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Hydrology, Water Quality, and Biological Characteristics
of Levittown Lake, Toa Baja, Puerto Rico, April 2010-

June 2011

By Luis R. Soler-Lépez,' Julieta M. Gdmez-Fragoso,' and Nicole A. Val-Merniz?

Abstract

Levittown Lake is a 30-hectare, brackish waterbody
located in the municipality of Toa Baja, on the northern coast
of Puerto Rico. The lake is a small, man-made feature formed
by draining the marshland over which the Levittown commu-
nity was built. Levittown Lake has an average depth of about
5 meters and a water level at/near mean sea level. Tidal oscil-
lations within the lake were minimal during the study, about
10 centimeters regardless of ocean tides, and the daily flushing
rate of the lake was about 2 percent of its entire water volume.

Hydrologic, water-quality, and biological data were col-
lected in Levittown Lake and adjacent areas (specifically, the
inlet/outlet channel and Cafio El Hato drainage canal) between
April 2010 and June 2011 (1) to establish baseline conditions
and determine the water quality of the lake on the basis of
preestablished standards and (2) for contrast with other, more
healthy coastal lagoons. The study provides a baseline for an
assessment of the potential of Levittown Lake to function as a
coastal lagoon.

Water-quality properties measured onsite (temperature,
pH, dissolved oxygen concentration, specific conductance,
salinity, and water transparency) varied diurnally and season-
ally. In general, water-quality properties were in compliance
with current regulatory Class SB standards established by the
Puerto Rico Environmental Quality Board, except for some
dissolved oxygen concentration and pH measurements. Some
dissolved oxygen concentration measurements at the water
surface and all dissolved oxygen concentration measurements
at the lake bottom were lower than the values recommended
by the Puerto Rico Environmental Quality Board. The pH of
the water at the lake surface ranged from 7.3 to 9.1, with the
upper value exceeding the recommended pH values. Nutrient
concentrations were below the current regulatory standards
of less than 5 milligrams per liter (mg/L) for total nitrogen
and 1 mg/L for total phosphorus. The measured concentra-
tions of chlorophyll @ varied throughout the year of sam-
pling and indicate that eutrophic conditions predominate in
Levittown Lake.

U.S. Geological Survey.
2Volunteer, U.S. Geological Survey.

The phytoplankton yielded an average net productivity of
0.5 milligram of oxygen per liter per hour, as determined by
light and dark bottle primary productivity studies conducted
on a monthly basis and measured in the early morning hours.
Because these measurements were restricted to the morning
hours, a qualification of the representativeness of the results
to the full diurnal cycle is necessary. The measured hourly
respiration rate averaged 0.39 milligram of oxygen per liter.
Diel studies were planned in the lake to assess dissolved oxy-
gen concentration diurnal curves and ultimately to compute
the community net primary productivity, respiration, and
gross productivity. Conditions during the diel studies were
later determined to be unsuitable, limiting the assessment of
community metabolism. Another biological indicator evalu-
ated during the study was the phytoplankton biomass, and
results indicated that phytoplankton biomass measured at the
Levittown Lake ranged from 6.0 to 112.5 mg/L.

Fecal indicator bacteria concentrations ranged from 10 to
1,540,000 colonies per 100 milliliters of water. Concentrations
generally were greatest in and near the Cafio El Hato drain-
age canal and, during the study, exceeded current regulatory
standards established for Puerto Rico.

Introduction

Levittown Lake, a 30-hectare brackish waterbody with
an average depth of about 5 meters (m) and water level at/near
mean sea level, is located in the municipality of Toa Baja on
the northern coast of Puerto Rico (fig. 1). The lake is a man-
made feature created by draining the preexisting marshland
over which the Levittown community was built. The Cafio El
Hato drainage canal (also called the “runoff channel” herein)
transports stormwater runoff from the center of Levittown
to the lake. Details on the specific date of the completion of
Levittown Lake are not available; however, it is known that
the Levittown community, one of the largest planned com-
munities in Puerto Rico, was developed during the 1960s and
1970s (Levittown Beyond, 2012). Densely developed residen-
tial areas border about 75 percent of the lake’s shoreline and
extend to the north, east, and south. An extensive vegetated
buffer zone borders the remaining 25 percent and extends
about 6 kilometers (km) to the west (fig. 2).
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NOAA weather station and name
NOAA tidal station and number

National Oceanic and Atmospheric
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Location of the study area for Levittown Lake in the Rio de la Plata watershed, Toa Baja, Puerto Rico.

The extent of the drainage area for Levittown Lake is not known and therefore is not delineated on the map.
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Although initially intended to be a drainage system for
stormwater during the construction of Levittown, the lake may
have become a functional aquatic ecosystem that supports a
trophic chain. With its inlet/outlet channel indirectly con-
necting the lake to the ocean, the lake may be operating as a
typical coastal lagoon by exporting substantial organic matter
to the ocean, supporting the food chain, and removing carbon
dioxide (CO,) from the atmosphere. Therefore, the lake may
have become an integral part of the local coastal resources,
as well as an important ecological oasis and CO, sink in the
middle of a heavily developed and populated area. The degree
to which Levittown Lake functions like a coastal lagoon has
not been determined; thus, it is unclear how much Levittown
Lake contributes to the health of the local coastal resources
by serving as a source of consumable organic matter for the
marine environment and by serving as a carbon sink.

Other coastal lagoons in Puerto Rico such as Laguna
de Las Salinas (Soler-Lopez and others, 2005), Laguna
Grande (Soler-Lopez and Santos, 2010), and Puerto Mosquito
(Gomez-Fragoso and Santiago-Saez, 2018) have been moni-
tored to characterize their water-quality conditions, and results
indicate that they were found to be within the regulatory
standards, with some isolated exceptions. Physical and chemi-
cal properties assessed in these studies included temperature,
pH, dissolved oxygen, turbidity, specific conductance, and
nutrients. The measured temperature at these coastal lagoons
ranged between 26 and 31 degrees Celsius (°C) and pH values
ranged between 7.1 to 8.6. Nutrient analyses indicated that the
concentrations did not exceed the regulatory standards of 5.0
(total nitrogen) and 1.0 (total phosphorous as P) milligrams
per liter (mg/L) for Class SB waters. The highest measured
concentrations of total nitrogen were observed at Laguna
de las Salinas, ranging between 1.2 and 2.62 mg/L. Puerto
Mosquito had the lowest measured concentrations of phos-
phorus, some of which were below the method reporting limit
during the sampling period.

Because of its potential to function as a coastal lagoon,
the U.S. Geological Survey (USGS), in cooperation with
the Puerto Rico Department of Natural and Environmental
Resources, collected and evaluated hydrologic, water-quality,
and biological data from April 2010 to June 2011 to charac-
terize the water quality of Levittown Lake and to establish
a baseline for its management as a coastal environmental
resource. Although Levittown Lake may be operating as a
typical coastal lagoon, it will be referred to as a lake through-
out this report.

Purpose and Scope

The purpose of this report is to (1) document seasonal
variability of hydrologic, aqueous geochemical and biological
conditions during a 15-month period from April 2010 through
June 2011, (2) characterize the biological productivity of the
lake, and (3) compare the results of the water-quality assess-
ment against the regulatory standards. Baseline characteristics

included temperature, turbidity, pH, dissolved oxygen concen-
tration, specific conductance, salinity, and water transparency.
Water samplings were conducted at approximately 1-month
intervals in Levittown Lake, the runoff channel, and the inlet/
outlet channel. In addition to measuring water-quality constit-
uents, the study included the determination of (1) community
productivity through the light and dark bottle method and two
diel data collection efforts, (2) diurnal variation of selected
water-quality characteristics, and (3) surface-water exchange
between the lake and ocean.

Description of Study Area

The study area encompasses the lacustrine system of
Levittown Lake, which is composed of three basic, identifi-
able components (fig. 2): the main waterbody of the lake; a
1.6-km inlet/outlet channel, surrounded by mangroves and
tidal swamps, that connects the lake to the mouth of the Rio
Cocal and the Atlantic Ocean; and the Cafio El Hato drainage
canal. The lake is primarily used for stormwater storage, but it
is also used by the community for recreational activities such
as fishing and boating.

The extent of the Levittown Lake drainage basin cannot
be determined, because the lake is in the middle of a heavily
populated and developed area that has complex and unmapped
stormwater systems that convey runoff from distant areas.
The lake is connected at times to tidal swamps to the west
that are underwater most of the year and to tidal flats that are
slightly above mean sea level and only affected by saltwater
during high tides. No perennial streams discharge into the
lake; consequently, it only receives freshwater inflow during
rainfall-runoff events, mainly through the Cafio El Hato drain-
age canal.

The climate of the study area is tropical, with an annual
mean rainfall (1981-2010) of about 1,721 millimeters
(mm), as recorded at National Oceanic and Atmospheric
Administration (NOAA) Toa Baja 1 SSW weather sta-
tion (66-9421) (NOAA, 2011). Recent climate information
showed that the annual mean rainfall from 1991 to 2020 near
Levittown Lake was about 1,914 mm, as recoded at National
Oceanic and Atmospheric Administration (NOAA) Toa Baja
Levittown weather station (66-9415) (National Weather
Service, 2021).

About 70 percent of the surface geology surrounding the
Levittown Lake area is composed of beach deposits (mainly
rounded grains of quartz, volcanic rock, and shell) that range
from 1 to 5 m in thickness. Another 20 percent is composed
of swamp deposits of sandy muck and clayey sand; in some
areas, these deposits are underlain by peat generally less
than 10 m thick. The remaining 10 percent is composed of
alluvium deposits of sand, clay, sandy clay, and beds of sand
containing gravel and cobbles. The alluvium deposits vary in
thickness and may extend as deep as 25 m below land surface
(Boccheciamp, 1978).



Methods of Investigation

Data for this study were collected at eight locations in
Levittown Lake, the Cafio El Hato drainage canal, and the
inlet/outlet channel between April 2010 and June 2011 (fig. 2).
Levittown Lake Nos. 1, 2, and 3 are located within the main
waterbody; Levittown Lake No. 4 is located about halfway
along the inlet/outlet channel; Levittown Lake No. 5 is at the
mouth of the inlet/outlet channel; Levittown Lake No. 6 is
located halfway along the runoff channel; Levittown Lake
No. 7 is located at the beginning of the runoff channel; and
Levittown Lake No. 8 is located at a concrete dock in the
southeastern portion of the main waterbody.

Hydrologic properties, water chemistry, and selected
biological characteristics of the lake were determined from
field measurements and sampling by following USGS stan-
dard methods (U.S. Geological Survey, 1998). Table 1 lists
the seven stations used for water sampling and the physical,
chemical, and biological determinations made at each station.
Sample volumes, containers, and preservation methods used
for individual chemical and biological samples are listed in
table 2.

Bathymetric Survey

A bathymetric survey of the lake was conducted on
January 11, 2011, to map the lake bottom, calculate the water
volume of the lake at mean sea level, and to estimate the mean
depth of the lake; these characteristics were used for further
analysis of water-quality data. A bathymetric-land survey
system interfaced with a water-depth sounder (fathometer)
was used to conduct the survey. Geographic location and

Table 1.
Rico, April 2010 to June 2011.
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water-depth data were simultaneously collected and stored in

a portable computer. Onsite calibration of the fathometer was
conducted prior to the beginning of data collection using the
bar-check method (Thompson, 2014). The raw depth data were
adjusted by applying a time-water elevation correction factor
using water levels at Levittown Lake No. 8 (fig. 2; USGS lake
level station 50046510) to reference depth data to mean sea
level. For example, depth data for a specific area were adjusted
by adding or subtracting values depending on the water level
in the lake. If the lake level was below mean sea level, depth
data were adjusted by adding a value. Conversely, if the lake
level was above mean sea level, depth data were adjusted by
subtracting a value. This was done prior to transferring data
into the USGS geographic information system (GIS) for pro-
cessing and analysis.

After the data reduction process (noise removal) and
postprocessing of raw depth data, the lake bottom was mapped
by onscreen digitizing and converted into a triangulated
irregular network to calculate the volume. The triangulated
irregular network represents the lake-bottom surface as
thousands of adjoining triangles with Cartesian x, y, and z
coordinates assigned to all vertices (Environmental Systems
Research Institute, Inc., 2021).

Tidal and Rainfall Data Collection

Water exchange between the Atlantic Ocean and the lake
during low and high tides was determined through a series
of discharge measurements where the inlet/outlet channel
connects with the ocean. The measurements were conducted
using USGS standard wading and hydroacoustic methods
(Laenen, 1985).

Water-quality determinations conducted at the Levittown Lake study area, Toa Baja, Puerto

[Monthly field determinations included measurements of temperature, pH, dissolved oxygen, specific conductance,
salinity, and water transparency (determined by Secchi disk). USGS, U.S. Geological Survey]

USGS
Station name identification Determinations
number
Levittown Lake No. 1 50046515  Field determinations, turbidity, nutrients, primary productiv-
ity!-2, phytoplankton biomass, chlorophyll a.
Levittown Lake No. 2 50046520 Field determinations, fecal indicator bacteria.
Levittown Lake No. 3 50046525  Field determinations, turbidity, nutrients, primary productiv-
ity! 2, phytoplankton biomass, chlorophyll a.
Levittown Lake No. 4 50046530 Field determinations.
Levittown Lake No. 5 50046535 Field determinations, fecal indicator bacteria.
Levittown Lake No. 6 50046505 Field determinations.
Levittown Lake No. 7 50046500 Field determinations, fecal indicator bacteria.

ILight and dark bottle technique.
2Diel study.



6 Hydrology, Water Quality, and Biological Characteristics of Levittown Lake, Toa Baja, Puerto Rico

Table 2. Sample collection and preservation for selected analytes measured at the Levittown Lake study area, Toa Baja, Puerto Rico.

[mL, milliliter; pm, micron; °C, degrees Celsius; H,SO,, sulfuric acid; N, normality; L, liter; mm, millimeter]

s;:::filf Analyte Sample volume Sample container Method of sample preservation
Water Total nutrients Two 125-mL Brown and white poly- Brown bottle: filtered through 0.45-um, chilled at 4 °C.
(nitrogen and aliquots ethylene bottles White bottle: field rinsed, added 1 mL H,SO, 4.5 N,
phosphorus) chilled at 4 °C.
Water Chlorophyll a 1L White polyethylene 47-mm glass fiber filter, recorded volume filtered. Placed in
bottle, field-rinsed vial and wrapped in aluminum foil, frozen.
Water Fecal coliform 125 mL Sterilized, narrow- mouth  Chilled at 4 °C, processed within 6 hours of collection.
bottle
Water Phytoplankton 1L White polyethylene 47-mm glass fiber filter, recorded volume filtered. Placed in
biomass bottle, field-rinsed vial and wrapped in aluminum foil, frozen.
Water Primary produc- 350 mL Clear and dark glass dis-  Initial: added 1 pillow of pre-measured manganous sulfate

tivity

solved oxygen bottle

reagent, 1 pillow of pre-measured alkaline iodide reagent,
and 1 pillow of pre-measured sulfamic acid reagent.
Chilled at 4 °C.

Light: added 1 pillow of pre-measured manganous sulfate
reagent, 1 pillow of pre-measured alkaline iodide reagent,
and 1 pillow of pre-measured sulfamic acid reagent.
Dark: added 1 pillow of pre-measured manganous sulfate
reagent, 1 pillow of pre-measured alkaline iodide reagent,
and 1 pillow of pre-measured sulfamic acid reagent.

Daily and annual tidal cycles in the lake were monitored
at Levittown Lake No. 8 (fig. 2). Tidal cycles in the Atlantic
Ocean were determined at the NOAA San Juan, La Puntilla
PR tidal station (9755371), located within Bahia de San Juan
about 9 km east of the lake (fig. 1).

Historical data for yearly tidal fluctuations indicate the
highest tidal cycle of the Atlantic Ocean on the northern coast
of Puerto Rico occurs in November and the lowest tidal cycle
occurs in April (NOAA, 2013). To characterize the maximum
and minimum flood (inflow) and ebb (outflow) flows, dis-
charge measurements were conducted during November 4-5,
2010, and April 27-28, 2011, to coincide with the typical peri-
ods of highest and lowest tides for the year. In 2010, discharge
measurements were made at hourly intervals from 7:30 a.m.
on November 4 to 7:30 a.m. on November 5. An acoustic dop-
pler current profiler was used on both days to measure flood
and ebb flows of the lake during a full tidal cycle period of
about 25 hours. In 2011, flood and ebb flows were measured
from 7:30 a.m. on April 27 to 8:00 a.m. on April 28.

A tipping-bucket rain gage was installed at the Levittown
Lake No. 8 station to measure rainfall. Site inspection and
calibration were mostly conducted on a monthly basis follow-
ing USGS standards, and data are available from the USGS
National Water Information System (NWIS) database (U.S.
Geological Survey, 2021). The rainfall data were compared
with rainfall normals at the NOAA Rio Piedras Agricultural
Substation, which has a period of record from 1981 to 2020
(NOAA, 2011). The NOAA station is located approximately
9 km southeast of the study area (fig. 1).

Water-Quality Sampling and Analysis

Water-quality data were collected and analyzed to
determine selected physical and chemical characteristics as
well as concentrations of indicator bacteria for fecal coliform.
Selected physical and chemical characteristics of the lake
water were measured at Levittown Lake Nos. 1-7 (fig. 2)
using a multiparameter water-quality probe (YSI 650) at
approximately 1-month intervals (during morning hours) from
April 2010 to June 2011. Measurements include in situ tem-
perature, pH, dissolved oxygen (DO) concentration, specific
conductance, and salinity derived from specific conductance.
The multiparameter sonde was calibrated prior to each site
visit by using pH 7 and pH 10 buffers, and conductivity stan-
dards for 50,000 microsiemens per centimeter at 25 degrees
Celsius (uS/cm at 25 °C).

Water transparency was measured by lowering a
20-centimeter (cm) diameter Secchi disk into the water and
recording the depth at which it disappeared from view. The
Secchi disk provides a means of determining the limit of vis-
ibility based on the contrast between four quadrants of alter-
nate black and white areas on the disk. Water transparency is
roughly 1.7 times the Secchi disk depth of disappearance but
is highly variable in shallower areas (Scheffer, 2004). Water
turbidity was determined by collecting water samples and ana-
lyzing them at the USGS National Water Quality Laboratory
(NWQL). Table 1 specifies the stations at which turbidity
samples were collected.



Nitrogen (N) and phosphorus (P) compounds, as
well as chlorophyll a and biomass, were sampled at nearly
1-month intervals at Levittown Lake Nos. 1 and 3 (fig. 2)
from April 2010 to June 2011. Nutrient water samples were
collected, filtered onsite as needed, chilled, and sent to the
USGS NWQL for analysis (table 2). The water samples were
analyzed for several N species (organic N, ammonium, nitrate,
and nitrite) and for total P. Total N was calculated as the sum
of all N species. Chlorophyll a samples were collected in
labeled bottles, filtered onsite, packed in dry ice, and sent to
the NWQL for analysis (table 2). Nutrients results are reported
in milligrams per liter, and chlorophyll a results are reported
in micrograms per liter. All data collected from April 2010 to
June 2011, including the water-quality sampling results and
field-measured water properties, are available from NWIS
(U.S. Geological Survey, 2021).

Determination of Biological Characteristics

The assessment of the biological characteristics of
Levittown Lake included tasks such as estimating primary
productivity, phytoplankton biomass, and bacteriological
communities. Samples were collected on a monthly basis from
April 2010 to June 2011 using USGS standard field techniques
and analytical methods (U.S. Geological Survey, 1998). The
assessment of primary productivity of the aquatic community
also involved the determination of DO concentrations during
November 2010 and May 2011, within a month of the highest
and lowest tides, respectively.

The primary productivity of an ecosystem is defined as
the rate at which new organic matter is created by photosyn-
thesis (or chemosynthesis) and is expressed as the production
of organic matter per unit of volume per unit of time. The
principal primary producers in aquatic ecosystems include
phytoplankton, periphyton, and macrophytes. Of these, phy-
toplankton often synthesize the most organic matter in aquatic
systems, although periphyton and macrophytes add substantial
amounts of organic matter. The cycles of photosynthesis and
respiration, respectively, are summarized by the following
universal equation (Petersen and others, 2015):

Photosynthesis
6CO, +6H,0 +light — C,H,,0, + 60,

Respiration
C¢H,,0, +60, — 6CO, +6H,0 + released energy

where
CO, s carbon dioxide,
H,0 is water,
CH,,0, is glucose, and

o, is oxygen.

Methods of Investigation 1

Primary productivity for Levittown Lake was determined
by using the light and dark bottle method and by diel studies
(Dodds and Whiles, 2010). These methods make it possible to
assess the three main processes controlling the primary pro-
ductivity of organic matter: (1) gross productivity; (2) respira-
tion or the oxygen consumed by all communities; and (3) net
primary productivity, which is the rate at which organic matter
is created after subtracting losses or respiration. Natural sys-
tems are affected by many factors that cause rapid, frequent,
and variable changes in productivity, such that only average
rates can be determined in a typical environment.

The light (translucent) and dark (nontranslucent) bottle
method can be used to determine net changes in the concentra-
tion of DO for a given volume of water within a given time
interval (Dodds and Whiles, 2010). This technique was used
to analyze net primary productivity by phytoplankton in the
water column. Productivity measurements were made through
the calculation of DO concentrations at Levittown Lake Nos.

1 and 3 at roughly monthly intervals by sampling lake water
in light and dark bottles (table 1, fig. 2) and later calculat-

ing the primary production divided by the time of incuba-
tion. These sampling sites were the same ones used to collect
nutrient samples and were collected at the top of the water
column. Incubation was typically initiated before 6:00 a.m.
and terminated at about 10:00 a.m. The early initial time was
selected to avoid high levels of oxygen saturation at the time
of sample collection so that an increase in DO concentration
could be measured at the end of the incubation period. The
initial concentration of DO prior to incubation was determined
using the Winkler titration method (Clesceri and others, 1998).
At both sites, an aluminum rack was deployed that contained
two contiguous light bottles and two contiguous dark bottles
(Clesceri and others, 1998). The water samples were incu-
bated for at least 4 hours at the same depths where they were
collected (top of water column). After incubation, the bottles
were removed and the DO concentration of each sample was
determined by titration. The initial DO concentration was
expected to decrease in the dark bottle by means of respiration
and was expected to increase in the light bottle by means of
photosynthesis. The oxygen production and respiration results
(later divided by time to obtain the primary productivity and
respiration rate), therefore, can be expressed as

Pg = OL—- OD, (1)
Pn = OL - OI, and 2)
R = OI- 0D, 3)

where
Pg  is gross production, in grams of oxygen per
cubic meter;
OL is the DO concentration at the end of the
incubation period in the light bottle, in
grams of oxygen per cubic meter;
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OD is the DO concentration at the end of the
incubation period in the dark bottle, in
grams of oxygen per cubic meter;

Pn is net production, in grams of oxygen per

cubic meter;

Ol s the initial DO concentration prior to
incubation, in grams of oxygen per cubic
meter; and

R is respiration, in grams of oxygen per
cubic meter.

Diel studies were also conducted at the lake to esti-
mate the community net primary productivity, the commu-
nity respiration rate, and the community gross productivity
(Cornell and Klarer, 2008). The diel studies were conducted
on November 18, 2010, and May 18, 2011, near the respective
annual periods of highest and lowest tides along the northern
coast of Puerto Rico. Data collection began before sunrise
and continued until after sunset. Measurements were made
at Levittown Lake Nos. 1, 2, and 3 (fig. 2). These studies
included measuring physical and chemical water properties
such as temperature, pH, and DO, all of which are affected
by metabolic processes in the water column during diurnal
fluctuations. As stated earlier, the collected data can be used
to define the hourly variation in DO and its saturation levels
to calculate the net oxygen production and respiration rates
(Odum, 1956). Data used for the primary productivity analysis
are presented in Soler-Ldopez (2022). As stated earlier, these
two diel studies were conducted to determine the aquatic net
community primary productivity.

Phytoplankton biomass concentration—commonly used
to assess the toxicity, nutrient enrichment, and other bio-
logical processes occurring in water bodies—was measured
at Levittown Lake Nos. 1 and 3 by collecting samples in
designated bottles, filtering the water onsite, and shipping the
samples overnight to the NWQL for analysis. Phytoplankton
biomass was determined using the ash-weight/dry-weight ratio
method (Clesceri and others, 1998). The samples were col-
lected as sequential replicates within the water column at the
same locations where samples were obtained for light and dark
bottle incubation. The water samples were filtered through a
glass-fiber (borosilicate) filter, frozen, and sent to the NWQL
for analysis (table 2). At the laboratory, these filters were

dried at 105 °C overnight, cooled to room temperature, and
weighed; the samples were then redried at 60 °C for several
hours and reweighed. The difference in weight was reported
as the ash-free dry phytoplankton biomass, in milligrams
per liter.

Another biological characteristic, the concentration of
fecal indicator bacteria, was determined through direct sam-
pling and analyzed using standard USGS procedures. Water
samples were collected for fecal coliform bacterial analysis
using the “hand-dip” method, which is applicable to streams
and standing waters (Clesceri and others, 1998). Samples were
collected at Levittown Lake Nos. 2, 5, and 7 for fecal coliform
bacterial analysis approximately every month (fig. 2); water
at these stations is presumed to be affected by human activity
and sewer discharge. At each station, two or three sterilized
borosilicate 100-milliliter (mL) bottles were immersed in the
water to a depth of about 15 cm, leaving a small air pocket to
maintain oxygenation and to allow subsequent mixing before
analysis (table 2). Within 6 hours of collection, samples were
passed through a filter with a 0.65-micrometer pore size using
the microfiltration method (Clesceri and others, 1998). Fecal
coliform bacteria were cultured in fecal coliform agar base
(m-FC) and incubated at 44.5 °C for 20-24 hours; colonies
were counted using a magnifying glass (Clesceri and others,
1998). The results were reported as colonies of bacteria per
100 mL of sample.

Bathymetry

The water volume of Levittown Lake was calculated to
be 1.35 million cubic meters (Mm?) at mean sea level. The
lake bottom relief was irregular, having an average depth of
about 5 m below mean sea level and a maximum depth of 8
m below mean sea level in the northern and central parts of
the lake (fig. 3). Lake-water depths typically ranged from 5 to
6 m, with shallower areas located in the southeastern part of
the lake. The lake encompassed about 0.29 square kilometer,
as calculated using a GIS. Spatial data associated with the
bathymetric survey conducted in 2011 are presented in Soler-
Lopez (2022).
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Inflows and Qutflows

Hydrologic inflows to Levittown Lake include direct
rainfall, runoff during rainfall events, and tidal inflows.
The primary hydrologic outflows from Levittown Lake are
assumed to be tidal outflows, which are considered in this
report. Evapotranspiration may also contribute to outflows but
is not considered directly.

Rainfall and Runoff

Monthly rainfall during 2010 in the Levittown Lake area
was compared with rainfall recorded by a NOAA observation
station at the Rio Piedras Agricultural Substation, Puerto Rico,
which has a historical period of record from 1981 to 2010
(table 3; NOAA, 2011). The total annual rainfall at the lake
rainfall station for 2010 was determined to be about 1,869 mm
(Soler-Lopez, 2022). The comparison revealed that 2010 was a
year of slightly above-normal rainfall, totaling about 104 per-
cent of the corresponding long-term annual mean for the area
(table 3).

Levittown Lake has no connection to ephemeral or peren-
nial streams, and lake level is dependent on runoff from the
Caiio El Hato drainage canal. Runoff into the lake is consid-
ered substantial, as indicated by daily water-level data (not
shown in this report because the amount of data is too great).
For example, during December 15, 2010, the lake level rose
from 0.99 to 1.59 m (arbitrary datum), a 60-cm increase, in
less than 2 hours. This rise is three times the daily tidal fluc-
tuation recorded at the lake, discussed in the following section.

Seawater Exchange

Flow into and out of the lake (flood and ebb flow) is
controlled by oceanic tidal fluctuations, the volume of water
associated with the flooded area, and the resistance that water
in the lake exerts over inflow. The 24-hour tidal measure-
ments made north of Levittown Lake No. 5 at the mouth of the
Rio Cocal tidal inlet/outlet channel during periods of highest
and lowest annual tides (November and April, respectively)
indicate that lake stage peaked about 2 hours after the cor-
responding oceanic tidal peak (fig. 4). This time period may
represent contaminant travel time between Levittown Lake
and the ocean (by way of the channel), depending on tides.
During November 2010, the peak amplitude of the lake tidal
cycle was about 10 cm and that of the oceanic tidal cycle was
65 cm (fig. 44). During April 2011, the peak amplitude of the
lake tidal cycle was about 10 cm and that of the oceanic tidal
cycle was about 30 cm (fig. 4B). Water-level data indicate
that the lake surface was never lower than that of the ocean,
indicating that when the lake level started to drop during low
tide, the ocean tide began rising again, impeding lake-water
outflow (fig. 4B).

An attempt to determine the flushing rate of Levittown
Lake was initially made by calculating its flood (inflow) and
ebb (outflow) discharges. High flushing rates are generally
associated with good water quality and healthy conditions
unless the ocean-water quality is substantially impaired. In
general, coastal lagoon or lake water is less susceptible to
the effects of point-source contamination originating within
the shoreline perimeter than to contamination from the ocean
because of the relatively rapid dilution with seawater or purg-
ing during ebb flows. However, sudden changes in nearshore
seawater quality, such as from a fuel or oil spill, can rapidly
affect water quality in a nearby coastal lagoon or lake, depend-
ing on its proximity to the contamination source and the
degree of connection between the waterbody and ocean.

The fact that seawater mixes with water in the Rio Cocal
mouth before entering the lake during high tides, and that
discharge from the Rio Cocal is combined with outflow from
the lake during low tides, made it impractical to use discharge
data collected at Levittown Lake No. 5 to calculate a flushing
rate for the lake. Tidal discharge data, however, were use-
ful for estimating a potentially increased flushing rate for the
lake, which is explained later. The flushing rate of the lake
was instead calculated by using daily water-level variations
recorded at the tidal station that operated inside the lake for
1 year (Levittown Lake No. 8).

Water-level data indicated that, regardless of tidal
fluctuation amplitude, the lake vertically oscillates only
10 cm. Multiplying this height by the surface area of the lake
(293,992 square meters) yields a volume of 29,400 cubic
meters (m?. Therefore, Levittown Lake flushes about 2.1 per-
cent of its entire volume daily ([29,400/1,350,000] x 100 =
2.1), which means the lake renews its water volume equivalent
about every 48 days, or 7.6 times per year.

Assuming that the average net tidal flux between the
annual high and low tides represents the mean annual tidal
flux for the lake, about 170,000 cubic meters per day enter
through the inlet/outlet channel. Based on the lake-water
volume of 1.35 Mm?, the daily flushing rate of the lake
theoretically could be increased up to about 12 percent or
about every 8 days of renewal rate (about 46 times per year)
if all of the water that enters through the channel could reach
Levittown Lake. This estimate assumes that water could be
prevented from entering the Rio Cocal but does not account
for the water that seeps through mangrove roots into surround-
ing tidal swamps. Nonetheless, by redirecting some tidal flow
into the lake, the flushing rate could be increased considerably.
Freshwater inflow to the lake can be characterized as substan-
tial compared to the amount of seawater inflow to the lake,
as water-level data indicate. Seawater exchange between the
lake and Atlantic Ocean is minimal, as indicated by the water
budget during high and low tides.



Table 3. Comparison between the long-term mean monthly rainfall at the National Weather Service station Rio Piedras Agricultural Substation and monthly rainfall at the
Levittown Lake rainfall station during 2010.

[Long-term means for the Rio Piedras Agricultural Substation were determined from data in National Oceanic and Atmospheric Administration [NOAA], 2011]). All values are in millimeters]

] Month Annual
Rainfall .
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. rainfall
Levittown Lake 48.26 43.18 72.39 104.65 266.95 195.33 139.19 283.45 166.12 119.13  210.57 22022 1,869.44
2010 rainfall
Long term 121.67 81.03 89.41 147.32 182.12 115.32 170.18 163.58 187.71 172.47 20472 162.31 1,797.81
Rio Piedras
Agricultural
Substation
(1981-2010)
mean
Difference —73.41 -37.85 -17.02 —42.67 84.83 80.01 -30.99 119.87 -21.59 —53.34 5.85 57.91 71.63
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Figure 4. Typical tidal cycles in Levittown Lake and the Atlantic Ocean during periods of A, highest
and, B, lowest tides of the year.



Water Quality

Water-quality data collected during this study were
analyzed, and the water quality of the lake was characterized,
using comparable values established for Class SB waters
(Puerto Rico Environmental Quality Board, 2014). Class SB
waters are classified as coastal and estuarine waters intended
for use for primary and secondary contact and for the propa-
gation and preservation of desirable species, including those
that are threatened or endangered (Puerto Rico Environmental
Quality Board, 2014).

Field-Measured Water Properties and
Constituents

The discussion of the field determinations at Levittown
Lake encompasses the characterization of water-quality
conditions and their variability throughout the (1) water
column (stratification), (2) study area, and (3) period of study
(seasonal changes, if any). Field-collected data included
temperature, pH, DO, specific conductance, salinity, and
water transparency, all of which were measured at the top and
bottom of water column at each site sampled. Although no
depth information was collected for the inlet/outlet channels, it
was assumed that they were shallower than the main body of
the lake. The assessment of spatial variability is discussed by
dividing the lake into two distinct areas: the main waterbody
(Levittown Lake Nos. 1, 2, and 3) and the inlet/outlet and
runoff channels (Levittown Lake Nos. 4, 5, 6, and 7), because
of their different morphological and hydrologic characteristics.
Values of monthly field-measured parameters are available
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through the NWIS database (U.S. Geological Survey, 2021).
Turbidity was measured only in the main body of the lake and
was determined by analyzing water samples collected on a
monthly basis at Levittown Lake Nos. 1 and 3.

Temperature

Water temperature exerts a major influence on the biolog-
ical activity and growth of aquatic organisms. Generally, water
temperature is positively related to biological activity. Very
high water temperatures, however, can terminate all biologi-
cal activity. Water temperature is also important because of its
influence on water chemistry. The rate of chemical reactions
generally increases at higher water temperatures, which in turn
affects biological activity.

Water temperature throughout the main waterbody
(Levittown Lake Nos. 1, 2, and 3) varied seasonally, with
slight differences among the stations (fig. 5). Temperatures
mostly were higher from April to October 2010 and lower
from November to March 2011. The highest temperature was
recorded at Levittown Lake No. 2 (top of water column), and
the lowest temperature was recorded at Levittown Lake No. 3
(top of water column).

Water temperatures in Levittown Lake were less verti-
cally stratified in the summer than in the winter, based on
surface and bottom temperatures recorded within the main
waterbody of the lake (Levittown Lake Nos. 1, 2, and 3).
Temperatures at the bottom of the water column were notice-
ably higher than those at the top from November 2010 through
March 2011 (fig. 5). This pattern may be due to the timing of
the temperature measurements, which were made early in the
morning when the water surface was in direct contact with
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Figure 5. Monthly water temperatures in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico, April 2010 to

June 2011.
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cool nighttime air. The temperature gradient was reversed dur-
ing the summer and early fall, with surface-water temperatures
being higher at the top of the water column than at the bottom
(fig. 5), thus showing the effect of the more intense sunlight
exposure during this period compared to late fall and winter.
The highest temperatures recorded in the main waterbody
(Levittown Lake Nos. 1, 2, and 3) were just below the surface,
within the top 1-2 m of the water column. This is probably
where the most vigorous planktonic biochemical activity takes
place, because plankton communities are generally most con-
centrated just below the water surface, thereby avoiding direct
exposure to ultraviolet rays from the sun (Héder, 2011).

All temperature measurements at the lake were within the
Puerto Rico Environmental Quality Board (PREQB) standards
for Class SB waters, which establish that water temperature
should not increase above 32.2 °C other than for natural
causes (Puerto Rico Environmental Quality Board, 2014). The
top water-column temperature in the main waterbody ranged
from 23.6 °C on December 29, 2010, at Levittown Lake No. 3
to 31.4 °C on April 22, 2010, at Levittown Lake No. 2 (fig. 5).
The bottom water-column temperature inside the waterbody
ranged from 26.8 °C (April 6, 2011, at Levittown Lake No. 2)
to 29.8 °C (October 14, 2010, at Levittown Lake No. 1).

Excluding the stations along the runoff and inlet/out-
let channels (which are affected more by runoff and tides,
respectively), the range of observed temperatures in the main
waterbody can be divided into two general categories (fig. 5):
the range during summer months and the range during winter
months. The temperature differences between these categories
are greatest at the top of the water column. During the winter
months (December 2010 to March 2011) the temperature at

the top of the water column ranged from 23.6 to 26.4 °C. The
temperature at the bottom of the water column showed less
variability (from 26.8 to 27.97 °C) than at the top of the water
column during the winter months.

During spring and summer months (April-July 2010 and
April-June 2011), the temperatures at the top of the water col-
umn were mostly warmer, ranging from 25.8 to 31.4 °C. The
bottom water-column temperature during spring and summer
ranged from 26.8 to 29.0 °C (fig. 5). Water temperature within
Levittown Lake varied less by location than by season and the
main waterbody seems to be subject to vertical stratification
mostly during the winter months.

At Levittown Lake Nos. 4, 5, 6, and 7, in the inlet/
outlet and runoff channels, water temperatures were mostly
higher at the channel bottom than at the water surface (fig. 6).
Stratification is more noticeable at these stations than in
the main waterbody, and the stratification was observed
throughout the entire year of data collection. These results
were deemed reasonable, as these stations are more subject
to external effects such as runoff (Levittown Lake Nos. 6
and 7), or tidal flux. Seasonal trends were also observed at
Levittown Lake Nos. 4, 5, 6, and 7, with the lowest tempera-
ture measured at Levittown Lake No. 5 (December 2010) and
the highest temperature measured at Levittown Lake No. 6
(April 2010).

pH

pH is a measure of the activity of hydrogen ions and the
pH of water affects the solubility and biological availability
of chemical constituents, such as nutrients. In addition, pH
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can be a sign of biological processes, because photosynthesis
consumes dissolved CO,. Removal of CO, reduces the acidity
of the water, thereby increasing water pH. In contrast, respira-
tion of organic matter produces CO,, which dissolves in water
to produce carbonic acid, thereby lowering water pH.

pH values varied seasonally near the top of the water
column but were spatially uniform within the main waterbody
of the lake (Levittown Lake Nos. 1, 2, and 3) and ranged from
7.3 to 9.1 standard units (fig. 7); seawater pH typically ranges
from 7.3 to 8.5 as indicated by PREQB regulatory standards.
Top and bottom pH values within the main waterbody were
dissimilar, indicating vertical stratification, and the pH was
always higher at the top of the water column than at the bot-
tom. This is expected, because photosynthetic activity is great-
est at the top where sunlight is most intense, thereby increas-
ing pH to the greatest degree. Other properties measured
directly in water (dissolved oxygen concentration and specific
conductance) showed trends similar to those for pH, with
disparities between top- and bottom-measured values in the
lake and are later discussed in the report. The mean pH values
measured at the surface and bottom of the water column were
8.1 and 6.9, respectively (PREQB regulatory standards recom-
mend a pH range of 7.3-8.5 for coastal lagoons; Puerto Rico
Environmental Quality Board, 2014).

Less stratification is observed in the pH values measured
at Levittown Lake Nos. 4, 5, 6, and 7 compared to the main
waterbody. The pH values ranged from 7.22 to 8.59 at the top
of water column and from 6.66 to 8.25 at the bottom of the
water column (fig. 8). Seasonal variation in pH was also minor
compared with other field water-measured properties.

9.5
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Dissolved Oxygen Concentration

The absolute concentration of DO in an aquatic system
is controlled primarily by physical variables, such as water
temperature, barometric pressure, and salinity, as well as by
photosynthetic activity and community respiration. Monthly
DO concentration measurements were used to evaluate water
quality in terms of preestablished standards and to serve as a
baseline for establishing long-term trends.

DO concentrations at the top of the water column in
the main waterbody during the study period frequently
did not comply with the PREQB standards (Puerto Rico
Environmental Quality Board, 2014), which establish that
the concentrations should be above 5.0 mg/L. In addition, no
DO concentrations at the bottom of the water column were
in compliance with PREQB standards. DO concentrations
at the top of the water column in the main waterbody of the
lake (Levittown Lake Nos. 1, 2, and 3) for many samples
were above 5 mg/L (fig. 9). Bottom DO concentrations in the
main waterbody were low, or anoxic, indicating that the lake
bottom is devoid of aquatic vegetation and eutrophic condi-
tions are present in the lake. The water-transparency data
(discussed later) support this observation. DO concentrations
at the top of the water column in the main waterbody ranged
from 0.11 to 12.92 mg/L (fig. 9, Levittown Lake Nos. 1 and 3,
respectively); DO concentrations at the bottom ranged from 0
to 1.63 mg/L at all three stations and Levittown Lake No. 1,
respectively.

Monthly variations in DO concentrations were generally
lower at the inlet/outlet and runoff channel stations (Levittown
Lake Nos. 4, 5, 6, and 7; fig. 10) than in the main body of the
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Figure 7. Monthly pH values in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico, April 2010 to June 2011.
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Figure 8. Monthly pH values measured in the inlet/outlet and runoff channels of Levittown Lake, Toa Baja, Puerto Rico,
April 2010 to June 2011.
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Figure 9. Monthly dissolved oxygen concentrations in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico,
April 2010 to June 2011.

lake (Levittown Lake Nos. 1, 2, and 3). Most DO concentra- No. 7 has a DO range from 0 to 6.79 mg/L, the greatest of all
tions at the bottom of the water column in the inlet/outlet sites. Fecal coliform bacteria data (discussed later) indicate
channel, Levittown Lake No. 4, were slightly greater than this is the most impaired area of the lake system. Top and
values at the top (fig. 104), indicating that oxygen-saturated bottom DO concentrations ranged from 0 to 3.35 mg/L at
seawater was flowing across the channel bottom, as indicated Levittown Lake No. 6, and from 0 to 6.79 mg/L at Levittown
by specific conductance data. Per figure 108, Levittown Lake =~ Lake No. 7 (fig. 10B).



Water Quality 17

5.0 T

45—

Dissolved oxygen concentration, in milligrams per liter

Dissolved oxygen concentration, in milligrams per liter

EXPLANATION
_| —®— Levittown Lake No. 4 top
Levittown Lake No. 4 bottom
— —@— Levittown Lake No. 5 top
— ® — Levittown Lake No. 5 bottom
EXPLANATION
—@— Levittown Lake No. 6 top
I Levittown Lake No. 6 bottom
—@— Levittown Lake No. 7 top

Levittown Lake No. 7 bottom

Date

Figure 10. Monthly dissolved oxygen concentrations at stations in A, the inlet/outlet channel (Levittown Lake Nos. 4
and 5) and, B, the Cario El Hato drainage canal (Levittown Lake Nos. 6 and 7) of Levittown Lake, Toa Baja, Puerto Rico,

April 2010 to June 2011.

Specific Conductance

Specific conductance is a measure of the capacity of
water (or other substance) to conduct an electrical current.
Specific conductance is a function of the types and quanti-
ties of dissolved constituents and can be used to approximate
dissolved-solids concentrations in water. The concentration of
dissolved solids, expressed in milligrams per liter, is typically
55-75 percent of the specific conductance in pS/cm at 25 °C
(Diaz and others, 2004). Specific conductance is linearly cor-
related with salinity by the relation described in Clesceri and
others (1998) and is often used as a proxy.

The specific conductance of samples collected in the
main waterbody at Levittown Lake Nos. 1, 2, and 3 ranged
from 1,950 to 33,500 uS/cm at 25 °C near the top of the water
column (fig. 11) and from 36,800 to 51,600 puS/cm at 25 °C
near the bottom.

Specific conductance in the lake varied seasonally
and was associated with rainfall/runoff episodes (fig. 11).
Specific conductance values were lowest between June and
December 2010 at the top of the water column, a period that
includes all but one of the wettest months of the year (table 3).
Vertical stratification of specific conductance was marked in
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Figure 11. Monthly specific conductance values in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico, April 2010
to June 2011.
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Figure 12. Monthly specific conductance values in the inlet/outlet channel and Cafio El Hato drainage canal of Levittown Lake,
Toa Baja, Puerto Rico, April 2010 to June 2011.

Levittown Lake Nos. 1, 2, and 3, indicating seawater influx to ~ \\Nater Tra nsparency

the lake (fig. 11). In the inlet/outlet channel (Levittown Lake

Nos. 4 and 5), specific conductance was less vertically strati- Water transparency is a physical water property that has
fied as a result of seawater influence. In the runoff channel ecological and recreational importance. Specifically, water
(Levittown Lake Nos. 6 and 7), specific conductance was also  transparency affects sunlight penetration, and thus photosyn-
vertically stratified (fig.12). The PREQB has not established thetic activity, and is an aesthetically valuable characteristic.
specific conductance standards (Puerto Rico Environmental Water transparency and light penetration can be reduced by
Quality Board, 2014). natural factors such as inorganic particulate matter, plankton



biomass, and humic and fulvic acids produced from decom-
posing organic matter. Biologists consider the depth of the
euphotic zone to be roughly three times the measured Secchi
disk depth. The euphotic zone is defined as the upper layer of
a waterbody into which enough light penetrates to permit the
growth of green plants and algae.

Water transparency in the main waterbody of the lake
was generally low compared to the mean water depth of about
5 m (based on bathymetric study), with the Secchi disk depth
of disappearance ranging from 15 to 61 cm, and a mean depth
of 46 cm; therefore, the euphotic zone in the main waterbody
extended less than 1.4 m below the top of the water column.
Water transparency ranged from 0.26 m to 1.0 m (fig. 13),
determined by multiplying the mean depth of Secchi disk
disappearance by 1.7 (Scheffer, 2004). The mean depth water
transparency was 0.8 m, indicating that aquatic vegetation
growth is inhibited by poor light penetration. No aquatic plant
growth was observed on the channel bottoms, however, pos-
sibly because of the poor water quality and associated poor
sediment quality at these sites.

Laboratory Evaluated Constituents

Water chemistry determinations for Levittown Lake
included nutrient concentrations (N and P) and chlorophyll
a concentrations. Nutrients are indicators of trophic levels,
and chlorophyll a is an indicator of photosynthetic activity as
well as trophic level. Turbidity, a physical property and good
indicator of water quality, is another constituent evaluated in
the laboratory and was measured only in the main body of the
lake through water samples collected on a monthly basis at
Levittown Lake Nos. 1 and 3.

Water Quality 19

Nitrogen and Phosphorus

Nutrients are elements and compounds essential to
sustain plant and animal life (Hutchinson, 1973). N and P
compounds are considered to be the most important in aquatic
ecosystems because they are often limiting factors. Waters that
have ambient nutrient concentrations can become enriched by
organic matter decay, autotrophic or heterotrophic processes,
and runoff. Human and animal activities, as well as poor soil
conservation practices, can also increase nutrient contribu-
tions to waters that have background concentrations of N and
P compounds. Several chemical species of N, such as ammo-
nium, nitrite, nitrate, and orthophosphorus, are the primary
anthropogenic contaminants related directly to eutrophication.
Excessive concentrations of these constituents can lead to
increased densities of planktonic and benthic algae, as well as
substantial daily variation in DO concentrations and pH (Webb
and Gomez-Gomez, 1997).

Total N measurements in the lake indicate this constituent
is distributed uniformly at concentrations substantially below
the PREQB standard of 5.0 mg/L for Class SB waters (Puerto
Rico Environmental Quality Board, 2014). Concentrations at
Levittown Lake No. 1 ranged from 0.61 to 2.36 mg/L (occur-
ring in September 2010 and November 2010, respectively),
with a mean value of 1.42 mg/L (table 4, fig. 14). At Levittown
Lake No. 3, total N concentrations ranged from 0.79 to
1.98 mg/L, with a mean value of 1.14 mg/L. The minimum
and maximum total N concentrations at Levittown Lake No. 3
were recorded in July 2010 and March 2011, respectively.

Most of the N measured in the lake was in the form of
organic N, having an overall mean concentration of 0.87 mg/L
at Levittown Lake Nos. 1 and 3 and composing roughly
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Figure 13. Monthly water transparency in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico, April 2010

to June 2011.
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68 percent of the total N as N present (table 4). The next most ~ photosynthetic activity. In the absence of regular stream inflow

predominant N species was ammonium, having mean concen-  to the lake, the high concentrations of total N in its different
trations of 0.483 and 0.213 mg/L at Levittown Lake Nos. 1 species can be accounted for by nutrient-rich, high-rainfall/
and 3, respectively. The overall average ammonium concentra-  runoff events as well as decomposition and metabolism of
tion for both sites was 0.348 mg/L, composing 27 percent of organic matter within the lake itself.

the total N as N present. Nitrite and nitrate were less abundant, Total P concentrations in the lake ranged from 0.07 to

having overall mean concentrations of 0.013 and 0.047 mg/L 0.34 mg/L as P, well below the PREQB standard of 1.0 mg/L
N, respectively, and composing roughly 1 and 4 percent of the  for Class SB waters (Puerto Rico Environmental Quality

total N as N present. Board, 2014). The highest concentration was measured in
The high proportion of total N accounted for by organic November 2010, and the mean concentrations for both sta-
N and ammonium, compared to the proportion available tions (Levittown Lake Nos. 1 and 3) were 0.21 mg/L and
as nitrate and nitrite, is typical of eutrophic water bodies 0.15 mg/L, respectively (fig. 15, table 5). Total P concen-
because of the rapid uptake of the reduced states of N by trations at Levittown Lake No. 1 ranged from 0.07 mg/L

Table 4. Total nitrogen species concentrations at Levittown Lake stations, Toa Baja, Puerto Rico,
April 2010 to June 2011.

N, nitrogen; NH,*, ammonium; NOjy, nitrate nitrogen; NO,’, nitrite nitrogen. All concentrations as N, in milligrams per
g 4 3 g 2 g g p
liter]

Sampling date Toti-ll Total Total Total Total
organic N NH,* NO, NO, N
Levittown Lake No. 1 (50046515)
April 22,2010 0.779 0.035 0.01145 0.00055 0.826
June 2, 2010 0.461 0.761 0.19668 0.03132 1.450
July 8, 2010 0.825 0.177 0.04383 0.01017 1.056
August 4, 2010 0.527 0.521 0.03575 0.02625 1.110
September 22, 2010 0.570 0.017 0.01553 0.00347 0.606
October 14,2010 0.605 0.839 0.06368 0.00732 1.515
November 16, 2010 0.700 1.606 0.04764 0.00936 2.363
December 29, 2010 0.583 0.146 0.10631 0.06769 0.903
January 27, 2011 1.877 0.034 0.00585 0.00115 1.918
March 2, 2011 1.485 0.544 0.03383 0.00817 2.063
April 6, 2011 1.093 0.043 0.01074 0.00026 1.147
June 8, 2011 0.954 1.078 0.02750 0.00950 2.069
Average 0.872 0.433 0.05000 0.01500 1.419
Levittown Lake No. 3 (50046525)

April 22,2010 0.734 0.251 0.00673 0.00027 0.992
June 2, 2010 0.570 0.360 0.15717 0.01783 1.105
July 8, 2010 0.761 0.020 0.01128 0.00172 0.794
August 4, 2010 0.651 0.431 0.03977 0.01723 1.139
September 22, 2010 0.430 0.554 0.08717 0.01783 1.089
October 14,2010 0.874 0.023 0.01493 0.00207 0914
November 16, 2010 0.780 0.047 0.05921 0.01479 0.901
December 29, 2010 0.627 0.095 0.06072 0.04728 0.830
January 27, 2011 1.672 0.024 0.00693 0.00107 1.704
March 2, 2011 1.216 0.709 0.04928 0.01072 1.985
April 6, 2011 1.035 0.028 0.01257 0.00043 1.076
June 8, 2011 1.137 0.014 0.01973 0.00127 1.172

Average 0.874 0.213 0.04400 0.01100 1.142




(September 2010) to 0.34 mg/L (November 2020). In
Levittown Lake No. 3, the total P concentrations ranged from
0.10 mg/L (December 2010) to 0.21 mg/L (March 2011).
Figure 15 and table 5 show the total P concentrations in the
main waterbody of Levittown Lake.

The low P concentrations in the lake suggest that avail-
able P uptake occurs rapidly through photosynthetic activity
by planktonic flora and that P may limit primary production.
The total P concentrations measured in the lake were substan-
tially lower than those measured in other coastal lagoons in
Puerto Rico, where concentrations are greater than 1 mg/L.
For example, in Laguna de las Salinas in Ponce, Puerto Rico
(fig. 1), the mean total P concentration was 1.86 mg/L (Soler-
Lépez and others, 2005). Other ecosystems that have been
studied are Laguna San José and Laguna de Piflones with

mean P concentrations of 1.0 and 2.5 mg/L, respectively (U.S.

Geological Survey, 2021; Soler-Lopez and Santos, 2010).

Redfield and others (1963) found that the atomic ratios
of carbon (C), N, and P are related generally by a C:N:P ratio
of 106:16:1 in planktonic tissue, which is known as Redfield's
ratio. Because C is more abundant than N and P in plant tis-
sue (and in all living organisms), this ratio can be simplified
to the total N to total P ratio (TN/TP). By sampling for these
constituents in aquatic ecosystems, their ratio can be used to
determine the potential for phytoplankton and plant growth
in ambient waters. According to Vollenweider (1968), TN/TP
ratios exceeding a value of 15 indicate that P is the limiting
factor for phytoplankton and aquatic plant growth. The TN/
TP mean ratio in Levittown Lake was 7.2, indicating that P
concentrations in the lake are not a limiting factor for phyto-
plankton growth and that the element is present in adequate
quantities.
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Chlorophyll a

Chlorophyll a is the principal photosynthetic pigment in
vascular plants and algae, converting sunlight into the chemi-
cal energy needed to fix CO, into carbohydrates. The pigment
was sampled at Levittown Lake Nos. 1 and 3 to provide a
reasonable estimate of the algal biomass in the lake (fig. 2).

Chlorophyll a data collected during this study indicate
that Levittown Lake is eutrophic. Concentrations were dis-
similar between Levittown Lake Nos. 1 and 3, averaging
36.46 and 64.92 micrograms per liter (ug/L), respectively.
Concentrations ranged from 3.05 to 212.42 pg/L for both sites
(fig. 16).

Maximum concentrations of chlorophyll @ concentra-
tions at Levittown Lake No. were measured in April 2011,
and the lowest concentrations were measured in June 2010.
The highest concentrations of chlorophyll a at Levittown
Lake No. 3 were measured in September 2010 and June 2011,
and the lowest were measured in June 2010 (fig. 16, table 6).
Although the high chlorophyll a concentration measured in
September 2010 was initially thought to be an outlier, bio-
mass concentrations measured on the same date were also
high, validating the chlorophyll a result. The mean chloro-
phyll a concentration of 50.7 pg/L for the lake was consider-
ably higher (indicating marked eutrophication) than in other
coastal lagoons, such as Laguna de Las Salinas where the
mean concentration was 14.0 ug/L (Soler-Lopez and others,
2005). Chlorophyll a concentrations ranged between 14.0 and
23.0 ug/L in Laguna San José, and the mean concentration
was about 26.0 ug/L in Laguna de Pifiones (Soler-Lopez and
Santos, 2010; U.S. Geological Survey, 2021).
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Figure 14. Monthly total nitrogen concentrations in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico,

April 2010 to June 2011.
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Figure 15. Monthly total phosphorus concentrations in the main waterbody of Levittown Lake, Toa Baja, Puerto
Rico, April 2010 to June 2011.

Table 5. Total phosphorus concentration at Levittown Lake
stations, Toa Baja, Puerto Rico, April 2010 to June 2011.

[All concentrations as total phosphorus (P), in milligrams per liter]

Sampling date

Total phosphorus

Levittown Lake

Levittown Lake

No.1 No.3
(50046515) (50046525)

April 22,2010 0.1395 0.1674
June 2, 2010 0.2320 0.1734
July 8, 2010 0.1708 0.1205
August 4, 2010 0.2347 0.1753
September 22, 2010 0.0690 0.1691
October 14, 2010 0.2256 0.1187
November 16, 2010 0.3452 0.1643
December 29, 2010 0.1138 0.0957
January 27, 2011 0.2205 0.1572
March 2, 2011 0.2265 0.2134
April 6,2011 0.2065 0.1309
June 8, 2011 0.2831 0.1467
Average 0.2060 0.1530

Turbidity

Turbidity caused by suspended colloidal particles is a
measure of water clarity. The amount of total suspended solids
in water is inversely related to clarity and directly related to
measured turbidity. High concentrations of particulate mat-
ter can reduce light penetration and can lead to rapid siltation
of shallow lakes and bays, effectively smothering benthic
habitats.

Turbidity was measured at Levittown Lake Nos. 1
and 3 to account for runoff entering the main waterbody of
the lake. Turbidity at Levittown Lake No. I ranged from
3.35 to 15.60 nephelometric turbidity units, measured in
December 2010 and August 2010, respectively. At Levittown
Lake No. 3, turbidity ranged from 3.15 to 14.90 nephelo-
metric turbidity units, as measured during November 2010
and January 2011, respectively (fig. 17, table 7). No major
differences are observed when comparing the turbidity values
between Levittown Lake No. 1 and Levittown Lake No. 3
throughout the period of water samplings except for the tur-
bidity measured in August 2010.
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Figure 16. Monthly chlorophyll a concentrations in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico,

April 2010 to June 2011.

Table 6. Chlorophyll a concentration at Levittown Lake stations,
Toa Baja, Puerto Rico, April 2010 to June 2011.

[Del, sample damaged. All concentrations are in micrograms per liter]

Sampling date

Chlorophyll a

Levittown Lake

Levittown Lake

No.1 No.3
(50046515) (50046525)

April 22,2010 Del Del
June 2, 2010 3.05 14.8
July 8, 2010 25.22 28.33
August 4, 2010 14.33 Del
September 22, 2010 10.27 212.42
October 14, 2010 20.44 39.57
November 16, 2010 20.99 47.51
December 29, 2010 39.04 38.14
January 27, 2011 67.24 44.85
March 2, 2011 47.83 18.59
April 6, 2011 81.37 80.19
June 8, 2011 71.26 124.84
Average 36.46 64.92

Biological Characteristics

Primary productivity, phytoplankton biomass, and fecal
indicator bacteria concentrations in the lake were determined
to characterize biotic conditions within its aquatic ecosystem.
Levittown Lake appears to be eutrophic, with high primary
productivity, and it constitutes an important food supply for
primarily aquatic organisms. Fecal indicator bacteria were
present in relatively high concentrations near developed areas
compared to concentrations at the center of the lake.

Phytoplankton Net Primary Productivity,
Plankton Respiration, and Plankton Gross
Productivity

Light and dark bottle primary productivity measurements
were made to determine the net primary productivity by phy-
toplankton, plankton respiration, and gross primary produc-
tivity. An uncertainty associated with the method in which
primary productivity is calculated is the effect of the incuba-
tion time, which is based on the early hours only; therefore,
the representativeness of the results to the full diurnal cycle
is not clear. This method also assumes that the conditions
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Table 7. Turbidity at Levittown Lake stations, Toa Baja, Puerto
Rico, April 2010 to June 2011.

[All values are in nephelometric turbidity units]

Levittown Lake Levittown Lake

Sampling date No. 1 No.3
(50046515) (50046525)

April 22,2010 8.11 11.3
June 2, 2010 11.00 8.95
July 8, 2010 6.40 7.36
August 4, 2010 15.60 9.96
September 22, 2010 3.86 3.66
October 14, 2010 4.61 4.69
November 16, 2010 4.19 3.15
December 29, 2010 3.35 4.74
January 27, 2011 14.40 14.90
March 2, 2011 5.44 435
April 6,2011 5.04 3.65
June 8, 2011 6.84 6.40
Average 7.40 6.93

controlling phytoplankton production and respiration in

the bottles are the same as those outside, and this particular
study only provides primary productivity measurements on

a monthly basis. Table 8 summarizes the primary productiv-
ity results obtained using the light and dark bottle method at
Levittown Lake Nos. 1 and 3. The DO concentrations shown
in table 8 represent the average of two titrations for each of the

Monthly turbidity values in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico, April 2010 to

two light bottles and the average of two titrations for each of
the two dark bottles. Therefore, each individual initial oxygen,
light bottle oxygen, and dark bottle oxygen value presented in
table 8 is the average of four separate titrations. Analyses of
high initial DO concentration and saturation values are seldom
used in primary productivity calculations, because when water
is supersaturated, oxygen production over time is minimal or
does not occur. In the case of Levittown Lake, data were not
excluded because DO concentrations increased, indicating net
primary production.

Given that rates of DO production and consumption are
measures of photosynthesis and respiration, results of the light
and dark bottle primary productivity studies indicate that the
plankton community in Levittown Lake is very productive.
The phytoplankton yielded an average net productivity of
0.50 milligram of oxygen per liter per hour (mgO,/L-h) for
both sites (Levittown Lake Nos. 1 and 3), and the plankton
yielded an average respiration rate of 0.39 mgO,/L-h (table 8).
The average plankton gross productivity was 0.89 mgO,/L-h
(0.50 + 0.39 = 0.89).

Multiplying the hourly net productivity of grams of
oxygen per cubic meter (0.5 gO,/m?) by 0.375 provides an
estimate of the net organic C produced (Fox, 2000). Therefore,
phytoplankton in the lake water column had an estimated
hourly net organic C production of about 0.19 gram of carbon
per cubic meter (gC/m?3). By comparison, the net productivity
in Levittown Lake was greater than other values observed for
coastal upwelling zones (Sverdrup and others, 1942), where
nutrient-rich waters move upward by currents and wind and
are considered to be very productive. In addition, the net pro-
ductivity for Levittown Lake was also three times the hourly
net production of 0.06 gC/m? calculated for Laguna de las



Salinas (Soler-Lopez and others, 2005), and about five times
that of Laguna Grande (0.04 gC/m?) in Fajardo, Puerto Rico
(Soler-Lépez and Santos, 2010).

Community Net Primary Productivity,
Respiration, and Gross Productivity

Diel studies were conducted in the lake to estimate the
community net primary productivity, the respiration rate,
and the gross productivity. Data associated with this study
(Soler-Lopez, 2022) summarize the DO concentrations for
diel studies on November 18, 2010, and May 18, 2011, at
Levittown Lake Nos. 1, 2, and 3, along with temperature,
pH, specific conductance, and salinity data. Figure 18 shows
dissolved oxygen concentrations at Levittown Lake Nos. 1,

2 and 3 collected during the diel studies. The results showed
that the dissolved oxygen concentration curves generated
from the diel studies differed from the typical diurnal curve,
which is characterized by increased DO concentrations during
the daylight hours (caused by photosynthesis-driven process)
and decreasing DO concentrations during the nighttime hours
when community respiration predominates. For example,

on November 18, 2010, DO concentration and saturation at
Levittown Lake No. 1 gradually decreased until approxi-
mately 8:00 a.m., increased markedly after 9 a.m., reached a
maximum at about 11:00 a.m., decreased at 12:00 p.m., and
increased again steadily until about 2:00 p.m. (fig. 184). DO
concentrations started decreasing again at 5:00 p.m. when
respiration became more active (fig. 184).

Although both diel studies were initiated before dawn and
terminated after sunset, the information needed to determine
usable estimates for community productivity is not available.
The diel oxygen data and subsequent calculations of com-
munity net primary productivity, respiration rate, and gross
productivity have associated uncertainties and limitations for
the following reasons:

1.. A complete 24-hour diurnal cycle would be necessary to
use the diel method (Odum, 1956), which is based on the
analysis of the changes in DO concentrations that occur
during daylight (production of DO) and night (consump-
tion of DO is more active) hours.

2..Initial oxygen concentrations were extremely high, on
the order of 8-19 mg/L; therefore, results could have
been impractical if the expected diurnal pattern of pro-
ductivity could not be determined.

3..All bottom dissolved oxygen concentrations were
0 mg/L, indicating anoxic conditions, which suggested
no substrate oxygen production by benthic communities.

4..Such extreme oxygen concentration conditions were
documented only twice during the study and thus cannot
be considered representative of the metabolic condi-
tions of the lake, contrary to the conditions documented
during approximately monthly samplings, which are
considered more representative.
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The stations used for the diel study (Levittown Lake Nos.
1, 2, and 3) were located at the deepest parts of the lake to
compare the diel results with the light and dark bottle pro-
ductivity. At these stations, water transparency measurements
indicated that sunlight did not reach the lake bottom; therefore,
benthic oxygen-producing organisms are considered nonex-
istent in these deep areas. Benthic primary producers must be
located at areas of the lake where water depths are about 1.4 m
according to Secchi disk water transparency measurements
(mean 46 cm). Based on the bathymetric map of Levittown
Lake (fig. 3), benthic oxygen-producing organisms should be
located along the entire littoral zone of the lake and in an area
northeast of Levittown Lake No. 1.

Other uncertainties or challenges associated with the
analysis of the collected DO concentration measurements
during diel studies are related to components such as solar
radiation, vertical and horizontal mixing, and the air-water
exchange. Although the analysis of these factors is beyond
the scope of the study, future studies may consider combin-
ing this method with others that allow (1) the effect of solar
radiation to be integrated, (2) the continuous monitoring of
DO concentrations rather than collecting only 2 days of data,
and (3) the installation of sensors at different depths. To assess
how representative the diel study made at Levittown Lake is,
the solar radiation that was recorded on the day of primary
production measurements was compared with the mean solar
radiation that could typically be expected for a given day of
the year (fig. 19). To this end, the average solar radiation for a
given day of the year was calculated using the time-series data
for daily solar radiation for the period from January 1, 2010,
to December 31, 2017 (PRAGWATER, 2020). The results
indicated that solar radiation input during the dates of the diel
studies and light and dark bottle water samplings is mostly
representative of the corresponding solar radiation input
expected for those days of the year. Some exceptions occurred
during the diel study conducted in May 2010 and during a few
light and dark bottle water samplings.

Phytoplankton Biomass

Phytoplankton biomass is defined as the mass or weight
of photosynthetic organisms present in the water column
per unit area or volume at a given instant in time (Wetzel,
2001) and is synonymous with phytoplankton standing
crop. Phytoplankton biomass (B) was determined in the
lake at Levittown Lake Nos. 1 and 3, where light and dark
bottle primary productivity measurements were made from
April 2010 to June 2011 (fig. 2, table 1). The phytoplankton
biomass at the two stations in the lake ranged from 6.0 mg/L
on June 2, 2010, to 112.5 mg/L on September 22, 2010
(fig. 20, table 9). The spike in biomass at Levittown Lake No.
3 in September 2010 led to an analysis of this phytoplankton
sample compared to the other samples. The average phyto-
plankton biomass between April 2010 and June 2011 was
19.05 mg/L, which is equal to 19.05 grams per cubic meter.
Based on Secchi disk data (mean depth of 46 cm) and the



Table 8. Primary productivity results obtained by the light and dark bottle method at Levittown Lake stations, Toa Baja, Puerto Rico, April 2010 to June 2011.

[All dissolved oxygen values are in milligrams per liter. All productivity and respiration rates are in milligrams of oxygen per liter per hour. DO sat., dissolved oxygen saturation, in percent; OI, initial oxygen;
OL, light bottle oxygen; OD, dark bottle oxygen; GP, gross productivity; NP, net productivity; R, respiration; IT, incubation time, in hours. Values in bold are at or near saturation]

Month DO sat. ol oL oD GP NP R IT GP rate NP rate R rate
Levittown Lake No. 1(50046515)
22-Apr-10 70 4.8 6.2 3.95 2.25 1.4 0.85 4 0.56 0.35 0.21
2-Jun-10 21 1.6 2.9 1.5 1.4 1.3 0.1 4 0.35 0.33 0.03
8-Jul-10 60 4.5 6.7 4.65 2.05 22 -0.15 4 0.51 0.55 -0.04
4-Aug-10 24 1.8 1.6 0.9 0.7 -0.2 0.9 4 0.18 -0.05 0.23
22-Sep-10 49 3.7 5.68 3.5 2.18 1.98 0.2 4.17 0.52 0.47 0.05
14-Oct-10 40 3 3.85 2.6 1.25 0.85 0.4 3.67 0.34 0.23 0.11
16-Nov-10 93 7.4 9.9 6.7 3.2 2.5 0.7 35 0.91 0.71 0.2
29-Dec-10 89 7.4 8.2 6.6 1.6 0.8 0.8 3 0.53 0.27 0.27
27-Jan-11 53 4 7.25 3.9 3.35 3.25 0.1 3 1.12 1.08 0.03
2-Mar-11 58 4.2 4.85 4.3 0.55 0.65 —0.1 35 0.16 0.19 —0.03
6-Apr-11 220 16 17 3.4 13.6 1 12.6 3.42 3.98 0.29 3.68
8-Jun-11 76 6 7.2 6 1.2 1.2 0 3 0.4 0.4 0
Average 71 5.37 6.78 4 2.78 1.41 1.37 3.6 0.8 0.4 0.39
Levittown Lake No. 3 (50046525)

22-Apr-10 91 6.4 5.6 3.7 1.9 -0.8 2.7 3.83 0.5 -0.21 0.7
2-Jun-10 38 29 8.6 1.8 6.8 5.7 1.1 4 1.7 1.43 0.28
8-Jul-10 106 7.8 9.75 6.8 2.95 1.95 1 4 0.74 0.49 0.25
4-Aug-10 44 32 4.8 2.7 2.1 1.6 0.5 4 0.52 0.4 0.13
22-Sep-10 55 4.2 7 4 3 2.8 0.2 3.25 0.92 0.86 0.06
14-Oct-10 137 10.4 12.5 8.1 4.4 2.1 2.3 3.67 1.2 0.57 0.63
16-Nov-10 141 11.1 12.73 9.6 3.13 1.63 1.5 4.78 0.65 0.34 0.31
29-Dec-10 79 6.5 7.4 9.6 4 0.9 3.1 3.25 1.23 0.28 0.95
27-Jan-11 72 5.4 3.3 4.4 3.9 2.9 1 3 1.3 0.97 0.33
2-Mar-11 66 4.9 5.8 44 1.4 0.9 0.5 3.25 0.43 0.28 0.15
6-Apr-11 111 8 11 6.6 4.4 3 1.4 3.25 1.35 0.92 0.43
8-Jun-11 146 11.4 14 10 4 2.6 1.4 3 1.33 0.87 0.47
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Average 90 6.85 8.96 5.46 3.5 2.11 1.39 3.61 0.99 0.6 0.39
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Figure 18. Dissolved oxygen concentration for November 18, 2010, at Levittown Lake stations in
Levittown Lake, Toa Baja, Puerto Rico.
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defined vertical extent of the euphotic zone, the productive
layer of the lake had a water volume of 366,000 m3. Therefore,
the lake contained a phytoplankton biomass of approximately
6.9 tons.

Fecal Indicator Bacteria

Microorganisms such as fecal coliform bacteria can be
used to indicate the presence of human and animal waste in a
waterbody. Because coliform bacteria cannot live for pro-
longed periods outside a host organism, a positive test result
indicates recent fecal contamination or inadequate sewage
treatment

Potential sources of fecal contamination in the lake are
(1) sewage overflows from sewer mains located along the east-
ern shore of Levittown Lake, (2) illegal connections between
sewer and storm drains that may have been created in the early
1960s during construction of the Levittown community when
regulations were either absent or not enforced, and (3) feces
from large populations of green iguanas, pets, and other fauna
that inhabit the surrounding lakeshore.

The PREQB fecal coliform standard for Class SB waters
specifies that the geometric mean concentration of at least five
samples collected sequentially should not exceed 200 colonies

Hydrology, Water Quality, and Biological Characteristics of Levittown Lake, Toa Baja, Puerto Rico

per 100 milliliters (col/100 mL), and not more than 20 percent
of the samples should exceed 400 col/100 mL (Puerto Rico
Environmental Quality Board, 2014). The regulations do not
specify a time period during which the sequential samples
must be obtained.

Fecal coliform concentrations exceeded the 200 col/100
mL PREQB standard at all stations during all samplings
except for the sample collected on March 2, 2011, at
Levittown Lake No. 5, near the mouth of the inlet/outlet chan-
nel, when fecal coliform concentrations were 10 col/100 mL
(fig. 21). This very low concentration coincided with floodtide
flow conditions and does not represent water from the lake
itself but rather incoming seawater.

The highest fecal coliform concentrations observed
during this study were at Levittown Lake No. 7 at the run-
off channel, where the fecal bacteria concentrations greatly
exceeded the 200 col/100-mL standard, with the lowest con-
centration being 20,000 col/100 mL. The second most affected
area of the lake was at Levittown Lake No. 2, in the middle of
the main waterbody of the lake, where concentrations ranged
between 200 and 260,000 col/100 mL. Levittown Lake No. 5,
at the inlet/outlet channel, was least affected by fecal contami-
nation, probably because of the diluting effect of seawater
influx driven by daily changes in tide.
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Figure 19. Daily mean solar radiation values during the year, computed from the period of January 1, 2010, to December 31,

2017, over the area of Levittown Lake, Toa Baja, Puerto Rico, and actual solar radiation values recorded during the diel studies
and light and dark bottle water samplings conducted between April 2010 and June 2011.
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Table 9. Phytoplankton biomass at Levittown Lake stations, Toa
Baja, Puerto Rico, April 2010 to June 2011.

Date

Biological Characteristics

EXPLANATION

—@— Levittown Lake No. 1

Levittown Lake No. 3

Monthly biomass concentrations in the main waterbody of Levittown Lake, Toa Baja, Puerto Rico,
April 2010 to June 2011.

[All concentrations are in milligrams per liter. Del, sample damaged]

Sampling date

Phytoplankton biomass

Levittown Lake

Levittown Lake

No. 1 No.3
(50046515) (50046525)

April 22,2010 Del Del
June 2, 2010 11.0 6.0
July 8, 2010 13.2 22.4
August 4, 2010 223 Del
September 22, 2010 7.5 112.5
October 14, 2010 9.3 11.0
November 16, 2010 12.5 9.8
December 29, 2010 8.0 7.8
January 27, 2011 27.7 29.0
March 2, 2011 13.3 13.3
April 6,2011 14.2 14.2
June 8, 2011 15.1 15.1
Average 14.0 24.1
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Figure 21. Monthly fecal coliform concentrations at selected stations in the Levittown Lake study area, Toa Baja, Puerto

Rico, April 2010 to June 2011.

Summary and Conclusions

Levittown Lake is a 30-hectare, man-made brackish lake
located in the municipality of Toa Baja, on the northern coast
of Puerto Rico just west of San Juan. The lake was created
to drain the marshland over which the Levittown community
was built. Levittown Lake is surrounded by densely popu-
lated areas to the north, east, and south, and is bordered by an
extensive vegetated buffer zone to the west. A 1.6-kilometer
inlet/outlet channel connects the lake to the Rio Cocal and
ultimately to the Atlantic Ocean. The U.S. Geological Survey,
in cooperation with the Puerto Rico Department of Natural
and Environmental Resources, collected and evaluated hydro-
logic, water-quality, and biological data from April 2010 to
June 2011 to characterize the water quality of Levittown Lake
and to establish a baseline for its management as a coastal
environmental resource.

Although Levittown Lake was initially intended to be a
drainage system for Levittown, the results from the charac-
terization of water-quality and biological properties indicate
that the lake functions as an aquatic ecosystem that supports
a trophic chain. With its inlet/outlet channel connecting the
lake to the ocean, Levittown Lake may be operating as a typi-
cal coastal lagoon by exporting organic matter to the ocean,
supporting the food chain, and removing carbon dioxide from
the atmosphere. Levittown Lake may have become an integral
part of the nearby coastal resources as an important ecological
component and carbon dioxide filter in the middle of a heavily
developed and populated zone.

Historical rainfall data collected 9 kilometers southeast
of the study area indicate that the rainfall data collected in the
study area during 2010 was greater than the corresponding

long-term monthly means for the area. Tidal oscillations
within the lake were about 10 centimeters regardless of ocean
tides. During normal wind and tide conditions, the estimated
daily flushing rate for the lake is about 2 percent of its water
volume, which corresponds to a flushing rate of once every
48 days or about 7.6 times per year. A bathymetric survey
indicated that Levittown Lake has a water volume of approxi-
mately 1.35 million cubic meters. At the time of this study,
the maximum depth of the lake bottom was about 8 meters
(m) below mean sea level and the mean depth was about 5 m
below mean sea level.

With some exceptions, the physical and chemical proper-
ties of the water in Levittown Lake generally were found to be
in compliance with Puerto Rico Environmental Quality Board
(PREQB) Class SB regulatory standards. The lake exhibited
temporal rather than areal variations in water temperature and
marked vertical stratification within the main waterbody. The
top water-column temperatures ranged from about 23.6 to
31.4 °C, and the bottom water-column temperatures ranged
from 26.9 to 29.8 °C. The pH at the lake surface ranged from
7.3 to 9.1, with the upper value exceeding PREQB standards
(8.3-9.1). Dissolved oxygen concentrations at the lake surface
ranged from 0.1 to 12.9 milligrams per liter (mg/L) and varied
areally and temporally, with dissolved oxygen concentrations
diminishing with increasing depth . Bottom dissolved oxygen
concentrations were always below the PREQB regulatory
standards (5 mg/L), indicating that the lake bottom is barren
and supports no aquatic plant growth.

Specific conductance and salinity in the main waterbody
of the lake varied temporally and vertically, but not areally,
and these variations were directly associated with coastal tides
and rainfall runoff. Specific conductance and salinity at the



top of the water column were always lower than at the bot-
tom, indicating marked vertical stratification, and these values
varied temporally, with lower values associated with increased
rainfall. Water transparency was consistently low, with all
Secchi disk depth readings being less than 65 centimeters in
this lake of mean 5-m depth.

Total nitrogen and total phosphorus concentrations were
below the PREQB standards of 5 and 1 mg/L, respectively.
Total N concentrations ranged from 0.61 to 2.36 mg/L, with
a mean of about 1.42 mg/L at the Levittown Lake No. 1 sta-
tion. Of the N species present in Levittown Lake, organic N
composed about 68 percent of the total N, ammonium com-
posed 27 percent, and nitrate and nitrite collectively composed
the remaining 5 percent. Total P concentrations ranged from
0.07 to 0.34 mg/L, with a mean of 0.18 mg/L. The aver-
age concentration of chlorophyll a ranged from about 3.05
to 212.4 micrograms per liter, with a mean concentration of
50.7 micrograms per liter.

Primary productivity measurements were made using
the light and dark bottle method at about monthly intervals
between April 2010 and June 2011 during the morning hours.
Because these measurements were restricted to the morning
hours, a qualification of the representativeness of the results to
the full diurnal cycle is necessary. The average phytoplankton
net primary productivity was about 0.5 gram of oxygen per
cubic meter per hour, the plankton respiration rate was about
0.39 gram of oxygen per cubic meter per hour, and the mean
hourly plankton gross productivity was 0.89 gram of oxygen
per cubic meter. The rate of net organic carbon production
in Levittown Lake was high, about 0.19 gram of carbon per
cubic meter.

The average phytoplankton biomass values in Levittown
Lake ranged from 6.0 to 112.5 mg/L. Levittown Lake is
estimated to have contained a phytoplankton biomass of about
6.9 tons during the study period. The computation of commu-
nity net primary productivity, respiration, and gross productiv-
ity was planned through the assessment of the diurnal pat-
terns in dissolved oxygen concentration; however, conditions
during the diel studies limited the ability to assess community
metabolism.

Fecal indicator bacteria samples were collected at
about monthly intervals during the study at three locations.
Fecal coliform bacteria concentrations ranged from 10 to
1,540,000 colonies per 100 milliliters, which exceeded the
PREQB standard of 200 colonies per 100 milliliters at most
of the sampling stations, particularly in the runoff channel and
main waterbody.

The data obtained from this study will provide stake-
holders and managers with a holistic perspective of the
local hydrology and its relation to water-quality conditions
in Levittown Lake. Water-quality conditions could possi-
bly improve substantially if the flushing rate of the lake is
increased by redirecting seawater flood flow into the lake or
by widening the inlet/outlet channel to allow more sea-
water flow.
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