sampled during the evaluation period. The 
water quality sample analyses are presented as EMCs for each storm event in 
Appendix A.  
 
Generally, measurements of lab-tested parameters were lower for the 
detention bioswale treatment stations (non-turf plant (NTP), grass/non-turf 
plant (GNTP), and pollutant-reducing media tubes (PRM)) than the lysimeter 
inflow stations, representing a reduction in concentration of the 
corresponding analyte (Table 3-3). An exception is ammonia nitrogen, which 
increased at all treatment stations relative to the inflow. In terms of total 
nitrogen (TN), however, the three detention bioswale types exhibited similar 
reductions relative to the inflow EMC, with the GNTP and PRM bioswales 
being more efficient in reducing nitrate + nitrite nitrogen than the NTP station. 
Conversely, the NTP stations had the largest reduction in phosphorus 
concentrations (ortho-phosphorus (OP) and total phosphorus (TP)). The TP 
and OP concentrations were slightly increased at the PRM stations relative to 
the inflow EMC.  
 

Table 3-3.  Comparison of average bioswale EMC differences. 

  

Lysimeter inflow 
EMC 

Non-turf 
plants 

Grass + non-
turf plants 

Pollutant-
reducing media 

Retention 

Parameter mg/L % Decrease 

Ammonia Nitrogen 0.065 -205% -178% -87% 39% 

Nitrate+Nitrite Nitrogen 0.056 67% 89% 81% -1426% 

Organic Nitrogen 1.332 31% 26% 26% 3% 

Total Nitrogen 1.453 22% 19% 23% 70% 

Ortho-phosphorus 0.357 73% 46% -10% 6% 

Total Phosphorus 0.551 73% 56% -5% -29% 

Total Suspended Solids 38.65 92% 96% 91% -771% 

Lead 1.37 >79% 76% >79% -1721% 

Zinc 28.13 46% 73% 75% 29% 
 
Total suspended solids (TSS) concentrations were reduced at similarly high 
percentages for each detention bioswale treatment, as was lead. The Zinc 
EMC was reduced more by the GNTP and PRM treatments, than the stations 
with NTP. 
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Conversely, EMC reductions for ammonia nitrogen and TN were documented 
in the retention bioswale, but increased EMCs of nitrate+nitrite nitrogen were 
observed. The retention bioswale had a slightly lower OP average EMC, but a 
considerable higher average TP EMC. The average TSS EMC was significantly 
higher within the retention bioswale, primarily due to a single high 
concentration during the July 21, 2015 event. 
Table 3-4 presents the average EMCs by parameter and the difference 
between the West Dearborn Street inflow station and North Orange Street 
outflow station. As previously noted, the ORA outflow station represents the 
water discharged from the Cistern 6 drainage system. The average EMCs 
within the ORA outfall discharge were substantially higher for ammonia, 
organic, and total nitrogen, as well as OP and TP. Conversely nitrate+nitrite 
nitrogen, TSS, lead, and zinc were all lower. 
 

Table 3-4. Comparison of average EMCs for the ISCO inflow and outflow monitoring.    

Parameter 
Dearborn Street Inflow 

Station 
Orange Street Outflow 

Station 
Percent Decrease 

Ammonia Nitrogen 0.105 0.926 -784% 

Nitrate+Nitrite Nitrogen 0.123 0.058 35% 

Organic Nitrogen 0.974 1.61 -65% 

Total Nitrogen 1.203 2.593 -116% 

Ortho-phosphorus 0.132 0.425 -222% 

Total Phosphorus 0.339 0.486 -43% 

Total Suspended Solids 16.9 1.7 90% 

Lead 1.6 0.47 72% 

Zinc 38.7 14.2 63% 

 
A brief discussion of the average EMC, by parameter is provided below. 
 

   Ammonia Nitrogen  

The average concentration for ammonia nitrogen at the DEA inflow site for 
the study period was 0.105 mg/L, while the average value at the ORA outflow 
was about eight times higher at 0.926 mg/L.  
 
Ammonia nitrogen values averaged 0.065 mg/L at the lysimeter inflow site. 
Values were higher at the NTP and GNTP stations, averaging 0.199 and 0.181 
mg/L, 205% and 178% higher, respectively (Table 3-3). The average EMC at 
the stations with PRM was 0.122 mg/L for the study period, higher than the 
average inflow by 87%.  
 
The average EMC in the lysimeter retention areas were 0.040 mg/L. 
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Nitrate+Nitrite Nitrogen  

The average nitrate+nitrite nitrogen concentrations at the DEA inflow site for 
the study period was 0.123 mg/L, about twice the average value at the ORA 
outflow at 0.058 mg/L.  
 
Nitrate+nitrite nitrogen values averaged 0.056 mg/L at the lysimeter inflow 
site. At the NTP, GNTP and PRM stations, the average concentrations were all 
low at 0.019, 0.006, and 0.011 mg/L respectively. At the lysimeter retention 
site the average concentration was 0.431 mg/L, the largest observed average 
EMC. 
 
Organic Nitrogen  

The average EMC of organic nitrogen (ON) at the DEA inflow site for the study 
period was 0.974 mg/L, while the average EMC at the ORA outflow was 1.61 
mg/L, about twice as high. 
 
ON concentrations averaged 1.37 mg/L at the lysimeter inflow site. The 
average concentrations for the NTP, GNTP, and PRM stations were similar at 
0.913, 0.992, and 0.987 mg/L, respectively.  
 
At the retention sites, EMCs averaged 0.818 mg/L. 
 
Total Nitrogen  

The average EMC of total nitrogen at the DEA inflow site for the study period 
was 1.203 mg/L. The average value at the ORA outflow was about twice the 
inflow at 2.593 mg/L. 
 
Total nitrogen averaged 1.453 mg/L at the lysimeter inflow sites for the study 
period. Average EMCs for the NTP, GNTP, and PRM were nearly identical at 
1.130, 1.178, and 1.119 mg/L, respectively. At the retention site, EMCs 
averaged 1.290 mg/L. 
 
Orthophosphorus   

The average concentration of orthophosphorus at the DEA inflow site for the 
study period was 0.132 mg/L. The average value at the ORA outflow was 
higher at 0.425 mg/L.  
 
OP averaged 0.357 mg/L at the lysimeter inflow site for the study period. 
Average concentrations at the NTP and GNTP stations were lower at 0.096 
and 0.194 mg/L, respectively. The average EMC for orthophosphorus at the 
PRM stations was similar to the inflow value at 0.391 mg/L. 
 
At the retention sites, concentrations averaged 0.336 mg/L, which is similar 
to that of the inflow. 
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   Total Phosphorus   

The average concentration of TP at the DEA inflow site for the study period 
was 0.339 mg/L. The average value at the ORA outflow was slightly higher at 
0.486 mg/L. 
 
TP averaged 0.551 mg/L at the lysimeter inflow site for the study period. 
Average concentrations at the NTP and GNTP stations were 0.148 and 0.241 
mg/L, at 73% and 56% lower, respectively. Average EMC for TP at the PRM 
stations was 0.578 mg/L, slightly higher than the lysimeter inflow. 
 
At the retention area, concentrations averaged 0.709 mg/L, which was the 
highest observed average concentration. 
 
Total Suspended Solids   

The average concentration of TSS at the DEA inflow site for the study period 
was 16.9 mg/L. The average EMC at the ORA outflow was much lower at 1.7 
mg/L.  
 
TSS averaged 38.7 mg/L at the lysimeter inflow site for the study period. 
Average concentrations at the NTP, GNTP, and PRM stations were 3.1, 1.6, 
and 3.4 mg/L, all substantially below the inflow average EMC. 
 
At the retention areas, EMCs averaged 25.0 mg/L. This average was skewed 
by one event with a high TSS value (124 mg/L). 
 
Lead   

The average concentration of lead at the DEA inflow site for the study period 
was 1.64 µg/L. The average concentration of lead at the ORA outflow was 0.47 
µg/L. At this site, only the sample for Event 1 measured a concentration (1.13 
µg/L) greater than minimum detectable limits of 0.67 µg/L.  
 
At the lysimeter inflow site, lead concentrations averaged 1.37 µg/L. Lead 
concentrations were much higher at the retention areas, with an average EMC 
of 20.02 µg/L.  
 
At the NTP, GNTP, and PRM sites, lead concentrations did not exceed the 
minimum detection limit of 0.67 µg/L for any sample during the study period. 
 
Zinc 

The average zinc concentration at the DEA inflow site for the study period was 
38.7 µg/L. The average zinc concentration at the ORA outflow was 14.2 µg/L.  
 
At the lysimeter inflow site, zinc concentrations averaged 28.1 µg/L. The NTP, 
GNTP, and PRM average zinc concentrations were all lower that the inflow at 
15.2, 7.6, and 7.2 µg/L, respectively. 
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At the retention sites, zinc concentrations reached relatively high levels, 
averaging 425 µg/L and ranging from 154 to 764 µg/L. 

 

In Situ Parameters   

  Water Temperature 
Water temperature at the DEA inflow site averaged 19.2 oC for the study 
period, with a range of 4.5 to 31.5 oC. The two low temperatures, measuring 
4.5 and 7.3 oC, were likely collected in refrigerated sample bottles as standing 
water is usually not present at this location in the absence of rain. Water 
temperatures at the ORA outflow averaged 12.8 oC and ranged from 4.5 to 
28.5 oC. Four low values, ranging from 4.5 to 6.2 oC, were also measured in 
refrigerated samples.  
 
Water temperature at the lysimeter inflow site averaged 27.9 oC. Average 
water temperatures for the NTP, GNTP, and PRM stations were 26.6, 27.2, 
and 26.3 oC, respectively. Water temperature at the retention area averaged 
28.3 oC for the study period. 
 

  Dissolved Oxygen 
Dissolved oxygen levels at the DEA inflow site averaged 77.6% in terms of 
percent saturation. Dissolved oxygen at the ORA outflow site were similar, 
averaging 78.1% for the study period. 
 
The lysimeter inflow site exhibited average dissolved oxygen levels of 82.9%. 
Average EMCs at the NTP, GNTP, and PRM stations were 80.6, 76.9, and 
74.9%, respectively. Concentrations at the retention site averaged 88.4% for 
the study period. 
 
Specific Conductance 
The specific conductance at the DEA inflow site averaged 191 uS. The average 
value for the study period at the ORA outflow was higher at 533 uS. 
 
The lysimeter inflow site exhibited an average specific conductance of 217 uS. 
Average specific conductance values at the NTP, GNTP, and PRM stations 
were higher at 484, 710, and 619 uS, respectively. The average value at the 
retention site was 345 uS for the study period.  
 
pH 
The pH at the DEA inflow site averaged 7.3, and the pH at the ORA outflow 
averaged 6.9. The lysimeter inflow site exhibited an average pH of 7.4. The pH 
at the NTP, GNTP, and PRM stations averaged 6.9 for all three systems. 
Average pH at the retention site was 7.2 for the study period.  
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3.2.2  Groundwater Water Quality 

The  two (2) groundwater monitoring wells (GW-1 and GW-2) were monitored 
for water quality twice during the wet season (August 28 and September 16, 
2015) and twice during the dry season (November 11 and December 12, 
2015).  
 
The results of the laboratory analysis and the in situ measurements are 
provided in Table 3-5. Copies of the laboratory reports and field data sheets 
for the groundwater samples collected during the evaluation period are 
provided as an electronic appendix. 
 
Visual review of the seasonal sampling results did not reveal any obvious 
difference in water quality by season. Only Well GW-2 had a notable seasonal 
difference for organic nitrogen and total nitrogen. The small sample size also 
limited the ability to draw meaningful conclusions from the results. As such, 
the averages for all four sampling events were calculated and used for 
comparisons. 
 
Ammonia Nitrogen  

Ammonia nitrogen values at GW-1 averaged 0.141 mg/L and ranged from 
0.125 mg/L to 0.179 mg/L. GW-2 ammonia nitrogen levels were slightly lower 
and averaged 0.114 mg/L ranged from 0.61 mg/L to 0.200 mg/L.  
 
Nitrate+Nitrite Nitrogen  

Nitrate+nitrite nitrogen concentrations at GW-1 averaged 2.048 mg/L and 
ranged from <0.004 mg/L to 8.180 mg/L. Nitrate+nitrite concentrations at 
GW-2 were higher, averaging 3.126 mg/L and ranging from 0.015 mg/L to 
11.90 mg/L.  
 
Nitrate+nitrite nitrogen concentrations at both sites were significantly higher 
in September 2015, comprising over half the total nitrogen at both stations. A 
follow-up conversation with the water quality analysis lab verified these 
results and did not indicate any sampling or sample analysis errors. 
 
A secondary calculation was done excluding these high values as outliers. The 
results of the secondary analysis showed nitrate+nitrite nitrogen 
concentrations at GW-1 averaged 0.003 mg/L and ranged from <0.004 mg/L 
to 0.004 mg/L.  The secondary calculation of GW-2 showed total nitrogen 
concentration averaged 0.201 mg/L and ranged from 0.015 mg/L to 0.432 
mg/L.  
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Table 3-5. Summary of groundwater quality sampling and analyses.

Sampling 
Date 

Event 
Number

Ammonia 
Nitrogen 

(mg/L)

Nitrate+Nitrite 
(mg/L)

Total Kjeldahl 
Nitrogen 

(mg/L)

Organic 
Nitrogen

Total 
Nitrogen 

(mg/L)

Ortho 
Phosphorous 

(mg/L)

Total 
Phosphorous 

(mg/L)

Total 
Suspended 

Solids 
(mg/L)

Zinc 
(ug/L)

Lead 
(ug/L)

Temperature 
(C) 

Specific 
Conductance 

(mm/cm)

Dissolved 
Oxygen (%)

pH (SU)

8/28/2015 1 0.179 0.004 1.09 0.907 1.09 0.551 1.960 38.00 10.30 <0.67 28.9 751 17.4 6.2
9/16/2015 2 0.131 8.180 1.43 1.299 9.61 0.226 0.791 1.78 4.80 <0.67 28.8 772 15.3 6.9
11/12/2015 3 0.130 0.004 1.11 0.976 1.11 0.268 0.873 6.67 8.80 <0.67 28.2 828 9.8 6.7
12/30/2015 4 0.125 <0.004 1.04 0.913 1.04 0.315 1.340 15.40 7.80 <0.67 27.0 904 6.4 6.5

Number 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Average 0.141 2.048 1.17 1.024 3.21 0.340 1.241 15.46 7.93 <0.67 28.2 814 12.2 6.6
Minimum 0.125 <0.004 1.04 0.907 1.04 0.226 0.791 1.78 4.80 <0.67 27.0 751 6.4 6.2
Maximum 0.179 8.180 1.43 1.299 9.61 0.551 1.960 38.00 10.30 <0.67 28.9 904 17.4 6.9
Standard Deviation 0.022 3.541 0.15 0.161 3.69 0.126 0.465 13.90 2.01 0.000 0.8 59 4.4 0.3

8/28/2015 1 0.093 0.015 2.18 2.082 2.19 1.990 4.180 33.60 10.40 1.920 27.8 273 16.3 4.9
9/16/2015 2 0.102 11.900 3.31 3.198 15.20 0.499 3.260 4.50 7.90 1.570 28.0 316 12.3 5.4
11/12/2015 3 0.061 0.156 1.68 1.623 1.84 0.583 2.230 10.00 11.40 2.890 27.7 267 16.8 5.4
12/30/2015 4 0.200 0.432 0.93 0.728 1.36 0.754 3.540 36.60 10.40 4.260 26.7 237 10.3 5.1

Number 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Average 0.114 3.126 2.03 1.908 5.15 0.957 3.303 21.18 10.03 2.660 27.6 273 13.9 5.2
Minimum 0.061 0.015 0.93 0.728 1.36 0.499 2.230 4.50 7.90 1.570 26.7 237 10.3 4.9
Maximum 0.200 11.900 3.31 3.198 15.20 1.990 4.180 36.60 11.40 4.260 28.0 316 16.8 5.4
Standard Deviation 0.052 5.068 0.86 0.890 5.81 0.604 0.703 14.10 1.29 1.043 0.5 28 2.7 0.2

Station GW-1

Station GW-2
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Organic Nitrogen  

Concentrations of organic nitrogen averaged 1.024 mg/L and ranged 0.907 
mg/L to 1.299 mg/L at GW-1. GW-2 ON concentrations were higher at the 
detention well and averaged 1.908 mg/L with a range from 0.728 mg/L to 
3.198 mg/L. The highest ON concentrations at each groundwater site were 
observed in September 2015.  
 
Total Nitrogen  

Total nitrogen concentrations at GW-1 averaged 3.21 mg/L and ranged from 
1.04 mg/L to 9.61 mg/L. Detention well GW-2 TN was much higher and 
averaged 5.15 mg/L, with a range from 1.36 mg/L to 15.20 mg/L.  
 
Organic nitrogen made up the majority of TN at both sites during every 
sampling event, except September 2015. In September 2015, nitrate+ nitrite 
nitrogen concentrations made up the majority of TN. TN concentrations 
recorded in September 2015 were significantly higher than concentrations 
recorded during the other three sampling events, primarily because of high 
nitrate+nitrite values.  
 
A secondary calculation was done excluding high values. The results of the 
secondary analysis showed TN concentrations at GW-1 averaged 1.08 mg/L 
and ranged from 1.04 mg/L to 1.11 mg/L.  The secondary calculation of GW-2 
showed TN concentrations averaged 1.80 mg/L and ranged from 1.36 mg/l to 
2.19 mg/L.  
 
Orthophosphate  

Orthophosphorus concentrations at GW-1 averaged 0.340 mg/L and ranged 
from 0.226 mg/L to 0.551 mg/L. OP concentrations at GW-2 averaged 0.957 
mg/L and ranged from 0.499 mg/L to 1.990 mg/L. The OP concentrations at 
Well GW-2 (detention bioswale) were considerably higher than GW-1, the 
retention bioswale. 
 
The highest OP concentrations were recorded in August 2015 and the lowest 
concentrations were recorded in September 2015 at both sites. From 
September 2015 to December 2015 OP concentrations steadily increased.  
 
Total Phosphorus   

Total phosphorus concentrations at GW-1 averaged 1.241 mg/L and ranged 
from 0.791 mg/L to 1.960 mg/L. TP concentrations at GW-2 averaged 3.303 
mg/L and ranged from 2.230 mg/L to 4.180 mg/L. As with OP, the TP 
concentrations for the detention bioswale were higher than the retention 
bioswale. 
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Total Suspended Solids   

Concentrations of TSS at GW-1 averaged 15.46 mg/L and ranged from 1.78 
mg/L to 38.0 mg/L. Concentrations of TSS at GW-2 were similar and averaged 
21.18 mg/L and ranged from 4.50 mg/L to 36.6 mg/L. Both groundwater wells 
had higher concentrations of TSS in August and December, 2015 than they 
had in September and November, 2015. 
 
Lead 

Lead concentrations were <0.67 µg/L at GW-1 during all four sampling events. 
GW-2 lead concentrations averaged 2.66 µg/L and ranged from 1.57 µg/L to 
4.26 µg/L.   
 
Zinc  

The concentration of zinc averaged 7.93 µg/L and ranged from 4.80 µg/L to 
10.30 µg/L at GW-1. GW-2 averaged 10.03 µg/L of zinc, with a range from 7.90 
µg/L to 11.40 µg/L. The lowest concentration of zinc at both wells was 
observed in September 2015. 
 
InSitu Parameters  

Water Temperature 
Water temperature in GW-1 averaged 28.2◦C and ranged from 27.0◦C to 
28.9◦C. Water Temperature at GW-2 were similar, averaging 27.6◦C and 
ranging from 26.7◦C to 28.0◦C. As expected, lower water temperatures were 
observed during the December 2015 monitoring event, with higher 
temperatures observed in August and September 2015. 
 
Specific Conductance 
GW-1 exhibited an average specific conductance of 814 (µmhos/cm), with a 
range from 751 µmhos/cm to 904 µmhos/cm. The detention well GW-2 
exhibited a much lower average specific conductance of 273 µmhos with a 
range from 237 µmhos/cm to 316 µmhos/cm.  
 
Dissolved Oxygen 
GW-1 exhibited an average dissolved oxygen of 12.2% with a range from 6.4% 
to 17.4%. GW-2 exhibited an average dissolved oxygen of 13.9% with a range 
from 10.3% to 16.8%.  
 
Typically, higher dissolved oxygen levels are associated with lower water 
temperatures, however, the lowest dissolved oxygen levels at both sites were 
recorded in December 2015.   
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Water pH 
GW-1 exhibited an average pH of 6.6 with a range from 6.2 to 6.9. The 
detention well GW-2 was lower, exhibiting an average pH of 5.2 with a range 
from 4.9 to 5.4. The lowest pH measurements were recorded in August 2015 
and the highest pH measurements were recorded in September 2015 at both 
the groundwater sites. 

3.2.3 Cistern System Water Quality 

Cistern system 6 (CIS-6) was monitored for water quality twice during the wet 
season (August 28 and September 16, 2015) and twice during the dry season 
(November 11 and December 12, 2015).  Additionally, Cisterns 1 through 6 
(CIS-1 through CIS-6) were sampled on August 20, 2015 by Sarasota County to 
evaluate water quality consistency throughout the cistern system. 
 
A summary of the results of the laboratory analysis and the in situ 
measurements are provided in Table 3-6.  Copies of the laboratory reports 
and field data sheets for the cistern samples collected during the evaluation 
period are provided in an electronic appendix. 
 
Ammonia Nitrogen  

CIS-6 ammonia nitrogen levels averaged 0.809 mg/L and ranged from 0.367 
mg/L to 1.34 mg/L. Ammonia nitrogen levels at CIS-6 generally decreased 
from August to November 2015.  
 
Ammonia nitrogen levels for all six cisterns sampled on August 20, 2015 
averaged 0.745 mg/L and ranged from 0.057 mg/L at CIS-5 to 1.34 mg/ L at 
CIS-6. The ammonia nitrogen concentration at CIS-6 was at the top of the 
range and exceeded all the other cistern samples collected during the 
monitoring period.  
 
Nitrate+Nitrite Nitrogen  

CIS-6 nitrate+nitrite concentrations averaged 0.608 mg/L and ranged <0.004 
mg/L to 2.40 mg/L. The highest nitrate+nitrite concentration was recorded in 
September 2015. The lowest nitrate+nitrite concentration was recorded on 
August 28, 2015. 
 
Nitrate+nitrite concentrations for all six cisterns sampled on August 20, 2015 
averaged 0.024 mg/L and ranged from 0.005 mg/L at CIS-3 and 0.045 mg/L at 
CIS-2.  Nitrate+nitrite concentrations recorded on September 16, 2015 at CIS-
6 were substantially higher than concentrations recorded during the other 
sampling events. 
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Table 3-6. Summary of water quality data collected from the cistern systems.

Sampling
 Date 

Event 
Number

Ammonia 
Nitrogen 

(mg/L)

Nitrate+Nitrite 
(mg/L)

Total Kjeldahl 
Nitrogen 

(mg/L)

Organic 
Nitrogen

Total 
Nitrogen 

(mg/L)

Ortho 
Phosphorous 

(mg/L)

Total 
Phosphorous 

(mg/L)

Total 
Suspended 

Solids (mg/L)

Zinc 
(ug/L)

Lead 
(ug/L)

Temperature 
(C) 

Specific 
Conductance 

(mm/cm)

Dissolved 
Oxygen 

(%)
pH (SU)

8/20/2015 11 0.479 0.006 1.73 1.251 1.74 0.224 0.229 0.60

8/20/2015 11 0.908 0.045 1.95 1.042 2.00 0.339 0.346 4.00

8/20/2015 11 0.766 0.005 1.68 0.914 1.69 0.412 0.451 2.30

8/20/2015 11 0.920 0.025 2.13 1.210 2.16 0.268 0.303 2.00

8/20/2015 11 0.057 0.043 0.909 0.852 0.952 0.103 0.149 1.00

8/20/2015 1A1 1.34 0.021 2.29 0.950 2.31 1.47 1.53 2.70

8/28/2015 1B 0.668 <0.004 1.61 0.940 1.61 0.235 0.245 0.80 4.10 <0.67 29.3 398 32.4 6.1

9/16/2015 2 0.886 2.40 1.80 0.914 4.20 0.211 0.292 <0.57 3.00 <0.67 29.2 464 18.2 6.6

11/12/2015 3 0.367 0.004 1.66 1.289 1.66 0.200 0.229 0.67 6.90 <0.67 28.2 458 33.7 6.4

12/30/2015 4 0.783 0.005 1.90 1.122 1.91 0.238 0.282 1.80 3.60 <0.67 26.9 459 15.1 6.4

Number 5 5 5 5 5 5 5 5 4 4 4 4 4 4

Average 0.809 0.608 1.85 1.04 2.34 0.471 0.516 1.49 4.40 <0.67 28.4 445 24.9 6.4

Minimum 0.367 <0.004 1.61 0.914 1.61 0.200 0.229 <0.57 3.00 <0.67 26.9 398 15.1 6.1

Maximum 1.34 2.40 2.29 1.29 4.20 1.47 1.53 2.70 6.90 <0.67 29.3 464 33.7 6.6

Standard Deviation 0.317 1.035 0.242 0.143 0.963 0.500 0.508 0.824 1.49 0.00 1.0 27.1 8.3 0.2

1 Samples collected by Sarasota County

Station CIS-4

Station CIS-5

Station CIS-6

Station CIS-1

Station CIS-2

Station CIS-3
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Organic Nitrogen  

CIS-6 organic concentrations averaged 1.04mg/L and ranged <.914 mg/L to 
1.29 mg/L. The highest ON was recorded in November 2015. The lowest ON 
concentration was recorded on September 2015. 
 
ON concentrations for all six cisterns sampled on August 20, 2015 averaged 
1.037 mg/L and ranged from 0.852 mg/L at CIS-3 to 1.251 mg/L at CIS-1.  ON 
were fairly similar between cistern systems. 
 
Total Nitrogen  

Total nitrogen concentrations at CIS-6 averaged 2.34 mg/L and ranged from 
1.61 mg/L to 4.20 mg/L.  The highest TN concentration was recorded in 
September 2015. The lowest TN concentration was recorded in August 2015. 
 
Organic nitrogen made up the majority of TN at CIS-6 during sampling events, 
except August 20 and September 16, 2015.  During the August 20, 2015 event 
ammonia nitrogen was over 50% of the TN and during the September 16, 2015 
event nitrate+nitrite concentrations spiked and represented over half the TN 
at CIS-6.  
 
TN concentrations for all six cisterns sampled on August 20, 2015 averaged 
1.81 mg/L and ranged from 0.95 mg/L at CIS-5 and 2.31 mg/L at CIS-6. Among 
the cisterns sampled, CIS-6 was at the top of the range, and exceeded all the 
samples collected during the monitoring events.  
 
The TN concentration recorded in September 2015 at CIS-6 was higher than 
concentrations recorded during the other four sampling events and was not 
similar to any samples taken during the August 20, 2015 sampling events. 
 
Orthophosphorus  

CIS-6 OP concentrations averaged 0.471 mg/L and ranged 0.200 mg/L to 1.47 
mg/L. The lowest concentration was observed in November 2015. The highest 
concentration was observed August 20, 2015. 
 
OP concentrations for all six cisterns sampled on August 20, 2015 averaged 
0.469 mg/L and ranged from 0.103 mg/L at CIS-5 to 1.47 mg/L at CIS-6. Among 
the cisterns sampled, the August 20, 2015 value for CIS-6 was at the top of the 
range, over three times the next highest concentration sampled (0.412 mg/L 
at CIS-3). 
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Total Phosphorus   

TP concentrations at CIS-6 averaged 0.516 mg/L and ranged from 0.229 mg/L 
to 1.53 mg/L. The lowest concentration was observed in November 2015. The 
highest concentration was observed on August 20, 2015.  
 
TP concentrations for all six cisterns sampled on August 20, 2015 averaged 
0.501 mg/L and ranged from 0.149 mg/L at CIS-5 to 1.53 mg/L at CIS-6. Among 
the cisterns sampled, the August 20, 2015 value at CIS-6 was at the top of the 
range, at over three times the next highest concentration sampled (0.451 
mg/L at CIS-3).  
 
Total Suspended Solids   

Concentrations of TSS at CIS-6 averaged 1.49 mg/L and ranged from 0.29 mg/L 
to 2.70 mg/L. The lowest concentration of TSS was recorded in September 
2015. The highest concentration was recorded on August 20, 2015. 
 
TSS concentrations at all six cisterns sampled on August 20, 2015 averaged 
2.10 mg/L and ranged from 0.60 at CIS-1 to 4.00 mg/L at CIS-2.  
 
Lead 

Lead concentrations were <0.067 µg/L at CIS-6 during all four sampling events. 
Lead concentrations were not analyzed for CIS-1 through CIS-6 for the August 
20, 2015 sampling event. 
 

Zinc  

CIS-6 exhibited an average concentration of zinc of 4.40 µg/L and ranged from 
3.00 µg/L to 6.90 µg/L. Zinc concentrations were not analyzed for CIS-1 
through CIS-6 during the August 20, 2015 sampling event. 
 
InSitu Parameters 

Water Temperature 
Water temperature at CIS-6 averaged 28.4◦C and ranged from 26.9◦C to 
29.3◦C. Water temperatures were not recorded for CIS-1 through CIS-6 for the 
August 20, 2015 sampling event. 
 
Specific Conductance 
CIS-6 exhibited an average specific conductance of 445 µmhos with a range 
from 398 µmhos/cm to 464 µmhos/cm. Specific Conductance was not 
measured for CIS-1 through CIS-6 during the August 20, 2015 sampling event. 
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Dissolved Oxygen 
CIS-6 exhibited an average dissolved oxygen of 24.9% with a range from 15.1% 
to 33.7%. Dissolved oxygen was not measured for CIS-1 through CIS-6 during 
the August 20, 2015 sampling event. 
 
Typically, lower dissolved oxygen levels are associated with higher water 
temperatures, however, the lowest dissolved oxygen level at CIS-6 was 
recorded in December 2015. 
 
Water pH   
CIS-6 exhibited an average pH of 6.4 with a range from 6.1 to 6.6. pH 
measurements were not recorded for CIS-1 through CIS-6 during the August 
20, 2015 sampling event. The lowest pH measurement at CIS-6 was recorded 
in August 2015 and the highest pH measurement was recorded in September 
2015. 
 

3.3 Stage and Discharge 

3.3.1  Flow Volumes 

Storm event inflow volumes measured at the West Dearborn Street inflow 
station, as well as outfall volumes exiting Cistern 6 at the North Orange Street 
outflow station are depicted in Figure 3-3. Daily flow volumes measured at 
the DEA inflow station during the evaluation period are illustrated in Figure 3-
4, while daily flow volumes exiting the ORA outflow station are illustrated in 
Figure 3-5. A comparison of observed discharge for the inflow and outflow 
stations is depicted in Figure 3-6. 
 
Total inflow at the DEA station across the six monitored storm events during 
the monitoring period was 46,425 cubic feet (cf), while total outfall recorded 
at the ORA station was 15,749 cf (Table 3-1). Storm Event 3 produced the 
greatest amount of discharge, with an inflow volume of 34,981 cf against an 
outfall volume of 7,423 cf. Event 1 produced the least discharge, at 258 cf of 
inflow and 55 cf of outflow.  
 
In addition to the data collected for the sampled storm events, volume data 
was continuously recorded throughout the 202-day evaluation interval. 
Discharge was recorded on 151 days during this period. A total of 113,496 cf 
was recorded at the DEA inflow station, with a daily average of 752 cf. Of the 
total inflow volume, flow contribution captured in the monitored storm 
events comprised approximately 40.9%. At the ORA outflow station, a total of 
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137,179 cf was recorded with a daily average of 908 cf. Of the total outfall, 
approximately 11.5% corresponded to the six monitored storm events. 

3.3.2  Groundwater Stage 

Average water depth measured at the two groundwater wells (GW-1 and GW-
2) are depicted in Figure 3.7. As expected, water levels fluctuated in the 
groundwater wells and were positively correlated with daily rainfall. Water 
levels within both GW-1 and GW-2 were at the deepest depths in July and 
September of the wet season. Additionally, detention well GW-2 consistently 
held one foot more water than retention well GW-1.  

3.3.3 Cistern Stage 

Average water depth measured at Cistern 6 is depicted in Figure 3-8. The 
average water depth within CIS-6 fluctuated between 3.5 feet and 4 feet. 
Although water depth in CIS-6 remained fairly consistent, there was still a 
positive correlation between the depth and daily rainfall, however slight.  

3.3.4 Cistern Irrigation Pumping 

A portable Doppler flow meter was attached to the irrigation pump at Cistern 
6. The daily irrigation volume pumped is depicted in Figure 3-9 along with the 
stage within the cistern wetwell. The influence of the pumping followed by 
the quick recovery is visible in this figure. 
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Figure 3-3. Inflow and outflow volumes by monitored storm event. 
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Figure 3-4. Daily discharge at the West Dearborn Street inflow station.
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Figure 3-5. Daily discharge at the North Orange Street outflow station. 

  38 Results and Discussion 
 



 
  

0.00

2,000.00

4,000.00

6,000.00

8,000.00

10,000.00

12,000.00

Di
sc

ha
rg

e 
Vo

lu
m

e 
(C

ub
ic

 F
ee

t)

Date

DEA ORA

Figure 3-6. Comparison of discharge at the inflow (DEA) and outflow (ORA) stations. 
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Figure 3-8. Average daily water levels within Cistern 6 compare with rainfall. 
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3.4  Pollutant Load, Load Reduction and Removal 
 Efficiency 

The pollutant loads and removal efficiencies were calculated for each storm 
event and for the overall study. For each storm event the pollutant load inputs 
were determined by multiplying the EMC of each parameter by the volume 
calculated for the inflow station on West Dearborn Street (DEA). The treated 
load discharging from the bioswale system was determined by multiplying the 
EMC for each event for the North Orange Street station (ORA) by the outflow 
volume. For the overall pollutant load calculations, the average EMC value for 
each site was multiplied by the total volume for each site (that is, the flow 
volumes calculated for periods during and between storm events). 
 
To calculate the load reduction for the bioswale BMPs, the load calculated for 
the ORA outfall station is subtracted from the load calculated for the DEA 
inflow station. The removal efficiency is then calculated as a percentage by 
dividing the load removed by the starting load for that storm event or overall. 
 
Based on analysis of the Englewood drainage basins for Cistern 6 and the West 
Dearborn Street stations, the area contributing runoff to the Cistern 6 system 
was determined to be approximately 88% larger than the area contributing 
runoff to the DEA inflow station. Therefore, loads for the DEA station were 
increased by +88% to more accurately represent the loads entering the 
Cistern 6 system and the removal efficiencies for the total runoff collected 
within the bioswale system. 
 
The pollutant loads by water quality parameter for each storm event, all storm 
events, and overall are presented in Table 3-7. Table 3-8 provides the load 
removal and removal efficiencies for each storm event, the total for all storm 
events, and the entire study period. Discussion of these results are provided 
by parameter below. 

   Ammonia Nitrogen  

The total load of ammonia nitrogen entering the system during the six 
sampled storm events was 0.219 kg, and the total load exiting the ORA outfall 
station was 0.559 kg. This results in a -155% removal efficiency for the 
bioswale system during the measured storm events indicating that ammonia 
nitrogen loads are being elevated in the system.  
 
When applying the EMC for all sampling events to the total flow volume 
calculated for the entire study period, the total load entering the bioswale 
system was 0.633 kg, and the total load discharging at the ORA outfall station 
was 3.60 kg, indicating a -468% removal efficiency.  
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Table 3-7. Total pollutant loads by parameter recorded per event, total loads for all events, and total loads for the study period for the 
Dearborn Street inflow and Orange Street outflow sites. 

Parameter Units Ammonia 
Nitrogen  

Nitrate+ 
Nitrite  

Total 
Kjeldahl 
Nitrogen  

Organic 
Nitrogen 

Total 
Nitrogen  

Ortho 
Phosphorous  

Total 
Phosphorous  

Total 
Suspended 

Solids  
Zinc  Lead  

West Dearborn Street Inflow Station          

Event 1 kg 0.002 0.0003 0.012 0.010 0.012 0.001 0.003 0.052 0.001 <0.0001 
Event 2 kg 0.003 0.001 0.032 0.029 0.033 0.002 0.012 0.764 0.001 0.0001 
Event 3 kg 0.156 0.453 1.43 1.28 1.88 0.240 0.438 10.4 0.048 0.0006 
Event 4 kg 0.007 0.006 0.239 0.232 0.246 0.021 0.072 3.79 0.005 0.0002 
Event 5 kg 0.044 0.050 0.316 0.272 0.366 0.063 0.103 4.79 0.006 0.0005 
Event 6 kg 0.008 0.016 0.112 0.104 0.128 0.008 0.033 2.39 0.006 0.0001 

            
Average kg 0.037 0.088 0.357 0.321 0.444 0.056 0.110 3.70 0.011 0.0003 
Minimum kg 0.002 0.0003 0.012 0.010 0.012 0.001 0.003 0.052 0.001 <0.0001 
Maximum kg 0.156 0.453 1.43 1.28 1.88 0.240 0.438 10.43 0.048 0.0006 
Total for all Events kg 0.219 0.526 2.14 1.92 2.67 0.336 0.661 22.2 0.068 0.0016 

            
Total for Study Period kg 0.633 0.743 6.52 5.88 7.27 0.798 2.05 102 0.234 0.0099 

          
North Orange Street Outflow Station           

Event 1 kg 0.001 0.000 0.003 0.002 0.004 0.001 0.001 0.008 <0.0001 <0.0001 
Event 2 kg 0.001 0.000 0.006 0.004 0.006 0.001 0.001 0.008 <0.0001 <0.0001 
Event 3 kg 0.326 0.009 0.557 0.231 0.565 0.103 0.112 0.060 0.002 0.0001 
Event 4 kg 0.143 0.002 0.387 0.244 0.389 0.067 0.073 0.043 0.001 0.0001 
Event 5 kg 0.084 0.002 0.200 0.116 0.202 0.034 0.036 0.021 0.001 <0.0001 
Event 6 kg 0.003 0.000 0.018 0.014 0.018 0.003 0.003 0.002 <0.0001 <0.0001 
            
Average kg 0.093 0.002 0.195 0.102 0.197 0.035 0.038 0.024 0.001 0.0001 
Minimum kg 0.001 0.000 0.003 0.002 0.004 0.001 0.001 0.002 <0.0001 <0.0001 
Maximum kg 0.326 0.009 0.557 0.244 0.565 0.103 0.112 0.060 0.002 0.0001 
Total for all Events kg 0.559 0.013 1.171 0.612 1.184 0.208 0.226 0.142 0.003 0.0001 
            
Total for Study Period kg 3.598 0.223 9.854 6.255 10.073 1.650 1.887 6.435 0.035 0.0018 
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Table 3-8.  Load removal and removal efficiencies by parameter per event, for all events, and for the study period for the Dearborn Street 
inflow and Orange Street outflow sites. 

Event Removal 
Ammonia 
Nitrogen  

Nitrate+ 
Nitrite  

Total 
Kjeldahl 
Nitrogen  

Organic 
Nitrogen 

Total 
Nitrogen  

Ortho 
Phosphorous  

Total 
Phosphorous  

Total 
Suspended 

Solids  
Zinc Lead  

Event 1 
kg 0.0004 0.0001 0.008 0.008 0.008 0.001 0.002 0.044 0.0006 <0.0001 

% 25.0 22.5 71.1 78.6 69.7 55.7 72.3 84.4 96.8 86.3 

Event 2 
kg 0.001 0.001 0.026 0.025 0.027 0.001 0.011 0.756 0.001 0.0001 

% 42.8 82.2 81.6 85.0 81.6 63.2 91.8 99.0 98.0 99.2 

Event 3 
kg -0.169 0.444 0.875 1.04 1.32 0.137 0.326 10.4 0.05 0.0006 

% -108.3 98.0 61.1 81.9 69.9 57.0 74.5 99.4 96.6 88.7 

Event 4 
kg -0.136 0.004 -0.149 -0.012 -0.142 -0.046 -0.001 3.75 0.004 0.0002 

% -1936.7 68.7 -62.2 -53 -57.8 -220.5 -1.9 98.9 87.1 75.9 

Event 5 
kg -0.040 0.048 0.116 0.156 0.163 0.029 0.067 4.77 0.006 0.0005 

% -92.0 95.7 36.6 57.2 44.7 46.4 65.3 99.6 87.6 95.2 

Event 6 
kg 0.005 0.016 0.095 0.090 0.111 0.005 0.030 2.39 0.006 0.0001 

% 57.9 99.5 84.4 86.4 86.3 65.7 90.0 99.9 99.1 98.4 

Total for 
All Events 

kg -0.340 0.512 0.971 1.31 1.48 0.128 0.435 22.1 0.064 0.0015 

% -154.9 97.4 45.3 68.2 55.6 38.1 65.8 99.4 95.3 90.6 

Total for 
Study 
Period 

kg -2.96 0.520 -3.34 -0.373 -2.81 -0.853 0.162 95.7 0.198 0.0081 

% -468.1 69.9 -51.2 -6.3 -38.6 -106.9 7.9 93.7 84.8 81.7 
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The increased loading of ammonia nitrogen is an anomaly. There are a few 
potential explanations for this observed increase. Specifically, 

• Additional ammonia nitrogen loading to the bioswales occurred from 
sources other than stormwater. Potential sources could be fertilizer used 
for plant establishment within the bioswales, infiltration of groundwater 
with high ammonia levels, cement mortar pipe linings, or presence in the 
soil. 

• Additional bacteria input of ammonia nitrogen from the breakdown of 
organic matter through ammonification. 

• Conversion of nitrate to ammonia through nitrate reduction. This typically 
occurs under anaerobic conditions by bacteria, or under conditions of low 
pH when iron is present. 

   Nitrate+Nitrite Nitrogen  

The total observed load for nitrate+nitrite nitrogen entering the bioswale 
system for the sampled storm events was 0.526 kg. The total load removed 
before exiting the ORA outfall was 0.512 kg, which represents a 97.4% 
removal efficiency. Over the course of the entire study period, the estimated 
load of nitrate+nitrite nitrogen was 0.743 kg and the estimated removal was 
0.520 kg, indicating a removal efficiency of 69.9%.  

   Organic Nitrogen  

Organic nitrogen load for all sampled storm events was 1.92 kg, of which 1.31 
kg was removed by the treatment system. This results in a 68.2% removal 
efficiency for the bioswale BMPs. For the entire study period, 5.88 kg of ON 
was estimated to enter the BMP, and 6.26 kg was estimated to exit the system 
through the ORA outfall station, a -6.3% removal efficiency. Despite showing 
a positive removal for the sampled storm events, higher flow volumes 
recorded at the outfall site outside the timeframes for the storm events, 
contributed to higher loads. 

   Total Nitrogen  

The total calculated load for TN, which includes all nitrogen components, 
during the sampled storm events was 2.67 kg. The total load removed by the 
bioswale BMPs before exiting the ORA outfall was 1.48 kg, which represents 
a 55.6% removal efficiency. Over the course of the entire study period, the 
estimated load of TN entering the system was 7.27 kg and the estimated load 
exiting the outfall was 10.07 kg, indicating a removal efficiency of -38.6%. The 
high concentrations of ammonia nitrogen observed at the outfall is the 
primary cause for the lower removal efficiencies of TN by the bioswale BMPs. 
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   Orthophosphorus   

The total load for OP across the all sampled storm events was 0.336 kg, of 
which 0.128 kg was removed before discharging from the ORA outfall. This 
results in a 38.1% removal efficiency for the bioswale BMPs. For the entire 
study period, 0.798 kg of OP was estimated to enter the BMP, and 1.65 kg was 
estimated to exit through the outfall station. This results in a negative removal 
efficiency of -107%. 
 
As with ammonia, addition of OP to the system, other than through 
stormwater, appears likely. Potential sources could be bioswale plant and sod 
fertilizer. It is also possible that OP is being dissolved as water passes through 
the bioswale sediment on its way to the cistern. The on-going irrigation of the 
bioswales may continue this process. 

   Total Phosphorus   

The total calculated load for TP during the sampled storm events was 0.661 
kg. The total load removed by the bioswale BMP before exiting the system 
was 0.435 kg, which represents a 65.8% removal efficiency. Over the course 
of the entire study period, the estimated load of TP was 2.05 kg and the 
estimated removal was 0.162 kg, indicating a removal efficiency of 7.9%. The 
observed TP reduction is interesting when considering that OP is increasing. 
So the percentage of biologically available OP is increasing in relative 
proportion of the TP. 

   Total Suspended Solids   

The total calculated load for TSS during the sampled storm events was 22.2 
kg, of which 22.1 kg was removed before discharging from the system. This 
results in a 99.4% removal efficiency for the bioswale BMPs. For the entire 
study period, 102 kg of TSS was estimated to enter the BMP, and 95.7 kg was 
estimated to be removed from the system, a 93.7% removal efficiency.  

   Zinc   

The total load of zinc for the sampled storm events was 0.068 kg, of which 
0.064 kg was removed before discharging from the system. This results in a 
95.3% removal efficiency for the bioswale treatment system. Applying the 
EMC for all sampling events to the total flow volumes calculated for the study 
period indicates that the total load was 0.234 kg, and 0.198 kg of zinc were 
removed from the system, an 84.8% removal efficiency. 

 47 Results and Discussion 
 



 

   Lead  

The total calculated load of lead in the BMP for the sampled storm events was 
0.0016 kg. The total load removed by the bioswale system before exiting the 
ORA outfall was 0.0015 kg, which represents a 90.6% removal efficiency. Over 
the course of the entire study period, the estimated load of lead was 0.0099 
kg and the estimated removal was 0.0081 kg, indicating a removal efficiency 
of 81.7% 

   Lysimeter  Inflow 

When the land uses contributing to the West Dearborn Street inflow site were 
compared to the lysimeter inflow locations in became apparent that they 
were different. The West Dearborn Street watershed is primarily Commercial, 
while the inflow lysimeters were primarily Medium Density Residential. Since 
the watershed that discharges to Cistern 6 and the North Orange Street 
outflow site is also primarily Medium Density Residential, the inflow lysimeter 
EMCs may better represent estimated loads entering the Cistern 6 system. To 
evaluate this load and removal efficiency scenario, the EMCs for the lysimeter 
inflow stations were applied to the estimated flow volumes for each storm 
event and for the study period.  
 
A summary of the load reduction and removal efficiency when evaluating the 
lysimeter inflow against the Cistern 6/ North Orange Street outfall are 
presented in Table 3-9. Under this loading scenario, the only parameters that 
experienced an export (negative removal efficiency) of pollutant load for the 
study period were ammonia nitrogen and total nitrogen. However, the TN 
removal efficiencies were noticeably higher at -14.8%, than the efficiencies 
when comparing the outfall to the West Dearborn Street inflow station. Also 
of note is that the export of OP observed using the West Dearborn Street 
inflow EMCs (-107%), changed to a 23% removal efficiency using the inflow 
lysimeter EMCs. Since the inflow lysimeter land uses are more aligned with 
the Cistern 6 watershed lands uses, the observed results in Table 3-9 are likely 
more descriptive of the true removal efficiencies for the bioswales.
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Table 3-9. Load removal and removal efficiencies by parameter per event, for all events, and for the study period for the inflow lysimeter 

and North Orange Street outflow sites. 

Event Removal Ammonia 
Nitrogen  

Nitrate+ 
Nitrite  

Total 
Kjeldahl 
Nitrogen  

Organic 
Nitrogen 

Total 
Nitrogen  

Ortho 
Phosphorous  

Total 
Phosphorous  

Total 
Suspended 

Solids  
Zinc Lead  

Event 1 
kg -0.0007 0.0007 0.005 0.006 0.006 <0.0001 0.001 0.107 0.0002 <0.0001 

% -145.8 72.3 59.7 72.6 61.0 11.5 59.4 92.9 91.2 83.3 

Event 2 
kg 0.000 0.001 0.028 0.027 0.028 0.002 0.009 2.742 0.001 0.0002 

% 13.0 78.2 82.4 86.1 82.3 74.6 89.9 99.7 98.0 99.6 

Event 3 
kg -0.318 0.071 0.588 0.91 0.66 0.130 0.252 5.9 0.02 0.0006 

% -4273.7 89.0 51.4 79.7 53.9 55.7 69.3 99.0 93.3 88.7 

Event 4 
kg -0.133 0.004 -0.257 -0.124 -0.254 -0.032 0.038 3.59 0.003 <0.0001 

% -1331.2 68.7 -198.0 -103.4 -187.2 -92.8 34.2 98.8 83.6 44.5 

Event 5 
kg -0.060 0.020 0.441 0.501 0.461 0.210 0.216 6.75 0.009 <0.0001 

% -248.7 90.1 68.8 81.1 69.5 86.2 85.8 99.7 91.4 -38.6 

Event 6 
kg 0.009 0.006 0.196 0.187 0.202 0.046 0.087 6.47 0.003 <0.0001 

% 73.1 98.7 91.8 93.0 92.0 94.1 96.3 100.0 98.1 92.7 

Total for All 
Events 

kg -0.503 0.103 1.00 1.50 1.10 0.356 0.603 25.6 0.039 0.001 

% -893.1 88.4 46.1 71.1 48.2 63.1 72.7 99.4 92.4 84.0 

Total for 
Study Period 

kg -3.20 0.116 -1.41 1.793 -1.30 0.504 1.44 227 0.135 0.0065 

% -813.9 34.2 -16.7 22.3 -14.8 23.4 43.3 97.2 79.2 78.1 
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Conclusions and Recommendations 
4.1 Conclusions  

Analysis of the water quality and discharge data over the 202 day evaluation 
period (July 14, 2015 to January 31, 2016) indicates that load reduction 
occurred for most parameters during the six sampled storm events due to a 
reduction in total flow volume. However, higher flow volume was recorded 
through the outfall in periods between these measured storm events, which 
yielded a lower volume reduction over the course of the study.  Total flow 
volume into the Cistern 6 BMP over the course of the study was estimated at 
213,373 cf, of which approximately 41% (87,278 cf) was sampled during the 
six captured storm events. A total of 15,749 cf discharged from the system 
during the sampled storm events, which represents an 82% reduction in flow 
volume for these events. Conversely, the overall reduction in flow volume 
over the entire study was estimated at 36% (137,179 cf). However, there were 
a few incidents when the velocity sensor at the DEA inflow station was found 
covered in sediment that washed down through the culvert, which may have 
led to slightly lower total flow estimates for the study period than what the 
system experienced. 
 
It also does not appear that Cistern 6 was representative of the overall project. 
This system had the largest drainage basin and would capture the largest 
amount of runoff. From the ORA discharge hydrograph it can be observed that 
this cistern system would continue to discharge well after the rainfall events. 
Conversely. There were times that the other cistern systems would go dry and 
could not be used for irrigation. Since dry systems don’t discharge, the load 
removal from these areas was likely greater. Perhaps the ratio of storage 
volume to drainage area is different between the cisterns which causes some 
to go dry while others discharge more. It may also be possible that 
groundwater is somehow bypassing the liner and entering the infiltration and 
cistern system, reducing the capacity of the cistern and irrigation system to 
retain a greater volume. 
 
Despite the infiltration of stormwater runoff in the BMP, concentrations of 
several nutrient parameters were higher exiting the outfall. This is particularly 
evident in ammonia nitrogen, which experienced the lowest removal 
efficiencies of -155% and -468% during all storm events and during the study 
period, respectively. All other pollutant loads were reduced during the 
sampled storm events due to high flow volume reduction, but several loads, 
including organic nitrogen, total nitrogen, and orthophosphorus showed 
negative removal efficiencies over the entire study period. As mentioned 
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previously, the report, there appears to be some source of secondary loading 
in addition to stormwater runoff. It is not known if this is a short term loading 
or there is an on-going source not previously identified. The nutrient 
concentrations were lower in the other cisterns than in the Cistern 6 system 
monitored, but were still above inflow concentrations.  
 
In addition to a secondary loading source, other cycling processes are likely 
retaining nitrogen in the infiltrated water. Dissimilatory nitrate reduction to 
ammonium (DNRA) has been documented as a competing reduction process 
to denitrification in a number of coastal systems. DNRA requires reducing 
conditions with an electron donor (Gardner, et al, 2006). Heterotrophic 
organisms using carbon as an electron donor, and chemolithoaututrophic 
organisms which use nitrate to oxidize sulfide or other inorganic compounds, 
both perform DNRA *Giblin, et al, 2013). Jahangir, et al (2015) noted that 
DNRA was favored over denitrification by high ambient ammonium levels, 
reduced sulfide, and low pH (5.9 to 7.0). The low pH (6.4 average) observed in 
the cistern discharge may indicate that DNRA is favored in this system and is 
limiting nitrogen removal through denitrification.  
 
Total suspended solids and the trace metals, zinc and lead, experienced the 
highest removal efficiencies. Removal efficiencies for total nitrate, total 
phosphorus, and total suspended solids are provided in Table 4.1 below. 
 

Table 4.1 Summary of load reduction for all measured storm events and for the study 
period. 

Parameter 
Events   Study Period 

Load (kg) 
Removal 

(kg) 
Removal 

(%) 
  

Load 
(kg) 

Removal 
(kg) 

Removal 
(%) 

Total Nitrogen 2.67 1.48 55.6  7.27 -2.81 -38.6 

Total Phosphorus 0.661 0.435 65.8  2.05 0.162 7.9 

Total Suspended Solids 22.2 22.1 99.4  102 95.7 93.7 

 
Overall, the bioswale BMPs experienced low or negative removal efficiencies 
for several parameters, primarily due to higher concentrations of nutrients at 
the Cistern 6 outfall station than the DEA inflow station. This indicates that 
nutrient loading was occurring within the system. Analysis of the EMCs were 
somewhat better for the water sampled directly from the lysimeter system, 
with reductions in most nutrient concentrations for the bioswales installed 
with non-turf plants and grass and non-turf plants. In these bioswales, only 
the concentrations for ammonia nitrogen were higher than those observed in 
the top-of-bank inflow lysimeters. Curiously, the concentrations for 
orthophosphorus and total phosphorus were higher in the bioswales 
equipped with pollutant reduction media. It should be noted that the bottom-
of-bank lysimeters had standing water continuously, and captured samples 
are likely a composite from multiple storm events. 
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Of potential influence on the results, this study was conducted during the wet 
season and during a rainy dry season. The discharges from Cistern 6 were 
noted to decline and cease in the absence of rainfall. As such, it is reasonable 
to expect that there would be little discharge during a typical dry season, with 
the complete capture of runoff loads during this typically eight month long 
season. 
 
The inflow EMCs were compared to the literature, including the Lemon Bay 
and SIMPLE Pollutant Load Models both prepared for Sarasota County. The 
inflow concentrations observed for West Dearborn Street were surprisingly 
close for Commercial areas for total nitrogen, total phosphorus and TSS. It is 
also interesting that the inflow values for the top-of-bank lysimeters are 
higher for total nitrogen and total phosphorus, than those of West Dearborn 
Street, and these values track closely with the values in the SIMPLE Model for 
medium density residential areas (which is where most of these lysimeters 
reside). The EMCs, and associated load, for these inflow lysimeters are 
probably more representative of the runoff entering the Cistern 6 system.  
 
When comparing the estimated loads for the inflow lysimeter stations to the 
loads for Cistern 6 outfall, the removal efficiency for the primary nutrients 
were higher for the study period, as indicated in Table 4-2. The average EMCs 
for ammonia nitrogen were even lower for the inflow lysimeter stations than 
the West Dearborn Street station, contributing to further lower removal 
efficiencies for ammonia nitrogen loads. Despite this phenomenon, the 
overall removal efficiency of total nitrogen were higher under this scenario. 
The removal efficiencies over the study period were also significantly higher 
for total phosphorus (43.3%) and total suspended solids (97.2%). 
 

Table 4-2  Summary of load reduction for all measured storm events and for the study 
 period in the inflow lysimeter to North Orange Street outflow scenario. 

Parameter 
Events   Study Period 

Load (kg) 
Removal 

(kg) 
Removal 

(%)   
Load 
(kg) 

Removal 
(kg) 

Removal 
(%) 

Total Nitrogen 2.29 1.10 48.2  8.05 -1.30 -14.8 

Total Phosphorus 0.829 0.603 72.7  3.33 1.44 43.3 

Total Suspended Solids 25.7 25.6 99.4  234 227 97.2 

 
There are a wide range of published values for bioswale pollutant removal 
efficiencies.  A number of studies have found individual bioswales, as well as 
other BMPs, do not remove certain pollutants and may in fact add pollutants 
to stormwater.  These “zero” removal, or addition rather removal, results 
complicate efforts to make statistically determinations of likely BMP pollutant 
removal efficiencies.  In trying to establish comparative pollutant removal 
efficiencies for design and planning purposes, several authors have examined 
the available data and concluded it was best to report estimated achievable 
efficiencies rather than the combined summarized results of available studies.   
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Harper and Baker (2007) determined the following were appropriate (based 
on assuming a 25% volume reduction) for dry detention with filtration 
systems in the face of highly variable removal efficiencies: 
 
• Total Nitrogen - 30% removal 
• Total Phosphorous - 40% removal 
• Total Suspended Solids (TSS) - 90% removal  
 
They concluded the majority of removal occurred as a result of sedimentation 
and filtration through pond bottoms.  Harper and Baker also states that both 
groundwater augmentation of runoff and rapid movement of stormwater 
through the BMP soil to collection pipes could result in significant nutrient 
additions.   
Jurries (2003) review of available studies found similar efficiencies were 
obtainable for Oregon bioswales:  
  
• TSS - 83%-92% removal 
• Lead - 67% removal 
• Total Phosphorous - 29%-80% removal 
• Zinc - 63% removal 
• Nitrate Nitrogen 39% - 89% removal   
 
Hunt and Lord (2006) also reported similar results in a series of North Carolina 
studies.  Their studies found that when high phosphorous content soils were 
used in BMP construction, the BMP tended to add rather than remove 
phosphorus: 
 
• Total Nitrogen – 33%-68% removal 
• Total Phosphorous - 240% addition – 65% removal 
• Zinc 56%-86% removal 
 
Hunt and Lord noted that cleaner runoff entering bioretention cells decreased 
load removal.  In other words, low concentration of pollutants in inflow tend 
to decrease load removal efficiency. 
 
The International Stormwater BMP Treatment Database (Geosyntec and 
Wright Water Engineers, 2014) provides one of the most extensive 
assessments of BMP pollutant treatment in terms of total number of 
assessment studies (Table 4-3).  This database shows that for most bioswale 
BMP design types, some sites will perform pollutant removal.  Removals are 
most consistent for pollutant removal that relies on sedimentation such as 
TSS and metals removal.  For nitrogen and phosphorous removal, some sites 
remove the pollutant while some sites add the pollutant.  This is particularly 
the case for phosphorous when high phosphorous content soils are used in 
construction.  While some bioswale sites removed the various forms of 
nitrogen, other sites added nitrogen. 
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Table 4-3.  International Stormwater BMP Treatment Database Pollutant Removal or 
Addition by BMP (Geosyntec and Wright Water Engineers, 2014) 

BMP TSS TP Ortho P Total N NOx Zn PB 

Biofilter Grass Swale + - - 0 0 + + 
Bioretention + - - + 0 + + 
Media filter + + 0 0 - + + 

0 = no statistically significant pollutant removal, + = statistically significant pollutant removal; - = statistically significant 
pollutant additions 

The databases assembled in literature reviews by Hallock (2007) and the 
Center for Watershed Protection (2007) are also consistent with the 
International Stormwater Database.  The spread of individual BMP site 
pollutant removal efficiency results in the Center for Watershed Protection’s 
National Pollutant Removal Performance Database (Table 4-4) is particularly 
informative. 
 

Table 4-4. National Pollutant Removal Performance Database Pollutant Removal 
Efficiencies Center for Watershed Protection 2007) 

 TSS TP Ortho P TN NOx Zn 
Median 59 5 -9 46 43 79 
Min -100 -100 100 -2 0 31 
Max 98 65 69 61 76 98 
25th Percentile 15 -76 -9 40 16 37 
75th percentile 74 30 49 55 67 95 

       
Overall, the bioswale BMPs experienced negative pollutant load reductions 
for ammonia and total nitrogen due to high concentrations found at the 
outfall station. Removal efficiencies were better for orthophosphorus, total 
phosphorus, total suspended solids, and trace elements. From review of the 
literature, similar results have been occasionally found in other studies. More 
study of the bioswale BMPs and cisterns needs to be conducted to determine 
the cause for nutrient loading within the system. 
  

4.2 Recommendations 

Provided below are a series of recommendations for analyses to better 
understand the performance of the bioswale BMPs, as well as some design 
considerations. 
 
1) Determine the secondary source(s) of the loading to the bioswales. As 

noted, there appears to be a secondary source(s) of nutrient loading to 
the bioswales. To assist in future bioswales designs and maintenance 
practices, it is important to identify these sources and prevent them in 
future construction and/or maintenance activities. 
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2) Determine the longevity of the secondary bioswale loading source(s). It 

would be good to know how long these secondary nutrient source(s) 
create elevated concentrations and loading. Is it short term and 
associated with the bioswale construction materials or is it long term and 
associated with on-going loading from outside sources? 

 
3) Evaluate how the bioswales function as they mature. In general, the 

bioswales had only moderate cover of vegetation during the study. The 
bioswales also drained very quickly, with even large storm events 
infiltrating quickly. It is assumed that as the plant cover increases and their 
root systems better develop, that the plants would be able to take up 
more of the water and associated nutrients. The root mass and some 
organic buildup could also serve to slow infiltration, allowing for more 
evaporation and further uptake by the plants. The above changes should 
result in less water and nutrients discharging from the cistern system, and, 
as such, reduced loading to the bay. 

 
4) Evaluate how the bioswales function over the annual hydrologic cycle. 

This study capture the summer months and a fairly wet portion of the dry 
season. It would be good to know if the bioswales seasonally capture a 
greater proportion of the runoff. For example, does the bioswale retain a 
larger percentage of the volume during periods of low rainfall? 

 
5) Determine the potential loading effects of irrigating the bioswales with 

the cistern runoff. It is possible that the regular irrigation of the bioswales 
with the cistern water served to increase the concentration of some 
parameters. A side by side comparison of two systems, one irrigated and 
the other not irrigated (or different irrigation frequencies), could be 
instructive as to future design modifications or changes in irrigation 
frequency.  

 
6) Consider using cistern water to irrigate other landscaping. The treated 

water contained within the cistern is a valuable resource that should be 
used. Since there may be concerns about repeatedly using it to irrigate 
the bioswales, then it should be used for irrigating other public or private 
landscaping. There may also be value in completely draining the cistern at 
various times throughout the year to prevent the discharge of the treated 
stormwater and to provide more capacity in the cistern. 

 
7) Design and construct future bioswales projects to allow the removal 

efficiency of the different bioswale designs to be evaluated. Although 
this project was designed to have bottom-of-bank lysimeters isolated 
from the cistern system, all three detention bioswale types had their 
lysimeter end in the cistern. This design prevented the capture of EMCs 
from individual storm events and allowed treated stormwater for multiple 
bioswale types to be mixed. To determine the effectiveness of individual 
designs, the bottom-of-bank lysimeter should be isolated from the cistern 
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system so it can be cleaned between storm events. The cistern system 
should also be designed to capture only one type of bioswale design, thus 
eliminating the mixing of different treated stormwater sources. 

 
8) Evaluate the cistern system design to minimize treated stormwater 

discharge. The Cistern 6 system that was monitored for this study was the 
largest in terms of drainage area. This system discharged fairly regularly 
and had some of the highest nutrient levels. Some of the other cistern 
systems would go dry during the study. With the goal being to minimize 
discharge from the cistern, yet have some treated stormwater available 
for irrigation, there may be a preferred cistern size/storage capacity based 
upon drainage area that could be refined by further evaluation 

 
9) Strike a balance on bioswale plant selection, intensity of maintenance, 

and aesthetics. It appeared that the limited tolerance for naturally 
recruited vegetation may have resulted in the maintenance contractor 
treating these plants. This created more open ground and reduced the 
potential for water and nutrient uptake by plants. While the bioswales 
must have a certain aesthitic appeal to the adjacent residents and 
businesses, increasing plant coverage would help the function of the 
bioswales. Loosening the tolerance will also serve to reduce the ongoing 
maintenance costs and reduce herbicide use.
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Appendix A 
Storm	Event	Water	Quality	Results	



Table A-1. Laboratory water quality results for storm events monitoring.

Event Event Date Parameter Unit DEA ORA L-IN L-RET L-NTP L-GNTP L-PRM
7/16/2015 Zinc µg/L 42.6 12.1 15.7 321 30.3 7.4 5.9
7/16/2015 Ammonia Nitrogen mg/L 0.118 0.776 0.036 0.131 0.443 0.38 0.112
7/16/2015 Total Kjeldahl Nitrogen mg/L 0.849 2.15 0.608 0.916 1.69 1.16 1.02
7/16/2015 Total Nitrogen mg/L 0.874 2.32 0.678 1.4 1.77 1.16 1.02
7/16/2015 Nitrite+Nitrate mg/L 0.025 0.17 0.07 0.484 0.08 <0.004 <0.004
7/16/2015 Ortho-phosphorus mg/L 0.102 0.396 0.051 0.792 0.105 0.11 0.13
7/16/2015 Total Phosphorus mg/L 0.201 0.488 0.137 0.933 0.207 0.182 0.463
7/16/2015 Specific Conductance µm/cm 154 510 126 250 828 838 841
7/16/2015 Total Suspended Solids mg/L 3.8 5.2 8.4 3.8 3.4 1.2 2.4
7/16/2015 Lead µg/L 0.94 1.13 0.773 9.32 <0.67 <0.67 <0.67
7/21/2015 Zinc µg/L 51.9 12.4 51.2 764 11.8 7.3 7.2
7/21/2015 Ammonia Nitrogen mg/L 0.102 0.691 0.067 0.069 0.293 0.155 0.292
7/21/2015 Total Kjeldahl Nitrogen mg/L 1.26 2.75 1.32 1.01 1.49 1.29 1.49
7/21/2015 Total Nitrogen mg/L 1.3 2.83 1.35 1.46 1.49 1.29 1.52
7/21/2015 Nitrite+Nitrate mg/L 0.038 0.08 0.031 0.445 <0.004 <0.004 0.033
7/21/2015 Ortho-phosphorus mg/L 0.085 0.371 0.123 0.293 0.093 0.13 1.29
7/21/2015 Total Phosphorus mg/L 0.482 0.471 0.392 1.47 0.129 0.171 1.22
7/21/2015 Specific Conductance µm/cm 141 558 100 410 794 807 708
7/21/2015 Total Suspended Solids mg/L 30 3.6 108 124 3.25 2 0.8
7/21/2015 Lead µg/L 3.73 <0.67 6.38 69.7 <0.67 <0.67 <0.67
7/30/2015 Zinc µg/L 25.9 7.8 13.1 732 22.2 7.6 5.8
7/30/2015 Ammonia Nitrogen mg/L 0.084 1.55 <0.008 <0.008 0.093 0.042 0.022
7/30/2015 Total Kjeldahl Nitrogen mg/L 0.769 2.65 0.615 1.24 1.04 1.16 1.21
7/30/2015 Total Nitrogen mg/L 1.01 2.69 0.658 1.37 1.06 1.18 1.23
7/30/2015 Nitrite+Nitrate mg/L 0.243 0.042 0.043 0.125 0.017 0.021 0.016
7/30/2015 Ortho-phosphorus mg/L 0.129 0.491 0.125 0.118 0.101 0.156 0.316
7/30/2015 Total Phosphorus mg/L 0.235 0.531 0.195 0.524 0.125 0.197 0.492
7/30/2015 Specific Conductance µm/cm 181 559 158 371 557 722 606
7/30/2015 Total Suspended Solids mg/L 5.6 <0.57 3.2 9.33 0.8 2.6 2.29
7/30/2015 Lead µg/L <0.67 <0.67 <0.67 17.2 <0.67 <0.67 <0.67
8/11/2015 Zinc µg/L 18.5 4.3 14.5 225 7.4 4 8.1
8/11/2015 Ammonia Nitrogen mg/L 0.026 0.955 0.037 <0.008 0.16 0.376 0.136
8/11/2015 Total Kjeldahl Nitrogen mg/L 0.88 2.58 0.48 0.44 0.73 0.96 1.14
8/11/2015 Total Nitrogen mg/L 0.91 2.59 0.5 0.83 0.73 0.96 1.14
8/11/2015 Nitrite+Nitrate mg/L 0.023 0.013 0.023 0.385 <0.004 <0.004 <0.004
8/11/2015 Ortho-phosphorus mg/L 0.077 0.445 0.128 0.276 0.107 0.444 0.306
8/11/2015 Total Phosphorus mg/L 0.266 0.489 0.412 0.38 0.119 0.491 0.358
8/11/2015 Specific Conductance µm/cm 181 542 98 350 550 671 639
8/11/2015 Total Suspended Solids mg/L 14 <0.57 13.4 2.2 1 1.6 0.8
8/11/2015 Lead µg/L 0.77 <0.67 <0.67 6.5 <0.67 <0.67 <0.67
8/15/2015 Zinc µg/L 32.5 10.8 46.7 154 6.3 6.3 5.5
8/15/2015 Ammonia Nitrogen mg/L 0.218 1.12 0.12 <0.008 0.018 0.113 0.032
8/15/2015 Total Kjeldahl Nitrogen mg/L 1.58 2.68 3.21 0.863 0.671 1.240 1.060
8/15/2015 Total Nitrogen mg/L 1.831 2.709 3.32 1.217 0.679 1.247 1.069
8/15/2015 Nitrite+Nitrate mg/L 0.251 0.029 0.11 0.354 0.008 0.007 0.009
8/15/2015 Ortho-phosphorus mg/L 0.315 0.452 1.22 0.257 0.108 0.114 0.166
8/15/2015 Total Phosphorus mg/L 0.517 0.48 1.26 0.362 0.155 0.142 0.371
8/15/2015 Specific Conductance µm/cm 277 540 225 477 479 660 501
8/15/2015 Total Suspended Solids mg/L 24 <0.57 33.9 1.9 5.0 <0.57 3.3
8/15/2015 Lead µg/L 2.59 <0.67 0.903 5.98 <0.67 <0.67 <0.67

11/11/2015 Zinc µg/L 60.7 7.3 27.6 354 13 13 10.4
11/11/2015 Ammonia Nitrogen mg/L 0.081 0.466 0.127 0.025 0.186 0.02 0.138
11/11/2015 Total Kjeldahl Nitrogen mg/L 1.13 2.41 2.15 0.673 1.05 1.23 0.736
11/11/2015 Total Nitrogen mg/L 1.29 2.42 2.21 1.46 1.05 1.23 0.736
11/11/2015 Nitrite+Nitrate mg/L 0.158 0.011 0.06 0.791 <0.004 0.004 <0.004
11/11/2015 Ortho-phosphorus mg/L 0.084 0.394 0.492 0.277 0.059 0.21 0.14
11/11/2015 Total Phosphorus mg/L 0.333 0.455 0.908 0.587 0.155 0.261 0.566
11/11/2015 Specific Conductance µm/cm 133 516 446 163 627 677 502
11/11/2015 Total Suspended Solids mg/L 24 <0.57 65 9 5 2 11
11/11/2015 Lead µg/L 1.5 <0.67 <0.67 11.4 <0.67 <0.67 <0.67
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Table A-2. In situ  water quality monitoring results.

Event Event Date Parameter Unit DEA ORA L-IN L-RET L-NTP L-GNTP L-PRM
7/16/2015 Temperature °C 28.9 28.5 26.1 31.3 31.5 24 19.7
7/16/2015 Specific Conductance µm/cm 171 522 151 280 556 856 852
7/16/2015 Dissolved Oxygen % 50.6 89 78.6 95.2 99 79.1 68.2
7/16/2015 pH SU 7.7 7.9 7.6 7.5 6.7 6.9 6.8
7/21/2015 Temperature °C 31.5 27.6 27.8 28.6 26.2 32 32
7/21/2015 Specific Conductance µm/cm 155 597 120 436 771 811 715
7/21/2015 Dissolved Oxygen % 77.1 103.7 112.3 112.9 93.6 95.9 86.6
7/21/2015 pH SU 7.4 7.6 7.8 7.6 7 7.1 7.01
7/30/2015 Temperature °C 4.5 4.5 23.5 26.1 23.8 22.2 23.7
7/30/2015 Specific Conductance µm/cm 262 568 227 397 565 706 613
7/30/2015 Dissolved Oxygen % 89.6 75.2 70.2 51.1 95.3 68.6 63.8
7/30/2015 pH SU 7.4 6.9 7.2 6.9 7.1 6.9 6.8
8/11/2015 Temperature °C 29.55 6.17 29.03 26.91 26.69 26.16 25.83
8/11/2015 Specific Conductance µm/cm 162 470 110 311 504 592 567
8/11/2015 Dissolved Oxygen % 75.2 73.5 97.7 92.9 102.2 67.4 65.1
8/11/2015 pH SU 7.23 6.67 7.51 7.03 6.85 6.7 6.72
8/15/2015 Temperature °C 13.63 4.53 32.84 28 23.77 30.63 28.1
8/15/2015 Specific Conductance µm/cm 235 473 207 433 414 579 440
8/15/2015 Dissolved Oxygen % 81.7 63.3 75.4 82.1 32.3 95.5 103.9
8/15/2015 pH SU 6.78 6.05 7.08 7.25 6.72 6.82 6.9

11/11/2015 Temperature °C 7.3 5.2 28.2 28.7 27.9 28.5 28.6
11/11/2015 Specific Conductance µm/cm 162 569 489 212 646 717 527
11/11/2015 Dissolved Oxygen % 91.2 63.6 63.2 96.3 61.3 55 61.9
11/11/2015 pH SU 7.3 6.2 7.3 7.2 6.9 6.7 7.1
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