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Abstract: Urbanization and population growth in coastal communities increase demands on
local food and water sectors. Due to this, urban communities are reimagining stormwater
pond infrastructure, asking whether the stormwater can be used to irrigate food and grow
fish for local consumption. Studies exploring this feasibility are limited in the literature.
Driven by a community’s desire to co-locate community gardens with stormwater pond
spaces, this research monitored the water quality of a 23.4-hectare stormwater pond located
in East Tampa, Florida over one year using the grab sample technique and compared the
results with U.S. Environmental Protection Agency (EPA) reuse recommendations, EPA
national recommended water quality criteria for aquatic life, and human health. pH and
conductivity levels were acceptable for irrigating crops. Heavy metal (arsenic, cadmium,
copper, lead, and zinc) concentrations were below the maximum recommended reuse levels
(100, 10, 200, 5000 and 2000 png/L, respectively), while zinc and lead were above the criteria
for aquatic life (120 and 2.5 pg/L, respectively). E. coli concentrations ranged from 310 to
greater than 200,000 MPN /100 mL, above the 0 CFU/100 mL irrigation requirements for
raw food consumption and 200 CFU/100 mL requirements for commercial food processing.
Synthetic organic compounds also exceeded criteria for human health.

Keywords: stormwater reuse; water resources; urban agriculture; water quality; irrigation;
gardens; urban water reuse; stormwater irrigation; food

1. Introduction

Access to a reliable water source is essential for food and cash crop production. In
2015, the U.S. Geological Survey reported that 42% of the United States’ total freshwater
withdrawals were used for irrigation of agricultural lands [1]. In Florida, public supply
makes up approximately 54% of total water withdrawals, with agriculture second at 30% [2].
For residents, urban agriculture (i.e., residential and community gardens) offers a pathway
to food security and a suite of other social, economic, and ecological co-benefits [3-5].
However, considering the growth rate of coastal communities in the United States, it is
essential to explore alternative water source options like stormwater ponds for urban
agriculture irrigation [6,7].

The dependence of urban agriculture on municipal water increases the demands on
utilities and cost burdens on residents [8-10]. Water management agencies and munici-
palities have been exploring avenues to account for this increase in demand such as using
reclaimed water [11]. Florida has successfully used reclaimed water for over 40 years to
irrigate urban and agricultural landscapes; however, as of 2022, only 8% of Florida reuse
is applied to agriculture [12] and the perceptions around its use on a residential level are
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still a major challenge towards adoption [13,14]. Extension agents and gardeners have also
investigated innovative ways to promote water conservation and overall sustainability in
their gardens such as through adopting aquaponics and hydroponics systems, container
farming, and growing low maintenance plants [9]. The discussion of stormwater reuse for
irrigation of urban agriculture in the literature is mainly focused on rainwater harvesting,
replenishing aquifers, the construction of a large multi-step treatment train, or is a variable
considered in systems modeling studies [9,15,16].

While engineering handbooks claim stormwater harvesting systems can be used to
irrigate landscapes such as golf courses, recreational areas, and agriculture, the actual
implementation of these systems are mostly limited to the irrigation of residential lawns
or ornamental landscapes [17-19]. Studies exploring the potential reuse of water from
stormwater ponds for irrigation of urban agriculture are scarce in the scientific literature
and in practice [17,20-23]. Stormwater harvesting configurations include several example
projects in Australia with the Moreland City Council [17] such as Mutton Reserve and Dun-
stan Reserve which have pollutant traps, storage tanks, rain gardens, and UV disinfection
systems. There has been a recent push to expand these systems to irrigate community
gardens and orchards in these reserves [17]. The city of Austin, Texas is also well known
for its unique retention irrigation (RI) systems that are not commonly implemented in
other parts of the United States [20]. These RI systems consist of a retention pond, wet
well, pumps, distribution pipes, and sprinklers used to irrigate nearby vegetated lands [20].
Similarly, the Lake Lawne Stormwater Reuse Facility in Orlando, Florida was created
to reduce nutrient pollutant loading into Lake Lawne and be used for irrigation within
Barnett Park, a 159-acre green space [21]. Other examples of stormwater harvesting in
Florida include the Willows Project, a 19.32-acre subdivision, and a project in Nocatee that
irrigates 308 acres of land [22,23]. However, there is no mention of irrigating land used for
food production.

The lack of case studies can be due to the highly variable nature of stormwater within
and between rainfall events and water catchment areas [17]. Additionally, recent spotlights
on complex organic—chemical mixtures including bioactive chemicals (i.e., pharmaceuti-
cals, pesticides), carcinogens (i.e., polycyclic aromatic hydrocarbons (PAHs)), endocrine
disrupting chemicals, and other contaminants of emerging concern (CECs) being found
in surface waters, poses questions on the reusability of these waters [11]. The application
of stormwater to land supporting urban gardens fits within the paradigm of integrated
wastewater management for the valorization of embedded nutrients for food production
while lowering surface water discharge [24]. For coastal communities like Tampa Bay, this
is important because urban surface discharge can lead to negative ecological impacts such
as habitat degradation and harmful algae blooms from excess nutrients [25].

Furthermore, residents we have interacted with have continually shown interest in
utilizing these stormwater pond spaces for fishing to supplement protein intake, especially
in under-resourced areas [26,27]. However, pollutant accumulation in fish in these ponds
has been a recurring concern as these spaces can pose localized human and ecological
health risks [7,28,29]. Data on stormwater pond quality have received little attention from
management agencies compared to natural water bodies which could be attributed to the
engineered intention to trap (and not treat) pollutants in stormwater ponds. Understanding
the complexity of these systems is important not only to the wildlife these ponds support
and the watersheds they reside in, but the communities and people they are surrounded by.

Accordingly, the objective of this study was to evaluate if the water quality of a wet
stormwater detention pond can support residents” desires to reimagine these spaces as
multifunctional, so they provide assets to the community such as irrigating community
gardens and growing healthy fish. This research was performed over one year during one
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dry and one rainy season. The findings of this sampling event contribute to data gaps
on stormwater ponds not only in the southeastern United States but also for the many
areas of the world with similar land uses and food security needs. The findings from this
study can assist other coastal communities whose stormwater pond and coastal spaces are
interlinked to assess and improve the current state of their infrastructure for community
and coastal resilience.

2. Materials and Methods
2.1. Study Site

The stormwater pond is located at N. 22nd Street and E. Chelsea Street in East Tampa,
Florida, a historically African American community. East Tampa is surrounded by two
major highways (I-4 and [-275) and has state roads (Hillsborough Avenue, Martin Luther
King Jr.) that run through it. Approximately 33% of the population lives below the poverty
level [29] and the community faces food justice challenges (Figure 1). The population of
this community is 16,355 [30].
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Figure 1. Map showing food access in the East Tampa Community Redevelopment Area (CRA), a
~7 square mile area where a percentage of property taxes can be used to spur economic development
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and reduce blight. The map in the top left corner shows the location of the study site in relation to the
southeastern portion of the United States. Census tract data were obtained from the United States
Department of Agriculture 2019. Residents in the red areas live greater than 1 mile from the nearest
supermarket, while those in the blue areas live greater than 0.5 mile from the nearest supermarket.
The stormwater pond of interest is shown by the yellow star. Crossing of a busy state road is required
to get to the nearest grocery store from that pond.

Figure 2 shows that the area surrounding the stormwater pond is a high-density
residential area with major commercial and service land use nearby. This area also has
limited areas designated as upland forests. Table 1 shows the total rainfall for each sampled
month. The Tampa Bay watershed’s climate is subtropical and has temperature ranges
between 65 and 95 degrees Fahrenheit [31]. Its rainy season is from June to September, and
its drier season from October to May [32]. The general soil type for this region is spodosols
(soils of the flatwoods), which is characterized as somewhat poorly to poorly drained sandy
soils with dark, sandy subsoil layers [33].
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Figure 2. Land use map near the study’s stormwater pond. The map is from the University of Florida
Geoplan Center Florida Geographic Data Library (FGDL).

Table 1. Rainfall data from the Hillsborough County Water Atlas, Robles Park Pump Station (Station
ID: RoblesPark), Agency: City of Tampa Rainfall Monitoring Network (October 2023—-August 2024)
and the Hillsborough River at Platt Street at Tampa, FL station (July and August 2023).

Date Total Rainfall for the Month (in)
July 2023 3.88
August 2023 7.81
October 2023 1.28
November 2023 1.76
December 2023 5.78
January 2024 4.39
March 2024 4.35

April 2024 3.47
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Table 1. Cont.

Date Total Rainfall for the Month (in)
May 2024 1.43
June 2024 20.23
July 2024 18.1
August 2024 17.55

2.2. Sampling Procedure

Water quality monitoring began in July 2023 and lasted until August 2024 in order to
document how water quality changed over 1 rainy and 1 dry season. Sampling occurred
in the morning between 8 am and 9 am. Sampling points are shown in Figure 3. The
approximate GPS coordinates of these sample locations can be found in Table S1. Each
sampling point also was assigned a field blank which contained deionized water. Sample
collection followed the grab sample procedure [34,35]. Samples were collected in triplicate
at each location in 10% hydrochloric acid-washed 1000 mL HDPE containers. A total of
93 samples were collected with 27 field blanks. Researchers were not able to make it to the
field in September and February.
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Figure 3. Sampling locations noted as S1, S2, and S3. Inlet and outlet locations for the stormwater
pond are depicted by the blue circles labeled “I” and “O”, respectively.

A Nasco Swing Sampler (Manufacturer Number B01366, Fisher Scientific, Waltham,
MA, USA) was used to collect samples approximately 15 cm below the water’s surface.
Figure 3 shows the sampling locations selected for collection. Given the size of the pond, a
total of 3 sampling points encompassing the pond were selected [35,36]. The stormwater
collected on E. Osborne Avenue and N. 22nd Street drains into the inlets by S1 and S2 and
exits the pond near the outlets at S3. 53 is also located next to the community garden of
interest for irrigation. The most readily available data for the holding capacity of the pond
come from an As-Built from a 1973 29th Street Outfall Drainage System study put forth by
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the City of Tampa [37]. The pond has a 25-year storage capacity of 59.97 acre-ft, first inch
storage capacity of 5.13 acre-ft, total storage capacity of 65.10 acre-ft, 25-year design high
water elevation of 48.15 (usually in ft above sea level or local reference point), design low
water elevation of 39.60 (ft) (baseline), and a 2:1 slope.

Following typical surface water sample collection protocols, the sample container was
rinsed 2-3 times with pond water prior to collection [35,36]. Samples were placed in a
cooler with ice and immediately transported to the laboratory for analysis. Multimeter
probes (YSI 556 and YSI ProDSS, YSI, Yellow Springs, OH, USA) were used to record
temperature, pH, conductivity and dissolved oxygen (DO). These probes were calibrated
each time before sampling using the Thermo Scientific Orion Conductivity Standard, 1413
uS/cm, 692 ppm as NaCl, and YSI-certified pH buffers 4, 7, and 10. DO was calibrated
by placing about 1/8 inch of water in the calibration cup and following the standard DO
calibration procedure in the YSI manual.

2.3. Analytical Procedures
2.3.1. Heavy Metals Analysis

The heavy metals analyzed were lead (Pb), cadmium (Cd), zinc (Zn), copper (Cu), and
arsenic (As). For dissolved heavy metals (DHMs), samples were filtered through a 0.45 pm
(FlipMate Catalog #SC0308, Environmental Express, Charleston, SC, USA) PES with PTFE
prefilter and then acidified with concentrated certified ACS Plus-grade (Fisher Scientific)
nitric acid (HNO3) (3 mL/L) [38]. Unfiltered samples for total heavy metals (THM) analysis
were also acidified with concentrated HNO3.

Heavy metals were analyzed on a PerkinElmer NexION 2000 Inductively Coupled
Plasma Mass Spectrometer (ICP-MS) according to EPA Method 200.8 (Perkin Elmer,
Waltham, MA, USA) [38]. The calibration curve standards were prepared from high-purity
standard stock solutions and diluted with 2% nitric acid prepared from Fisher Chemical
Trace Metal Grade (TMG) (Fisher Scientific, Waltham, MA, USA) nitric acid (70% v/v).
Calibration standards for Cu, Zn, As, Cd, and Pb ranged from 0.01 ppb to 750 ppb. Two
quality control (QC) standards were made with different concentrations to ensure optimal
performance of the instrument. Trace metal drinking water (TMDW) diluted 1:1 with 2%
TMG nitric acid was used as a certified reference material (CRM). Internal standards Ge,
Rh, and In were added manually at a constant 20 ppb concentration to blanks, calibration
standards, QCs, CRM, and samples. For each sample and blank, 10 mL was extracted and
placed in 15 mL plastic vials and 0.2 pL of the internal standard was added. This internal
standardization allows for correcting any changes in the instrument’s operating conditions
and any sample-specific matrix effects which may occur and alter the analyte signal [39].
During analysis, two isotopes of Cu and Cd were monitored within the analytical run. As
was measured with and without correction equations to monitor any interferences with
the argon (Ar) gas used for running the ICP-MS and chloride (Cl) used in the digestion
procedure of THM.

2.3.2. Nutrient Analysis

The nutrients NOx-N (nitrate (NO3 ™) + nitrite (NO;, 7)), total ammonia nitrogen (TAN),
total phosphorus (TP), and orthophosphate (PO,3~) were analyzed. Samples were filtered
through a 0.45 pm PES with a PTFE prefilter filter and acidified with Fisher Scientific ACS
Grade concentrated sulfuric acid (HpSO;) if they were not analyzed immediately. The
analysis of NOx-N and TAN were all performed on the Timberline Ammonia Analyzer
TL-2800 (Timberline Instrument, Boulder, CO, USA). TP and orthophosphate analysis
followed the Ascorbic Acid Method using the HACH TNT 843 test kits.
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2.3.3. Microbial Water Quality Analysis

Total coliforms and E. coli were measured using the Colilert-18 method from IDEXX
Laboratories, Inc. (Westbrook, ME, USA). Unfiltered samples were diluted by a factor
of 1000 with DI water prior to addition of the Colilert-18 reagent. Samples collected in
December 2024 were diluted by a factor of 100. Sealed Quanti-Tray /2000 with samples
were incubated at 35 °C for 18-22 h prior to counting for total coliform and E. coli colonies.

2.3.4. Synthetic Organic Compounds Analysis

Masoner et al.’s study [40] was used as a guide to select the synthetic organic com-
pounds for analysis. Synthetic organic compounds were analyzed from samples collected
at the beginning and end of this study (July 2023 and July 2024) in order to understand
how concentrations may have changed over the course of 1 year. A full list of synthetic
organic compounds analyzed is found in Table S3. Analysis of all compounds except for
BTEX follow EPA method 8270 [41]. BTEX follows EPA method 8260 [42].

3. Results and Discussion
3.1. Physicochemical Parameters

Values for pH, conductivity, DO, and temperature for stormwater pond samples
collected from July 2023 to August 2024 ranged from 6.58 to 8.79 (n = 30), 133.1 to
1027.0 uS/cm (n = 36), 0.27 to 9.1 mg/L (n = 36), and 12.7 to 23.7 °C (n = 36), respec-
tively (Table 2). The average values and standard deviations for the four parameters were
7.28 £ 0.48,384.4 +225.0 uS/cm, 2.54 + 1.95 mg/L, and 22.1 = 5.9 °C, respectively. Of the
samples collected, 3 out of 36 (8%) would have slight to moderate irrigation restrictions
based on conductivity, and 1 out of 30 (3%) would have been outside the normal pH range
for irrigation.

Table 2. Water quality results compared to the recommended levels for the irrigation of food crops.

Restriction on National Recommended Aquatic Life
Parameter Range Average Irrigation [43] Criteria—Freshwater Chronic
pH [-] 6.58-8.79 7.28 +0.48 Normal range 6.5-8.4 6.5-9
Conductivity (uS/cm) 133.1-1027.0 ~ 384.4 +225.0 <700 -
DO (mg/L) 0.27-9.1 2.54 £1.95 - -
Temperature (°C) 12.7-23.7 22.1+59 - Criteria are species dependent

The values for pH in this study are similar to other studies on stormwater ponds
in the Tampa Bay area [44,45] and generally fell in the acceptable State of Florida ranges
(6.5 to 8.5). Monitoring three stormwater ponds in the Tampa Bay area from 1996 to 2003,
Rushton et al. [45] found that DO levels did not exceed 10 mg/L with lower levels of DO in
ponds covered in floating mats of vegetation [45]. Similar observations for low DO levels
were observed in this study (Figure 4). Though conductivity ranges fell within the 50 to
1500 uS/cm ranges found in lake and river water in the U.S., some values fell outside the
range to support healthy fish populations (150 to 500 uS/cm) [46].
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August 2023

Figure 4. Water quantity and quality fluctuations at the studied stormwater pond over the period of
a year in East Tampa, Florida.

3.2. Heavy Metals

Table 3 provides the measured concentration ranges and averages of total and dis-
solved heavy metals in comparison to the EPA water reuse guidelines [43]and the National
Recommended Aquatic Life Criteria [47] for freshwater acute effects. Figures S1-512
provide a more granular perspective of the concentrations of total and dissolved heavy
metals for each sampling location within the stormwater pond. As can be seen, none of the
maximum concentrations for heavy metals exceed irrigation restrictions.

Table 3. Heavy metal constituents compared to various water criteria for reuse and surface water in
ug/L. The bold values indicate concentrations surpassed the criteria.

National
Dissolved Dissolved Maximum Recommended
Total Heavy Total Heavy Hea Heav Concentration Aquatic Life
Constituent Metals Range  Metals Average Metals Metals Av}éra e for Criteria for
(ug/L) (ug/L) Concentration (ug/L) & Irrigation Freshwater
Range (ug/L) M (ug/L) [43] Chronic Effects
(ng/L) [47]
Arsenic 0.07-2.16 1.19 £ 0.57 0.5-2.63 1.35 £ 0.55 100 150
Cadmium 0.006-0.81 0.11 £0.18 0.002-0.31 0.045 £ 0.08 10 1.8 (acute)
Copper 1.75-50.1 6.67 + 8.74 0.44-6.4 1.78 £1.55 200 -
Lead 0.34-44.2 6.27 +10.8 0.16-6.19 0.99 &+ 1.60 5000 2.5
Mercury 0.03-0.23 0.09 & 0.06 0.005 £ 0.096 0.028 4 0.025 - 0.77
Zinc 4.88-382.7 43.6 £73.9 0.45-89.4 15.1 +£29.1 2000 120

However, the measured concentrations of total zinc and total and dissolved lead do
exceed the EPA’s National Recommended Aquatic Life Criteria for freshwater chronic
effects. Heavy metal accumulation in fish has been a concern, especially for those residing
in stormwater ponds [47].

Higher concentrations of zinc, mercury, lead, copper, and total cadmium in the
stormwater pond may be attributed to an influx of pollutants during the rainy season
and higher rainfall rates following a dry period as seen in Table 1 [48]. For arsenic and
dissolved cadmium, however, potential dilution is observed with lower concentrations
during the wet months of June and July 2024, which could indicate higher concentrations
downstream [49]. Stoker [49] evaluated the effectiveness of a stormwater collection and de-
tention system in reducing pollutant loads in Pinellas County, Florida [49], finding outflow
average arsenic concentrations to be 5.4 ug/L, an average lead concentration of 2.8 ug/L,
and an average mercury concentration of 0.09 ug/L. The results from this study are within
a similar range. Lusk and Chapman [50] found that dissolved copper concentrations in
the water column rarely exceeded 20 pug/L in stormwater ponds treated with copper sul-
fate throughout Tampa, Florida. While our highest dissolved copper concentrations were
less than Lusk and Chapman’s results at 6.36 ng/L, the high total copper concentrations
(50.07 pg/L) can be indicative of the amount of particle-bound copper that accumulates
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in the pond. Rushton et al. [45] found total zinc concentrations up to 60 ug/L for a pond
receiving runoff from the roof of the Florida Aquarium, and up to 15 ug/L for a pond drain-
ing from the street. The average total zinc concentration of 43.6 ug/L found in this study is
likely due to a combination of the residential and commercial buildings and proximity to
major state and local roads.

In order to reduce these heavy metal concentrations to safe levels, stormwater man-
agers can look to improve the maintenance of stormwater pond spaces by disposing
accumulated sediment to maintain the sedimentation function of the pond that removes
many pollutants [7,51].

3.3. Nutrients: Nitrogen and Phosphorus

Table 4 shows nitrate and nitrite (NOx) concentrations as N, total ammonia nitrogen as
N, and total phosphorus (TP) and orthophosphate as P concentration ranges and averages
over the study period. On occasion, concentrations reached below the detection limit (BDL)
for the nitrogen species. NOx-N and TAN concentrations are based on 9 months of data
and TP and orthophosphate on 10 months.

Table 4. Nutrient constituents and their concentrations in mg N or P/L.

Constituent Range (mg/L) Average (mg/L)
NOx-N BDL-0.64 0.14 £0.17
Total Ammonia Nitrogen BDL-1.29 0.23 £0.32
Total Phosphorus as P 0.04-0.29 0.13 + 0.06
Orthophosphate as P 0.01-0.19 0.09 £ 0.05

These observed nutrient levels in the pond can be beneficial to supplement the nutrient
requirements of the edible crops grown at the community garden and reduce reliance on
fertilizers [52]. As can be seen, nitrogen concentrations are slightly higher than phosphorus
which can assist in plant establishment, development, and flowering [53]. Theoretically,
nutrients would not need to be treated for as they would be land-applied and taken up by
the plants, helping to reduce the presence of algae blooms in the pond.

3.4. Synthetic Organic Compounds

Samples from June 2023 (six samples in total) and July 2024 (nine samples in total)
were analyzed for 100 synthetic organic compounds. Table S4 shows the measured average
concentrations of all detected synthetic organic compounds in the stormwater pond for
July 2023 and July 2024. While the EPA does not include many of the analytes identified
in our study under the National Recommended Water Quality Criteria for aquatic life,
we used the EPA Recommended Water Quality Criteria for Human Health to determine
the safety of consuming the fish in the pond [54]. The maximum concentration of each
synthetic organic analyte detected in July 2023 and July 2024 is compared to these health
criteria in Table 5. All listed compounds in Table 5 are based on a carcinogenicity risk of
10~ except for fluoranthene and pyrene. Benzo[a]anthracene, chrysene, beno[a]pyrene,
benzo[b]fluoranthene, benzo[k]fluoranthene, and indeno(1,2,3-cd) pyrene are PAHs and
are designated as probable human carcinogens [40].

Chrysene, fluoranthene, and pyrene were found in half or more of the samples for both
the July 2023 and July 2024 sampling event, whereas other organic compounds appeared
less consistently. For example, Benzo[a]pyrene was found in 4 out of the 6 (67%) samples
for July 2023 and in none of the samples for July 2024. Benzo[b]fluoranthene was detected
in 5 out of the 6 (83%) samples for July 2023 and in 2 of the 9 (22%) samples for July 2024.
Benzo[g,h,i]perylene was found in 4 of the 6 (67%) samples for July 2023 and in none of the
samples for July 2024. The concentrations for these synthetic organic compounds may have
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been higher for July 2023 than July 2024 due to dilution as July 2024 had higher rainfall
than July 2023.

Table 5. Maximum synthetic organic compound concentrations found in the July 2023 and 2024
sampling events compared to the EPA’s National Recommended Water Quality Criteria for Human
Health [54]. The bold values indicate concentrations surpassed the criteria.

Maximum Concentration Human Health for the

Synéléﬁiso?llf;nic Detected in Samples Consumption of Organism
(ug/L) Only (ug/L)
Benzo[a]anthracene 1.0 0.0013
Benzol[a]pyrene 2.1 0.00013
Benzo[b]fluoranthene 3.6 0.0013
Benzo[k]fluoranthene 0.033 0.013
Chrysene 2.2 0.13
Dibenzo[a,h]anthracene 0.12 0.00013
Fluoranthene 2.7 20
Indeno(1,2,3-cd)pyrene 2.1 0.0013
Pyrene 2.5 30

A multiagency study of organic and inorganic chemicals in urban stormwater was
performed by Masoner et al. [40] across 50 runoff events in the United States. This
study found frequently detected PAHs similar to this study including benzo[a]anthracene,
benzo[a]pyrene, benzo[gh,i]perylene, chrysene, benzo[b]fluoranthene, fluoranthene,
pyrene, phenathrene, benzo[k]fluoranthene, and indeno(1,2,3-cd)pyrene. Comparatively,
our maximum concentrations were less, with their concentrations ranging from 13.5 ug/L
to 36.7 ug/L for fluoranthene, pyrene, phenathrene, benzo[b]fluoranthene, chrysene, and
benzo[a]pyrene, which can be due to land use and land cover [40].

While maximum fluoranthene and pyrene concentrations were found below their
respective criteria, all other maximum concentrations exceeded their criteria, indicating
human consumption of organisms and water or just organisms found in this pond can
increase their risk of cancer. This would pose a greater than one in a million chance of
developing cancer over a lifetime of exposure.

Previous work has found that bioretention systems can treat PAHs likely through
biodegradation [55]. PAHs are said to often be sediment-bound; therefore, structures
that reduce sediments such as wetlands, bioretention cells, and filter strips may provide
additional treatment [56]. If used as a part of a treatment train for irrigation, meticulous
contingency plans should be in place in case of contamination as exposure to UV light can
increase the toxicity of some PAH compounds [55,56].

3.5. Microbial Quality

Table 6 shows the average total coliform concentrations reached higher than
200,500 MPN /100 mL at location S1 for June 2024 to as low as 6470 MPN /100 mL at
location S2 during the May 2024 sampling event. Average E. coli concentrations reached
as high as 5300 MPN /100 mL at location S1 during the July 2024 sampling event to less
than 1000 MPN /100 mL for several sampling events, particularly April, May, and July, at
location S2. The high total coliforms and E. coli levels observed in the summer may be
attributed to more rainfall (and thus runoff) during those months as opposed to May 2024,
when the pond was the driest.
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Table 6. Total coliforms and E. coli MPN per 100 mL for stormwater pond samples collected from
December 2023 to August 2024.

Date Total Coliforms (MPN/100 mL) E. coli (MPN/100 mL)
S2 S3 S1 S2 S3
December 2023 18,900 + 2040 20,050 + 0.00 >20,050 3390 + 577 1200 + 193 310 £+ 110

January 2024 16,700 + 6950 64,100 + 16,500 35,700 + 2310 2430 + 2480 <1000 1000 £ 0.00

April 2024 10,400 £ 3130 17,100 + 6240 16,900 £ 3930 <1000 1000 <1000

May 2024 21,300 =+ 3840 6470 + 3020 16,900 + 3530 <1000 2050 + 1490 <1000

June 2024 117,000 =+ 14,300 165,000 + 41,200 3470 + 2540 3470 + 635 2030 + 1050

July 2024 163,000 + 32,300 22,600 + 7280 130,000 =+ 24,900 5300 + 2200 <1000 2400 + 1640
August 2024 63,200 £ 17,500 50,200 4 10,600 34,400 + 19,800 2400 + 1640 1700 £ 1210 1000 £ 0.00

According to EPA 2012 reuse guidelines [43], there should be no detectable fecal
coliform units per 100 mL for food crops that are intended for raw consumption. For
surface irrigation of food crops that will be commercially processed, fecal coliform colonies
should be less than 200 fecal coliforms units per 100 mL. As can be seen in Table 6, E.
coli concentrations surpass this criterion throughout the entire sampling period. Our
results are supported by previous studies showing E. coli concentrations higher than
1000 CFU/100 mL over an extended period in similar stormwater ponds [57,58].

Microbial constituents can be reduced by not directly withdrawing water directly
from the stormwater pond. In fact, the Florida Department of Environmental Protection
(FDEP) recommends withdrawing water from a stormwater harvesting system through a
minimum of 4 feet of native soils or clean sands using a horizontal well located adjacent or
under the pond using a sand filter [18]. This process is similar to riverbank filtration that
has been demonstrated to reduce source tracking markers pepper mild mottle virus and
HF183 Bacteroides by 2.9 and 5.5 logj units, respectively [59]. This process would remove
microbial water quality constituents and some possible chemical pollutants to acceptable
levels; however, further studies are needed to assess its effectiveness of reaching levels
appropriate for irrigating food crops either directly or indirectly (such as through drip
irrigation), especially in high volume traffic areas like East Tampa, Florida.

4. Conclusions

This study assessed the water quality of an urban wet stormwater detention pond to
see if reclaimed pond water could be used for irrigating community gardens and supporting
the catch of healthy fish. The stormwater pond in this study was sampled over a one-year
period for physicochemical parameters (i.e., pH, conductivity, DO, and temperature), total
and dissolved heavy metals, nutrients (i.e., NOx-N, TAN, TP, and orthophosphate), total
coliforms and E. coli, and several synthetic organic compounds. While pH, temperature,
and conductivity were within acceptable ranges to support aquatic life, DO values were
quite low throughout the pond and varied over the sampling period. Heavy metal concen-
trations did not exceed EPA reuse guidelines; however, they did surpass the EPA’s National
Recommended Aquatic Life Criteria for freshwater chronic effects for total zinc and total
and dissolved lead. High synthetic organic compound concentrations were also found
in this pond and surpass the EPA’s National Recommended Water Quality Criteria for
Human Health. Microbial quality determined by the measurement of total coliforms and E.
coli in the pond water exceeded irrigation guidelines during the entire sampling period,
suggesting some form of bank filtration would be needed to reduce levels to acceptable
levels. Nutrients present in the pond water can be used to supplement fertilizer require-
ments of crops grown in the community garden. Although collection of stormwaters in
the pond during the rainy season for irrigation would be optimal, the increase in pollutant
loads for heavy metals (lead, mercury, zinc, and copper) and total coliforms and E. coli



Sustainability 2025, 17, 523

12 of 15

during this period poses a concern. Furthermore, many gardeners are not cultivating food
crops during the warmer summer months in tropical climates like Florida; therefore, future
research can explore how to account for variations in rainfall and quality in these systems
to meet demand at other times of the year. Overall, this research study elucidated seasonal
water quality trends within a stormwater pond in a coastal community and determined its
potential for reuse.

5. Recommendations and Future Actions

Following FDEP stormwater harvesting guidelines [18], proper maintenance of
stormwater pond sediment and adding green infrastructure such as bioretention cells
and filter strips can reduce microbial, heavy metal, and synthetic organic compound con-
centrations in these stormwater ponds and make them fit for irrigation. Future work can
also explore how water quality potentially changes with the bathymetric profile of the
stormwater ponds of interest for reuse. Identifying soil types and testing their suitability
for supporting reuse systems is another important aspect to consider, especially for older
ponds. Other components to consider with these systems include sediment sample quality
to understand biogeochemical transformations within the pond, and risk assessments on
edible crops. Future research should also consider contingency plans in case of natural
disasters and impacts from climate change to reduce food injustice in coastal communities.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su17020523/s1, Table S1: GPS Coordinates of water quality
sampling locations around the N. 22nd Street and E. Chelsea St. Pond in East Tampa, FL; Table S2:
Detection limits for heavy metals, nutrients and synthetic organic compounds analyses; Table S3.
Complete list of organic compounds analyzed for July 2023 and July 2024; Table S4. Average synthetic
organic compound concentrations for July 2023 and July 2024 in pug/L; Figure S1. Average (n = 3)
total copper concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea Street in East Tampa, FL; Figure S2. Average
(n = 3) dissolved copper concentrations over 10 months at three different sampling sites, S1, S2, and
53, in the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S3. Average
(n = 3) total zinc concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea Street in East Tampa, FL; Figure S4. Average
(n = 3) dissolved zinc concentrations over 9 months at three different sampling sites, S1, S2, and S3, in
the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S5. Average (1 = 3)
total cadmium concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S6. Average (n = 3)
dissolved cadmium concentrations over 10 months at three different sampling sites, S1, S2, and S3,
in the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S7. Average
(n = 3) total arsenic concentrations over 10 months at three different sampling sites, S1, S2, and S3,
in the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S8. Average
(n = 3) dissolved arsenic concentrations over 10 months at three different sampling sites, S1, S2, and
S3 in the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL.; Figure S9. Average
(n = 3) total lead concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S10. Average (1 = 3)
dissolved lead concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S11. Average (n = 3)
total mercury concentrations over 10 months at three different sampling sites, S1, S2, and S3, in the
stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL; Figure S12. Average (n = 3)
dissolved mercury concentrations over 10 months at three different sampling sites, S1, 52, and S3, in
the stormwater pond at N. 22nd Street and East Chelsea in East Tampa, FL.
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