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2. Water Quality
2.1.

Overview

Some water quality parameters vary as a function of time or tide, others vary by depth, and still others change slowly with
the seasons or do not have a consistent pattern of change. Despite these variations, similarities exist within segments of the
mainstem of the LSJRB as well as among and within each tributary.
To identify characteristically similar segments in each separate water body, a unique water body identifier (WBID) number
is assigned to each water body in the State. WBIDs offer an unambiguous method of referencing waterbodies within the
State of Florida. The mainstem of the LSJRB is divided into multiple segments, WBIDs 2213A through 2213N, that range
from marine to freshwater systems. The section we refer to as marine/estuarine in this report spans from the mouth at WBID
2213A to WBID 2213H, which contains Doctors Lake. The freshwater region extends from WBID 2213I upstream to WBID
2213N at the confluence of the Ocklawaha River (Figure 2.1).
The Clean Water Act mandates that each water body, each WBID, must be assessed for impairments for its stated uses. The
LSJR is a Florida Class III water body with designated uses of recreation, propagation, and maintenance of a healthy, wellbalanced population of fish and wildlife. If a water body is determined to be impaired for its designated uses, a Total
Maximum Daily Load (TMDL) must be established to set maximum allowable levels of pollutants that can be discharged
into it that will allow it to achieve water quality standards.
In certain cases, the type and character of a water body may make it necessary to establish a special criterion for assessing
the water quality of that water body. Florida’s water quality standards also provide that a Site-Specific Alternative Criterion
(SSAC) may be established, where that alternative criterion is demonstrated, based on scientific methods, to protect existing
and designated uses for a particular water body. As discussed in the background section and below, such criteria have been
established and approved for dissolved oxygen (DO) in the predominantly marine portion of the LSJRB and during certain
times of the year when sensitive species may be present.
The water quality of each segment of a river or tributary is strongly impacted by the land use surrounding the water body.
Thus, the segments and tributaries of the LSJR vary in water quality impacts from agricultural, industrial, urban, suburban,
and rural land uses. Often, different parts of the same stream will have changes in water quality that reflect changes in land
use, industry, and population along it. Identifying sources of nutrients or pollutants in the watershed of an impaired water
body is part of the TMDL process and of the amount of pollutants discharged by each of these sources must be quantified.
Sources of pollutants are broadly classified as either “point sources” or “nonpoint sources.” Historically, point sources are
defined as discharges that typically have a continuous flow via a specific source, such as a pipe. Domestic and industrial
wastewater treatment facilities (WWTFs) are examples of point sources. Point sources are registered and permitted under
the EPA’s National Pollutant Discharge Elimination System (NPDES) program. Changes to the Clean Water Act made in
1987 included a redefinition that added stormwater and drainage systems, which were previously considered nonpoint
sources under the permitted NPDES program. The term “nonpoint sources” has been used to describe other intermittent,
often rainfall-driven, diffuse sources of pollution, including runoff from urban land uses, runoff from agriculture, runoff
from tree farming (silviculture), runoff from roads and suburban yards, discharges from failing septic systems, and even
atmospheric dust and rain deposition. The Florida Legislature created the Surface Water Improvement and Management
program (SWIM) as a way to manage and address nonpoint pollution sources. The program is outlined in DEP 2008c.
The required TMDL process for impaired waters considers and can require reductions to both these pollution source types
in order to achieve water quality goals. For more about Florida’s Watershed Management approach, see DEP 2010i In
addition, a description of the Basin Management Action Plan (BMAP), which details actions to be taken in a specific basin,
can be found at DEP 2010b. The status of Northeast District BMAP plans can be found at DEP 2013e.
The LSJRB mainstem BMAP was completed in 2008 (DEP 2008a), and a 5-year progress report on meeting the TMDL for
nutrients was recently released in 2014 (DEP 2014a). There have been two BMAPs completed for a total of 25 tributaries in
the lower basin (DEP 2009b; DEP 2010a) and Phase 2 updates completed in 2016 (DEP 2016f; DEP 2016d).
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2.2.

Dissolved Oxygen

2.2.1.

Description and Significance: DO and BOD

DO is defined as the concentration of oxygen that is soluble in water at a given altitude and temperature (Mortimer 1981).
The concentration of oxygen dissolved in water is far less than that in air; therefore, subtle changes may drastically impact
the amount of oxygen available to support many aquatic plants and animals. The dynamics of oxygen distribution,
particularly in inland waters, are essential to the distribution, growth, and behavior of aquatic organisms (Wetzel 2001).
Many factors affect the DO in an aquatic system, several of them natural. Temperature, salinity, sediments and organic
matter from erosion, runoff from agricultural and industrial sources, wastewater inputs, and excess nutrients from various
sources may all potentially impact DO. In general, the more organic matter in a system, the less dissolved oxygen available.
DO levels in a water body are dependent on physical, chemical, and biochemical characteristics (Clesceri 1989).
As discussed in Section 1, the St. Johns River is classified as a class III water body by the State of Florida. Until 2013, the
class III Freshwater Quality Criterion (WQC) for DO has been 5.0 mg/L (62-302.530, F.A.C.; DEP 2013l), requiring that
normal daily and seasonal fluctuations must be maintained above 5.0 mg/L to protect aquatic wildlife. The predominantly
freshwater part of the LSJR extends north from the city of Palatka to the mouth of Julington Creek. The Florida DEP
developed site specific alternative criteria (SSAC) for the predominantly marine portion of the LSJR between Julington
Creek and the mouth of the river which requires that DO concentrations not drop below 4.0 mg/L. DO concentrations
between 4.0 and 5.0 mg/L are considered acceptable over short time periods extending up to 55 days, provided that the DO
average in a 24-hour period is not less than 5.0 mg/L (DEP 2010c).
In April, 2013, the U.S. EPA approved new DO and nutrient related water quality standards to be adopted by the Florida
Environmental Regulation Commission (ERC). The revisions approved by the U.S. EPA include “revised statewide marine
and freshwater DO criteria, anti-degradation considerations regarding any lowering of DO, protection from negative trends
in DO levels, the inclusion of total phosphorus, total nitrogen, and chlorophyll a criteria for the Tidal Peace River, among
other provisions relating to DO and nutrients”. The State's revisions also require the protection of several federally listed
threatened and endangered species, including three sturgeon and one mussel species.
Under the new revisions, in predominantly freshwaters of the SJR in the Peninsula bioregion, the DO should not be less
than 38 percent saturation, which is equivalent to approximately 2.9 mg/L at 30°C and 3.5 mg/L at 20°C (DEP 2013d).
Additionally, in the portions of the LSJR inhabited by Shortnose or Atlantic Sturgeon, the DO should not be below 53
percent saturation, which is equivalent to approximately 4.81 mg/L at 20°C, during the months of February and March.
After much assessment, the FDEP supported that maintaining the 5.0 mg/L minimum DO criterion in the location where
spawning would occur should "assure no adverse effects on the Atlantic and shortnose sturgeon juveniles."
For predominantly marine waters, minimum DO saturation levels shall be as follows:
“1. The daily average percent DO saturation shall not be below 42 percent saturation in more than 10 percent of the values; 2.
The seven-day average DO percent saturation shall not be below 51 percent more than once in any twelve week period; and 3.
The 30-day average DO percent saturation shall not be below 56 percent more than once per year.”
For more information, please refer to the U.S. EPA decision document (EPA 2013b).
Additionally, seasonal limits for Type 1 SSAC were implemented in February 2014 for certain areas of the LSJR, where the
default criteria in Rule 62-302.530, F.A.C. would apply during the other times of the year. For the Amelia River, the segment
between the northern mouth of the river and the A1A crossing, a SSAC for DO has been set to 3.2 mg/L as a minimum
during low tide from July 1st through September 30th, and not below 4.0 mg/L during all other conditions. Likewise, Thomas
Creek (including tributaries from its headwaters to the downstream predominantly marine portion) has a SSAC for DO of
2.6 mg/L, with no more than 10 percent of the individual DO measurements below 1.6 mg/L on an annual basis.
In this year’s report, we used the 30-d average DO percent saturation value of 56%, which is the most conservative, as a
reference value to compare to the data from the marine/estuarine portion of the LSJR. This value is equivalent to
approximately 5.09 mg/L at 20°C and 4.28 mg/L at 30°C.
Biochemical oxygen demand (BOD) is an index of the biodegradable organics in a water body (Clesceri 1989). Simply, it is
the amount of oxygen used by bacteria to break down detritus and other organic material at a specified temperature and
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duration. Higher BOD is generally accompanied by lower DO. The EPA suggests that the BOD not exceed values that cause
DO to decrease below the criterion, nor should BOD be great enough to cause nuisance conditions (DEP 2013l).
Growth of bacteria and plankton requires nutrients such as carbon, nitrogen, phosphorus, and trace metals, in varying
amounts. Nitrogen and phosphorus, in particular, may contribute to the overgrowth of phytoplankton, periphyton, and
macrophytes, which then in turn senesce. Therefore, nutrient inputs into the river can increase the BOD, thereby decreasing
the DO. Phytoplankton population responses to the increased nutrients in a system may be only temporary. However, if
nutrient inputs are sustained for long periods, oxygen distribution will change, and the overall productivity of the water
body can be altered (Wetzel 2001).
2.2.2.

Factors that Affect DO and BOD

DO reaches 100% saturation when an equilibrium between the air and water is reached. However, many factors can
influence DO saturation, namely temperature, salinity, biological activity, and vertical location in the water column.
As temperature increases, the solubility of oxygen decreases (Mortimer 1981). Biological activities, such as respiration,
microbial decomposition, and photosynthesis also influence DO saturation and are also affected by temperature. Warmer
temperatures increase respiration and microbial decomposition in aquatic organisms, which are processes that require
oxygen, and thus lowers the DO (Wetzel 2001). Warmer temperatures also increase metabolism and production of bacteria
and phytoplankton which contribute to a higher BOD and a lower DO. Alternatively, the process of photosynthesis adds
oxygen (as a waste product) into the water (Wetzel 2001). Photosynthesis can contribute to supersaturation of a water body
potentially bringing the DO above 100% saturation, particularly during daytime hours in photosynthetically active water
bodies.
Shallow areas and tributaries of the LSJR that are without shade have particularly elevated temperatures in the summer
months and can reach 100% saturation at a lower DO concentration. Therefore, DO concentration decreases during those
times. The DO changes are compounded in waters with little movement, so turbulence is also a pertinent parameter in the
system. Turbulence causes more water to contact the air and thus more oxygen mixes and diffuses into the water from the
atmosphere.
Salinity is another factor that affects DO concentrations in the LSJRB. Increasing salinity reduces oxygen solubility causing
lower DO in aquatic systems. At a constant temperature and pressure, normal seawater has about 20% less oxygen than
freshwater (Green and Carritt 1967; Weiss 1970). Factors influencing DO, such as increasing temperatures and BOD, will
be compounded in saltwater as compared to freshwater.
Furthermore, productivity and sediment type can also influence the DO concentration. DO usually exhibits a diurnal (24hour) pattern in eutrophic or highly productive aquatic systems. This pattern is the result of plant photosynthesis during
the day, which produces oxygen; such that the maximum DO concentration will be observed following peak productivity,
often occurring just prior to sunset. Conversely, at night, plants respire and consume oxygen, resulting in an oxygen
minimum, which often occurs, just before sunrise (Laane, et al. 1985; Wetzel and Likens 2000). The LSJR is highly
productive; however, as discussed above, it is a blackwater river, and photosynthesis by submerged aquatic vegetation is
limited. In addition to the diurnal DO cycle described, bacterial oxygen demand generally dominates following algal
blooms due to decomposition processes and is present both during the day and the night.
Trophic state is an indicator of the productivity and balance of the food chain in an ecosystem. A good discussion of trophic
state is found on the website of the Institute of Food and Agricultural Sciences at the University of Florida (IFAS 2009).
High TSI values can indicate high primary (plant) productivity; however, these values can also be indicative of an
unbalanced ecosystem, with increased nutrients and algal biomass, which can result in large fluctuations in DO.
2.2.3.

Data Sources

All data used for the DO and BOD analyses were from the Florida DEP STOrage and RETrieval (STORET) database through
June 2017, and data were retrieved from the EPA Water Information Network (WIN) data base from July 2017 to the present.
STORET and WIN are computerized environmental data systems containing water quality, biological, and physical data.
From the data sets, negative values were removed. Values designated as present below the quantitation limit (QL) were
replaced with the “actual value” if provided or replaced with the average of the method detection limit (MDL) and practical
quantitation limit (PQL) if the “actual value” was not provided. For “non-detect” values, half the MDL was used; and, for
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values designated as “zero” the MDL was used. All samples with qualifier codes K, L, O, Q, or Y, which indicate different
data quality issues, were eliminated from the STORET data file. Data designated with a matrix of “ground water,” “surface
water sediment,” “stormwater,” or “unknown” were also removed. Records with no analytical procedure listed were also
removed. This section examines the data from the freshwater part of the mainstem (WBID 2213I-N), the predominantly
saltwater part of the mainstem (WBID 2213A-H), the entire LSJRB (Figure 2.1) and the tributaries (discussed more in Section
2.8).
Data are presented in box and whisker plots, which consist of a five-number summary including: a minimum value; value
at the first quartile; the median value; the value at the third quartile; and the maximum value. The size of the box is a
measure of the spread of the data with the minimum and maximum values indicated by the whiskers. The median value is
the value of the data that splits the data in half and is indicated by the horizontal blue line in the center of the boxes. The
data also are presented as annual mean value ± standard deviation and compared to the designated reference values.
2.2.4.

Limitations

The time of day in which water quality is measured can strongly influence the result due to the diurnal pattern of DO.
Additionally, some of the more historic data lacks pertinent corresponding water quality characteristics, such as tides,
which may have impacted the measurements.
2.2.5.

Current Status and Trends

Figure 2.2 shows median DO concentrations and the range of the DO values measured in the LSJR. Median DO values have
fluctuated between 60 and 85 percent of saturation in the entire LSJR since 2005. Median values and most of the data were
above the water quality criteria values in the LSJR mainstem since 2005 (Figure 2.2). Median DO values in the tributaries
dipped below the water quality criterion in marine/estuarine waters in 2011 and 2012 and have steadily increased above
the criterion since then (Figure 2.2B). While most of the data have been above the water quality criteria values since 2016 in
the tributaries, minimum DO concentrations have been below the criteria since 2005 (Figure 2.2). Figure 2.3 shows annual
mean DO values and trendlines of the same data set. Since 2013, there have been slight fluctuations, but mostly stable DO
mean concentrations in the LSJR mainstem (Figure 2.3). Mean values in the mainstem have been above reference values
and within acceptable limits (Figure 2.3). In the tributaries, mean DO concentrations were at or near the marine/estuarine
reference value from 2005 to 2015, then increased (improved) slightly in 2016 and have been stable since then (Figure 2.3).
Annual mean DO values are now within acceptable limits in the tributaries (Figure 2.3) while minimum DO concentrations
are below the freshwater and marine/estuarine reference values (Figure 2.2). Resident aquatic life may be at risk during low
DO events in the tributaries of the LSJR, particularly in the marine/estuarine areas.
A seasonal trend, with the lowest concentrations observed in the summer months, was observed in the data from the entire
LSJR (Figure 2.4). The seasonal DO fluctuation was most problematic in the tributaries, where the lowest DO concentrations
were observed (Figure 2.4B). It is likely that the aquatic life inhabiting these areas will be more affected by low DO events
during the summertime. Water quality conditions in tributaries will be addressed separately in Section 2.8 because DO
concentrations can vary among tributaries, depending on the time of day, surrounding land use, water flow, depth, and
salinity.
Since 2005, there have been fluctuations in the median BOD values in the LSJR mainstem (Figure 2.5). In 2017, median BOD
values increased to approximately 2 mg/L and have been stable at this concentration to the current date (Figure 2.5). This
value is higher than any median BOD value since 2005 (Figure 2.5). A seasonal pattern of increased BOD values was
observed in the LSJR mainstem, particularly in the freshwater areas, with the highest values observed in summer months
(2.6).
Taking everything into account, the current overall STATUS for DO in the LSJR mainstem is satisfactory and the TREND
is unchanged. However, the STATUS for DO in the LSJR tributaries is unsatisfactory (dependent on location, time of day, and
season) and the TREND is unchanged.
2.2.6.

Future Outlook

Analysis of available data indicates that the average DO levels in the LSJRB are generally within acceptable limits; however,
unacceptable DO concentrations still occur intermittently. Low DO was most problematic during summer months with
many of the lowest measurements occurring in tributaries. Certain areas of the LSJR that experience DO concentrations
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below 5.0 mg/L for prolonged periods may be too low to support the many aquatic animals that require oxygen (EPA 2002a;
EPA 2002b). Maintenance above minimum DO levels is critical to the health of the LSJR and organisms that depend on it.
Nutrient reduction strategies, discussed in the next section, have recently been devised by government agencies and may
combat the low DO concentrations observed in the LSJR to some extent. Additionally, monitoring agencies are now making
efforts to collect data that better represent the variable DO conditions and to concurrently document other important water
quality characteristics for an improved assessment of the river’s health. It is also important to note that hurricane Mathew
and hurricane Irma, which impacted Jacksonville October 7th, 2016 and September 10-11, 2017, respectively, have resulted
in changes in water quality in the LSJR over the past two years. In particular, massive flooding into the river has changed
the salinity in some areas and could have contributed to changes in DO, BOD, and other water chemistry parameters.

Marine/Estuarine WBIDs

Fresh Water WBIDs

Figure 2.1 Lower St. Johns River Mainstem Water Body Identification (WBID) Numbers (Figure 3, p. 5 in Magley and Joyner 2008)
with designations of marine/estuarine WBIDs and freshwater WBIDs as used in this report.
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Figure 2.2 Yearly DO from 2005 to 2019 in A. the entire LSJR and its tributaries, B. the tributaries of the LSJR, C. the freshwater portion of the LSJR mainstem, and
D. the predominantly saltwater portion of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green boxes indicating the median ± 25%
(middle 50% of the data) and horizontal lines indicate the median values. Blue whiskers indicate the minimum and maximum values in the data set. The water quality
criterion in freshwater (>38% saturation) is equivalent to approximately 3.5 mg/L at 20°C and 2.9 mg/L at 30°C. The water quality criterion in marine/estuarine areas
(>53% saturation) is equivalent to approximately 5.09 mg/L at 20°C and 4.28 mg/L at 30°C.
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Figure 2.3 Yearly DO concentrations from 2005 to 2019 in the A. the entire LSJR and its tributaries, B. the tributaries of the LSJR, C. the freshwater portion of the
LSJR mainstem, and D. the predominantly saltwater portion of the LSJR mainstem. Data are presented as mean ± standard deviation. The water quality criterion in
freshwater (>38% saturation) is equivalent to approximately 3.5 mg/L at 20°C and 2.9 mg/L at 30°C. The water quality criterion in marine/estuarine areas (>53%
saturation) is equivalent to approximately 5.09 mg/L at 20°C and 4.28 mg/L at 30°C.
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Figure 2.4 Monthly DO concentrations from 1997 to 2019 in A. the entire LSJR and its tributaries, B. the tributaries of the LSJR, C. the freshwater portion of the LSJR
mainstem, and D. the predominantly saltwater portion of the LSJR mainstem. Data are presented as a box-and-whiskers plot with green boxes indicating the median ±
25% (middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum values in the data set. The water
quality criterion in freshwater (>38% saturation) is equivalent to approximately 3.5 mg/L at 20°C and 2.9 mg/L at 30°C. The water quality criterion in
marine/estuarine areas (>53% saturation) is equivalent to approximately 5.09 mg/L at 20°C and 4.28 mg/L at 30°C.
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Figure 2.5 Yearly biochemical oxygen demand from 2005 to 2019 in A. the entire LSJR and its tributaries, B. the freshwater portion of the LSJR mainstem, and C. the
predominantly saltwater portion of the LSJR mainstem. Data are presented as a box-and-whiskers plot with green boxes indicating the median ± 25% (middle 50% of
the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum values in the data set. The median data for 2017-2019
in graphs B. and C. were single point values of 2 mg/L.
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Figure 2.6 Monthly biochemical oxygen demand from 1997 to 2019 in A. the entire LSJR and its tributaries, B. the freshwater portion of the LSJR mainstem, and C. the
predominantly saltwater portion of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green boxes indicating the median ± 25% (middle 50%
of the data) and horizontal lines indicate the median values. Blue whiskers indicate the minimum and maximum values in the data set.
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2.3.

Nutrients

Phosphorus and nitrogen are important and required nutrients for terrestrial and aquatic plants, including algae. Under
optimal conditions, nutrients can stimulate immediate algal growth. Alternatively, if absent, nutrients can limit algal
abundance. If the nutrient concentrations in a system remain high for extended periods of time, eutrophic conditions may
result, potentially changing the entire ecosystem by favoring the growth of some organisms and changing the optimal water
quality conditions for other organisms. The term “eutrophic” generally signifies a nutrient-rich condition, resulting in a
high concentration of phytoplankton (Naumann 1929). The more recent definition characterizes eutrophication as an
increase in organic matter loading to a system (Nixon 1995). Eutrophication can be a natural process, predominantly
occurring in small, enclosed water bodies like ponds and lakes. However, anthropogenic (human-made) activities that
increase the loading of nutrients into a waterway can greatly increase the level of eutrophication, even in rivers such as the
LSJR and its tributaries.
2.3.1.

Description and Significance: Nitrogen

Forms of nitrogen typically found in water bodies include nitrate, ammonia and organic nitrogen. These different forms
convert to each other in organisms and in the environment (Wright and Nebel 2008). While the atmosphere contains 78%
nitrogen gas by volume, this form of nitrogen is unreactive and unavailable to most organisms. An exception is “nitrogenfixers.” These bacteria take up nitrogen from the atmosphere and convert it to forms usable by other organisms. Nitrogenfixers can add significantly to the overall nitrogen loading to a system.
Nitrate (NO3−) is one of the most bioavailable forms of nitrogen and can be rapidly taken up by plants. Sources of nitrate in
waterbodies include atmospheric deposition, stormwater runoff containing fertilizer from agriculture and residential areas,
runoff from animal operations, and treated sanitary wastewater. In particular, failing septic tanks contribute to nitrate
contamination of shallow groundwater and surrounding water bodies (Harrington et al. 2010). Nitrite (NO2−) and nitrate
(NO3−) are converted from one to the other by microbes, depending on the availability of oxygen and the pH of the
environment. Under typical environmental conditions, nitrite concentrations are very low compared to nitrate. Generally,
both nitrate and nitrite are measured together, and the values reported as nitrate plus nitrite.
Ammonia also is taken up by phytoplankton (Dortch 1990) and is often converted to nitrate under the correct conditions.
It is a waste product of aquatic organisms and naturally occurs in surface and wastewaters at concentrations ranging from
0.010 mg/L in some natural surface waters and groundwater, to 30 mg/L in some wastewaters (Clesceri 1989). Organic
nitrogen, such as proteins and urea, can decompose to ammonia (Hutchinson 1944; Wetzel 2001).
Total ammonia consists of two forms: un-ionized ammonia (NH3) and ammonium ion (NH4+). They interconvert depending
on environmental pH, temperature and salinity. High pH, high temperature and low salinity promote formation of the
more toxic form, un-ionized ammonia. It is more toxic to aquatic organisms because of its ability to cross biological
membranes.
Other human sources of nitrogen compounds primarily include industrial fixation in the manufacturing of fertilizers, and
the combustion of fossil fuels which liberates nitrogen oxides into the atmosphere. The form of nitrogen that enters a
waterway can give an indication of its source. However, as noted above, in aquatic systems several abiotic and biotic
processes can change the form of nitrogen, so the source may not be as easily identified. Abiotic processes include acid-base
reactions and complexation; biotic processes include nitrification, denitrification, and nitrogen fixation. Sediments may act
also as a major reservoir of nitrogen, just as they do for phosphorus (Levine and Schindler 1992).
Unbalanced total nitrogen levels in a system can have severe impacts on the distribution of phytoplankton and the
zooplankton that eat it. Excess nitrogen can markedly increase some types of phytoplankton. Nitrogen-fixers, such as some
cyanobacteria, thrive in low-nitrogen conditions because they can convert inert atmospheric nitrogen to reactive nitrogen,
which allows them to grow rapidly and outcompete other species (Smith 1983).
2.3.2.

Description and Significance: Phosphorus

Phosphorus predominately occurs in natural freshwater areas as organically bound phosphate, within aquatic biota, or
adsorbed to particles and dead organic matter (Clesceri 1989; Wetzel 2001); whereas, the dominant inorganic species,
orthophosphate, accounts for about 10% of the total phosphorus in the system (Clesceri 1989). Orthophosphate is released
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by the breakdown of rock and soils and is then quickly used by aquatic biota, particularly bacteria and algae, and
incorporated as organic phosphate (Newbold 1992; Kenney et al. 2002). Phosphorus can be released from biota by excretion
and by the decaying of matter. Several other factors can influence the partitioning of phosphorus in aquatic systems. In
oxygen-rich headwater streams of the LSJR, phosphorus may be bound to mobile particulate material; however, in the lakes
and slower flowing freshwater parts of the river, phosphorus settles in sediments (Brenner et al. 2001). Many factors, such
as wind, turbulence, DO, water hardness and alkalinity, sulfide concentration, salinity, and benthic (bottom-dwelling)
organisms may potentially re-mobilize phosphorus into the water column (Boström et al. 1982; Boström et al. 1988; Lamers
et al. 1998; Wetzel 1999; Smolders et al. 2006). When reaching the mouth of the river, sulfur may release phosphorus bound
to sediments, thus making it potentially available to aquatic organisms (Lamers et al. 1998; Smolders et al. 2006). This
occurs more commonly in anoxic areas where bacteria reduce sulfate to sulfide as they decompose organic matter (Lamers
et al. 1998; Smolders et al. 2006).
Humans add to the naturally occurring phosphorus in aquatic systems. In central Florida, phosphorus is mined quite
extensively, and is used in fertilizers, commercial cleaners and detergents, animal feeds, and in water treatment, among
other purposes. Runoff can result in the addition of phosphorus into local waterways (Clesceri 1989; Wright and Nebel
2008). In the past, phosphorus was also often used in laundry detergents. Orthophosphate generally averages 0.010 mg/L
whereas total dissolved phosphorus averages about 0.025 mg/L in unpolluted rivers worldwide (Meybeck 1982).
Orthophosphate concentrations in rivers can increase substantially following a rainwater event to as high as
0.050-0.100 mg/L from agricultural runoff and over 1.0 mg/L from municipal sewage sources (Meybeck 1982; Meybeck
1993).
The drainage basin for the river consists of agricultural lands, golf courses, and urban areas, all of which add to the
phosphorus loading in the river. Those inputs, plus effluents from municipal wastewater treatment plants and other point
sources may contribute to eutrophic conditions in the LSJR.
2.3.3.

Management of Nutrients

Nutrient excesses in the LSJR have led to algal overabundance and low dissolved oxygen levels throughout the river. To
address the problems, a final TMDL report was drafted in 2008 by the DEP to reduce nutrient inputs into the LSJR so that
algal blooms are reduced in the freshwater regions and healthy levels of dissolved oxygen are maintained in the marine
portions of the river. A TMDL is a scientific determination of the maximum amount of a given pollutant (i.e., nutrients) that
a surface water body can assimilate and still meet the water quality standards that protect human health and aquatic life
(Magley and Joyner 2008; see Section 1). The nutrient TMDL indicates how much nutrients need to be reduced to meet
water quality standards in the LSJR. Subsequent Basin Management Action Plans establish restoration strategies required
to achieve the water quality standards. Government agencies are working with municipal and industrial wastewater
treatment facilities and NPDES permitted facilities to reduce nutrient loadings from permitted discharges. Also, nutrientrich waters coming from standard secondary water treatment plants may be recycled. These recycled waters can and have
recently been used as a means for irrigation when nontoxic. This practice has been utilized in Clay County, within the
LSJRB, as well as other areas of the U.S., mostly for irrigation of urban open spaces like parks, residential lawns and golf
courses. A similar practice has been used in agriculture. Wastewater treatment improvements have been implemented in
Palatka, Orange Park, Neptune Beach, Jacksonville Beach, Atlantic Beach, St. Johns County, and Jacksonville. However,
there is evidence that the use of reclaimed water can introduce nutrients (such as nitrogen and phosphorus) that can run
off into adjoining areas (Harris and Hendrickson 2019).
Local utilities and government agencies have worked to reduce nutrient discharges since 2000 including a large public
outreach campaign to reduce fertilizer use in residential landscapes. Individual homeowners may also introduce excess
nutrients into the LSJR through failing septic tanks; therefore, the replacement of these septic tanks is one of the actions
designated to achieve the proposed TMDL. Government agencies have been working with farming and silviculture
operations to implement best management practices to reduce and treat runoff of nutrients. The reduction and treatment
of urban stormwater runoff by municipal stormwater programs, improvement of development design and construction by
commercial developers and homebuilders, and restoration projects by federal, regional, and state agencies may all influence
the attainment of projected future goals of the TMDL program. These methods among others have been included in the
DEP Nutrient TMDL and BMAP (Magley and Joyner 2008; DEP 2008a) and have widespread implications in reducing
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inputs of nutrients into the St. Johns River, provided government agencies, stakeholders, and the general public can meet
this goal.
In August 2013, the FDEP and the Division of Environmental Assessment and Restoration reported to the Governor and
Florida legislature on the status of efforts to establish numeric nutrient standards from narrative criteria (DEP 2013h). In
August 2013, the FDEP also submitted a plan to EPA to implement numeric nutrient standards in Florida’s waters. The
FDEP discussed how it developed numeric interpretations of existing State narrative criteria (DEP 2013d).
In this document, the site-specific numeric standards for the marine/estuarine areas of the LSJR, including marine
tributaries, were expressed as TMDL loading per year, 1,376,855 kg TN/year and 412,720 kg TP/year. The numeric
interpretation for chlorophyll-a is that the long-term annual averages will not exceed 5.4 µg/L. The site-specific criteria for
the freshwater portion of the LSJR mainstem is 40 µg chlorophyll-a/L, not to be exceeded more than 10% of the time. For
streams without site-specific interpretations required by TMDL stipulations, numeric thresholds and biological benchmarks
were developed to assess nutrient status. The nutrient thresholds for peninsular Florida, based on analysis of reference
streams, were 0.12 mg TP/L and 1.54 mg TN/L. These values are not to be exceeded more than once in a three-year period
and are based on annual geometric means. Annual geometric means are similar to medians in that outliers (i.e., extremely
high or extremely low values) influence the result less than they influence arithmetic means. Extensive biological
assessment accompanies the numeric thresholds.
Progress towards meeting the TMDL goals for the LSJR mainstem was last separately reported in the 2015 LSJR Mainstem
Basin Management Action Plan progress report (DEP 2016a). Beginning in 2017, progress has been reported in the Statewide
Annual Report (STAR) (DEP 2020h). In late 2014, the FDEP Environmental Regulation Commission approved slightly
different numeric criteria for the LSJR (DEP 2015b).
The nutrient content of the LSJR is influenced not only by the actions taken within the LSJRB but also by the actions of
individuals and organizations upriver. Nutrient and dissolved oxygen TMDLs were adopted for the Middle St. Johns River
Basin in 2009 (Gao 2009; Rhew 2009a). A draft report to develop an additional Nutrient TMDL for Bethel Lake, Lake Gem,
and Lake Orlando in the Middle St. Johns River Basin was published in 2019 (Maeda 2019). Changes in nutrient loading
upstream (both increases and decreases) could eventually flow into and affect the Lower St. Johns River Basin, impacting
the work and projects already in progress.
Biosolids are materials produced from sewage sludge that has been treated and processed to limit the presence of heavy
metals (such as arsenic and lead) and disease-causing pathogens (DEP 2019f). Biosolids are graded as class B, A, or AA
based on the treatment methods used to reduce or destroy disease-causing pathogens and their concentrations of certain
heavy metals (such as arsenic, cadmium, copper, and lead) (DEP 2010c). Class AA biosolids have the lowest heavy metal
and pathogen content. Municipalities generally must pay to have these wastewater solids removed, although they may be
able to recoup some wastewater treatment costs by selling this sewage sludge to farmers or fertilizer companies. These
processed biosolids are attractive for use in agriculture as they are rich in nitrogen and phosphorus and can be less
expensive alternatives to other chemical fertilizers. (Daprile 2017). In fact, class AA biosolids are marketed like other
commercial fertilizers (DEP 2019f).
While biosolids are not categorized based on their nutrient content, specific classes are thought to increase phosphorus
pollution in some areas. For example, nutrient leaching from biosolid application on land is suspected to contribute to
increases in phosphorus pollution in Blue Cypress Lake, the headwaters of the St. Johns River (Spear 2018; Patterson 2019a).
Applications of class B biosolids to soil are regulated by the FDEP, while class AA biosolids fall under voluntary guidelines
under the Florida Department of Agriculture with fewer restrictions on the amounts and the locations where they can be
applied (Daprile 2017). In 2013, class B biosolids were banned from application onto agricultural land to protect watersheds
in South Florida, and this led indirectly to a near doubling in biosolid application elsewhere in the Upper St. Johns River
Basin (Treadway 2018; Treadway 2019). In its 2020 Consolidated Annual Report, the St. Johns River Water Management
District identified the application of these class B biosolids as a significant source for the increase seen in total phosphorus
concentrations in the Upper St. Johns River basin (SJRWMD 2020f).
Concerns regarding the impact that the land application of biosolids may have on the nutrient loading in water bodies led
FDEP to establish a Biosolids Technical Advisory Committee in 2018 (DEP 2019e). The Committee was disbanded in
January 2019 after recommending several changes to address the nutrient content and leaching from biosolids. These
included recommendations to take nutrient loading of surface and groundwater into account during the permitting process,
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to increase inspections of biosolid applications, and to develop protocols to monitor nutrient migration. Legislation was
proposed in February 2019 (and subsequently withdrawn in May 2019) to codify some of the Committee’s
recommendations; although, this proposed legislation would not change the regulation of class AA biosolids
(FloridaSenate 2019; Patterson 2019a). In 2019, FDEP held public hearings and published notice of proposed revisions to
its biosolids rules to address concerns of the introduction of nutrients into water bodies from biosolid application (DEP
2019h). The St. Johns Riverkeeper submitted public comments during this rulemaking process highlighting the potential
for significant increases in phosphorus loading into the Upper St. Johns River as a result of land application of biosolids (St.
Johns Riverkeeper 2019). This increase would be on top of existing phosphorus sources in the Upper St. Johns River, while
the Basin Management Action Plans for the Middle and Lower St. Johns River both call for reductions of total phosphorus
loading from upstream in order to achieve applicable water quality standards. However, this proposed rule was withdrawn
in March 2020 after passage of the so-called Clean Waterways Act (CS/SB 712) by the Florida House and Senate (which was
signed into law by Governor DeSantis) (DEP 2020d; DEP 2020f; FloridaHouse 2020). FDEP then issued notice in April 2020
of the development of new rules that take into account provisions within the Clean Waterways Act (DEP 2020g).
2.3.4.

Data Analysis

Because of the variability in the characteristics of the river extending from the mouth to the freshwater lakes, it is useful to
examine the differences in nutrient profiles in different river regions. The section we refer to as the marine/estuarine reach
spans from the mouth at WBID 2213A to WBID 2213H, which contains Doctors Lake (Figure 2.1). The section we refer to as
the freshwater region extends from WBID 2213I upstream to WBID 2213N at the confluence of the Ocklawaha River.
The nutrients assessed include total nitrogen (TN), total phosphorus (TP), nitrate plus nitrite (NO3-NO2), ammonia, and
orthophosphate (OP). The TN and TP parameters reflect total loading of nutrients into the system including different forms
that are readily transformed and those that decay slowly. The sums of the dissolved and particle-bound forms are included
in the TN and TP assessments. Orthophosphate, nitrate-nitrite, and ammonia are inorganic nutrients that are considered
reactive because they can be taken up rapidly by biota and readily undergo chemical reactions in the environment.
Chlorophyll-a is an indirect measure of biological responses to nutrient enrichment and is included in some discussions
below. More detail about chlorophyll-a and its relationship to phytoplankton growth is provided in the following section
on harmful algal blooms.
In this report, the numeric standards for nutrients in peninsular Florida (0.12 mg TP/L and 1.54 mg TN/L; DEP 2013d),
described above in Section 2.3.3, are compared to LSJR data to generally assess the status of the LSJR. However, the
water body is not regulated under those standards; numeric criteria consist of total nutrient loading rates (1,376,855 kg
TN/year and 412,720 kg TP/year) that cannot be compared to actual water concentrations.
Additionally, while nitrate is regulated for springs and drinking water, neither application is appropriate for the LSJR.
There is no Florida orthophosphate criterion.
In the following analyses, the current status and time trends of the four nutrients are examined in different ways. Data are
displayed in annual box and whisker plots, which show the distribution of the high and low concentrations each year. These
plots consist of a five-number summary including: a minimum value, value at the first quartile, the median value, the value
at the third quartile, and the maximum value. The size of the box is a measure of the spread of the data with the minimum
and maximum values indicated by the whiskers. The median value is the value of the data that splits the data in half and
is indicated by the horizontal blue line in the center of the boxes. Data are also displayed as annual arithmetic means ±
standard deviations. In these graphs, the peninsular Florida numeric nutrient thresholds for streams, described above, are
overlaid on the charts as a general reference point to assess the status of the LSJR.
Trends over time in annual average concentrations are identified by using the Spearman Rank 1-tailed test at p < 0.05.
All data from 1997 to 2017 were obtained from the FDEP STORET. Beginning in 2018 onward, new data were deposited in
the FDEP Watershed Information Network (WIN). Both STORET and WIN are statewide computerized environmental data
systems containing water quality, biological, and physical data. EPA methods 365.4 and 365.1 were used to measure total
phosphorus in surface waters. Total Kjeldahl nitrogen (organic nitrogen plus ammonia), total ammonia, and nitrate plus
nitrite were measured using EPA methods 351.2, 350.1 or 4500-G, and 353.2, respectively. Data for the entire LSJRB and
tributaries were collected from FDEP STORET and WIN and culled for applicability to this study. Data were reviewed for
quality and data points were discarded when samples appeared analytically compromised (contaminated blanks, poor
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recovery, poor replication, etc.) or were missing important information. Records with no analytical procedure listed were
also removed. Negative values were removed. Values designated as present below the quantitation limit (QL) were
replaced with the “actual value” if provided, or replaced with the average of the method detection limit (MDL) and practical
quantitation limit (PQL) if the “actual value” was not provided. For “non-detect” values, half the MDL was used; and, for
values designated as “zero” the MDL was used. All samples with qualifier codes K, L, O, Q, or Y, which indicate different
data quality issues, were eliminated. Data designated with a matrix of “ground water,” “surface water sediment,”
“stormwater,” or “unknown” were removed.
Total nitrogen was calculated by the sum of the Kjeldahl nitrogen and nitrate-nitrites in each sample. To remain consistent
with FDEP data handling protocols, data that fell between the MDL and PQL were replaced by the MDL; any values that
fell below the MDL were replaced by one-half of the MDL. Total nitrogen was calculated from data available in STORET
from 1997-2016, and total nitrogen data for 2017 and 2018 were obtained directly from FDEP (Homann 2019).
2.3.5.

General Characteristics

Nutrient profiles vary with the region of the river and depend on proximity to the mouth, rainfall, local sources, and
upstream and tributary sources, as well as biological activity (Figure 2.7). The dilution of river water with lower-nutrient
ocean water is evident for most nutrients because annual average concentrations sharply decrease as the river reaches the
mouth in WBIDs 2213A-2213C. In most years, both forms of phosphorus and nitrate-nitrite concentrations increase as the
fresh water moves downstream to estuarine areas, where it becomes diluted by ocean water. By contrast, TN gradually
decreases as the river moves from freshwater to estuarine conditions (Figure 2.7). As a consequence of the different ratios
of nitrogen to phosphorus, the downstream, saltier section is generally more susceptible to nitrogen pollution, and the
upstream, more riverine section is more susceptible to phosphorus pollution.

Figure 2.7 Annual averages of nutrients in the LSJR by WBID. WBIDs 2213A-H are marine/estuarine waters and WBIDs I-N are freshwater.

2.3.6.

Current Status and Trends: Total Nitrogen

Figure 2.8 shows the median, minimum, and maximum concentrations of TN measured in the LSJR. Yearly arithmetic mean
TN concentrations in the LSJR are compared to the water quality reference concentration of 1.54 mg N/L (used only for the
purpose of this report) in Figure 2.9. The yearly mean TN concentrations have gradually declined in both freshwater and
marine/estuarine sections of the river since 1997 (Figure 2.9). Yearly mean TN concentrations in the entire LSJR have been
below the water quality reference concentration of 1.54 mg N/L since 1997; however, TN concentrations are not equally
distributed in the LSJR and some areas have higher TN than others (Figures 2.8 and 2.9). The maximum values in the LSJR,
particularly due to values reported in the tributaries and in saltwater areas of the mainstem, have continued to be above
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the TN reference value (Figure 2.8). Reductions in nitrogen loading are likely to be the primary reason for the observed
decline of TN in the LSJR (DEP 2013a).
Relatively elevated levels of nitrogen have been frequently observed in several tributaries (see below); as well as specific
locations in the mainstem of the LSJR, such as the Main St. Bridge, which receives a substantial upstream contribution, city
storm drainage inputs and power plant effluent, as well as atmospheric deposition, making it difficult to identify a
predominant source.

A

B

C

D

Figure 2.8 Yearly total nitrogen concentrations from 1997 to 2019 in the A. LSJR and its tributaries, B. the tributaries of the LSJR, C. the predominantly freshwater
portion of the LSJR mainstem, and D. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green
boxes indicating the median ± 25% (middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum
values in the data set.
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Figure 2.9 Yearly total nitrogen concentrations from 1997 to 2019 in the A. LSJR mainstem and its tributaries, B. the predominantly freshwater portion of the LSJR
mainstem, and C. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as mean values ± standard deviations.

2.3.7.

Current Status and Trends: Total Phosphorus

The median, minimum, and maximum TP concentrations in the LSJR are presented in Figure 2.10. The annual mean TP
concentrations are presented in Figure 2.11. Annual mean values have been below the TP reference concentration of 0.12
mg P/L (used only for the purpose of this report) since 1997 in the mainstem (Figure 2.11B, C); with a decrease in mean TP
values, since 2010 in the marine/estuarine section of the mainstem (Figure 2.11C). Mean TP values in the entire LSJR,
particularly the tributaries, have fluctuated around the reference value, and maximum reported values in the tributaries
have been above the reference TP value (Figures 2.10, 2.11).
Slight seasonal increases in TP concentration in the LSJR are generally observed in summer months particularly in the
marine/estuarine portion of the mainstem (Figure 2.12). Fertilizers containing phosphorus are used on crops primarily
during the winter; however, increased stormwater runoff during the summer adds phosphorus from soil, resulting in TP
inputs into the LSJR several times throughout the year.
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Figure 2.10 Yearly total phosphorus concentrations from 1997 to 2019 in the A. LSJR mainstem and its tributaries, B. the tributaries of the LSJR, C. the predominantly
freshwater portion of the LSJR mainstem, and D. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot
with the green boxes indicating the median ± 25% (middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and
maximum values in the data set. Note the log scale.
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Figure 2.11 Yearly total phosphorus concentrations from 1997 to 2019 in the A. LSJR mainstem and its tributaries, B. the tributaries of the LSJR, C. the predominantly
freshwater portion of the LSJR mainstem, and D. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as mean values ± standard
deviations.
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A.

B.

C.

Figure 2.12 Monthly total phosphorus concentrations from 1997 to 2016 in the A. LSJR mainstem and its tributaries, B. the predominantly freshwater portion of the
LSJR mainstem, and C. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green boxes
indicating the median ± 25% (middle 50% of the data) and horizontal lines indicating median values. Blue whiskers indicate the minimum and maximum values in the
data set.

2.3.8.

Current Status and Trends: Nitrate, Ammonia and Phosphate

The reactive inorganic nutrients ammonia, nitrate-nitrite, and orthophosphate are readily taken up by various organisms
and released back into the environment. Concentrations of the nutrients vary widely with environmental conditions such
as rainfall and phytoplankton growth. Median ammonia concentrations have been slightly reduced since 2014 in both the
freshwater and marine/estuarine portions of the LSJR mainstem, and to some extent the entire LSJR (Figure 2.13). The
median nitrate-nitrite concentrations in the LSJR have remained relatively stable in the entire LSJR (Figure 2.14). There is
also a seasonal trend in the levels of nitrate-nitrite, with the highest concentrations occurring in the winter (Figure 2.15).
This may be the result of limited uptake of nitrate for phytoplankton growth in winter months. Orthophosphate tends to
be higher in the marine/estuarine section than in the freshwater section (Figure 2.16). Reactive inorganic nutrients were
variable over time; however, some trends were evident. In the freshwater section of the LSJR mainstem, ammonia and
orthophosphate concentrations have generally decreased, while the nitrate-nitrite concentrations have held roughly steady.
In the marine/estuarine portion of the LSJR mainstem, ammonia concentrations have held roughly steady, while nitratenitrite concentrations have generally decreased. Orthophosphate concentrations in the marine/estuarine mainsteam have
remained steady over the entire period from 1997 to 2019. However, these orthophosphate measurements from have
generally increased from 2010 to 2019, although the data do vary (Figure 2.17). Ammonia concentrations in the freshwater
and the marine/estuarine sections of the LSJR mainstem have held roughly steady the past several years. (Figure 2.17). An
interesting feature of the time series is the lower concentrations in 2010-2011 corresponding to times of intense algal blooms.
Significant phytoplankton growth and die-off contribute to the fluctuations as nutrients are consumed and released.
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Figure 2.13 Yearly ammonia concentrations from 1997 to 2019 in the A. LSJR and its tributaries, B. the predominantly freshwater portion of the LSJR mainstem, and
C. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green boxes indicating the median ± 25%
(middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum values in the data set.
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Figure 2.14 Yearly nitrate-nitrite concentrations from 1997 to 2019 in the A. LSJR and its tributaries, B. the tributaries of the LSJR, C. the predominantly freshwater
portion of the LSJR mainstem, and D. the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green
boxes indicating the median ± 25% (middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum
values in the data set. Note the log scale.

Figure 2.15 Monthly nitrogen concentrations, as nitrate + nitrite, from 1997 to 2016 in the LSJR and its tributaries. All data are presented as a box-and-whiskers plot
with the green boxes indicating the median ± 25% (middle 50% of the data) and horizontal lines indicate the median values. Blue whiskers indicate the minimum and
maximum values in the data set.
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Figure 2.16 Yearly orthophosphate concentrations from 1997 to 2019 in the A. LSJR mainstem, B. the predominantly freshwater portion of the LSJR mainstem, and C.
the predominantly marine/estuarine region of the LSJR mainstem. Data are presented as a box-and-whiskers plot with the green boxes indicating the median ± 25%
(middle 50% of the data) and horizontal lines indicating the median values. Blue whiskers indicate the minimum and maximum values in the data set. In 2018, the
median orthophosphate concentration in the freshwater mainstem (panel B) was the same as the median – 25% (1st quartile) value.
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Figure 2.17 Yearly ammonia (A. and B.), nitrate-nitrite (C. and D.), and orthophosphate (E. and F.) concentrations in the freshwater section (A., C. and E.) and
marine/estuarine reach (B., D., and F.) of the LSJR mainstem. Data are presented as mean values ± standard deviations.

2.3.9.

Summary and Outlook

The annual mean TN concentrations have declined through 2019 in the mainstem; however, maximum values in the LSJR,
particularly due to values reported in the tributaries, have continued to be above the TN reference value. The geometric
mean of the TN concentrations in both the LSJR mainstem and tributaries has been lower than the TN reference value for
the past three years, in line with the nutrient thresholds for waterbodies in peninsular Florida not governed by a TMDL.
(Nutrients in the LSJR are regulated by their loading each year as set by the TMDL, not by their measured concentration.)
In examining the individual TN measurements reported for 2019, 1.2% of data from the LSJR mainstream (2 of 171
measurements) and 4.4% of data from the LSJR tributaries (19 of 430 measurements) exceeded the TN reference value. For
these reasons, the overall STATUS of nitrogen in the mainstem and in the tributaries is Satisfactory.
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The trend in TN was determined using measurements from 2015 to 2019 to better represent more recent changes caused by
activity within the LSJR basin as well as upriver (Figure 2.18). During this time period, TN in the mainstem has trended
downward. TN levels in the tributaries have been trending downwards, although TN concentrations spiked in 2017.
Continued measurements over time will reveal whether the 2017 data point remains a discrepant data point or is indicative
of a changing trend. For these reasons, the TREND of nitrogen in the mainstem is Improving, and the TREND of nitrogen
in the tributaries is Improving.

A

B

y = −0.0718x + 145.82

y = −0.0370x + 75.758

Figure 2.18 Yearly total nitrogen concentrations from 2015 to 2019 in the A. LSJR mainstem and B. the tributaries of the LSJR. Data are presented as mean values ±
standard deviations.

Mean TP concentrations in 2019 were below the reference value in the LSJR mainstem, while mean TP concentrations were
near the reference value in the tributaries. Maximum TP levels in both the mainstem and the tributaries continue to be
above the reference value. The geometric mean of the TP concentrations in both the LSJR mainstem and tributaries has
been lower than the TP reference value for the past three years, in line with the nutrient thresholds for waterbodies in
peninsular Florida not governed by a TMDL. (Again, nutrients in the LSJR are regulated by their loading each year as set
by the TMDL, not by their measured concentration.) In examining the individual TP measurements reported in 2019, none
of the data from the freshwater portion of the LSJR mainstem (0 of 62 measurements) exceeded the TP reference value.
However, 20.5% of the measurements from the marine/estuarine portion of the LSJR mainstem (36 of 176 measurements)
and 22.8% of the measurements from the LSJR tributaries exceeded the TP reference value. For these reasons, the STATUS
of phosphorus in the freshwater LSJR mainstem is Satisfactory, in the marine/estuarine LSJR mainstem is Unsatisfactory,
and in the tributaries is Unsatisfactory.
The trend in TP was determined using measurements from 2015 to 2019 to better represent more recent changes caused by
activity within the LSJR basin as well as upriver (Figure 2.19). During this time period, TP in the mainstem overall has
increased. In the freshwater areas of the LSJR mainstem, TP averages jumped higher in 2018. but across the 2015 to 2019
timespan, TP levels have remained essentially the same. Further monitoring over time will reveal whether the jump in
2018 is a one-time occurrence. TP in the marine/estuarine areas of the mainstem has been increasing over the past five
years. TP in the tributaries has remained roughly steady over that same time period. For these reasons, the TREND of
phosphorus in the freshwater mainstem is Unchanged, the TREND of phosphorus in the marine/estuarine mainstem is
Worsening, and the TREND of phosphorus in the tributaries is Unchanged.
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Figure 2.19 Yearly total phosphorus concentrations from 2015 to 2019 in the A. LSJR mainstem, B. the tributaries of the LSJR, C. the predominantly freshwater
portion of the LSJR mainstem, and D. the predominantly marine/estuarine portion of the LSJR mainstem. Data are presented as mean values ± standard deviations.

Areas of the LSJR with frequently elevated levels of TN or TP may have an increased propensity for algal blooms and low
DO events. Reductions in nitrogen loading are likely to be the primary reason for the observed decline of TN in the LSJR
(DEP 2013a). The reactive inorganic nutrients, nitrate and orthophosphate, are generally higher in the marine/estuarine
section than in the freshwater section of the LSJR mainstem; however, like nitrate, mean orthophosphate concentrations
have also been decreasing slightly over time. The worsening trend in TN and TP observed in some parts of the LSJR basin
may reflect changes in land usage or possibly changes in water quality upriver, although these data are not sufficient to
establish a cause.
There are wide fluctuations of these and other nutrients due to phytoplankton growth and die-off as well as weather
conditions. As stated in section 2.1, recent hurricane activity has increased flooding into the LSJR in 2017 and 208, which
may also affect nutrient loading. Ongoing efforts to actively reduce nutrient loading into the LSJR may be lowering the
concentrations of some forms of nutrients in the mainstem. Changes in nutrient concentrations typically correlate with
changes in algal growth. Algal growth, as indicated by average annual chlorophyll-a levels, is discussed separately in
Section 2.4.
The complex ecology of the LSJR and its highly variable characteristics and weather patterns make it difficult to assess its
overall status. As a result, assessments can differ when different methods of analysis are used. It is reported in the 2013
LSJR BMAP progress report that total nitrogen is decreasing at benchmark sites in marine and freshwater areas of the river
(DEP 2014a). Total phosphorus is unchanged at the freshwater site but could be increasing at the marine site. To date,
wastewater treatment facilities in the freshwater portion of the LSJR have achieved their total nitrogen and total phosphorus
TMDL-required reductions; and wastewater treatment facilities in the marine portion of the LSJR have achieved their
TMDL-required total nitrogen reductions. The next few years will be critical in definitively determining when the
considerable effort and expenditures to reduce nutrients in the LSJR have been successful. Robust data sets are particularly
critical for assessing trends.
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Numerous projects have been carried out by multiple counties and agencies in the last several years to reduce nonpoint
sources of nutrients from stormwater runoff, agricultural runoff, landscape fertilizer and septic tanks, as well as point
sources such as wastewater treatment plants. Projects include wastewater treatment plant upgrades, reclaimed water
projects, general drainage improvement, septic tank phase-outs, and the construction of regional stormwater treatment
facilities. As nutrient point sources are identified and corrected, further improvements in water quality will depend on
addressing nonpoint sources. However, the diffuse nature of these nonpoint sources make improvements more difficult to
achieve.
These efforts are detailed in the LSJR Mainstem Basin Management Action Plan progress reports and Statewide Annual
Reports (DEP 2016a; DEP 2020h). In addition, nongovernmental NPDES permit holders have also reduced the discharge of
nutrients in their effluents to meet TMDL load reduction allocations. The SJRWMD has undertaken several projects around
Lake Apopka to reduce phosphorus loading into the St. Johns River, including the conversion of former agricultural lands
into wetlands along the North Shore and the construction of phosphorus removal and water management projects
(SJRWMD 2020f). In an interesting, cost-effective restoration project in Lake Apopka and in Lake George, the SJRWMD is
reducing the mobilization of phosphorus from sediments by harvesting gizzard shad, which disturb the sediments and
release the phosphorus for uptake by algae (DEP 2014a; SJRWMD 2019a). Harvesting the shad also removes the
phosphorus contained in the fishes’ own bodies and prevents it from being reintroduced into the water.
SJRWMD completed a demonstration project to remove TP from treated wastewater effluent entering Doctors Lake, and
the project is expected to begin operation in the 2019-2020 fiscal year. At full scale, SJRWMD estimates that this process
will prevent 6,500 pounds of phosphorus from being discharged into Doctors Lake annually (SJRWMD 2020f). There were
also plans in the 2019-2020 fiscal year to switch 79 residences in Clay County from residential septic systems to the central
sewer system, reducing TN loading by an estimated 1,486 pounds annually (SJRWMD 2020f).
As a consequence of all of these efforts, the lower basin stakeholders have made substantial progress in meeting their
targeted nutrient load reductions required by the LSJR TMDL limits, a very positive development for the river. In its 2019
Statewide Annual Report, FDEP reported that 306 projects to reduce TN and TP loading in the Lower St. Johns River had
been completed through December 31, 2018, with 47 additional projects planned or underway. The projects completed
through the end of 2018 were estimated to achieve more than 100% of the nutrient reductions needed to meet the TN and
TP TMDLs in the freshwater LSJR mainstem and the TN TMDL in the marine LSJR mainstem (DEP 2019a).
To determine whether load reductions and numeric criteria have achieved a real environmental benefit, reliable and
consistent data is essential. There is a very clear need for continued and increased monitoring to assess the effectiveness of
the nutrient TMDLs that have been implemented for the LSJR mainstem. Responses to TMDL efforts of other water bodies
in the entire St. Johns River basin, particularly upstream and tributaries also need to be monitored if benefits are to be
accurately assessed. It is critical to maintain adequate monitoring capacity for nutrients, chlorophyll-a, and other water
quality parameters in the LSJR mainstem so that information that is essential for effective management is available.
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2.4.

Algal Blooms

2.4.1.

Description and Significance – Blooms, Toxins, and Nutrients

2.4.1.1. Blooms from microscopic algae
Phytoplankton (microscopic algae), including cyanobacteria (also called blue-green algae) photosynthesize and serve as the
base of the food chain in lakes, rivers, streams, estuaries, and oceans. Some species thrive in salt water, some in fresh water,
and some tolerate wide ranges of salinity. Under certain conditions of nutrients, light, salinity and flow, these organisms
can propagate rapidly and result in very high concentrations of the algae, creating what is called a “bloom,” which can have
significant impacts on the local ecology of a river or lake (Figure 2.20).

Figure 2.20 Algae Blooms from 2013, 2016, and 2019. A. Ariel view of Doctors Lake (note the boat towards top of photo for scale). B. Pirates Cove with ducks. C-D. St.
Johns River at East Palatka. For C, note the interface between the highly concentrated bloom on the right and the more natural looking tannic water on the left. E. Lake
George. F-G. Microscopic views of (F) Aphanizomenon and (G) Microcystis, Dolichospermum, and Aphanizomenon. Photos by (A) Gerry Pinto, (B) Andy Ouellette,
(G) Melinda Simmons, and (C-F) from TheScienceOf 2019..

2.4.1.2. Types of impacts
Sight and smell - Algal blooms are often nuisances because of the odor, green water, and unsightliness of algal scum.
However, the potential impacts go well beyond being a nuisance in several ways:
Decreased oxygen - Blooms can result in decreased oxygen levels in the water in two ways that are both based on respiration,
which is a cellular process that consumes oxygen. 1) At night, when the algae respire, they can consume large amounts of
dissolved oxygen. 2) When algae cells die in large numbers (bloom decay), other microorganisms in the water respire at
high rates while consuming the large amount of dead algae material. Thus, when algal blooms die, many more microbes
thrive, and can result in significant, rapid decreases of oxygen in the water column, which can stress many forms of aquatic
life, and can result in fish kills.
Reduced sunlight - Blooms block sunlight from reaching the native submerged aquatic vegetation, thus preventing the plants
from photosynthesizing, which is necessary for them to grow and live. Since submerged aquatic vegetation is important
habitat for other organisms, this can start a cascade of ecosystem-disrupting events. See section 4.1 Submerged Aquatic
Vegetation.
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Toxins - Some cyanobacteria species produce toxins (cyanotoxins) that can reach high levels in a bloom, potentially creating
public health problems and causing widespread deaths of fish and other aquatic organisms. Microcystins/nodularins have
been detected in dolphins stranded in the LSJR and on the coast (Brown et al. 2018).
2.4.1.3. Toxins in freshwater harmful algal blooms
Cyanobacteria produce three broad classes of toxins known as hepatotoxins (microcystins, nodularin,
cylindrospermopsins), neurotoxins (anatoxins, saxitoxins), and dermatotoxins (aplysiatoxins, lyngbyatoxin-a) that affect
the liver, nerves, and skin, respectively, as well as cause general irritation (Chorus and Bartram 1999, Sivonen and Jones
1999; Williams et al. 2007; Burns Jr 2008). Swimmers and anglers have complained of rashes after coming into contact with
blooms (Steidinger et al. 1973). As cyanobacteria concentrations increase, so does the potential for people to ingest toxins
at levels that can cause adverse effects. Scums produced by some species such as Microcystis and Anabaena are particularly
hazardous. They contain high levels of toxin, so it is important for the public and their pets to avoid exposure to them
(Chorus and Bartram 1999).
Microcystins and Cylindrospermopsins
Found in some blooms in the St. Johns River and its tributaries, microcystins and cylindrospermopsins are both liver and
kidney toxins that can also cause headache, vomiting, and bloody diarrhea (EPA 2019b). These are the only cyanotoxins
that the EPA has provided guidelines for, as follows.
o

Drinking water
For drinking water, the EPA has issued informal health advisory guidelines for school aged children and adults
of 1.6 µg/L for microcystins and 3.0 µg/L for cylindrospermopsin (EPA 2015a). The World Health Organization
has set a drinking water “provisional consumption” limit of 1 µg/L for microcystin-LR (Chorus and Bartram
1999). Since the St. Johns River is not utilized for drinking water, the guidelines most relevant are those for
recreational waters.

o

Recreational waters
In May 2019, the EPA published recommendations for national water quality criteria for microcystins and
cylindrospermopsin with the goal of protecting swimmers and others engaged in recreational activities in
natural waters (EPA 2019a; EPA 2019c). The swimming advisory levels, which are not to be exceeded on any day,
are 8 ug/L for microcystins, and 15 ug/L for cylindrospermopsins. If a recreational water body does exceed
either of these thresholds, then EPA recommends that a swimming advisory be issued. The recommended
criteria for impairment for other forms of water recreation are based on 10-day assessment periods across the
recreational season. If the waterbody exceeds the recommended criteria during three 10-day assessment
periods, then that waterbody can be considered “not supporting recreational use.” While Florida has not
adopted any guidance values for triggering waterbody closure or public health advisories, 21 U.S. states have
created Guidance and Action levels for cyanotoxins, and these vary considerably (EPA 2017).
The World Health Organization considers 10-20 µg/L microcystin-LR to have a moderate probability of adverse
health effects for a 132-pound adult that ingests 3.4 oz. contaminated water. A 30-pound child would need to
ingest less than 1 ounce for the same risk (Chorus and Bartram 1999).

Anatoxins and Saxitoxins
These nerve toxins are found in some blooms of the St. Johns River and its tributaries and can cause numbness, tingling,
incoherent speech, and respiratory failure (EPA 2014). Saxitoxin is among the most potent nerve toxins known and
anatoxins are particularly fast acting.
BMAA
Another cyanobacterial molecule that has gained notoriety is BMAA (β-N-methylamino-L-alanine). BMAA is considered a
neurotoxin based on cell and animal model studies, studies finding correlations between it and degenerative neurological
diseases such as Alzheimer’s disease, Parkinson disease and amyotrophic lateral sclerosis (ALS), the proximity of lakes to
such diseases, and the recent finding that stranded dolphins from Massachusetts and Florida that had BMAA in their brain
tissues also had characteristic markers of human neurodegenerative diseases (Davis et al. 2019).
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However, there are disagreements within the scientific community regarding methodology as well as data interpretation
of many of these studies. The hypothesis that BMAA causes neurodegenerative diseases is controversial. This is an
important topic because many types of cyanobacteria have been shown to produce BMAA (Cox et al. 2005), and St. Johns
River blooms that are analyzed for cyanotoxins are not tested for BMAA.
BMAA has been shown to biomagnify in the foodweb, which is when an animal that eats something toxic accumulates the
toxin, concentrating it in its tissues. In the Florida Bay, a location with ongoing cyanobacterial blooms, BMAA has been
found in blue crab, oysters, shrimp, and some fish (Brand et al. 2010).
2.4.1.4. Nutrients
High levels of nutrients lead to algae growth and eutrophication, causing the ecosystem to become unbalanced with
increased loading of organic matter to the system as a result (NRC 2000). The St. Johns River and its tributaries are impacted
by excess nutrients in runoff and wastewater (section 2.3). Nutrients, including nitrogen- and phosphorus-based chemicals
contained in garden, lawn, and agricultural fertilizer, are common causes of impaired waters in the LSJR and are crucial
contributors to freshwater algal blooms. Sewage sludge, aka biosolids, has been used as fertilizer around the Middle and
Upper St. Johns River basins, contributing to phosphorus pollution in the headwaters of the St. Johns River (see section
2.3.). A map of the biosolids application sites can be found at DEP 2019g.
Thus, when nutrient levels are high and other appropriate conditions exist, the possibility of harmful algal blooms increases.
Cyanobacteria growth rates and species distributions in an ecosystem are highly dependent upon light, temperature, and
salinity. As a consequence, proximity to the mouth of the river (due to salinity levels), temperature fluctuations, color of
the water, and the presence of other phytoplankton all determine whether an algal bloom will occur and which species will
predominate. The major blooms have been in the more freshwater regions. Rainfall also influences HABs; periods of low
flow during drought increase the likelihood of algal blooms in the freshwater reach (Phlips et al. 2007), while high flow
and hurricane rain events increase the likelihood of less concentrated but more widespread blooms in the downstream,
Jacksonville reach of the river (Hendrickson 2013).
Nutrients promoting algal blooms also come from leaking septic systems, livestock, industry and runoff during and after
heavy rain events. However, interesting work by Piehler et al. 2009 indicates some types of cyanobacteria can themselves
increase nitrogen in waterbodies. During nitrogen fixation, a biological process, atmospheric nitrogen is taken up and used
for growth by some species. The nitrogen is ultimately released into the water in forms that are more usable by biota that
cannot use atmospheric nitrogen.
The question often arises about whether harmful algal blooms occurred historically and whether current blooms are a
natural occurrence. Burns has this to say (Burns Jr 2008):
“Although there is little doubt that the phenomenon of cyanobacterial blooms predates human development in Florida, the recent
acceleration in population growth and associated changes to surrounding landscapes has contributed to the increased frequency,
duration, and intensity of cyanobacterial blooms and precipitated public concern over their possible harmful effects to aquatic
ecosystems and human health. Toxic cyanobacterial blooms in Florida waters represent a major threat to water quality, ecosystem
stability, surface drinking water supplies, and public health.”
Interestingly, algal blooms may have increased after successful eradication efforts to control the highly invasive water
hyacinth in the 1970s and 1980s. In the past, hyacinth shaded much of the water column and limited algal growth. Reduction
in the water hyacinth may have contributed to the change from a floating aquatic plant system to an algal-dominated system
in the LSJR (Moody 1970; Hendrickson 2006; Hendrickson 2008).
2.4.2.

Cyanobacteria and Cyanobacterial Blooms in Florida and the LSJR

Potentially toxic cyanobacteria that are known to bloom in Florida waters include Microcystis aeruginosa (Figure 2.20),
Anabaena circinalis, Cylindrospermopsis raciborskii, Anabaena flos-aquae, Aphanizomenon flos-aquae, and Lyngbya wollei
(Chapman and Schelske 1997; Williams et al. 2007; Steidinger et al. 1999; Burns Jr 2008; Abbott et al. 2009).
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1999-2000 - Extensive statewide sampling by Florida biologists in 1999-2000 showed that 88 out of 167 samples,
representing 75 individual waterbodies, were found to contain potentially toxic cyanobacteria (Williams et al. 2001;
Burns Jr 2008). Most bloom-forming cyanobacteria genera were distributed throughout the state, but waterbodies,
such as Lake Okeechobee, the LSJR, the Caloosahatchee River, Lake George, Crescent Lake, Doctors Lake, and the St.
Lucie River (among others) were waterbodies that supported extensive cyanobacterial biomass. Seven genera of
cyanobacteria were identified in the statewide samples, with Microcystis (43.1%), Cylindrospermopsis (39.5%), and
Anabaena (28.7%) the most frequently observed, and in greatest concentrations (Williams et al. 2001; Burns Jr 2008).
In the same 1999-2000 survey, 55% of the samples in the LSJR basin contained the genus Anabaena, 53.9% contained
Cylindrospermopsis raciborskii, and 47.6% contained the genus Microcystis (Williams et al. 2001; Burns Jr 2008), though
it should be noted that many other species reside in the LSJR.
Algal blooms are now a yearly occurrence in the LSJR and its tributaries. A few of the well documented major blooms
include:

2005-2017 - The St. Johns River Water Management District recently analyzed cyanotoxin data from LSJR
water samples spanning 2005-2017, including samples from routine water monitoring as well as directed
sampling in response to bloom events (Trent et al. 2019). Microcystins were detected in 52% of 841
samples (47% of routine samples and 70% of bloom samples), and cylindrospermopsin was detected in
58% of 677 samples (63% of routine samples and 41% of bloom samples).
2005 - Major blooms in the LSJR affected areas north of Crescent City to Jacksonville and caused large spikes in
cyanotoxins and fish die-offs. The primary species was Microcystis aeruginosa (Williams et al. 2006; Williams et al.
2007).
2010 - From mid-May through June of 2010, cyanobacteria blooms grew in great abundance in the freshwater reaches
of the LSJR, beginning with blooms of Aphanizomenon flos-aquae, which until then had never been recorded as the
dominant species in the LSJR (Landsberg et al. 2020). With an increase in river salinity due to extended periods of
reverse flow, the Aphanizomenon bloom decayed and was replaced by Microcystis, Cylindrospermopsis, Anabaena, and
Pseudoanabaena (FWC 2010). Large spikes of a microcystins were measured in late May and June and elevated levels
of Cylindrospermopsis in mid-July through September (Hendrickson 2011). A massive fish kill along 31 miles of the
river occurred, which was followed by the deaths of 11 dolphins in the St. Johns River. These dolphin deaths were
declared a marine mammal unusual mortality event, and the cause of those deaths are unknown (Borkowski and
Landsberg 2012).
2013 - In October, the St. Johns Riverkeeper reported that microcystin (a cyanotoxin) concentrations in two LSJRassociated samples were >2,000 µg/L. These concentrations are >250 times the new EPA recommendations for
recreational waters (EPA 2019a; EPA 2019c) and are at a level that the World Health Organization classifies as posing
a very high probability of acute health effects from recreational exposure (Inclan 2013; Patterson 2013; St. Johns Riverkeeper
2013a; EPA 2016). One of the toxin-sampling sites was in Doctors Lake (see Figure 2.20), which feeds into the St. Johns
River and the other was in the more estuarine region of the river (at Jacksonville University). While both of these
samples, obtained by a non-governmental organization, had very high levels of toxins, the chlorophyll-a samples in
the STORET database for Doctors Lake that same month were less than 40 µg/L, and none of the 2013 estuarine samples
in the analyzed data set were >40 µg/L chlorophyll-a. Thus, there were blooms that are not evident from looking at the
chlorophyll-a levels from the STORET database, since sampling for chlorophyll does not necessarily coincide with
blooms, which illustrates a limitation of the chlorophyll-a-based analysis in this report (below).
2019 – Reminiscent of 2010, a >70-mile stretch of the St. Johns River experienced visible cyanobacteria in the water
column, including at various sites, Aphanizomenon flos-aquae, Dolichospermum, Cuspidothrix, Planktothrix, Anbaaena, and
Microcystis, with some areas having very high levels of cyanobacteria (Figure 2.20; TheScienceOf 2019). The liver
toxins microcystins/nodularins and cylindrospermopsin, and the nerve toxin saxitoxin were found in multiple
locations on multiple dates. The saxitoxin levels were among the highest ever reported in the freshwater portion of
the St. Johns River (SJRWMD 2019c). Levels of phosphorus from the headwater region to Orange Park were elevated
compared to mean values, which could explain why Aphanizomenon flos-aquae was dominant in many areas of this
bloom, since this cyanobacterium can use nitrogen from the atmosphere instead of relying on nitrogen from the water,
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so phosphorus is the limiting nutrient for this species. This bloom was first reported on April 10, which is particularly
early in the year, and algal blooms and toxins were reported through the summer (DEP 2019b).
The FDEP recently created an interactive Algal Bloom Sampling Status Dashboard, which includes a map of algal bloom
sampling results, such as types of cyanobacteria and concentrations of select toxins, an interface for reporting blooms, and
frequently asked questions (Figure 2.21).

Figure 2.21 Algal Bloom Sampling Status Dashboard. Screenshot from (DEP 2019b; https://floridadep.gov/AlgalBloom).

Identification and quantitation of cyanobacteria and their toxins in the LSJR can be difficult, expensive, and timeconsuming, though in recent years, there has been an expansion of different methods and approaches (Williams et al. 2007;
Burns Jr 2008). The most consistent and complete data that reflect phytoplankton growth over many years are
measurements of chlorophyll-a. Chlorophyll-a is a light-harvesting pigment used by photosynthesizing organisms.
Elevated phytoplankton concentrations, including cyanobacteria, are accompanied by elevated chlorophyll-a
concentrations so chlorophyll-a is often used as an indicator for HABs.
2.4.3.

Chlorophyll-a Thresholds and Data Analysis

Chlorophyll-a values are used to determine relative phytoplankton abundance. Each water body is unique with respect to
flow, shape, and water chemistry, all which affect phytoplankton growth and therefore also chlorophyll-a levels (DEP
2013d). Because salinity is a critical factor in cyanobacteria growth, it is useful to examine chlorophyll-a in different river
regions. The marine/estuarine reach discussed in this report extends from the mouth at WBID 2213A to WBID 2213H, and
the freshwater region extends from WBID 2213I upstream to WBID 2213N at the confluence of the Ocklawaha River (See
Figure 2.1 for map of WBIDs).
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2.4.3.1. Criteria and threshold values
Streams with chlorophyll-a concentrations that are below 3.2 µg/L are biologically healthy; however, some types of streams
are stable and healthy at higher levels of chlorophyll-a/L. Therefore, a number of DEP chlorophyll-a impairment thresholds
exist for Florida waterways ranging from general criteria to site-specific criteria. For example, the impairment threshold for
estuaries and open coastal waters is 11 µg chlorophyll-a/L (annual geometric mean) (DEP 2013d). However, the
marine/estuarine reach of the LSJR has an even lower, more stringent, site-specific chlorophyll-a criterion of 5.4 µg/L for
long-term (7-year) annual averages (DEP 2013h; DEP 2016b). Thus, 5.4 µg/L is the threshold criterion we utilize in this
report for the marine/estuarine reach (which is most appropriately compared to 7-year annual averages).
For freshwater, the general impairment threshold in Florida is 20 µg chlorophyll-a/L (not to be exceeded more than once in
a three year period), based on annual geometric means (DEP 2013d; DEP 2016g). However, the DEP uses a criterion of 40
µg chlorophyll-a/L not to be exceeded more than 10% of the time (or for more than 40 days) for the chlorophyll-a threshold
for the Lower St. Johns River Basin (Magley and Joyner 2008; DEP 2014a). For this River Report, both freshwater criteria
are used - the general 20 µg/L annual geometric mean threshold is used for general assessment of the freshwater regions of
the river, and 40 µg/L chlorophyll-a/L is used as a threshold of bloom status when discussing individual water segments
(WBIDs).
In this River Report, the current status and time trends of chlorophyll-a are examined in different ways. Both the
marine/estuarine and the freshwater regions are presented as annual chlorophyll-a averages for direct comparison between
the two regions (Figure 2.22). The marine/estuarine data are then displayed as annual averages as well as 7-year annual
averages and are compared to the 5.4 µg/L chlorophyll-a criteria (Figure 2.23B). The freshwater data are presented as annual
geometric means for comparisons to the 20 µg/L chlorophyll-a threshold (Figure 2.23B). To show the spread of the data,
including the high and low values, box-and-whisker plots are presented for both the marine/estuarine and freshwater
regions (Figure 2.24).
2.4.3.2. Data acquisition and processing
Chlorophyll-a data were obtained from the DEP STOrage and RETrieval (STORET) and Watershed Information Network
(WIN) online portals. WIN/ STORET is the statewide environmental data system containing water quality, biological, and
physical data. Method 10200-H was used to analyze chlorophyll-a that was corrected for pheophytin, which is a form of
degraded chlorophyll. Only stations in the mainstem or near the mainstem in major tributaries, such as the Ortega River
and Julington Creek, were included. Data were reviewed for quality and data points were discarded when samples
appeared analytically compromised (contaminated blanks, poor recovery, poor replication, etc.) or were missing important
information. All samples with qualifier codes K, L, O, V, Y, or ?, which indicate different data quality issues, were
eliminated. If a reported value was below the method detection limit (MDL), it was used even if flagged. One-half the MDL
was used for samples reported as “nondetect.” When routine samples (taken from the surface to deeper than 1 meter,
depending on the sample) and integrated vertical samples were obtained at the same time, the integrated samples were
used for analysis in this report.
2.4.4.

Current Status and Trends

Based on annual averages, the freshwater regions have shown consistently higher concentrations of chlorophyll-a compared
to the marine/estuarine regions (approximately two to seven times higher per year; Figure 2.22A), which is not unexpected
since the phytoplankton that cause algal blooms in the St. Johns River are freshwater species and there are higher nutrient
concentrations upriver. This is further illustrated using aggregated WBID data, which shows the decrease in chlorophylla concentrations when moving from the most upstream freshwater WBID N towards the end of the St. Johns River at the
Atlantic Ocean (WBID B) (Fig. 2.22B). Data from 2019 show this same trend from WBID N to WBID B, but with generally
higher values, particularly in the freshwater portion (Fig. 2.22C).
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Figure 2.22 Annual averages of chlorophyll-a concentrations in the freshwater section and the marine/estuarine reach for 1997-2019. Blue denotes marine/estuarine
data and green denotes freshwater data. A. Annual averages per year. B. Averages of annual averages for each WBID. For each WBID, the annual averages for all
years were averaged, and the error bars represent the standard deviations for each average of averages. C. Averages (µg/L) for each WBID for 2019; data situated from
south to north to show approximate locations of each WBID along the river. WBIDs A, C and F are not included due to lack of data from 2016 to present, 2014 to
present, and 2009 to present, respectively.

The freshwater annual geometric means of chlorophyll-a from 2012-2018 are below the 20 µg/L threshold that this River
Report uses for comparison, but 2019 data show a large increase, surpassing 20 µg/L (Figure 2.23A). This increase in
chlorophyll-a compared to recent years was widespread in the freshwater reach, as reflected by a) geometric means >20
µg/L for 5 of the 6 freshwater WBIDs (J-N), b) the high annual averages of the WBIDs compared to historical averages
(compare Fig. 2.22C to 2.22B) and c) individual samples taken from dates that span >30 day time-frames were > 40 µg/L,
reflecting longevity of the bloom. These data reflect the massive algal bloom discussed in section 2.4.2.
To assess the chlorophyll-a levels in the marine reach, the annual averages are compared to the impairment criterion value
of 5.4 µg/L (Figure 2.23B). The annual average data (blue diamonds) show chlorophyll-a concentrations below the 5.4 µg/L
threshold from 2014 to 2018, but higher than the threshold for 2019. The 7-year average (black squares) reached the 5.4 µg/L
threshold in 2018 and was below it in 2019, thus, these data show the marine reach below the 7-year chlorophyll-a criterion,
which is promising. However, the large increase seen for 2019 and the lack of recent data for WBIDs A, C, and F constrain
the overall interpretation for the marine/estuarine reach of the LSJR.
.
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Figure 2.23 Annual chlorophyll-a concentrations compared to threshold values in the Lower St. Johns River mainstem. A. Annual geometric means in the freshwater
section; and B. Annual and 7-year averages in the marine/estuarine reach. The dashed lines represent the chlorophyll-a thresholds; 5.4 µg/L for the marine and
estuarine portions (State criterion), and 20 µg/L for the freshwater portions (River Report threshold).

While Figures 2.22 and 2.23 are useful for trends and comparison to threshold values, they do a relatively poor job of
representing the data sets per year. Furthermore, geometric means tend to be lower than arithmetic means (compare Figure
2.22A to 2.23A). Therefore, box and whisker plots are presented to show the spread of the data in 25% increments as well
as the median value, the highest values, and the lowest values (Figure 2.24; see circled inset). The highest 50% of values for
the fresh and marine/estuarine segments were higher in 2019 than for any of the previous seven and five years, respectively
(Figure 2.24).

Figure 2.24 Yearly chlorophyll-a concentrations with an emphasis on the spread of the data in the Lower St. Johns River mainstem for freshwater and marine/estuarine
regions. The dashed red lines represent the chlorophyll-a thresholds. Data are presented as box-and-whiskers plots that show the data compiled into 25% intervals
(inset). The median value is the number where 50% of the data is above, and 50% of the data is below, and is indicated by the horizontal line in the center of the boxes.
Whiskers indicate the ranges of the highest and lowest 25% of the data, including the maximum and minimum values. Note logarithmic scale on y-axis.

2.4.5. Limitations
There are multiple limitations to using these chlorophyll data to assess the LSJR, and the aggregation of the data for the
large freshwater region has its limitations. The LSJR is large, and so the small number of samples from limited locations in
the river can reveal only so much, and there are still sections of this region (WBIDs; Figure 2.1) that are experiencing elevated
chlorophyll-a levels. Therefore, it is worth expanding on WBID-specific information instead of focusing on the aggregated
data from the freshwater portion. First, Figures 2.22B and C illustrate historic differences as well as differences in 2019
between the different WBIDs, including among the freshwater WBIDs, with K-N noticeably higher than I and J.
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Second, the points below illustrate more in-depth localized analysis of data for freshwater WBIDs. These specific examples
are intended to highlight some issues with data limitations as well as how specific regions of the freshwater portion endure
particularly elevated chlorophyll-a levels, including levels which indicate blooms, including toxic blooms.
A) For 2012 and 2013, 5 of the 6 annual chlorophyll-a geometric means of freshwater WBIDs K, M, and N were above
the 20 µg/L threshold.
B) For 2016, 8 of 22 samples from WBID N exceeded the site-specific chlorophyll-a criterion of 40 µg/L. These 8
samples spanned May to September, and include all 5 samples from July 13 to September 7, indicating a prolonged
bloom. Furthermore, the annual geometric means for this WBID ranged from 20.4-22.7 µg/L for 2012, 2013, and
2016, slightly over the 20 µg/L threshold for each of those years. Therefore, WBID N exceeds the two different
thresholds used in this River Report, including the state criteria.
C) Recent data for each WBID is from one sample per month maximum, and not all months are represented for all
WBIDs, including warmer months, which are more prone to blooms. As a lack-of data example, WBID K had only
three data points in the database for 2016, with a high value of 43 µg/L and geometric average of 22 µg/L. In 2017,
the data do not go past July. From January – July, the high was 40 µg/L and the geometric average was 22 µg/L.
Having no data past July, during months blooms occur, is problematic for analysis. However, there were 12 and 19
data points for 2018 and 2019, respectively, allowing for a better understanding of this WBID, which is a problematic
area (see below).
D) The DEP has analyzed chlorophyll-a data from Racy Point (WBID K), which is a location that it considers to be a
“worst-case WBID”, along with nearby Dancy Point (WBID L), and reported the number of days per year that Racy
Point experienced a nuisance bloom (designated as chlorophyll-a values >40 µg/L). That analysis reports a trend of
decreasing days per year (from 1995-2013) when Racy Point is >40 µg/L chlorophyll-a (DEP 2014a). While that
analysis shows a decrease in the longevity of these blooms at this location, it still has recurring blooms (Fig. 2.22C).
In that analysis, chlorophyll-a values derived from continuous measurements at Dancy Point are compared to the
values of chlorophyll-a measured from discrete samples at Racy Point. That analysis shows many days during
spring 2013 when Dancy Point (WBID L) was above the 40 µg/L threshold according to the continuous
measurements, but these types of data are not in the DEP STORET database. This lack of WIBD L data for 2013 is
an example of limitations of Figures 2.22-2.24 and illustrates the problem of our analysis missing key algal bloom
events in the river.
The above discussion demonstrates that the chlorophyll-a datasets we are using have limitations in that there are recorded
instances of high chlorophyll-a levels that are not captured in our analysis, and there are toxic algal bloom events that have
occurred that are not represented in the chlorophyll dataset. Furthermore, the river sampling locations for chlorophyll-a are
largely in the middle of the river channel, and it is known that Microcystis blooms can be concentrated along the shore and
in coves due to the ability of these cyanobacteria to float and be pushed by the wind. Thus, some wind-driven blooms or
elevated chlorophyll-a levels are missed with routine sampling at fixed locations. Sampling protocols can also miss more
dense algae at the surface of the water. Finally, the geographical region analyzed also affects the interpretation. While the
data here were grouped as either freshwater or marine/estuarine for the main analysis (Figures 2.22-2.23), there are
individual locations in the river and its tributaries that are particularly problematic regarding algal blooms.
2.4.6.

Summary and Future Outlook

The St. Johns River and its tributaries continue to experience cyanobacterial blooms on a yearly basis, and the data set is
limited in scope and misses bloom events. These annual appearances of blooms (including toxic events) indicate significant
impact from cyanobacteria. Coupled with the extensive 2019 algal blooms that started in April in Lake George and the
mainstem, which included nerve toxins (saxitoxin) and liver toxins (microcystins and cylindrospermopsins), and the
increased mean phosphorus levels of 2018 compared to 2003-2017, the STATUS of the LSJR with respect to algal blooms is
considered Unsatisfactory, and the TREND is Uncertain.
Much of the outlook for algal blooms is closely tied to that for nutrients. Reduced nutrient loading in the LSJR may be
lowering concentrations of some forms of nutrients in the mainstem (Section 2.3), and perhaps an overall accompanying
reduction in algal concentrations was starting to be observed. However, more years of data coupled with the frequency and
extent of blooms will be needed to understand whether this is a stable trend or a short-term phenomenon, including
whether the 2019 bloom was an anomaly. Furthermore, the number of samples obtained from the database over the past
few years is reduced compared to previous years, which makes trend analysis more complicated, particularly since algal
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blooms are being missed. And, even though substantial reductions of nutrients to the LSJR has occurred, approximately
two thirds of the nutrients in the LSJR come from the middle basin so algal blooms in the LSJR are tied to the middle basin,
which is tied to the upper basin (section 2.3, and COJ 2019b). Thus, biosolids and other fertilizers used in the basins of the
upper and middle St. Johns River impacts the LSJR (Rivers 2018).
The Jacksonville Waterways Commission recently convened a St. Johns River Algae Task Force, which developed seven
recommendations that include continued nutrient reductions, increase public education, creation of a centralized statewide
surveillance system, and reestablishing oyster reefs for improved water quality (COJ 2019b). A state level Blue-Green Algae
Task Force has recently been created in response to the high profile, massive cyanobacterial blooms in Lake Okeechobee.
While the mission is focused on Lake Okeechobee, its downstream tributaries, and the Everglades, the Task Force has
recommended that a Total Minimum Daily Load and a Basin Management Action Plan for total nitrogen and total
phosphorus be developed for the Upper St. Johns River Basin (DEP 2019i; DEP 2019c; DEP 2019d).
In addition to the connectivity of the different basins of the St. Johns, the freshwater and marine/estuarine sections of the
LSJR analyzed are large geographical areas. It is important to consider the complexity of the LSJR ecology and the difficulty
in establishing healthy benchmarks and natural trends in a system with physical, chemical, and biological characteristics
that naturally vary so widely in space and time.
2.4.7.

Recommendations for Research

As discussed above, some bloom events are not represented in the FDEP WIN/STORET database, so our understanding of
frequency, duration, and locations of blooms is not comprehensive. Additional, extensive monitoring of chlorophyll-a and
cyanotoxins, including BMAA, at locations known to have recurring blooms, combined with analysis of associated nutrient,
temperature, and toxin data, could help form a clearer picture of these blooms and the extent to which they exist, how toxic
they become, and determine drivers of bloom formation, such as nutrients and temperature. Laboratory, mesocosm, and in
situ studies that analyze growth rates, toxin production, and bloom collapse of HAB cyanobacteria isolated from the LSJR
as a function of varied nutrients, salinity, and temperature are essential to understanding blooms of the LSJR.

2.5.

Turbidity

2.5.1.

Description and Significance

In its natural state, the St. Johns River, like other blackwater rivers, swamps, and sloughs, has a high concentration of colored
dissolved organic material (CDOM) that stains the water a dark brown color. The natural decay of plant materials stain the
water to appear somewhat like tea in color. The St. Johns River, in particular, has a varied mix of dark-stained water from
rainwater flow through the slow moving backwaters, and nearly clear contributions from large springs such as Blue Spring,
De Leon Springs, Silver Springs (through the Ocklawaha River), and others. Heavy rains flush tannin-stained waters out of
the slow-moving sloughs, swamps, and backwaters and into the tributaries and mainstem of the LSJR. Color and turbidity
are different properties of water, and both may arise from natural and anthropogenic sources. Turbidity is a reflection of
how cloudy a water body appears, unlike the light absorption properties described by color. Turbidity is described on the
Florida DEP website as:
Turbidity is a measure of the suspended particles in water. Several types of material cause water turbidity, these include: silt or
soil particles, tiny floating organisms, and fragments of dead plants. Human activities can be the cause of turbidity as well.
Runoff from farm fields, stormwater from construction sites and urban areas, shoreline erosion and heavy boat traffic all
contribute to high levels of turbidity in natural waters. These high levels can greatly diminish the health and productivity of
estuarine ecosystems (DEP 2009f).
Three types of particles optically scatter light in the water column: suspended solids, particles of bacterial and algal origin,
and micron-sized particles of CDOM. All are present in the dominantly freshwater portion of the LSJR (Gallegos 2005);
however, the turbidity is dominated by both phytoplankton (mostly single-cell plants) and suspended solids from human
impact (most often sediment or industrial waste) called non-algal particulates (NAP). NAP comes from such activities as
sediment erosion from construction, land clearing and timber harvesting sites; stormwater runoff in urban and industrial
areas, dredging, and solids from industrial outfalls (Gallegos 2005). During heavy rains, these sources may input a large
volume of NAP into tributaries of the river. To address this, Florida has an extensive storm-water permitting program to
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limit stormwater impact. As discussed above, stormwater and drainage systems once considered non-point sources are
now registered and permitted under the National Pollutant Discharge Elimination Program (NPDES) (DEP 2009e).
In contrast to turbidity in freshwater, in more haline (salty) portions of the LSJR, scattering of light is dominantly from
materials that are of larger size, such as sediment (Gallegos 2005).
Periods of drought and rainfall can significantly affect turbidity. During periods of drought, flow from the tannin-stained
backwaters decreases dramatically, but the flow from the clear springs diminishes less. When this happens, the water may
become significantly clearer, and optical absorption by CDOM diminishes to below normal levels. With decreased CDOM
and higher light penetration, phytoplankton are able to use the high nutrient concentrations more efficiently and readily
undergo accelerated growth (Phlips et al. 2007). In rainy periods after a drought, the St. Johns River may actually become
more darkly stained from CDOM than usual, as rainfall moves the stalled and tannin-stained waters into the mainstem of
the LSJR again. Under these conditions, CDOM absorption is the most influential optical property in a blackwater system
such as the LSJR (Phlips et al. 2000). In other events, and at specific locations and times, phytoplankton or NAP will
dominate light loss in the water column and can be assessed by comparing turbidity levels with chlorophyll-a levels, which
indicate algal content.
Turbidity levels in tributaries can increase during periods of drought under certain conditions, such as near constant
industrial and WWTF output, algal blooms, or, more commonly after episodic rain events. For instance, sediment from
construction, land clearing and timber harvesting sites, coupled with stormwater runoff, can be washed into the adjacent
waters and overwhelm the other components. It is not difficult to spot sediment-laden water due to its appearance, often
having a resemblance to “coffee with cream,” as shown in Figure 2.25 for example.

Figure 2.25 Turbid water from McCoy Creek entering the LSJR on 17 July 2008. Courtesy of Christopher Ball.

Turbidity (algal and sediment particulate) and color are the two primary light attenuating factors in the LSJR that prevent
light from reaching rooted submerged plants and thus hinder aquatic photosynthesis. Small plants and plantlike bacteria
have evolved to float or suspend themselves in the upper levels of the water column to remain in the sunlight. At high
concentrations, their combined scattering may not pass sufficient light to large plants attached to the bottom, like the river
grasses that feed and serve as nursery habitat for juvenile fish and shrimp. Submerged aquatic vegetation (SAV) can suffer
from a lack of light resulting from high turbidity and from sediment cover, from shading by smaller plants coating their
leaf surfaces, or masking by floating algae. This has a large impact on animals, which depend on the grasses for food and
shelter.
Algal blooms can dominate turbidity when excess nutrient and sufficient background algal concentrations combine to
produce prolific growth of the algal biomass. In this situation, the planktonic or filamentous algae can reduce visible depth,
affecting the rooted submerged aquatic vegetation. This is referred to as a hypereutrophic condition. A good discussion of
trophic state is found on the website of the Institute of Food and Agricultural Sciences at the University of Florida (IFAS
2009). While high trophic state index (TSI) values indicate high primary (plant) productivity, often that is part of an
unbalanced ecosystem with very high nutrient and a large algal biomass that has large fluctuations in dissolved oxygen. A
reduction in water clarity due to algal blooms is distinguishable from sediment turbidity by measurement of total
38

LOWER SJR REPORT 2020 – WATER QUALITY
chlorophyll-a at a level greater than 40 µg/L (SCCF 2014). This is not an optimum, healthy state for the entire ecosystem of
the water body.
Figure 2.26 shows turbidity values in the LSJR since 1997. The box indicates the median ± 25% of the data points (middle
50%). In several years, the highest value recorded was significantly higher than the interquartile range described by the
green box; for those years, the high value is higher than the maximum value on the graph. A background turbidity level in
the LSJR varies from single digit values to 12-15 Nephelometric Turbidity Units (NTUs) along the mainstem (Armingeon
2008), and anything over 29 NTUs above background is considered to exceed Florida state standards FAC 62-302.530 (62302 F.A.C.; DEP 2013i). While the state criterion for turbidity is 29 NTU above background, background levels vary in the
LSJRB; therefore, 29 NTU has been used as the threshold in the graphs.

Figure 2.26 Yearly turbidity in the Lower St. Johns River Basin; 1997-2019.
Data are presented as a box-and-whiskers plot with the green boxes indicating the median value ± 25% (middle 50% of data)
and the blue whiskers indicating the minimum and maximum values in the data set.

Over this period, there have been changes in measurement techniques, spatial sampling changes, and many other factors,
but clearly since 1997, the median values of turbidity in the LSJR are below the acceptable limit.
Long-term trends have generally shown stable turbidity levels over decades, but a look at recent years reveals recent
changes. First, the single waterbody in the Lower St. Johns River Basin with the highest turbidity values over 2017-19 is
Sherman Creek (WBID 2227), a small waterbody of about 0.086 square miles, located just south of the mouth of the St. Johns
River and containing much of Atlantic Beach, Florida. Figure 2.27 shows turbidity values in the waterbody, and the median
values of all three years fall below the WQC of 29 NTU above background. However, 2018 and 2019 seems to have been a
year of elevated turbidity events in Sherman Creek; notably, in 2019, a portion of the third quartile of data lies above the
WQC.
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Figure 2.27 Yearly turbidity in Sherman Creek, WBID 2227; 2017-2019. Data are presented as a box-and-whiskers plot with the green boxes indicating the median
value ± 25% (middle 50% of data) and the blue whiskers indicating the minimum and maximum values in the data set.

As well, turbidity can be affected by sediment from construction projects, such as the Jacksonville Harbor Deepening
project, which began in February 2018 and will encompass a thirteen-mile stretch of the mainstem of the river beginning at
the river’s mouth at the Atlantic Ocean (ACOE 2020b; ACOE 2020a; JAXPORT 2020b). The project lies within three
waterbodies along the river’s mainstem: WBIDs 2213A, 2213B, and 2213C. Turbidity levels in 2017-19 for those three
waterbodies and the next upstream waterbody, WBID 2213D, are shown below. Observations fall below the WQC, with the
only exception occurring in WBID 2213D, upstream of the project.

Figure 2.28 Turbidity measurements in waterbodies along the mainstem of the Lower St. Johns River Basin (WBIDs 2213A, 2213B, 2213C, and 2213D). Markers
indicate individual observations.

2.5.2.

Data Sources

The primary source for this evaluation is the FDEP’s Watershed Information Network (WIN) database, the Florida STORET
database and the EPA-mandated reports required by the CWA, such as the Florida 303(d) report of impaired waters. These
reports become the basis for future water quality management and restoration efforts. These are publicly available online
at DEP 2004 and DEP 2009d. Previous versions of this report used EPA STORET data.
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2.5.3.

Limitations

In 1998, under the Florida standards (62-303 F.A.C.; DEP 2013i), 16 waterbodies in the LSRJB were listed as impaired for
turbidity. Many of these were urban streams between the city of Jacksonville and Mayport, areas where urban runoff may
have been a problem. Many have since been “delisted” in the CWA process. This may truly indicate substantial
improvements, but it may also have been partly a function of the sampling timing during pre-hurricane drought conditions
in 2004, which greatly reduced runoff and associated turbidity. For example: the earlier 303(d) report listed Cedar River
and Goodbys Creek, as well as the mainstem of the river above the Dames Point area, at high risk of turbidity impairment,
while later assessments, based on sampling in 2004, did not find turbidity impairments. Additionally, we have chosen to
use virtually all the STORET data in spite of changes in methodology, uneven spatial and temporal sampling, and other
issues that limit both the validity and generalization of the trend.
2.5.4.

Current Conditions

STATUS: Satisfactory
TREND: Unchanged
Based on current data available from WIN and STORET, turbidity conditions seem to be satisfactory for the LSJRB, as seen
in the first figure above. In 2019, the highest turbidity value observed was 70 NTU. Year to year, these values vary due to
rainfall events, land-disturbing activities, and other such occurrences. As a result, the STATUS of turbidity is Satisfactory,
and the TREND is Unchanged.
In November 2019, fifteen waterbodies were included in the final list of waterbodies delisted from the 1998 Florida 303(d)
list, for reasons of non-impairment and movement onto the planning list.
2.5.5.

Future Outlook

Current management of turbidity in Duval County, for example, includes a requirement for land-disturbing activities to be
overseen by a developer’s certified staff, routine visits of land-disturbing sites, review of erosion control plans, and a citizen
reporting mechanism. Heightened public awareness and improved engineering sediment control practices are bringing
improvements in this area. Finable events over the past few years and the press they received will help keep the pressure
on proper engineering practices. Vigilance in design of retention and detention ponds, sediment fences and public
monitoring all can help. Reporting of turbidity events and sediment discharges near land-clearing and construction projects,
particularly future Developments of Regional Impact (DRI) and monitoring existing municipal separate storm sewer system
(MS4) areas for storm runoff should help ensure the best outcomes for the LSJR. Tributaries are particularly prone to
turbidity events after a heavy rainfall

2.6.

Bacteria (Fecal Coliform, E. coli, and Enterococci)

2.6.1.

Description and Significance

2.6.1.1. Human bacteria, wastewater treatment, and the Clean Water Act
The human body is a complicated ecosystem that includes beneficial microorganisms such as bacteria, yeasts, and viruses
on our skin, in our mucous membranes, and in our intestines. Collectively, these microorganisms are called the ’human
microbiome’ (NIH 2019). While a first reaction of many people upon learning this is “yuck,” it is well established that many
of the microbes we harbor are beneficial and healthy for us, including their roles in digestion and combatting infectious
disease pathogens. The human digestive tract alone is home to about 10-100 trillion microorganisms. Thus, feces has a very
high density of microbes. In addition to the non-disease-causing bacteria and viruses, feces from people infected with a
variety of disease-causing microbes also contain the infectious disease pathogens. Thus, human waste can contain various
pathogens from infected individuals, so sewage wastewater is treated to remove these microorganisms before being
released back into natural waters.
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Over time, the standards for sewage treatment have become ever more stringent, particularly with the passage of the clean
water act in 1977 (FAS 2019). This law required the nation’s publicly owned sewer systems to remove 90% of the solid
matter, and to disinfect the effluent (Shabecoff 1988), which was usually done with chlorine, to protect streams and rivers.
The COJ passed Environmental Protection Board (EPB) Rule 3 to improve water quality in Duval County (1987), which led
to a phase-out of the existing but less reliable local wastewater treatment plants, many of which were unable to meet the
higher standards. Consolidation into larger regional treatment plants helped meet the higher standards.
2.6.1.2. Fecal coliform as indicator organisms
Measurement of the effectiveness of wastewater treatment has historically involved the measurement of fecal coliform
bacteria, among other water quality parameters. Fecal coliform bacteria are essentially indicator organisms that provide
evidence of whether human waste and therefore associated pathogens, such as bacteria and viruses, are being sufficiently
removed by wastewater treatment. Relatively few coliform bacteria are pathogenic themselves. One shortcoming of using
fecal coliform bacteria as an indicator of wastewater treatment is that some species of fecal coliform bacteria can grow and
multiply in sediment long after the initial wastewater discharge occurred (Anderson et al. 2005), so a high fecal coliform
reading may not indicate an active, current discharge of untreated wastewater.
Sources of fecal coliform bacteria in natural waters include wastewater treatment facility outflows, but these are only one
type of many potential sources. Fecal coliform bacteria reach the river from natural sources such as wildlife. Other sources
include sanitary sewer overflows, domestic animal and pet contamination, human contamination from failing septic
systems, runoff, and agricultural wastes from intensive animal farming and pasturelands
2.6.1.3. Fecal coliform criteria for recreational waterbodies
The mainstem and tributaries of the LSJR are designated as Class III recreational waters, suitable for ‘fish consumption,
recreation, propagation and maintenance of a healthy, well-balanced population of fish and wildlife.’ Prior to 2016, the
Florida fecal coliform exceedance criteria standards for recreational waters stated that fecal coliform counts (CFU) per 100
mL should adhere to all three of the following:
1) not exceed a monthly average (geometric mean) of 200 (requires 10 samples in a 30-day period)
2) not exceed 400 in 10% of samples
3) not exceed 800 on any one day
These fecal coliform criteria for recreational water quality were based on 1976 EPA recommendations (EPA 1976), which
were based on studies that found an increase in gastrointestinal illnesses after swimming in waterways that had about 400
coliform bacteria or more per 100 milliliters of water (EPA 1986). For protective measures, the number was halved to 200
fecal coliform bacteria per 100 milliliters as a threshold value for the monthly average value in the criteria. In 1986, based
on additional studies, the EPA shifted away from fecal coliform to recommending that E. coli and enterococci be used as the
indicator organisms for human sewage (EPA 1986) and in 2012 the U.S. EPA refined the 1986 recommendations for using
E. coli and enterococci (EPA 2012a). The FDEP has recently changed standards to fit the 2012 recommendations (see below).
2.6.1.4. The focus on tributaries of the LSJR
Under the FDEP “River-at-a-Glance” program through 2008, the mainstem of the LSJR (at several sites from Welaka to
Arlington (in Jacksonville), was found to be largely in compliance for fecal coliform (Appendix 2.6.1). Since the tributaries
were largely not in compliance, and the mainstem was in compliance, the focus became the tributaries. Since the tributaries
are the waterbodies impaired for fecal bacteria, they are the focus of the rest of this section.
2.6.2. Current Status
STATUS: Unsatisfactory
TREND: Conditions Unchanged
Seventy-five tributaries are impaired for fecal coliform (FDEP 2016). Of these, thirty-six tributaries have final TMDLs for
fecal coliform, and fecal coliform BMAPs are in place for twenty-five of them (Table 2.1).

42

LOWER SJR REPORT 2020 – WATER QUALITY
Table 2.1 LSJRB Tributaries with final fecal coliform TMDLs. Tributaries with BMAPs are indicated in gray.
Big Davis Creek

Craig Creek

Greene Creek

Little Black Creek

Newcastle Creek

Sherman Creek

Big Fishweir Creek

Deep Bottom Creek

Greenfield Creek

McCoy Creek

Open Creek

Strawberry Creek

Block House Creek

Deer Creek

Grog Branch

Mill Creek

Ortega River

Terrapin Creek

Butcher Pen Creek

Durbin Creek

Hogan Creek

Miller Creek

Peters Creek

Trout River (Middle and Lower)

Cedar River

Fishing Creek

Hopkins Creek

Miramar Creek

Pottsburg Creek

Wills Branch

Cormorant Branch

Goodbys Creek

Julington Creek

Moncrief Creek

Ribault River

Williamson Creek

2.6.2.1. Percent exceedances are far from goals
As noted above, Florida statute has required that monthly averages must be calculated from at least 10 samples per 30 days.
However, most impaired tributaries do not undergo fecal coliform testing that frequently. Therefore, the criterion stating
that no more than 10% of samples may exceed 400 CFU/100 mL (criterion #2 above) was the metric being used by the FDEP
to assess improvement and has been the goal. No tributary has reached this goal, and most are not even close (Table 2.2),
with 22% exceedance as the lowest value, and 95% as the highest value for the most recent 7.5-year period (2011-2018).
When comparing the most recent 7.5-year averages to the oldest data set (Table 2.2), 21 of the tributaries show no substantial
changes in percent exceedances, and 2 of the tributaries have increased by more than 10 percentage points (Table 2.2A;
pink). Some progress has been made in Terrapin and Deep Bottom Creeks, which have exceedance percentages that have
decreased 10 percentage points (Table 2.2A; blue), but they are still far from compliance. Some creeks have recently been
split into freshwater and marine portions to adhere to new criteria, so some of the new data are not directly comparable to
the older data, but it is useful to still look at the percent exceedances of fecal indicator bacteria for each creek.
2.6.2.2. Magnitude of exceedances are far from goals but have made progress
While the percent exceedances for the majority of the tributaries have not declined, there has been considerable success in
bringing down the magnitude of the exceedances when the 1996-2003 and 2010-2014 data sets are compared (last two
columns in Table 2.2). Ideally, the fecal indicator bacteria counts will continue to decrease to where the tributaries are no
longer exceeding the 10% percent exceedance maximum as well as the single day criterion (criterion #3 above) of 800 fecal
coliform on any day. The FDEP is currently emphasizing meeting the 10% exceedance maximum.
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Table 2.2 Fecal Indicator Bacteria exceedances of LSJRB Tributaries. 1Percent exceedances show 7.5-year rolling averages for the last
five periods that data are publicly available for, with the most recent time-period in bold. Some creeks were split into marine and
freshwater portions for the most recent time-period as indicated. Pink indicates tributaries whose fecal coliform exceedances
increased by at least 10 percentage points and light blue indicates tributaries whose fecal coliform exceedances have decreased by
at least 10 percentage points when comparing the first time-period to the last time-period. 2The data for the new E. coli and
enterococci criteria (DEP 2019a) are used to compare fecal coliform percent exceedances for the most recent time-period (2011-2018).
E. coli values are underlined; enterococci values are not. Green indicates that the E. coli or enterococci values are at least 20
percentage points below the fecal coliform values, and yellow indicates at least 20 percentage points above. 3Exceedance median
values show the magnitude of exceedances for two separate time-periods to provide historical perspective of the very large
magnitudes of fecal bacteria (TMDL period is 1996-2003; BMAP period is 2010-2014).
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2.6.3.

Progress and Outlook

2.6.3.1. Rule changes: Switching from fecal coliform testing to E. coli and Enterococcus testing
As explained above, Florida’s fecal coliform criteria were based on 1976 U.S. EPA recommendations, which have since been
updated twice by the U.S. EPA. Recently, new bacteria criteria to replace the fecal coliform standards were developed by
FDEP. These criteria adopt Recreational Water Quality Criterion (RWQC) promulgated by U.S. EPA in 2012 (EPA 2012b).
This new RWQC is specific for E. coli and enterococci, rather than fecal coliform, a broader class of organisms. It was found
that enterococci and E. coli are superior indicators of fecal contamination than simply fecal coliform, because a) the
correlation between swimmer disease and bacteria levels is stronger for these specific bacteria than for the larger class of
fecal coliform bacteria (EPA 2012a), and b) fecal coliform testing can also measure the presence of some bacteria that did
not come from feces (Jin et al. 2004). E. coli will now be used for fresh waters, and enterococci will be used for saline waters.
When percent exceedance values for fecal coliform are compared to E. coli / enterococci for 2011-2018, all but seven are
within 20% of each other (Table 2.2). Differences are to be expected when testing for different groups of bacteria, but
differences in the values when the new criteria are compared to the older criteria are not dramatically different. Future
editions of this Report will expand on these new criteria as Florida incorporates them and as more data on E. coli and
enterococci come available and replace the fecal coliform data.
2.6.3.2. BMAPs, Walk the WBID, and activities to address fecal coliform exceedances
Generally, Basin Management Action Plans (BMAPs) lay out projects and plans intended to reduce loading of the identified
pollutant, to be executed by the key responsible parties. For fecal coliform BMAPs in this set of 25 tributaries, the responsible
parties are COJ, JEA, the Florida Department of Transportation, the Florida Department of Health, Naval Station Mayport,
and other relevant municipalities including the Cities of Atlantic Beach, Jacksonville Beach, and Neptune Beach. FDEP also
plays a role in implementation of BMAP projects. For these 25 tributaries, a coordinating body called the Tributaries
Assessment Team organizes these groups in terms of information review and taking next steps.
Because the primary sources of fecal coliform are stormwater, wastewater, and septic tanks, the projects undertaken to
reduce fecal coliform usually address these types of water streams. Examples of projects undertaken to reduce fecal coliform
include wastewater infrastructure improvements, removal of illicit wastewater connections to waterbodies, and septic tank
phase-out and replacement by connection to municipal sewage services. Dozens of projects on these tributaries have been
completed since the start of these BMAPs.
Yet, despite these projects, many of which have certainly decreased the amount of human waste entering the watershed,
the above results indicate that the tributaries remain significantly impaired for fecal coliform. Stakeholders have conducted
an intensive effort to investigate sources of fecal coliform. For the Tributaries I group, Maps on the Table and Walk the
WBID (Water Body Identification Number) exercises were conducted in 2014. Maps on the Table is a process by which
stakeholders with local knowledge of the water body meet and review a map of the WBID to identify possible sources and
issues needing further study. These were followed by Walk the WBID days, in which stakeholders actually hike along the
banks of the water body to observe and note potential problem areas. After these events, follow-up activities were identified,
and both long-term and short-term solutions to this problem are being sought. The Tributaries II group was examined by
slightly scaled-back Maps on the Table and Walk the WBID exercises in April 2015 by a coordinated inter-agency effort.
During these walks, a few short-term issues were discovered and quickly addressed by the appropriate agency. Future
long-term efforts generally involve maintenance activities, modified or expanded inspections, educational outreach, and
basin-specific cleanup strategies.
2.6.3.3. Source tracking: New tools to track the sources of fecal coliform
As discussed above, fecal coliform, E. coli, and Enterococcus are the bacteria that either have been (fecal coliform) or are
currently (E. coli, and enterococci) being tested for in waterways to determine impairment. Significant effort has been put
forth to determine the source of the elevated levels of these bacteria (broken sewer pipes, septic tanks, sanitation sewer
overflows) in many tributaries, often times without finding any “smoking gun.” Since these bacteria can come from a variety
of animals, not just humans, there is a possibility that elevated levels of these bacteria in these bacteria-impaired waterways,
actually come from other animals, and not humans. To address this, FDEP has been using additional methods to see not
only if the bacteria come from humans, since human waste has a higher health risk than wildlife and pet wastes, but also
to determine if the bacteria are recent additions (from raw human sewage) to the waterway. This approach, called source
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tracking, seeks to determine whether or not the original source of the bacteria was human, and if so, if the bacteria might be
from raw human waste. To do this, a variety of techniques, from something like a scientist’s “tool box”, are being employed
as follows (DEP 2018b).
Genetic Signatures of human-associated bacteria to detect raw human waste – A technique called qPCR (quantitative
polymerase chain reaction) is used to detect and quantify genetic sequences, called “HF-183” that are only in Bacteroides
bacteria and most commonly from humans (Ahmed et al. 2016). These Bacteroides die when they are exposed to oxygen,
so when they leave the human body, they will not be able to live for a long period of time in the environment. And,
these Bacteroides are killed during wastewater treatment. So, a water sample that tests positive for HF-183 has contributions
from recent raw human waste, which would be considered the source. There are minor exceptions to this rule so results are
reviewed along with multiple lines of evidence such as other tracers of wastewater and knowledge about the activities
in the watershed to guide interpretations.
Sucralose as a chemical tracer – Sucralose is a chemical used as an artificial sweetener (for example, Splenda). Sucralose
is not broken down by the body or by wastewater treatment. Therefore, water samples can also be analyzed for sucralose, and
if it is present, then the waterway includes some type of wastewater, either treated wastewater effluent (from septic tanks
or wastewater treatment plants), or raw human waste. In other words, whether the wastewater was treated or not is
unknown.
Acetaminophen, Ibuprofen, and Naproxen as chemical tracers – Acetaminophen, ibuprofen, and naproxen are chemicals
used as a pain reliever (an example of acetaminophen is Tylenol). When someone takes acetaminophen, ibuprofen, or
naproxen, all of it is not broken down by the body, and so some is released as waste. These three chemical tracers are
removed from wastewater during treatment processes (septic tank or wastewater treatment plant), so acetaminophen,
ibuprofen, or naproxen in a water sample indicates presence of untreated human sewage (raw human waste).
By combining the source tracking results of the different analyses, scientists can begin to determine 1) whether the fecal
indicator bacteria in a tributary are from humans or not, 2) whether the waterbody has been impacted by treated or
untreated sewage, and 3) whether the introduction of the fecal bacteria into the waterway was recent or not. For example,
if a water sample has high levels of fecal bacteria, high levels of the HF-183 human-Bacteroides genetic signature, and high
levels of acetaminophen, then it is clear that raw human wastewater is present, so the source/location of the human waste
must be found and remedied. If a water sample has high levels of fecal bacteria, but no HF-183 human-Bacteroides genetic
signature, and no sucralose or acetaminophen, then raw human wastewater is not suspected. In this case, the water body
may not be a priority, as the source of the fecal coliform may be from wildlife, or the fecal coliform may have come from
humans in the past, but is now just growing and living in the tributaries, with no associated human pathogens present, and
thus is not an indication of a health risk. This approach is much more complicated than explained here, and sometimes
even extensive analysis does not reveal the source, which necessitates continued sampling and analysis.
2.6.3.4. Using the source tracking tools in bacteria-impaired waters
In 2018, FDEP utilized these new source tracking methods to find high-risk sources of fecal bacteria in tributaries of the
Lower St. Johns River (Figure 2.29). Samples in 2018 that exceeded the fecal bacteria ten percent threshold value designated
as criteria in the standard were analyzed for the HF-183 human-Bacteroides genetic signature. If the signature was present,
then the sample was considered confirmed for untreated human waste. If the signature was not detected, then the sample
was analyzed for bacterial genetic signatures from ruminants (livestock such as cows and sheep, etc.) using a similar qPCR
technique. If there was no indication that ruminant waste was present, then genetic signatures from bacteria found in
certain types of birds were tested for (positive results for bird waste bacteria would indicate that wildlife contribute to the
bacterial load). Decision making using the HF-183 marker was coupled with chemical tracers as described above. Of the 32
waterbodies tested, 15 were confirmed to have untreated human waste in 2018, 12 are suspected to have had untreated
human waste, with one of those waterbodies also having ruminant waste, and for 5 sites, the source is still unknown (Figure
2.29)
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Figure 2.29 Results of 2018 BMAP Watersheds Source Investigations.
Circles and diamonds represent combined results for each waterbody, not a specific location in the waterbody (DEP 2018a).

2.6.4.

Conclusion

Fecal bacteria are a significant problem in the tributaries of the LSJRB, and considerable effort is being made to remedy this
problem by way of the state TMDL, BMAP, and Source Tracking processes. Many tributaries with elevated fecal bacteria
levels have undergone large reductions, which is an encouraging sign. However, despite making large reductions, actual
fecal bacteria levels in many tributaries are persistently higher than the current rules for the water quality criteria, and the
percent exceedances are very high. Results from the new criteria where E. coli and enterococci are analyzed may be showing
lower percent exceedances in some instances compared to the historic fecal coliform criteria. As agencies obtain more data
with the new criteria, continue source tracking, and continue to invest in improving sewage infrastructure, our
understanding of fecal bacteria in the LSJRB should become clearer, and reductions in this problem should continue to be
made.
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2.7.

Tributaries

2.7.1.

About the Tributaries

Water quality data were examined in detail for 29 tributaries in the LSJRB. Their selection was based upon several factors.
First, the basin was divided into the 11 Planning Units that were initially established by the SJRWMD and subsequently
adopted by DEP (DEP 2002). These Planning Units include Crescent Lake, Etonia Creek, Black Creek, Deep Creek, Sixmile
Creek, Julington Creek, the Ortega River, the Trout River, the Intracoastal Waterway, the north mainstem, and the south
mainstem. Each Planning Unit is made up of several waterbodies (parts of the river system) referred to by their Waterbody
Identification (WBID). Then, each Planning Unit was reviewed, in order to choose WBIDs for analysis. A WBID was selected
for analysis if it had enough sampling sites at which data had been collected. Often, if a WBID was on the verified impaired
list in 2004, 2009, or 2014 (DEP 2014e), it was selected for analysis. Some unimpaired WBIDs were chosen because they are
historically important or used frequently for recreation.
For each of these 29 tributaries, data were extracted (by characteristic) from Florida STORET (for data from 1997-2017) and
FDEP WIN (2018 onward) and organized by WBID. The datasets were filtered to remove data that was deemed to be
“invalid” for one or more of the following reasons (values in quotes are written as they are found in Florida STORET data
fields):
•

Data identified as “LEGACY STORET” (data is reported from 1997 onward).

•

Data reported as “Present < PQL,” where no Practical Quantitation Limit (PQL) was listed.

•

Data reported as “Non-detect,” where no Minimum Detection Level (MDL) was listed.

•

Data with a matrix of “Ground Water,” “Surface Water Sediment,” and ”Unknown.”

Prior to the 2013 River Report, all “Non-detect” data had been removed. While seemingly a logical approach, the effect
tends to bias the quartiles calculated in the data analysis on the high side. As a result, “Non-detect” data (and data reported
as zero concentration) has been included in the data analysis here with a value MDL/2 (see Helsel 2005). In a similar manner,
values listed as “Present < PQL”, were included as (PQL+MDL)/2 if no “Actual value” was reported in the “Comments”
field. If an “Actual value” was reported in the “Comments” field, it was used instead.
Total nitrogen was calculated by the sum of the Kjeldahl nitrogen and nitrate-nitrites in each sample. To remain consistent
with FDEP data handling protocols, data that fell between the MDL and PQL were replaced by the MDL; any values that
fell below the MDL were replaced by one-half of the MDL. Total nitrogen data for 2017 and 2018 were obtained directly
from FDEP (Homann 2019), and 2019 total nitrogen data were calculated from data available in WIN.
In the ‘About’ sections for each of the 29 tributaries below, information/data was taken from the TMDL documents about
each tributary respectively, the Florida DEP comprehensive verified impaired list (DEP 2014e), and the final verified list
(DEP 2016j) and delist list (DEP 2016h) from the recent Group 2 basins Cycle 3 assessment (DEP 2016i).
In the water quality data tables below, dissolved oxygen (DO) water quality criteria (WQC) where either based on Site
Specific Alternate Criteria (SSAC) (DEP 2014b) for marine portions of the river or the new freshwater DO criteria based on
DO saturation in water (DOsat) (DEP 2013k). As both of these criteria definitions are calculation based, the WQCs indicated
in the tables should be considered nominal values.
Finally, freshwater WQC’s for metals were based off of 100 mg CaCO3/L, the estimated hardness of the freshwater part of
the LSJR (see Section 5.2.1 for more information).
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Figure 2.30 Tributaries of the Lower St. Johns River Basin.
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2.7.2.

Arlington River

2.7.2.1. About the Arlington River
•

East of downtown Jacksonville

•

Primary Land Use: Residential

•

Current TMDL reports:
Nutrients, Mercury

•

Not included in 2016 Verified List
of Impaired Waters

•

WBID Area: 1.6 sq. mi.

•

Beneficial Use: Class III M
(Recreational – Marine)

Figure 2.31 The Arlington River Tributary (WBID 2265A) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.2.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Arlington River WBID 2265A (DEP 2014c) shown above. No water quality data for the selected
parameters discussed below for the Arlington River were available in STORET for 2017. The filtered dataset reflects water
column concentrations and was used to generate Table 2.3.
2.7.2.3. Discussion
Water quality data for the Arlington River are presented in Table 2.3. Average phosphorus levels were higher than the
recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k) and the tributary was listed as impaired for nutrients. Elevated
levels of phosphorus may be a result of effluent from the Monterey WWTF that is discharged into the river, fertilizer runoff
from the surrounding residential area, or other unidentified sources. A TMDL report for nutrients was finalized in 2009
(Magley 2009c), and the Arlington River is no longer listed as impaired for nutrients as a result. Total phosphorus
concentrations in recent years have been lower than the WQC used here of 0.12 mg/L. (Phosphorus in the Arlington River
is regulated by the Nutrients TMDL, not the WQC presented here.)
The Arlington River was identified as being impaired for mercury, based on elevated levels of mercury in fish tissue;
however, this is being delisted (DEP 2016h) as it has been addressed by the statewide mercury TMDL (DEP 2013c). The
Arlington River is no longer listed as impaired for chlorophyll-a as that is being addressed by the Nutrients TMDL (DEP
2016h).
Historical water quality data for the Arlington River are available in previous versions of the River Report.
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Table 2.3 Water quality data for Arlington River.
Parameter

Water Quality
Criteria (SW)

Average and Number of Samples°
2017

2018

2019

≥4.0

Not available

7.07
(0 of 13 samples)

7.62
(0 of 6 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

1.07
(0 of 10 samples)

0.79
(0 of 6 samples)

Total Phosphorus (mg/L)

<0.12‡

Not available

0.11
(1 of 10 samples)

0.10
(0 of 6 samples)

Chlorophyll-a (µg/L)

<5.4‡

Not available

6.93
(6 of 10 samples)

10.89
(4 of 6 samples)

Arsenic (µg/L)

≤50

Not available

1.65
(0 of 10 samples)

1.85
(0 of 5 samples)

Cadmium (µg/L)

≤8.8

Not available

0.02
(0 of 10 samples)

0.05
(0 of 5 samples)

Copper (µg/L)

≤3.7

Not available

1.42
(0 of 10 samples)

0.92
(0 of 5 samples)

Lead (µg/L)

≤8.5

Not available

1.04
(0 of 10 samples)

0.66
(0 of 5 samples)

Nickel (µg/L)

≤8.3

Not available

0.58
(0 of 10 samples)

1.35
(0 of 5 samples)

Silver (µg/L)

≤0.92

Not available

0.01
(0 of 10 samples)

0.02
(0 of 5 samples)

≤86

Not available

6.50
(0 of 10 samples)

5.50
(0 of 5 samples)

<400‡

Not available

380
(2 of 10 samples)

39
(0 of 4 samples)

<29

Not available

7.87
(0 of 10 samples)

6.84
(0 of 5 samples)

Dissolved Oxygen (mg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.3.

Big Fishweir Creek

2.7.3.1. About Big Fishweir Creek
•

West of Downtown, South of I10

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform with BMAP,
Mercury

•

2016 Verified Impairment for
Iron (2280A)

•

WBID Area: 3.7 sq. mi.

•

Beneficial Use: Class III F / M
(2280A Recreational –
Freshwater, 2280B Recreational
- Marine)

Figure 2.32 Big Fishweir Creek (WBID 2280A/B) with sanitary sewer overflows reported by JEA in 2019 (JEA
2019b).

2.7.3.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Big Fishweir Creek WBID 2280, 2280A (freshwater), and 2280B (saltwater/marine) (DEP 2014c) shown above.
The filtered dataset reflects water column concentrations and was used to generate Table 2.4.
2.7.3.3. Discussion
Water quality data for Big Fishweir Creek are shown in Table 2.4. Average total phosphorus concentrations have been
elevated the past three years, with reported total phosphorus concentrations higher than the WQC in more than half of the
samples drawn from 2017-2019.
Big Fishweir Creek has been listed as Impaired for high levels of iron, and FDEP has listed Big Fishweir Creek as a medium
priority for development of a TMDL to address iron levels (DEP 2016j). No iron measurements were available for the
impaired (freshwater) WBID of Big Fishweir Creek, and both iron measurements in 2019 in the marine WBID of Big Fishweir
Creek exceeded the WQC. A TMDL report (Wainwright and Hallas 2009a) was released in 2009 to address Fecal coliform,
and Big Fishweir Creek is no longer listed as impaired for Fecal coliform as a result (DEP 2016h) (Note: the data analyses in
the TMDL are based on different criteria than that used in this report). Subsequently, a BMAP to address this issue was legally
adopted (DEP 2009b). Additional information about fecal coliform in the tributaries can be found in Section 2.6 and Table
2.2.
The last Annual Progress Report for this BMAP was published in 2016 and listed 16 active, ongoing projects underway by
FDOT and JEA to address the BMAP in the Big Fishweir Creek watershed (DEP 2017c). FDEP reported improvement in the
frequency of fecal coliform exceedances in the marine segment of Big Fishweir Creek. Fecal coliform measurements from
2017-2019 continue to show fecal coliform concentrations higher than the WQC, although the average measurements have
decreased over the past three years. In 2018, FDEP piloted microbial source tracking strategies in selected impaired
waterbodies. They found that the strategies used could be used to narrow down areas suspected of containing sources that
actively contribute fecal indicating bacteria to water in order to identify and remediate them, but this work is resourceintensive. Big Fishweir Creek was found to have known sources of untreated human waste present (DEP 2019a).
Historical water quality data for Big Fishweir Creek are available in previous versions of the River Report.
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Table 2.4 Water quality data for Big Fishweir Creek.

Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

3.33
(7 of 16 samples)

6.39
(0 of 10 samples)

4.07
(3 of 18 samples)

≥4.0 SW

4.14
(2 of 4 samples)

6.38
(3 of 14 samples)

5.94
(2 of 6 samples)

Total Nitrogen (mg/L)

<1.54‡

0.95
(0 of 5 samples)

0.87
(0 of 8 samples)

1.07
(3 of 21 samples)

Total Phosphorus (mg/L)

<0.12‡

0.60
(5 of 6 samples)

0.14
(11 of 16 samples)

0.18
(8 of 12 samples)

<20‡ FW

27.75
(4 of 4 samples)

4.04
(1 of 9 samples)

5.74
(0 of 9 samples)

<5.4‡ SW

1.75
(0 of 2 samples)

21.52
(2 of 6 samples)

19.8
(1 of 2 samples)

≤50

Not available

Not available

1.99
(0 of 2 samples)

Cadmium (µg/L)

≤8.8 SW

Not available

Not available

0.03
(0 of 2 samples)

Copper (µg/L)

≤3.7 SW

Not available

Not available

2.71
(1 of 2 samples)

Iron (mg/L)

≤0.3 SW

Not available

Not available

0.56
(2 of 2 samples)

Lead (µg/L)

≤8.5 SW

Not available

Not available

2.64
(0 of 2 samples)

Nickel (µg/L)

≤8.3 SW

Not available

Not available

1.25
(0 of 2 samples)

Silver (µg/L)

≤0.92 SW

Not available

Not available

0.01
(0 of 2 samples)

≤86 SW

Not available

Not available

15.3
(0 of 2 samples)

<400‡

3300
(12 of 12 samples)

1600
(12 of 16 samples)

1200
(13 of 16 samples)

<29

4.57
(0 of 6 samples)

5.91
(0 of 16 samples)

11.9
(1 of 11 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (mg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.4.

Black Creek

2.7.4.1. About Black Creek
•

West of the St Johns River at
the Clay/Duval county line

•

Primary Land Use: Forested

•

Current TMDL reports:
Lead (2415B/C),
Mercury (2415A/B/C)

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 15.4 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)
Figure 2.33 The Black Creek Tributary (WBID 2415A/B/C).

2.7.4.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Black Creek WBID 2415A/B/C (DEP 2014c) shown above. The aggregate (all three WBIDs) filtered dataset
reflects water column concentrations and was used to generate Table 2.5.
2.7.4.3. Discussion
Water quality data for Black Creek are shown in Table 2.5. As compared to other tributaries in the LSJRB, Black Creek is
less impacted for the majority of the assessed water quality parameters. Lead has been identified as impaired in Black Creek
and a TMDL report was published in 2009 (Lewis and Mandrup-Poulsen 2009) to address this issue. Other metals, such
as copper, nickel, and silver were detected previously at higher concentrations. Water quality data from recent years had
suggested that the concentrations of these metals have been reduced and controlled. Water concentrations of the metals
presented in the table below in the water remain lower than their respective WQCs, but there was an increase in the average
concentrations of copper and nickel in 2018 that persisted in 2019.
Historical water quality data for Black Creek are available in previous versions of the River Report.
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Table 2.5 Water quality data for Black Creek.
Parameter

Water Quality
Criteria (FW)

Dissolved Oxygen (mg/L)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

5.23
(0 of 8 samples)

6.18
(0 of 12 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

6.83
(0 of 20 samples)
0.53
(0 of 24 samples)

Total Phosphorus (mg/L)

<0.12‡

0.08
(0 of 13 samples)

0.11
(3 of 23 samples)

0.09
(3 of 21 samples)

Chlorophyll-a (µg/L)

<20‡

1.68
(0 of 7 samples)

0.65
(0 of 12 samples)

1.59
(0 of 14 samples)

Arsenic (µg/L)

≤50

0.99
(0 of 7 samples)

1.97
(0 of 12 samples)

1.25
(0 of 10 samples)

Cadmium (µg/L)

≤0.3

0.01
(0 of 7 samples)

0.02
(0 of 12 samples)

0.05
(0 of 9 samples)

Copper (µg/L)

≤9.3

0.85
(0 of 7 samples)

1.52
(0 of 12 samples)

1.92
(0 of 9 samples)

Lead (µg/L)

≤3.2

0.39
(0 of 7 samples)

0.59
(0 of 12 samples)

0.37
(0 of 10 samples)

Nickel (µg/L)

≤52

0.44
(0 of 7 samples)

1.36
(0 of 12 samples)

1.50
(0 of 10 samples)

Silver (µg/L)

≤0.07

0.01
(0 of 7 samples)

0.04
(1 of 12 samples)

0.03
(0 of 10 samples)

Zinc (µg/L)

≤120

3.39
(0 of 7 samples)

9.58
(0 of 12 samples)

5.00
(0 of 10 samples)

Fecal coliform (CFU /
100 mL)

≤400‡

Not available

20
(0 of 1 sample)

92
(0 of 4 samples)

<29

2.63
(0 of 6 samples)

4.45
(0 of 12 samples)

3.85
(0 of 13 samples)

Turbidity (NTU)

Note Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
.
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2.7.5.

Broward River

2.7.5.1. About the Broward River
•

Between downtown and
Jacksonville International
Airport (JIA)

•

Primary Land Use:
Residential/Forested

•

Current TMDL reports:
Mercury

•

2016 Verified Impairment for
Fecal Coliform (2191B)

•

WBID Area: 14.4 sq. mi.

•

Beneficial Use: Class III F/M
(2191A – Recreational
Freshwater, 2191B –
Recreational Marine)

Figure 2.34 The Broward River Tributary (WBID 2191A/B) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.5.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Broward River WBID 2191A/B (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.6. No water quality data for the selected parameters discussed below for
the Broward River were available in STORET for 2017.
2.7.5.3. Discussion
Water quality data for the Broward River are shown in Table 2.6. Historically, average phosphorus levels were higher than
the 2010 updated WQC (DEP 2015c; DEP 2016e; DEP 2016k). Historical maximum fecal coliform level at times exceeded
the WQC of 400 colony-forming-units per 100 mL, and as a result, WBID 2191B is listed as impaired for fecal coliform. FDEP
considers the Broward River a low priority for the development of a TMDL to address Fecal Coliform levels (DEP 2016e).
The Broward River was identified as being impaired for mercury, based on elevated levels of mercury in fish tissue;
however, it is being delisted (DEP 2016h) as it has been addressed by the statewide mercury TMDL (DEP 2013c). Little
water quality data is available for the Broward River compared to other tributaries.
No recent measurements were available in WIN or STORET between 2017 and 2019 for the following parameters:
•

Total nitrogen

Historical water quality data for the Broward River are available in previous versions of the River Report.

56

LOWER SJR REPORT 2020 – WATER QUALITY
Table 2.6 Water quality data for the Broward River.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

5.63
(1 of 3 samples)

6.18
(0 of 4 samples)

≥4.0 SW

Not available

6.99
(0 of 4 samples)

<0.12‡

Not available

<20‡ FW

Not available

≤50

Not available

Cadmium (µg/L)

≤0.3 FW

Not available

Copper (µg/L)

≤9.3 FW

Not available

Lead (µg/L)

≤3.2 FW

Not available

Nickel (µg/L)

≤52 FW

Not available

Silver (µg/L)

≤0.07 FW

Not available

Zinc (µg/L)

≤120 FW

Not available

<400‡

Not available

<29

Not available

8.35
(0 of 4 samples)
0.24
(1 of 1 sample)
2.10
(0 of 1 sample)
1.31
(0 of 1 sample)
0.01
(0 of 2 samples)
2.65
(0 of 1 sample)
0.91
(0 of 1 sample)
1.02
(0 of 1 sample)
0.01
(0 of 1 sample)
2.50
(0 of 1 sample)
1550
(3 of 5 samples)
12
(0 of 1 sample)

Dissolved Oxygen (mg/L)

Total Phosphorus (mg/L)
Chlorophyll-a (µg/L)
Arsenic (µg/L)

Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
180
(0 of 8 samples)
Not available

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

2.7.6.

Butcher Pen Creek

2.7.6.1. About Butcher Pen Creek
•

A tributary of the Cedar River

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform with BMAP
(2009), Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 1.31 sq. miles

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.35 Butcher Pen Creek (WBID 2322) with sanitary sewer overflows reported by JEA in 2019 (JEA
2019b).
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2.7.6.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Butcher Pen Creek WBID 2322 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.7.
2.7.6.3. Discussion
Water quality data for Butcher Pen Creek are shown in Table 2.7. Historical phosphorus levels were higher than the recently
updated WQC (DEP 2015c; DEP 2016e; DEP 2016k), but recent phosphorus data have trended downwards. Chlorophyll-a
levels have increased the past two years. Butcher Pen Creek was previously considered impaired for chlorophyll-a, but it
was delisted for chlorophyll-a in 2016 (DEP 2016h).
The average fecal coliform level exceeded the WQC of 400 colony-forming-units per 100 mL in each of the last three years
(Table 2.7). As a result, a TMDL report was published in 2005 (Wainwright 2005a) to address this issue. Subsequently, a
BMAP to address this issue was legally adopted (DEP 2009b). The last Annual Progress Report for this BMAP was
published in 2016 and listed 16 active, ongoing projects underway by FDOT and JEA to address the BMAP in the Butcher
Pen Creek watershed (DEP 2017c). While fecal coliform levels have remained high over the past three years, the average
measurements have decreased. In 2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies.
They found that the strategies used could be used to narrow down areas suspected of containing sources that actively
contribute fecal indicating bacteria to water in order to identify and remediate them, but this work is resource-intensive.
Butcher Pen Creek was found to have known sources of untreated human waste present (DEP 2019a). Additional
information about fecal coliform in the tributaries can be found in Section 2.6 and Table 2.2.
Historical water quality data for Butcher Pen Creek are available in previous versions of the River Report.
Table 2.7 Water quality data for Butcher Pen Creek.
Parameter

Average and Number of Samples°

Water Quality
Criteria (FW)

2017

2018

2019

Dissolved Oxygen (mg/L)

≥34% sat. (≥3.0)

4.06
(5 of 16 samples)

5.68
(1 of 11 samples)

5.37
(1 of 9 samples)

Total Phosphorus (mg/L)

<0.12‡

0.19
(2 of 2 samples)

0.14
(7 of 9 samples)

0.12
(2 of 5 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

1.08
(0 of 15 samples)

Chlorophyll-a (µg/L)

<20‡

1.68
(0 of 7 samples)

16.76
(2 of 10 samples)

21.09
(2 of 5 samples)

Arsenic (µg/L)

≤50

Not available

Not available

1.48
(0 of 5 samples)

Cadmium (µg/L)

≤0.3

Not available

Not available

0.02
(0 of 5 samples)

Copper (µg/L)

≤9.3

Not available

Not available

1.33
(0 of 5 samples)

Lead (µg/L)

≤3.2

Not available

Not available

1.23
(0 of 5 samples)

Nickel (µg/L)

≤52

Not available

Not available

1.20
(0 of 5 samples)

Silver (µg/L)

≤0.07

Not available

Not available

0.01
(0 of 5 samples)

Zinc (µg/L)

≤120

Not available

Not available

11.6
(0 of 5 samples)

Fecal Coliform (CFU/100
mL)

<400‡

3900
(11 of 12 samples)

2100
(11 of 11 samples)

1000
(6 of 8 samples)

<29

4.90
(0 of 2 samples)

7.29
(0 of 10 samples)

7.30
(0 of 5 samples)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.7.

Cedar River

2.7.7.1. About the Cedar River
•

At the I-10/I-295 Interchange

•

Primary Land Use:
Residential/Forested

•

Current TMDL reports:
Fecal/Total Coliform – 2262B,
Mercury

•

2016 Verified Impairment for
Iron (2213P2, 2262B)

•

WBID Area: 22.8 sq. mi.

•

Beneficial Use: Class III F/M
(2262B Recreational –
Freshwater, 2213P2
Recreational - Marine)

Figure 2.36 The Cedar River Tributary (WBID 2262B and 2213P2) with sanitary sewer overflows reported by
JEA in 2019 (JEA 2019b).

2.7.7.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Cedar River WBID 2262B (freshwater) and 2213P2 (marine) (DEP 2014c) shown above. The filtered dataset
reflects water column concentrations and was used to generate Table 2.8.
2.7.7.3. Discussion
Water quality data for the Cedar River are shown in Table 2.8. The Cedar River feeds into the Ortega River and thus is not
directly a tributary of the St. Johns River. Even so, the Cedar River is tidal in nature, varying in height by ~1 ft over the
course of a day (SJRWMD 2010d). Salinity levels, as influenced by tidal movement, are relatively low indicating that the
Ortega River buffers the Cedar River significantly from marine water intrusion. Average dissolved oxygen levels were
above the WQC over the past three years. Average total phosphorus levels have been near to or higher than the recently
updated WQC (DEP 2015c; DEP 2016e; DEP 2016k), although they decreased in 2018 and 2019. Average chlorophyll-a levels
in the Cedar River were well above the WQC in the marine WBID (2213P2) from 2017 through 2019.
Heavy metal concentrations increased in 2018 but decreased in 2019. The Cedar River is impaired for iron, and FDEP
considers it a medium priority for development of a TMDL report to address iron levels (DEP 2016e). Average iron levels
in 2018 and 2019 exceeded the WQC in the marine WBID of the Cedar River (2213P2).
In 2004, Cedar River was identified as being impaired for both fecal and total coliforms (i.e., levels significantly above
400 CFU/100 mL) and as a result, a TMDL report was finalized in 2006 (Magley 2006b). (Note: the data analyses in the TMDL
are based on different criteria than that used in this report). Currently, a Basin Management Action Plan (BMAP) to address this
impairment is under development, but the timeframe for its release is currently unknown.
Historical water quality data for the Cedar River are available in previous versions of the River Report.
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Table 2.8 Water quality data for the Cedar River.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

7.13
(1 of 12 samples)

7.18
(0 of 7 samples)

≥4.0 SW

8.09
(0 of 3 samples)

7.05
(0 of 9 samples)

6.69
(0 of 10 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

0.97
(2 of 15 samples)

Total Phosphorus (mg/L)

<0.12‡

0.14
(4 of 6 samples)

0.09
(2 of 12 samples)

0.09
(1 of 13 samples)

<20‡ FW

Not available

18.8
(0 of 1 sample)

5.12
(0 of 3 samples)

<5.4‡ SW

18.68
(2 of 3 samples)

28.26
(4 of 5 samples)

18.81
(4 of 5 samples)

≤50

1.64
(0 of 3 samples)

4.10
(0 of 5 samples)

2.04
(0 of 7 samples)

≤0.3 FW

Not available

Not available

0.01
(0 of 1 sample)

≤8.8 SW

0.01
(0 of 3 samples)

0.31
(3 of 5 samples)

0.11
(0 of 6 samples)

≤9.3 FW

Not available

Not available

0.60
(0 of 1 sample)

≤3.7 SW

1.97
(0 of 3 samples)

4.40
(0 of 5 samples)

2.63
(0 of 6 samples)

≤1.0 FW

Not available

Not available

0.74
(0 of 1 sample)

≤0.3 SW

Not available

0.42
(5 of 5 samples)

0.35
(4 of 6 samples)

≤3.2 FW

Not available

Not available

0.69
(0 of 1 sample)

≤8.5 SW

0.93
(0 of 3 samples)

1.72
(1 of 5 samples)

1.32
(0 of 6 samples)

≤52 FW

Not available

Not available

1.25
(0 of 1 sample)

≤8.3 SW

0.57
(0 of 3 samples)

1.70
(0 of 5 samples)

1.41
(0 of 6 samples)

≤0.07 FW

Not available

Not available

0.01
(0 of 1 sample)

≤0.92 SW

0.02
(1 of 3 samples)

0.31
(3 of 5 samples)

0.02
(0 of 6 samples)

≤120 FW

Not available

Not available

2.50
(0 of 1 sample)

≤86 SW

5.98
(0 of 3 samples)

24.00
(0 of 5 samples)

20.0
(0 of 6 samples)

<400‡

Not available

1100
(9 of 16 samples)

310
(2 of 8 samples)

<29

4.94
(0 of 3 samples)

5.14
(0 of 7 samples)

4.66
(0 of 9 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Iron (mg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.8.

Deep Creek

2.7.8.1. About Deep Creek
•

East of the St. Johns at Palatka

•

Primary Land Use: Forested,
Row Crop Agriculture

•

Current TMDL reports:
Dissolved Oxygen – 2589,
Mercury

•

2016 Verified Impairment for
Iron (2589)

•

WBID Area: 60.5 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)
Figure 2.37 The Deep Creek Tributary (WBID 2549 and 2589).

2.7.8.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f, NEW DEP 2018) and filtered based on the
stations (DEP 2010g) in Deep Creek WBIDs 2549 and 2589 (DEP 2014c) shown above. The filtered dataset reflects water
column concentrations and was used to generate Table 2.9.
2.7.8.3. Discussion
Water quality data for Deep Creek are shown in Table 2.9. Deep Creek is a tributary of the LSJR that drains the eastern
banks around Hastings and Spuds, and thus receives substantial agricultural inputs, such as nutrients. Historical
concentrations of total nitrogen were elevated but not above the recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k.
Average total phosphorus levels were higher than the WQC from 2017 to 2019. Non-point source rainwater runoff is likely
the major cause of the elevated nitrogen/phosphorus concentrations in this area. Chlorophyll-a has been removed from the
recent verified impaired list, as the annual geometric mean chlorophyll-a concentrations have not exceeded the WQC (20
µg/L) more than once over the past three years. Average chlorophyll-a concentrations had increased from 2016 to 2018 but
dropped sharply in 2019.
In addition to nutrients, organic matter, temperature, and community structure (i.e., number and types of plants and animal
species), among other biotic factors, may contribute to the lower dissolved oxygen concentrations in these tributaries. As a
consequence of the above factors/conditions, a TMDL report for dissolved oxygen was published in 2009 (Magley 2009d)
for WBID 2589 (Sixteen Mile Creek). Elevated concentrations of cadmium, copper, nickel, and silver were measured
previously in Deep Creek, as compared to the Class III WQC for metals. Recent data indicate that these concentrations have
remained below the WQC, but several heavy metal concentrations jumped in 2018 compared to 2016 and 2017. All but
copper and zinc were lower in 2019. Deep Creek is impaired for iron levels in water, and FDEP considers development of
a TMDL to address iron levels a medium priority (DEP 2016e).
No recent measurements were available in WIN or STORET from 2017 to 2019 for the following parameters:
•

Fecal Coliform

Historical water quality data for Deep Creek are available in previous versions of the River Report.
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Table 2.9 Water quality data for Deep Creek.
Parameters

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

4.65
(2 of 9 samples)

4.98
(1 of 9 samples)

4.62
(2 of 8 samples)

Total Nitrogen (mg/L)

<1.54‡

3.46
(2 of 10 samples)

0.96
(0 of 2 samples)

1.25
(1 of 6 samples)

Total Phosphorus (mg/L)

<0.12‡

0.22
(11 of 17 samples)

0.18
(10 of 17 samples)

0.17
(11 of 15 samples)

Chlorophyll-a (µg/L)

<20‡

7.86
(1 of 9 samples)

8.67
(1 of 9 samples)

1.78
(0 of 8 samples)

Arsenic (µg/L)

≤50

0.72
(0 of 8 samples)

2.13
(0 of 8 samples)

1.28
(0 of 8 samples)

Cadmium (µg/L)

≤0.3

0.07
(0 of 8 samples)

0.09
(1 of 8 samples)

0.06
(0 of 8 samples)

Copper (µg/L)

≤9.3

1.06
(0 of 8 samples)

2.44
(0 of 8 samples)

6.51
(1 of 8 samples)

Iron (mg/L)

≤1.0

0.14
(0 of 1 sample)

0.85
(2 of 8 samples)

0.46
(0 of 8 samples)

Lead (µg/L)

≤3.2

Not available

0.50
(0 of 8 samples)

0.29
(0 of 8 samples)

Nickel (µg/L)

≤52

0.46
(0 of 8 samples)

1.19
(0 of 8 samples)

0.88
(0 of 8 samples)

Silver (µg/L)

≤0.07

0.01
(1 of 8 samples)

0.06
(1 of 8 samples)

0.05
(1 of 8 samples)

Zinc (µg/L)

≤120

7.56
(0 of 8 samples)

11.88
(0 of 8 samples)

19.38
(0 of 8 samples)

Turbidity (NTU)

<29

Not available

8.64
(0 of 9 samples)

4.72
(0 of 9 samples)

Dissolved Oxygen (mg/L)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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° = Number of samples below Water Quality Criteria for Dissold Oxygen; Number of above Water Quality Criteria for all other parameters.

2.7.9.

Doctors Lake

2.7.9.1. About Doctors Lake
•

West of the St. Johns River
in Clay County

•

Primary Land Use: Forested

•

Current TMDL reports:
Nutrient (2389), DO/Nutrient
(2410), Silver (2389/2410),
Mercury

•

2016 Verified Impairment for
Nutrients (Chlorophyll-a and
Total Phosphorus 2389)

•

WBID Area: 8.4 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.38 The Doctors Lake Tributary (WBID 2389 and 2410).

2.7.9.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Doctors Lake WBIDs 2389 and 2410 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.10, with freshwater stream WQC’s reported. These should be regarded as
guidelines only because Swimming Pen creek (2410) is accessed as a stream, Doctors Lake (2389) is accessed as a lake and
has different WQC’s.
2.7.9.3. Discussion
Water quality data for Doctors Lake are shown in Table 2.10. A final TMDL report to address nutrients and dissolved
oxygen within this tributary has been published (Magley 2009e). The average total phosphorus concentration has exceeded
the WQC for colored lakes (0.05 mg/L) the past three years. Average dissolved oxygen levels are well above the SSAC.
Doctors Lake has been identified as being impaired for nutrients (chlorophyll-a and total phosphorus) (DEP 2016j). Recent
water samples continue to show elevated phosphorus concentrations, and average chlorophyll-a levels were higher than
the WQC in 2017 and 2019.
SJRWMD completed a demonstration project to remove TP from treated wastewater effluent entering Doctors Lake, and
the project is expected to begin operation in the 2019-2020 fiscal year. At full scale, SJRWMD reports that this additional
treatment will remove approximately 6,500 pounds of phosphorus annually (SJRWMD 2020f). There were also plans in the
2019-2020 fiscal year to switch 79 residences in Clay County from residential septic systems to the central sewer system,
resulting in an estimated decrease in TN loading of 1,486 pounds annually (SJRWMD 2020f).
Elevated maximum arsenic, cadmium, copper, nickel, silver, and zinc concentrations were previously measured in Doctors
Lake, and as a result, EPA has published a Silver TMDL (EPA 2010a). Doctors Lake is largely used for recreational activities
such as boating, fishing, and waterskiing. These activities could account for some of the copper, nickel, and zinc
contamination; however, the source of the other contamination is not clear. Recent data show that concentrations of these
contaminants have remained roughly steady over the past three years.
No recent measurements were available in WIN or STORET from 2016 to 2018 for the following parameters:
•

Fecal Coliform

Historical water quality data for Doctors Lake are available in previous versions of the River Report.
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Table 2.10 Water quality data for Doctors Lake.
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

7.90
(1 of 20 samples)

6.23
(4 of 28 samples)

6.86
(1 of 16 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

1.13
(3 of 23 samples)

Total Phosphorus (mg/L)

<0.05‡

0.07
(7 of 14 samples)

0.10
(15 of 16 samples)

0.09
(23 of 25 samples)

Chlorophyll-a (µg/L)

<20‡

117.02
(5 of 8 samples)

14.63
(3 of 8 samples)

37.65
(13 of 23 samples)

Arsenic (µg/L)

≤50

2.40
(0 of 6 samples)

2.75
(0 of 8 samples)

1.78
(0 of 12 samples)

Cadmium (µg/L)

≤0.3

0.06
(0 of 6 samples)

0.03
(0 of 8 samples)

0.02
(0 of 12 samples)

Copper (µg/L)

≤9.3

0.95
(0 of 6 samples)

2.75
(0 of 8 samples)

4.82
(1 of 12 samples)

Lead (µg/L)

≤3.2

Not available

0.54
(0 of 8 samples)

0.35
(0 of 12 samples)

Nickel (µg/L)

≤52

0.22
(0 of 6 samples)

0.56
(0 of 8 samples)

0.54
(0 of 12 samples)

Silver (µg/L)

≤0.07

0.00
(0 of 6 samples)

0.06
(1 of 8 samples)

0.01
(0 of 12 samples)

Zinc (µg/L)

≤120

1.29
(0 of 6 samples)

2.50
(0 of 8 samples)

3.33
(0 of 12 samples)

Fecal Coliform (CFU/100
mL)

<400‡

Not available

Not available

240
(1 of 8 samples)

<29

Not available

4.38
(0 of 7 samples)

5.07
(0 of 12 samples)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.10. Dunns Creek/Crescent Lake
2.7.10.1. About Dunns Creek /
Crescent Lake
•

East of the St. Johns River in
Flagler County

•

Primary Land Use:
Forested/Wetlands

•

Current TMDL reports:
Nutrients (2606B), Mercury

•

2016 Verified Impaired for Fecal
Coliform (2606A) and Nutrients
- Chlorophyll-a and Total P
(2606B)

•

WBID Area: 585 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.39 The Dunns Creek/Crescent Lake Tributary (WBID 2606A/B).

2.7.10.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Dunns Creek/Crescent Lake WBIDs 2606A/B (DEP 2014c) shown above. The filtered dataset reflects water
column concentrations and was used to generate Table 2.11, with freshwater stream WQC’s reported. These should be
regarded as guidelines only because Dunns Creek (2606A) is accessed as a stream, Crescent Lake (2606B) is accessed as a
lake and has different WQC’s.
2.7.10.3. Discussion
Water quality data for Dunns Creek/Crescent Lake are shown in Table 2.11. Dunns Creek (WBID 2606A) was identified as
being impaired for mercury, based on elevated levels of mercury in fish tissue, however this is being delisted (DEP 2016h)
as it has been addressed by the statewide mercury TMDL (DEP 2013c).
This tributary is a significant non-point-source contributor to nutrient levels in the St. Johns River (Magley and Joyner
2008), and a TMDL for Nutrients was adopted (DEP 2017a) for Crescent Lake based on its Trophic State Index (TSI),
calculated from the total nitrogen (TN), total phosphorus (TP), and chlorophyll-a levels. Crescent Lake is listed on the final
verified list for chlorophyll-a and total phosphorus (DEP 2016j). FDEP considers it a low priority to develop a TMDL to
address fecal coliform and a medium priority to develop a TMDL to address the nutrient (chlorophyll-a and total
phosphorus) impairment. The average total phosphorus concentration in Crescent Lake hovered around the criterion value
for colored lakes (0.05 mg/L) from 2015 to 2017, but all of the water samples in 2018 and most of the samples in 2019 exceeded
the total phosphorus WQC. Chlorophyll-a levels were near the WQC in 2017 and 2019, with a number of individual samples
above the WQC.
Historical water quality data for Dunns Creek/Crescent Lake are available in previous versions of the River Report.
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Table 2.11 Water quality data for Dunns Creek/Crescent Lake.
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

7.38
(0 of 18 samples)

6.80
(1 of 37 samples)

7.06
(1 of 26 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

1.13
(0 of 18 samples)

Total Phosphorus (mg/L)

<0.05‡

0.04
(6 of 16 samples)

0.10
(20 of 20 samples)

0.07
(18 of 22 samples)

Chlorophyll-a (µg/L)

<20‡

24.96
(5 of 8 samples)

5.48
(0 of 11 samples)

18.23
(8 of 16 samples)

Arsenic (µg/L)

≤50

0.92
(0 of 8 samples)

2.42
(0 of 11 samples)

1.50
(0 of 17 samples)

Cadmium (µg/L)

≤0.3

0.06
(0 of 8 samples)

0.05
(0 of 11 samples)

0.04
(0 of 17 samples)

Copper (µg/L)

≤9.3

0.76
(0 of 8 samples)

2.79
(0 of 11 samples)

1.11
(0 of 17 samples)

Lead (µg/L)

≤3.2

0.36
(0 of 8 samples)

1.07
(0 of 11 samples)

0.46
(0 of 17 samples)

Nickel (µg/L)

≤52

0.47
(0 of 8 samples)

1.20
(0 of 11 samples)

0.40
(0 of 17 samples)

Silver (µg/L)

≤0.07

0.01
(0 of 8 samples)

0.04
(1 of 11 samples)

0.03
(1 of 16 samples)

Zinc (µg/L)

≤120

1.21
(0 of 8 samples)

4.77
(0 of 11 samples)

3.97
(0 of 17 samples)

Fecal Coliform (CFU/100
mL)

<400‡

Not available

Not available

30
(0 of 10 samples)

<29

8.67
(0 of 7 samples)

4.90
(0 of 11 samples)

4.14
(0 of 16 samples)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.11. Durbin Creek
2.7.11.1. About Durbin Creek
•

East of the St. Johns River
South of I-295

•

Primary Land Use: Forested

•

Current TMDL reports:
Fecal Coliform, Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 26.2 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.40 The Durbin Creek Tributary (WBID 2365) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.11.2. Data sources
Result data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the
stations (DEP 2010g) in the Durbin Creek WBID 2365 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.12.
2.7.11.3. Discussion
Water quality data for Durbin Creek are shown in Table 2.12. Historically, average dissolved oxygen levels in Durbin Creek
were relatively low when compared to other tributaries of the LSJRB. However, no causative pollutant (specific
environmental condition) has been identified, and thus no TMDL report is required as it is the “natural condition” of the
water body (DEP 2009c). Dissolved oxygen concentrations were above the WQC from 2017 to 2019. A TMDL report is
available for fecal coliform in Durbin Creek (Magley 2006a), but fecal coliform levels in Durbin Creek were lower than the
WQC in 2018 and 2019. (Note: the data analyses in the TMDL are based on different criteria than that used in this report). The
concentrations of several heavy metals jumped in 2018 and 2019 compared to previous years, although the average
concentrations remain lower than the corresponding WQCs.
Historical water quality data for Durbin Creek are available in previous versions of the River Report.
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Table 2.12 Water quality data for Durbin Creek.
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

5.93
(0 of 3 samples)

5.57
(0 of 6 samples)

5.24
(0 of 8 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

0.88
(0 of 3 samples)

Total Phosphorus (mg/L)

<0.12‡

0.06
(0 of 6 samples)

0.11
(1 of 6 samples)

0.06
(0 of 4 samples)

Chlorophyll-a (µg/L)

<20‡

0.61
(0 of 3 samples)

1.50
(0 of 3 samples)

1.00
(0 of 3 samples)

Arsenic (µg/L)

≤50

0.41
(0 of 3 samples)

1.92
(0 of 3 samples)

1.92
(0 of 3 samples)

Cadmium (µg/L)

≤0.3

0.03
(0 of 3 samples)

0.03
(0 of 3 samples)

0.28
(0 of 2 samples)

Copper (µg/L)

≤9.3

0.27
(0 of 3 samples)

2.75
(0 of 3 samples)

5.25
(1 of 3 samples)

Lead (µg/L)

≤3.2

0.26
(0 of 3 samples)

0.93
(0 of 3 samples)

0.28
(0 of 2 samples)

Nickel (µg/L)

≤52

1.06
(0 of 3 samples)

2.75
(0 of 3 samples)

2.75
(0 of 3 samples)

Silver (µg/L)

≤0.07

0.00
(0 of 3 samples)

0.03
(0 of 3 samples)

0.11
(1 of 3 samples)

Zinc (µg/L)

≤120

3.82
(0 of 3 samples)

19.17
(0 of 3 samples)

19.17
(0 of 3 samples)

Fecal Coliform (CFU/100
mL)

<400‡

Not available

72
(0 of 3 samples)

85
(0 of 5 samples)

<29

4.98
(0 of 3 samples)

34.91
(1 of 3 samples)

2.38
(0 of 3 samples)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.12. Ginhouse Creek
2.7.12.1. About Ginhouse Creek
•

South of the St. Johns River just
west of Craig Airfield

•

Primary Land Use: Residential

•

Current TMDL reports:
Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 2.0 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.41 The Ginhouse Creek Tributary (WBID 2248) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.12.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Ginhouse Creek WBID 2248 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.13.
2.7.12.3. Discussion
There is little information available regarding water quality in the Ginhouse Creek tributary compared to other tributaries.
Prior to 2019, no water quality data were available for Ginhouse Creek after 2014, and no data for arsenic, cadmium, copper,
lead, nickel, silver, and zinc were available in WIN or STORET going back to 2005. Average fecal coliform levels were
elevated and above the WQC as of 2013, but Ginhouse Creek is not currently identified as impaired. Average fecal coliform
concentrations are lower than the WQC.
No recent measurements were available in WIN or STORET between 2017 and 2019 for the following parameters:
•
•
•
•

Total phosphorus
Total nitrogen
Chlorophyll-a
Arsenic

•
•
•
•

Cadmium
Copper
Lead
Nickel

• Silver
• Zinc
• Turbidity

Historical water quality data for these parameters in Ginhouse Creek are available in previous versions of the River Report.

Table 2.13 Water quality data for Ginhouse Creek.
Average and Number of Samples°

Parameter

Water Quality
Criteria (FW)

2017

2018

2019

Dissolved Oxygen (mg/L)

≥34% sat. (≥3.0)

Not available

Not available

6.98
(0 of 4 samples)

Fecal Coliform (CFU/100
mL)

<400‡

Not available

Not available

340
(1 of 4 samples)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.13. Goodbys Creek
2.7.13.1. About Goodbys Creek
•

East of the St. Johns River
opposite NAS Jacksonville

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform with BMAP
(2009), Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 5.1 sq. mi.

•

Beneficial Use: Class III F/M
(2326A Recreational –
Freshwater, 2326B Recreational
- Marine)

Figure 2.42 The Goodbys Creek Tributary (WBID 2326A/B) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.13.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Goodbys Creek WBID 2326, 2326A (freshwater), and 2326B (marine) (DEP 2014c) shown above. The filtered
dataset reflects water column concentrations and was used to generate Table 2.14.
2.7.13.3. Discussion
Water quality data for Goodbys Creek are shown in Table 2.14. Previous average phosphorus levels in Goodbys Creek
exceeded the recently updated WQC (EPA 2010b), but recent data suggest that the average phosphorus levels as well as
the number of samples exceeding the WQC have decreased from 2017 to 2019. Average dissolved oxygen in the freshwater
portion of Goodbys Creek (2326A) is above the WQC, and measurements in the saltwater portion (2326B) suggest
improvement in dissolved oxygen levels over the past three years. Chlorophyll-a concentrations in the freshwater portion
of Goodbys Creek were lower than the WQC. Average chlorophyll-a concentrations in the marine portion exceeded the
WQC in nearly all of the samples measured in 2018 and 2019.
The fecal coliform level increased sharply in 2018 but decreased again in 2019. While the average fecal coliform level in
2019 was lower than the WQC, almost half of the individual samples measured exceeded the WQC. A TMDL report is
available for fecal coliform in Goodbys Creek (Wainwright 2005b). (Note: the data analyses in the TMDL are based on different
criteria than that used in this report). Subsequently, a BMAP for Goodbys Creek was legally adopted in 2009 (DEP 2009b).
The last Annual Progress Report for this BMAP was published in 2016 and listed 18 active, ongoing projects underway by
FDOT and JEA to address the BMAP in the Goodbys Creek watershed (DEP 2017c). FDEP reported improvement in the
frequency of fecal coliform exceedances in the marine segment of Goodbys Creek, and recent fecal coliform measurements
had agreed with this assessment. In 2018, FDEP piloted microbial source tracking strategies in selected impaired
waterbodies. They found that the strategies used could be used to narrow down areas suspected of containing sources that
actively contribute fecal indicating bacteria to water in order to identify and remediate them, but this work is resourceintensive. Based on this work, WBID 2326A in Goodbys Creek was suspected to have sources of untreated human waste
present, and WBID 2326B was known to have sources of untreated human waste present (DEP 2019a). Additional
information about fecal coliform in the tributaries can be found in Section 2.6 and Table 2.2.
Historical water quality data for Goodbys Creek are available in previous versions of the River Report.
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Table 2.14 Water quality data for Goodbys Creek.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

5.14
(0 of 9 samples)

5.91
(0 of 12 samples)

5.64
(0 of 10 samples)

≥4.0 SW

4.06
(2 of 4 samples)

6.66
(0 of 12 samples)

6.47
(2 of 15 samples)

Total Nitrogen (mg/L)

<1.54‡

0.74
(0 of 9 samples)

0.73
(0 of 20 samples)

0.75
(0 of 24 samples)

Total Phosphorus (mg/L)

<0.12‡

0.13
(4 of 6 samples)

0.09
(7 of 20 samples)

0.08
(1 of 19 samples)

<20‡ FW

1.70
(0 of 2 samples)

2.41
(0 of 12 samples)

3.97
(1 of 10 samples)

<5.4‡ SW

12.43
(3 of 4 samples)

24.19
(8 of 8 samples)

15.37
(6 of 7 samples)

≤50

4.18
(0 of 2 samples)

3.07
(0 of 12 samples)

2.49
(0 of 12 samples)

<0.3 FW

0.01
(0 of 2 samples)

0.01
(0 of 12 samples)

0.01
(0 of 3 samples)

<8.8 SW

Not available

Not available

0.01
(0 of 9 samples)

<9.3 FW

0.40
(0 of 2 samples)

0.81
(0 of 12 samples)

0.71
(0 of 3 samples)

<3.7 SW

Not available

Not available

1.43
(0 of 9 samples)

<3.2 FW

0.10
(0 of 2 samples)

0.15
(0 of 12 samples)

0.10
(0 of 3 samples)

<8.5 SW

Not available

Not available

0.43
(0 of 8 samples)

<52 FW

0.35
(0 of 2 samples)

0.53
(0 of 12 samples)

0.25
(0 of 3 samples)

<8.3 SW

Not available

Not available

0.33
(0 of 9 samples)

<0.07 FW

0.01
(0 of 2 samples)

0.01
(0 of 12 samples)

0.01
(0 of 3 samples)

<0.92 SW

Not available

Not available

0.01
(0 of 8 samples)

<120 FW

2.50
(0 of 2 samples)

2.50
(0 of 12 samples)

2.50
(0 of 3 samples)

<86 SW

Not available

Not available

5.83
(0 of 9 samples)

<400‡

380
(2 of 6 samples)

1900
(14 of 23 samples)

470
(5 of 11 samples)

<29

5.97
(0 of 6 samples)

7.90
(7 of 20 samples)

6.83
(0 of 16 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.14. Greenfield Creek
2.7.14.1. About Greenfield Creek
•

West of the Intracoastal
Waterway

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform with BMAP
(2010), Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 2.9 sq. mi.

•

Beneficial Use: Class III F/M
(2240A Recreational – Marine,
2240B Recreational –
Freshwater)

Figure 2.43 Greenfield Creek (WBID 2240A/B) with sanitary sewer overflows reported by JEA in 2019 (JEA
2019b).

2.7.14.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Greenfield Creek WBID 2240A (marine) and 2240B (freshwater) (DEP 2014c) shown above. The filtered
dataset reflects water column concentrations and was used to generate Table 2.15.
2.7.14.3. Discussion
Water quality data for Greenfield Creek are shown in Table 2.15. Average phosphorus levels were historically higher than
the recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k), but data from 2017 through 2019 indicate that average
concentrations of phosphorus and dissolved oxygen were within acceptable limits. Average chlorophyll-a concentrations
decreased in 2018 but jumped up in 2019 in both the marine and freshwater regions of Greenfield Creek, exceeding the
WQC. Dissolved oxygen was removed from the verified impaired list (DEP 2016j) in Greenfield Creek. Greenfield Creek
was verified impaired for mercury (DEP 2016j), but this has been addressed in the statewide mercury TMDL already in
place (DEP 2013c).
A TMDL report (Wainwright and Hallas 2009a) was released to address fecal coliform, and a BMAP for Greenfield Creek
(DEP 2010a) was legally adopted in August 2010. It describes sources of fecal coliform in the watershed, and completed
and ongoing activities conducted by state and local agencies that are anticipated to reduce fecal coliform loading in the
tributary. The Greenfield Creek watershed does not contain any permitted point sources for industrial wastewater. It
contains the Girvin Road Landfill, which has been inactive since 1992; this landfill received not only solid waste, but sludge
from the Neptune Beach Sewage Treatment Plant. The watershed also contains numerous outfalls for stormwater discharge.
The last Annual Progress Report for this BMAP was published in 2016 and listed 20 active, ongoing projects underway by
FDOT and JEA to address the BMAP in the Greenfield Creek watershed (DEP 2017c). FDEP reported improvement in the
frequency of fecal coliform exceedances in the freshwater segment of Greenfield Creek, but the last fecal coliform
measurements in Greenfield Creek before 2018 date back to 2008. Recent measurements indicate ongoing issues with fecal
coliform concentrations. Additional information about fecal coliform in the tributaries can be found in Section 2.6 and Table
2.2. In 2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies. They found that the
strategies used could be used to narrow down areas suspected of containing sources that actively contribute fecal indicating
bacteria to water in order to identify and remediate them, but this work is resource-intensive. The source of fecal coliform
in Greenfield Creek was unknown (DEP 2019a).
Historical water quality data for these parameters in Greenfield Creek are available in previous versions of the River Report.
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Table 2.15 Water quality data for Greenfield Creek.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

7.10
(0 of 15 samples)

5.81
(0 of 6 samples)

≥4.0 SW

4.87
(0 of 4 samples)

4.27
(5 of 14 samples)

5.80
(0 of 10 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

0.92
(0 of 11 samples)

0.71
(0 of 12 samples)

Total Phosphorus (mg/L)

<0.12‡

0.07
(0 of 4 samples)

0.07
(0 of 12 samples)

0.08
(1 of 10 samples)

<20‡ FW

Not available

2.42
(0 of 7 samples)

27.4
(2 of 4 samples)

<5.4‡ SW

6.58
(3 of 4 samples)

1.97
(1 of 5 samples)

7.65
(3 of 6 samples)

≤50

Not available

Not available

2.35
(0 of 10 samples)

<0.3 FW

Not available

Not available

0.03
(0 of 4 samples)

<8.8 SW

Not available

Not available

0.05
(0 of 6 samples)

<9.3 FW

Not available

Not available

2.41
(0 of 4 samples)

<3.7 SW

Not available

Not available

0.80
(0 of 6 samples)

<3.2 FW

Not available

Not available

0.33
(0 of 4 samples)

<8.5 SW

Not available

Not available

0.80
(0 of 6 samples)

<52 FW

Not available

Not available

0.81
(0 of 4 samples)

<8.3 SW

Not available

Not available

1.50
(0 of 6 samples)

<0.07 FW

Not available

Not available

0.02
(0 of 4 samples)

<0.92 SW

Not available

Not available

0.03
(0 of 6 samples)

<120 FW

Not available

Not available

5.00
(0 of 4 samples)

<86 SW

Not available

Not available

8.33
(0 of 6 samples)

<400‡

Not available

760
(10 of 26 samples)

540
(2 of 7 samples)

<29

8.45
(0 of 4 samples)

5.11
(0 of 12 samples)

6.40
(0 of 10 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.15. Hogan Creek
2.7.15.1. About Hogan Creek
•

Downtown Jacksonville

•

Primary Land Use:
Residential

•

Current TMDL reports:
Fecal Coliform with BMAP
(2009), Mercury

•

Not included in 2016
Verified List of Impaired
Waters

•

WBID Area: 3.4 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)
Figure 2.44 The Hogan Creek Tributary (WBID 2252) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.15.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Hogan Creek WBID 2252 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.16.
2.7.15.3. Discussion
Water quality data for Hogan Creek are shown in Table 2.16. The data available for Hogan Creek have been sporadic, as
only two measurements were available in 2017 with no metals data available in 2018, limiting the utility of these
measurements in assessing the water quality in Hogan Creek. Historical average phosphorus levels were higher than the
recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k), and the average total phosphorus level in 2017 through 2019
were near the WQC. Chlorophyll-a and dissolved oxygen concentrations appear to be within acceptable limits.
A TMDL for fecal coliform in Hogan Creek was finalized in 2006 (Wainwright 2006d). (Note: the data analyses in the TMDL
are based on different criteria than that used in this report). Subsequently, a BMAP for Hogan Creek was legally adopted in
December 2009 (DEP 2009b). Additional information about fecal coliform in the tributaries can be found in Section 2.6 and
Table 2.2. The last Annual Progress Report for this BMAP was published in 2016 and listed 21 active, ongoing projects
underway by FDOT and JEA and 2 projects completed in 2016 (pump station rebuilding by JEA, flood improvements by
COJ) to address the BMAP in the Hogan Creek watershed (DEP 2017c). FDEP reported improvement in the frequency of
fecal coliform exceedances in the freshwater segment of Hogan Creek, but the last fecal coliform measurements in Hogan
Creek available in STORET prior to 2018 date back mainly to 2008, with a single measurement in 2011. Recent
measurements suggest ongoing issues with fecal coliform concentrations; the average fecal coliform concentration and the
number of samples exceeding the WQC both decreased in 2019 compared to 2018. In 2018, FDEP piloted microbial source
tracking strategies in selected impaired waterbodies. They found that the strategies used could be used to narrow down
areas suspected of containing sources that actively contribute fecal indicating bacteria to water in order to identify and
remediate them, but this work is resource-intensive. Hogan Creek was found to have known sources of untreated human
waste present (DEP 2019a).
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In 2012, COJ worked with the US Army Corps of Engineers to investigate the potential to remediate and restore the aquatic
ecosystem through removal of accumulated sediment, removal of exotic vegetation, and creation of wetland habitats.
Fourteen sites within the Hogan Creek watershed were under consideration for restoration, but sampling of ten of these
sites in 2003 revealed hazardous, toxic, and radioactive waste contamination in both the creek itself and the adjacent lands.
Ash deposits dating back to the early 20th century can be found in the Hogan Creek watershed, and these are known sources
of hazardous and toxic waste. Removal of these hazardous materials would prevent them from leaching into the creek and
being taken up by plants and animals, but this (potentially extensive) work would need to be performed and paid for by
either COJ or an organization contracted by COJ to do so. The USACE elected not to proceed with any work or action until
these hazardous materials were removed, after which the project could be reconsidered (USACE 2012a).
Historical water quality data for Hogan Creek are available in previous versions of the River Report.

Table 2.16 Water quality data for Hogan Creek.
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

3.75
(0 of 2 samples)

6.46
(0 of 43 samples)

5.60
(1 of 23 samples)

Total Nitrogen (mg/L)

<1.54‡

0.78
(0 of 2 samples)

0.97
(0 of 10 samples)

0.76
(0 of 9 samples)

Total Phosphorus (mg/L)

<0.12‡

0.11
(0 of 2 samples)

0.12
(4 of 12 samples)

0.09
(1 of 10 samples)

Chlorophyll-a (µg/L)

<20‡

8.15
(0 of 2 samples)

5.42
(1 of 12 samples)

8.08
(0 of 9 samples)

Arsenic (µg/L)

≤50

1.62
(0 of 2 samples)

Not available

0.95
(0 of 5 samples)

Cadmium (µg/L)

≤0.3

0.02
(0 of 2 samples)

Not available

0.01
(0 of 5 samples)

Copper (µg/L)

≤9.3

1.68
(0 of 2 samples)

Not available

1.78
(0 of 5 samples)

Lead (µg/L)

≤3.2

1.90
(0 of 2 samples)

Not available

1.69
(0 of 5 samples)

Nickel (µg/L)

≤52

0.46
(0 of 2 samples)

Not available

0.25
(0 of 5 samples)

Silver (µg/L)

≤0.07

0.01
(0 of 2 samples)

Not available

0.01
(0 of 5 samples)

Zinc (µg/L)

≤120

7.80
(0 of 2 samples)

Not available

8.50
(0 of 5 samples)

Fecal Coliform (CFU/100
mL)

<400‡

Not available

2400
(14 of 38 samples)

510
(4 of 19 samples)

<29

4.60
(0 of 2 samples)

4.67
(0 of 12 samples)

4.27
(0 of 10 samples)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.16. Intracoastal Waterway
2.7.16.1. About the Intracoastal
Waterway
•

Near the mouth of the St. Johns
River

•

Primary Land Use:
Marsh/Wetland (Land Cover)

•

Current TMDL reports:
Mercury

•

2016 Verified Impairment for
Fecal Coliform and Iron
(2205C)

•

WBID Area: 23.9 sq. mi.

•

Beneficial Use: Class III M
(Recreational – Marine)

Figure 2.45 The Intracoastal Waterway Tributary (WBID 2205C) with sanitary sewer overflows reported by
JEA in 2019 (JEA 2019b).

2.7.16.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Intracoastal Waterway (ICW) WBID 2205C (DEP 2014c) shown above. The filtered dataset reflects water
column concentrations and was used to generate Table 2.17.
2.7.16.3. Discussion
Water quality data for the ICW are shown in Table 2.17. The ICW does not appear to provide a significant nutrient load to
the St. Johns River. Arsenic concentrations are higher compared to other tributaries, although those concentrations have
decreased over the past three years. Many of the listed metals (such as cadmium, copper, lead, and zinc) increased in
concentration in 2018 and remained elevated in 2019; numerous water samples exceeded the WQC for copper. The
Intracoastal Waterway was identified as being impaired for mercury, based on elevated levels of mercury in fish tissue,
which is addressed by the statewide mercury TMDL (DEP 2013c). The Intracoastal Waterway is impaired for iron and fecal
coliform (DEP 2016j). FDEP considers the ICW a low priority for development of a TMDL to address fecal coliform and a
medium priority for development of a TMDL to address iron. Limited fecal coliform measurements were available prior
to 2019, but the average fecal coliform level in 2018 and 2019 exceeded the WQC.
Historical water quality data for the Intracoastal Waterway are available in previous versions of the River Report.
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Table 2.17 Water quality data for the Intracoastal Waterway.

Parameter

Water Quality
Criteria (SW)

Average and Number of Samples°
2017

2018

2019

≥4.0

5.66
(1 of 14 samples)

6.20
(0 of 24 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

Not available

Total Phosphorus (mg/L)

<0.12‡

0.08
(3 of 14 samples)

0.10
(1 of 22 samples)

6.13
(1 of 24 samples)
0.50
(0 of 3 samples)
0.06
(0 of 6 samples)

Chlorophyll-a (µg/L)

<5.4‡

4.20
(2 of 9 samples)
10.99
(0 of 10 samples)
0.18
(0 of 10 samples)
1.36
(0 of 10 samples)

4.57
(5 of 11 samples)
6.36
(0 of 22 samples)
0.50
(0 of 22 samples)
4.36
(17 of 22 samples)

2.00
(0 of 3 samples)
20.0
(0 of 6 samples)
0.50
(0 of 6 samples)
4.67
(5 of 6 samples)

0.23
(10 of 22 samples)
0.50
(0 of 22 samples)
1.00
(0 of 22 samples)

0.14
(0 of 6 samples)
0.50
(0 of 6 samples)
1.00
(0 of 6 samples)

0.50
(0 of 22 samples)
5.00
(0 of 22 samples)
1100
(1 of 1 sample)

0.50
(0 of 6 samples)
5.00
(0 of 6 samples)
750
(3 of 11 samples)

6.13
(0 of 10 samples)

3.26
(0 of 3 samples)

Dissolved Oxygen (mg/L)

Arsenic (µg/L)

≤50

Cadmium (µg/L)

≤8.8

Copper (µg/L)

≤3.7

Iron (mg/L)

≤0.3

Lead (µg/L)

≤8.5

Nickel (µg/L)

≤8.3

Silver (µg/L)

≤0.92*
≤86

Zinc (µg/L)
Fecal Coliform (CFU/100 mL)
Turbidity (NTU)

Not available
0.11
(0 of 10 samples)
0.58
(0 of 10 samples)
0.01
(0 of 10 samples)
3.02
(0 of 10 samples)

<400‡

Not available

<29

6.98
(0 of 9 samples)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.17. Julington Creek
2.7.17.1. About Julington Creek
•

East of the St. Johns River at
the
I-95/I-295/9A intersection

•

Primary Land Use:
Marsh/Wetland (Land Cover)

•

Current TMDL reports:
Fecal Coliform, Mercury

•

2016 Verified Impairment for
Iron (2351)

•

WBID Area: 20.4 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)
Figure 2.46 The Julington Creek Tributary (WBID 2351) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.17.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Julington Creek WBID 2351 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.18.
2.7.17.3. Discussion
Water quality data for Julington Creek are shown in Table 2.18, but the data available in WIN and STORET for Julington
Creek are extremely limited, with no measurements reported for 2017. Julington Creek was identified as being impaired
for iron, and FDEP considers it a medium priority to develop a TMDL in response (DEP 2016j).
The fecal coliform level, averaged over all the stations in Julington Creek, were historically higher than the WQC of 400
colony-forming-units (CFU) per 100 mL. Thus, a TMDL for fecal coliform was published in 2009 (Rhew 2009d). (Note: the
data analyses in the TMDL are based on different criteria than that used in this report). Average fecal coliform levels in 2018 were
higher than the WQC, and fecal coliform levels decreased in 2019 with fewer individual samples exceeding the WQC.
No recent measurements were available in WIN or STORET between 2017 and 2019 for the following parameters:
•

Total nitrogen

Historical water quality data for Julington Creek are available in previous versions of the River Report.
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Table 2.18 Water quality data for Julington Creek.
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

Dissolved Oxygen (mg/L)

≥34% sat. (≥3.0)

Not available

Total Phosphorus (mg/L)

<0.12‡

Not available

Chlorophyll-a (µg/L)

<20‡

Not available

Arsenic (µg/L)

≤50

Not available

Cadmium (µg/L)

≤0.3

Not available

Copper (µg/L)

≤9.3

Not available

Iron (mg/L)

≤1.0

Not available

Lead (µg/L)

≤3.2

Not available

Nickel (µg/L)

≤52

Not available

Silver (µg/L)

≤0.07

Not available

Zinc (µg/L)

≤120

Not available

Fecal Coliform (CFU/100
mL)

<400‡

Not available

<29

Not available

Turbidity (NTU)

2018

2019

6.97
(0 of 13 samples)
0.05
(0 of 1 sample)
2.90
(0 of 1 sample)
1.32
(0 of 1 sample)
0.01
(0 of 1 sample)
2.49
(0 of 1 sample)
1.17
(0 of 1 sample)
0.13
(0 of 1 sample)
0.50
(0 of 1 sample)
0.01
(0 of 1 sample)
2.50
(0 of 1 sample)
590
(7 of 12 samples)
4.00
(0 of 1 sample)

6.61
(0 of 12 samples)
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
330
(4 of 12 samples)
Not available

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.18. McCoy Creek
2.7.18.1. About McCoy Creek
•

West of the St. Johns River
Downtown Jacksonville

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform, Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 5.34 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.47 The McCoy Creek Tributary (WBID 2257) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.18.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in McCoy Creek WBID 2257 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.19.
2.7.18.3. Discussion
Water quality data for McCoy Creek are shown in Table 2.19. The fecal coliform level, averaged over all the stations in
McCoy Creek, was historically above the WQC of 400 colony-forming-units (CFU) per 100 mL. Thus, a TMDL for fecal
coliform was published in 2009 (Rich-Zeisler and Kingon 2009). (Note: the data analysis in the TMDL is based on different
criteria than that used in this report). Subsequently, a BMAP for McCoy Creek was legally adopted in 2010 (DEP 2010a). The
last Annual Progress Report for this BMAP was published in 2016 and listed 20 active, ongoing projects underway by COJ,
FDOT, and JEA and one completed project in 2016 (wet detention pond by COJ) to address the BMAP in the McCoy Creek
watershed (DEP 2017c). Measurements from the past three years suggest that fecal coliform levels remain a challenge in
McCoy Creek. Average fecal coliform concentrations remain above the WQC, with a large increase in average fecal coliform
levels and number of samples exceeding the WQC in 2019. In 2018, FDEP piloted microbial source tracking strategies in
selected impaired waterbodies. They found that the strategies used could be used to narrow down areas suspected of
containing sources that actively contribute fecal indicating bacteria to water in order to identify and remediate them, but
this work is resource-intensive. McCoy Creek was found to have known sources of untreated human waste present (DEP
2019a). Additional information about fecal coliform in the tributaries can be found in Section 2.6 and Table 2.2.
Average dissolved oxygen (DO) levels are above the SSAC of 4.0 mg/L for DO in the mainstem and tributaries (DEP 2014b),
and the average DO concentration increased in 2018 following a three-year period of decreases. Average total phosphorus
concentrations in 2018 and 2019 were higher than the WQC.
Historical water quality data for these parameters in McCoy Creek are available in previous versions of the River Report.
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Table 2.19 Water quality data for McCoy Creek (2016-2018).
Parameter

Water Quality
Criteria (FW)

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0)

4.03
(11 of 35 samples)

4.65
(7 of 54 samples)

4.38
(13 of 57 samples)

Total Nitrogen (mg/L)

<1.54‡

0.67
(0 of 5 samples)

3.23
(1 of 10 samples)

0.86
(1 of 49 samples)

Total Phosphorus (mg/L)

<0.12‡

0.08
(0 of 2 samples)

0.15
(6 of 14 samples)

0.15
(15 of 25 samples)

Chlorophyll-a (µg/L)

<20‡

5.55
(0 of 2 samples)

7.05
(1 of 15 samples)

3.53
(0 of 8 samples)

Arsenic (µg/L)

≤50

Not available

Not available

2.50
(0 of 4 samples)

Cadmium (µg/L)

≤0.3

Not available

Not available

0.02
(0 of 4 samples)

Copper (µg/L)

≤9.3

Not available

Not available

1.35
(0 of 4 samples)

Lead (µg/L)

≤3.2

Not available

Not available

0.98
(0 of 4 samples)

Nickel (µg/L)

≤52

Not available

Not available

1.25
(0 of 4 samples)

Silver (µg/L)

≤0.07

Not available

Not available

0.01
(0 of 4 samples)

Zinc (µg/L)

≤120

Not available

Not available

10.0
(0 of 4 samples)

Fecal Coliform (CFU/100
mL)

<400‡

1100
(17 of 33 samples)

890
(32 of 52 samples)

2290
(45 of 55 samples)

<29

6.67
(0 of 35 samples)

5.22
(0 of 47 samples)

4.65
(0 of 38 samples)

Dissolved Oxygen (mg/L)

Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.19.

Mill Creek

2.7.19.1. About Mill Creek
•

East of the St. Johns River
feeding into Sixmile Creek

•

Primary
Land
Wetlands/forest

•

Current TMDL reports:
Fecal Coliform,
DO/Nutrient, Mercury

•

2016 Verified Impairment
for Iron (2460)

•

WBID Area: 11.6 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Use:

Figure 2.48 The Mill Creek Tributary (WBID 2460).

2.7.19.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Mill Creek WBID 2460 (DEP 2014c) shown above. The filtered dataset reflects water column concentrations
and was used to generate Table 2.20.
2.7.19.3. Discussion
Water quality data for Mill Creek are shown in Table 2.20. Historically, the fecal coliform level, averaged over all the stations
in Mill Creek, was above the WQC of 400 colony-forming-units (CFU) per 100 mL. Thus, a TMDL for fecal coliform was
published in 2009 (Rhew 2009c). (Note: the data analyses in the TMDL are based on different criteria than those used in this report).
Limited sampling in 2018 show fecal coliform concentrations below the WQC.
In addition, Mill Creek has been identified as impaired for dissolved oxygen and associated nutrients and, a TMDL
addressing this was published in 2010 (Magley 2010). Limited measurements between 2017 and 2019 indicate elevated total
phosphorus concentrations, with most samples exceeding the WQC. Mill Creek has been listed as impaired for iron, but
this may potentially be a natural condition (common in Florida blackwater streams such as this) (DEP 2016j). FDEP
considers Mill Creek a high priority for TMDL development to address iron levels.
Water quality data for Mill Creek are limited in WIN and STORET. No recent measurements were available in WIN or
STORET between 2017 and 2019 for the following parameters:
•
•
•

Arsenic
Cadmium
Copper

• Iron
• Lead
• Nickel

• Silver
• Zinc

Historical water quality data for these parameters in Mill Creek are available in previous versions of the River Report.
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Table 2.20 Water quality data for Mill Creek.
Water Quality
Criteria

Parameter

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

1.45
(0 of 2 samples)

6.56
(0 of 5 samples)

6.19
(0 of 4 samples)

Total Nitrogen (mg/L)

<1.54‡

1.51
(2 of 3 samples)

1.37
(1 of 5 samples)

1.23
(0 of 6 samples)

Total Phosphorus (mg/L)

<0.12‡

0.18
(2 of 2 samples)

0.24
(4 of 5 samples)

0.18
(4 of 5 samples)

<20‡ FW

1.45
(0 of 2 samples)

9.62
(1 of 5 samples)

2.18
(0 of 5 samples)

<400‡

Not available

140
(0 of 5 samples)

1600
(2 of 4 samples)

<29

4.40
(0 of 2 samples)

3.58
(0 of 5 samples)

4.50
(0 of 6 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

2.7.20. Moncrief Creek
2.7.20.1. About Moncrief Creek
•

North of downtown
Jacksonville

•

Primary Land Use:
Residential

•

Current TMDL reports:
Fecal/Total Coliform with
BMAP (2010), Mercury

•

2016 Verified Impairment
for Copper, Iron, and
Nutrients - Chlorophyll-a
(2228A)

•

WBID Area: 5.9 sq. mi.

•

Beneficial Use: Class III F/M
(2228A Recreational –
Marine, 2228B Recreational Freshwater)

Figure 2.49 The Moncrief Creek Tributary (WBID 2228) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.20.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Moncrief Creek WBID 2228 (DEP 2014c), 2228A (marine), and 2228B (freshwater) shown above. The
filtered dataset reflects water column concentrations and was used to generate Table 2.21.
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2.7.20.3. Discussion
Water quality data for Moncrief Creek are shown in Table 2.21. Historical average phosphorus levels were higher than the
recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k), and the average total phosphorus levels have remained near
or above the WQC over the past three years. Dissolved oxygen concentrations were within acceptable limits. Average
chlorophyll-a concentrations were higher in 2017 and 2018 and rose sharply in the marine section in 2019. Moncrief Creek
is impaired for Nutrients – Chlorophyll-a, and FDEP considers it a medium priority for development of a TMDL to address
the chlorophyll-a levels (DEP 2016e).
A TMDL report for fecal coliform was published for Moncrief Creek in 2006 (Wainwright 2006b). (Note: the data analyses in
the TMDL are based on different criteria than that used in this report). Subsequently, a BMAP for Moncrief Creek (DEP 2010a)
was released in August 2010. It describes sources of fecal coliform in the watershed, and completed and ongoing activities
conducted by state and local agencies that are anticipated to reduce fecal coliform loading in the tributary. Additional
information about fecal coliform in the tributaries can be found in Section 2.6 and Table 2.2.
In the 2016 Annual Progress Report, 59% of Moncrief Creek fecal coliform measurements over a 7.5 year period ending June
30, 2016 exceeded the water quality criterion (400 CFU/100 mL) (DEP 2017c). While Moncrief Creek remains impaired for
fecal coliform, the size of the exceedances has decreased since implementation of the BMAP; the median exceedance has
decreased from 2,600 CFU/100 mL in the TMDL report to 1,300 CFU/100 mL in the first phase of the BMAP (2010-2014).
(DEP 2016c). Fecal coliform measurements from the past three years indicate that fecal coliform levels remain elevated
above the WQC. Average fecal coliform concentrations had decreased from 2016 to 2018, but rose again in 2019. There were
28 projects either planned or currently underway in 2016 by COJ, JEA, and FDOT to address the BMAP in the Moncrief
Creek watershed (DEP 2017c). In 2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies.
They found that the strategies used could be used to narrow down areas suspected of containing sources that actively
contribute fecal indicating bacteria to water in order to identify and remediate them, but this work is resource-intensive.
Moncrief Creek was found to have known sources of untreated human waste present (DEP 2019a).
Moncrief Creek has been identified as impaired for copper and iron (DEP 2014e), but it has been delisted for lead (DEP
2016h). FDEP considers Moncrief Creek a medium priority for development of TMDLs to copper and iron levels (DEP
2016e). Iron levels in the marine portion of Moncrief Creek were higher than the WQC in 2019. It was identified as being
impaired for mercury, based on elevated levels of mercury in fish tissue; however, this is being delisted (DEP 2015a) as it
has been addressed by the statewide mercury TMDL (DEP 2013c). Concentrations of many of the heavy metals presented
in Table 2.21 decreased in 2018 but rebounded somewhat in 2019.
COJ has chosen Moncrief Creek as a focus watershed to monitor progress in the reduction of pollution from stormwater
flows. Stormwater is the main source of the headwaters of Moncrief Creek, and there were 22 stormwater treatment ponds
in the Moncrief Creek watershed in 2017. COJ plans to sample Moncrief Creek quarterly with respect to its effectiveness in
stormwater treatment pollution reduction (COJ 2017).
Historical water quality data for Moncrief Creek are available in previous versions of the River Report.
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Table 2.21 Water quality data for Moncrief Creek.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

Not available

5.85
(3 of 33 samples)

≥4.0 SW

5.33
(7 of 27 samples)

7.52
(2 of 44 samples)

6.22
(1 of 13 samples)

Total Nitrogen (mg/L)

<1.54‡

0.74
(0 of 3 samples)

0.77
(1 of 30 samples)

0.94
(2 of 51 samples)

Total Phosphorus (mg/L)

<0.12‡

0.14
(5 of 10 samples)

0.13
(7 of 45 samples)

0.10
(7 of 41 samples)

<20‡ FW

Not available

Not available

4.44
(1 of 20 samples)

<5.4‡ SW

10.76
(3 of 7 samples)

10.45
(20 of 47 samples)

26.20
(13 of 14 samples)

≤50

7.31
(0 of 7 samples)

1.55
(0 of 13 samples)

1.63
(0 of 17 samples)

≤0.3 FW

Not available

Not available

0.02
(0 of 10 samples)

≤8.8 SW

0.09
(0 of 7 samples)

0.01
(0 of 13 samples)

0.03
(0 of 7 samples)

≤9.3 FW

Not available

Not available

2.34
(1 of 10 samples)

≤3.7 SW

4.01
(2 of 7 samples)

0.84
(0 of 13 samples)

2.80
(1 of 8 samples)

≤1.0 FW

Not available

1.17
(8 of 13 samples)

0.63
(1 of 10 samples)

≤0.3 SW

0.24
(1 of 4 samples)

Not available

0.63
(6 of 7 samples)

≤3.2 FW

Not available

Not available

0.80
(0 of 9 samples)

≤8.5 SW

2.18
(0 of 7 samples)

0.38
(0 of 13 samples)

1.19
(0 of 7 samples)

≤52 FW

Not available

Not available

1.25
(0 of 9 samples)

≤8.3 SW

0.87
(0 of 7 samples)

0.67
(0 of 13 samples)

1.29
(0 of 7 samples)

≤0.07 FW

Not available

Not available

0.01
(0 of 10 samples)

≤0.92 SW

0.02
(0 of 7 samples)

0.01
(0 of 13 samples)

0.01
(0 of 7 samples)

≤120 FW

Not available

Not available

12.5
(0 of 10 samples)

≤86 SW

10.30
(0 of 7 samples)

7.12
(0 of 13 samples)

13.93
(0 of 7 samples)

<400‡

810
(10 of 21 samples)

620
(13 of 47 samples)

1050
(13 of 40 samples)

<29

17.07
(1 of 7 samples)

9.36
(3 of 49 samples)

7.16
(1 of 34 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Iron (mg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.21. Open Creek
2.7.21.1. About Open Creek
•

West of the Intracoastal
Waterway, Southwest of
Jacksonville Beach and
Northwest of Ponte Vedra
Beach

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform with BMAP
(2009), Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 6.5 sq. mi.

•

Beneficial Use: Class III M & F
(2299A Recreational – Marine,
2299B Recreational –
Freshwater)

Figure 2.50 Open Creek (WBID 2299A/B) with sanitary sewer overflows reported by JEA in 2019 (JEA
2019b).

2.7.21.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Open Creek WBID 2299A (marine) and 2299B (freshwater) (DEP 2014c) shown above. The filtered dataset
reflects water column concentrations and was used to generate Table 2.22.
2.7.21.3. Discussion
Water quality data for Open Creek are shown in Table 2.22. Total phosphorus and dissolved oxygen levels were within
acceptable limits from 2017 to 2019. Open Creek has been identified as impaired for mercury (DEP 2016j) and is addressed
in the statewide mercury TMDL already in place (DEP 2013c).
Average fecal coliform levels, averaged over all the stations in Open Creek, remain around the WQC. There is some
variation in the levels depending on the location, and approximately one-third of the fecal coliform measurements exceeded
the WQC. A TMDL report (Wainwright and Hallas 2009b) was released in 2009 to address fecal coliform. (Note: the data
analyses in the TMDL are based on different criteria than that used in this report). Subsequently, a BMAP to address this issue
was legally adopted (DEP 2009b). The last Annual Progress Report for this BMAP was published in 2016 and listed 18
active, ongoing projects underway by FDOT and JEA to address the BMAP in the Open Creek watershed (DEP 2017c). In
2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies. They found that the strategies
used could be used to narrow down areas suspected of containing sources that actively contribute fecal indicating bacteria
to water in order to identify and remediate them, but this work is resource-intensive. Open Creek was suspected of having
sources of untreated human waste present, and ruminant waste was detected in the waterbody (DEP 2019a). Additional
information about fecal coliform in the tributaries can be found in Section 2.6 and Table 2.2.
No recent measurements were available in WIN or STORET between 2015 and 2017 for the following parameters:
•
•
•

Arsenic
Cadmium
Copper

•
•
•

Lead
Nickel
Silver

•

Zinc

Historical water quality data for these parameters in Open Creek are available in previous versions of the River Report.
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Table 2.22 Water quality data for Open Creek.
Average and Number of Samples°

Water Quality
Criteria

2017

2018

2019

≥34% sat. (≥3.0)
FW

5.69
(0 of 8 samples)

6.41
(0 of 6 samples)

7.57
(0 of 3 samples)

≥4.0 SW

6.29
(0 of 4 samples)

5.79
(1 of 5 samples)

6.25
(0 of 7 samples)

Total Nitrogen (mg/L)

<1.54‡

Not available

0.79
(0 of 12 samples)

0.79
(0 of 25 samples)

Total Phosphorus (mg/L)

<0.12‡

0.05
(0 of 4 samples)

0.06
(0 of 10 samples)

0.07
(0 of 7 samples)

<20‡ FW

Not available

3.88
(0 of 6 samples)

1.99
(0 of 4 samples)

<5.4‡ SW

3.20
(0 of 4 samples)

3.31
(0 of 4 samples)

3.12
(0 of 3 samples)

<400‡

380
(2 of 7 samples)

410
(3 of 6 samples)

290
(2 of 6 samples)

<29

2.70
(0 of 4 samples)

4.04
(0 of 10 samples)

3.70
(0 of 7 samples)

Parameter

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Fecal Coliform (CFU/100 mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

2.7.22. Ortega River
2.7.22.1. About the Ortega River
•

West of NAS Jacksonville

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform – 2213P1
DO/Nutrient – 2213P1

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 29.0 sq. mi.

•

Beneficial Use: Class III F/M
(2213P1 Recreational – Marine,
2249A Recreational –
Freshwater)
Figure 2.51 The Ortega River Tributary (WBID 2213P1 and 2249A) with sanitary sewer overflows reported by
JEA in 2019 (JEA 2019b).

2.7.22.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Ortega River WBID 2213P1 (marine) and 2249A (freshwater) (DEP 2014c) shown above. The filtered
dataset reflects water column concentrations and was used to generate Table 2.23.
2.7.22.3. Discussion
Water quality data for the Ortega River are shown in Table 2.23. Average total phosphorus and dissolved oxygen
concentrations were within acceptable limits. Average chlorophyll-a concentrations have remained lower than the WQC in
the freshwater portion of the Ortega River, but chlorophyll-a concentrations in the marine region exceeded the WQC from
2017 to 2019. Concentrations of metals in the freshwater reach of the Ortega River had generally decreased from 2015 to
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2017, but the concentration of many of the metals shown in Table 2.23 rose in 2018. Concentrations of copper and zinc
remained higher in 2019, but all of the water samples in 2019 had metals concentrations lower than the WQC.
Average fecal coliform measurements were close to but lower than the WQC in 2018 and 2019, although roughly onequarter of the individual samples exceeded the WQC. The fecal coliform level, averaged over all the sampling sites in the
Ortega River, was historically below the WQC of 400 colony-forming-units per 100 mL. The TMDL reports for fecal coliform
(Rhew 2009f) and DO/Nutrients (Magley 2009b) published in 2009 referred to WBID 2213P, of which WBID 2213P1 is a
subset as a result of changes to the WBID boundaries.
Historical water quality data for the Ortega River are available in previous versions of the River Report.

Table 2.23 Water quality data for the Ortega River.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

4.70
(1 of 3 samples)

6.39
(1 of 15 samples)

5.84
(3 of 15 samples)

≥4.0 SW

4.83
(2 of 4 samples)

7.11
(0 of 10 samples)

7.57
(0 of 10 samples)

Total Nitrogen (mg/L)

<1.54‡

0.95
(0 of 5 samples)

1.03
(0 of 5 samples)

0.82
(0 of 11 samples)

Total Phosphorus (mg/L)

<0.12‡

0.09
(3 of 10 samples)

0.07
(1 of 18 samples)

0.06
(0 of 15 samples)

<20‡ FW

1.04
(0 of 3 samples)

2.17
(0 of 9 samples)

1.17
(0 of 7 samples)

<5.4‡ SW

12.68
(3 of 4 samples)

15.36
(5 of 5 samples)

15.46
(3 of 5 samples)

≤50

0.61
(0 of 3 samples)

2.75
(0 of 5 samples)

1.41
(0 of 8 samples)

≤0.3 FW

0.03
(0 of 3 samples)

0.13
(0 of 5 samples)

0.03
(0 of 3 samples)

≤8.8 SW

Not available

Not available

0.02
(0 of 5 samples)

≤9.3 FW

0.81
(0 of 3 samples)

2.75
(0 of 5 samples)

2.75
(0 of 3 samples)

≤3.7 SW

Not available

Not available

2.35
(0 of 5 samples)

≤3.2 FW

0.38
(0 of 3 samples)

0.50
(0 of 5 samples)

0.28
(0 of 3 samples)

≤8.5 SW

Not available

Not available

0.72
(0 of 5 samples)

≤52 FW

0.34
(0 of 3 samples)

0.25
(0 of 5 samples)

0.25
(0 of 3 samples)

≤8.3 SW

Not available

Not available

0.55
(0 of 5 samples)

≤0.07 FW

0.00
(0 of 3 samples)

0.13
(2 of 5 samples)

0.03
(0 of 3 samples)

≤0.92 SW

Not available

Not available

0.01
(0 of 5 samples)

≤120 FW

4.04
(0 of 3 samples)

7.50
(0 of 5 samples)

10.83
(0 of 3 samples)

≤86 SW

Not available

Not available

8.5
(0 of 5 samples)

<400‡

Not available

360
(3 of 10 samples)

420
(3 of 12 samples)

<29

3.25
(1 of 7 samples)

4.56
(0 of 14 samples)

3.23
(0 of 10 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.23. Peters Creek
2.7.23.1. About Peters Creek
•

Flows into Black Creek

•

Primary Land Use:
Forest/agriculture

•

Current TMDL reports:
Lead, Fecal Coliform, Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 20.5 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.52 The Peters Creek Tributary (WBID 2444) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.23.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in Peters Creek WBID 2444 (DEP 2014c) shown above. The filtered dataset reflects water column concentrations
and was used to generate Table 2.24.
2.7.23.3. Discussion
Water quality data for Peters Creek are shown in Table 2.24. No measurements were available for 2019. Historical fecal
coliform levels, averaged over all the sampling sites in the Peters Creek, were above the WQC of 400 colony-forming-units
(CFU) per 100 mL. As a consequence, a TMDL report was published in 2009 to address this impairment (Rhew 2009b).
However, the last fecal coliform measurements available in STORET prior to 2018 date back to 2007. The average fecal
coliform concentration in 2018 was lower than the WQC.
Lead has been identified as impaired (high percentage of exceedances) in Peters Creek and a TMDL report was published
in 2009 (Lewis and Mandrup-Poulsen 2009) to address this issue. While no lead data were available in 2017 or 2019,
measurements from 2018 are below the WQC with no exceedances reported.
Historical water quality data for Peters Creek are available in previous versions of the River Report.
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Table 2.24 Water quality data for Peters Creek.
Parameter
Dissolved Oxygen (mg/L)

Water Quality
Criteria (FW)
≥34% sat. (≥3.0)

Total Nitrogen (mg/L)

<1.54‡

Total Phosphorus (mg/L)

<0.12‡

Average and Number of Samples°
2017

2018

2019

7.34
(0 of 2 samples)
0.31
(0 of 1 sample)
0.04
(0 of 1 sample)
0.93
(0 of 1 sample)

6.89
(0 of 10 samples)
0.46
(0 of 9 samples)
0.02
(0 of 9 samples)
0.30
(0 of 10 samples)
0.28
(0 of 10 samples)
0.01
(0 of 10 samples)
0.28
(0 of 10 samples)
0.28
(0 of 10 samples)
0.55
(0 of 10 samples)
0.01
(0 of 10 samples)
2.50
(0 of 10 samples)
160
(1 of 10 samples)
1.90
(0 of 10 samples)

Not available

Chlorophyll-a (µg/L)

<20‡

Arsenic (µg/L)

≤50

Not available

Cadmium (µg/L)

≤0.3

Not available

Copper (µg/L)

≤9.3

Not available

Lead (µg/L)

≤3.2

Not available

Nickel (µg/L)

≤52

Not available

Silver (µg/L)

≤0.07

Not available

Zinc (µg/L)

≤120

Not available

Fecal Coliform (CFU/100
mL)

<400‡

Not available

<29

1.30
(0 of 1 sample)

Turbidity (NTU)

Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available
Not available

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

2.7.24. Pottsburg Creek
2.7.24.1. About Pottsburg Creek
•

East of the St. Johns River at the
Butler Blvd./I-95 interchange

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal coliform with BMAP (2010),
Mercury

•

2016 Verified Impairment for Iron
(2265D)

•

WBID Area: 9.1 sq. mi.

•

Beneficial Use: Class III F/M
(2265C Recreational – Freshwater,
2265D Recreational - Marine)

Figure 2.53 The Pottsburg Creek Tributary (WBID 2265B) with sanitary sewer overflows
reported by JEA in 2019 (JEA 2019b).

2.7.24.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Pottsburg Creek WBID 2265B, 2265C (freshwater), and 2265D (marine) (DEP 2014c) shown above. The
filtered dataset reflects water column concentrations and was used to generate Table 2.25.
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2.7.24.3. Discussion
Water quality data for Pottsburg Creek are shown in Table 2.25. Average phosphorus levels were higher than the WQC in
2017 (DEP 2015c; DEP 2016e; DEP 2016k) and increased sharply in 2019. Historically, average dissolved oxygen and
chlorophyll-a were within limits, although average chlorophyll-a concentrations in the marine/estuarine regions of
Pottsburg Creek increased from 2017 to 2019, exceeding the WQC in all three years. Pottsburg Creek is impaired for iron,
and FDEP considers it a medium priority for TMDL development to address iron levels (DEP 2016e). Average iron levels
in the marine portion of Pottsburg Creek exceeded the WQC in 2018 and 2019.
Average fecal coliform concentrations from 1999-2012 were well above the WQC, and fecal coliform levels in this residential
tributary were identified as impaired in 2004. Consequently, a TMDL for fecal coliform was published (Rhew 2009d). A
BMAP for Pottsburg Creek (DEP 2010a) was legally adopted in August 2010. It describes sources of fecal coliform in the
watershed, and completed and ongoing activities conducted by state and local agencies that are anticipated to reduce fecal
coliform loading in the tributary. Additional information about fecal coliform in the tributaries can be found in Section 2.6
and Table 2.2.
Annual Progress Reports for this BMAP were published annually between 2011 and 2016, listing repairs, inspections,
evaluations, and other improvements conducted by JEA, the Duval County Health Department, COJ, and FDOT. In the
2016 Annual Progress Report, 34% of Pottsburg Creek fecal coliform measurements over a 7.5-year period ending June 30,
2016 exceeded the water quality criterion (400 CFU/100 mL) (DEP 2017c). Pottsburg Creek remains impaired for fecal
coliform, and the size of the exceedances has increased since implementation of the BMAP; the median exceedance
increased from 800 CFU/100 mL in the TMDL report to 1,532 CFU/100 mL in the first phase of the BMAP (2010-2014) (DEP
2016c). As of 2016, there were 24 projects either planned or currently underway by COJ, JEA, and FDOT to address the
BMAP in the Pottsburg Creek watershed (DEP 2017c). Fecal coliform measurements in 2018 and 2019 show decreases in
fecal coliform levels compared to what was reported in the BMAP documents, with average fecal coliform levels lower than
the WQC in both years. In 2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies. They
found that the strategies used could be used to narrow down areas suspected of containing sources that actively contribute
fecal indicating bacteria to water in order to identify and remediate them, but this work is resource-intensive. Pottsburg
Creek was suspected of sources of untreated human waste present (DEP 2019a).
Historical water quality data for Pottsburg Creek are available in previous versions of the River Report.
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Table 2.25 Water quality data for Pottsburg Creek.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

6.22
(0 of 14 samples)

5.78
(0 of 9 samples)

≥4.0 SW

Not available

6.42
(4 of 19 samples)

6.62
(0 of 13 samples)

Total Nitrogen (mg/L)

<1.54‡

0.89
(0 of 5 samples)

0.84
(0 of 23 samples)

0.85
(1 of 18 samples)

Total Phosphorus (mg/L)

<0.12‡

0.15
(3 of 4 samples)

0.10
(1 of 24 samples)

0.39
(4 of 19 samples)

<20‡ FW

Not available

2.10
(0 of 1 sample)

3.51
(0 of 6 samples)

<5.4‡ SW

9.75
(1 of 4 samples)

10.45
(11 of 15 samples)

12.68
(8 of 12 samples)

≤50

Not available

1.28
(0 of 21 samples)

1.40
(0 of 14 samples)

≤0.3 FW

Not available

0.01
(0 of 10 samples)

0.01
(0 of 6 samples)

≤8.8 SW

Not available

0.01
(0 of 11 samples)

0.02
(0 of 8 samples)

≤9.3 FW

Not available

1.23
(0 of 10 samples)

1.62
(0 of 6 samples)

≤3.7 SW

Not available

1.63
(0 of 11 samples)

1.70
(0 of 8 samples)

≤1.0 FW

Not available

0.56
(0 of 10 samples)

0.56
(0 of 6 samples)

≤0.3 SW

Not available

0.54
(11 of 11 samples)

0.36
(5 of 8 samples)

≤3.2 FW

Not available

0.21
(0 of 10 samples)

0.10
(0 of 6 samples)

≤8.5 SW

Not available

1.25
(0 of 11 samples)

0.94
(0 of 8 samples)

≤52 FW

Not available

1.11
(0 of 10 samples)

1.82
(0 of 6 samples)

≤8.3 SW

Not available

0.62
(0 of 11 samples)

1.19
(0 of 8 samples)

≤0.07 FW

Not available

0.01
(0 of 10 samples)

0.01
(0 of 6 samples)

≤0.92 SW

Not available

0.01
(0 of 11 samples)

0.01
(0 of 8 samples)

≤120 FW

Not available

3.50
(0 of 10 samples)

2.50
(0 of 6 samples)

≤86 SW

Not available

5.23
(0 of 11 samples)

8.75
(0 of 8 samples)

<400‡

Not available

200
(4 of 28 samples)

210
(2 of 19 samples)

<29

3.45
(0 of 4 samples)

5.48
(0 of 24 samples)

4.83
(0 of 17 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Iron (mg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.25. Ribault River
2.7.25.1. About the Ribault River
•

Northwest of downtown
Jacksonville

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform, Mercury

•

2016 Verified Impairment for
Iron (2224A, 2224B)

•

WBID Area: 9.7 sq. mi.

•

Beneficial Use: Class III F/M
(2224A/B Recreational –
Marine, 2224C Recreational –
Freshwater)
Figure 2.54 The Ribault River Tributary (WBID 2224) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.25.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Ribault River WBIDs 2224, 2224A (marine), 2224B (marine), and 2224C (freshwater) (DEP 2014c) shown
above. The filtered dataset reflects water column concentrations and was used to generate Table 2.26.
2.7.25.3. Discussion
Water quality data for the Ribault River are presented in Table 2.26. Limited water quality data were available in STORET
for the Ribault River between 2012 and 2017, with no measurements of metals reported from 2007 to 2018. The average
total phosphorus concentration were close to the WQC in 2018 and 2019. Average chlorophyll-a levels in the freshwater
portion of the Ribault River were lower than the WQC in 2018 and 2019, although they were higher than in other tributaries.
Average chlorophyll-a levels in the marine portions of the Ribault River exceeded the WQC. The Ribault River is located
in a highly residential area and has historically been a contributor to elevated levels of phosphorus found in the tributary.
High levels of chlorophyll-a were measured previously and again in 2018 and 2019 (exceeding the WQC in the marine
WBIDs), but Ribault River has not been designated impaired (DEP 2016h). The Ribault River has been added to the verified
impaired list for iron, and FDEP considers it a medium priority for development of a TMDL to address iron levels (DEP
2016j). No iron measurements were available from the impaired WBIDs of the Ribault River from 2017-2019.
Historical fecal coliform levels, averaged over all the sampling sites in the Ribault River, were elevated. A TMDL report for
fecal coliform in the Ribault River was published in 2006 (Wainwright 2006a), and a BMAP is under development. (Note:
the data analyses in the TMDL are based on different criteria than that used in this report). In 2014, the City of Jacksonville
implemented a monitoring program for the Ribault River as part of a bacteria pollution control plan in concert with efforts
related to stormwater management (COJ 2017). Average fecal coliform concentrations and over half of the individual fecal
coliform measurements from 2018 and 2019 were higher than the WQC.
Historical water quality data for these parameters in the Ribault River are available in previous versions of the River Report.
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Table 2.26 Water quality data for the Ribault River.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

Not available

6.29
(0 of 71 samples)

5.89
(2 of 10 samples)

≥4.0 SW

Not available

Not available

6.02
(9 of 52 samples)

Total Nitrogen (mg/L)

<1.54‡

0.81
(0 of 5 samples)

0.87
(0 of 11 samples)

0.92
(1 of 12 samples)

Total Phosphorus (mg/L)

<0.12‡

Not available

0.11
(4 of 12 samples)

0.13
(5 of 12 samples)

<20‡ FW

Not available

18.65
(4 of 11 samples)

14.00
(0 of 1 sample)

<5.4‡ SW

Not available

Not available

16.27
(8 of 10 samples)

≤50

Not available

Not available

1.52
(0 of 2 samples)

Cadmium (µg/L)

≤0.3 FW

Not available

Not available

0.01
(0 of 2 samples)

Copper (µg/L)

≤9.3 FW

Not available

Not available

0.60
(0 of 2 samples)

Iron (mg/L)

≤1.0 FW

Not available

Not available

0.28
(0 of 2 samples)

Lead (µg/L)

≤3.2 FW

Not available

Not available

0.30
(0 of 2 samples)

Nickel (µg/L)

≤52 FW

Not available

Not available

0.75
(0 of 2 samples)

Silver (µg/L)

≤0.07 FW

Not available

Not available

0.01
(0 of 2 samples)

Zinc (µg/L)

≤120 FW

Not available

Not available

2.50
(0 of 2 samples)

<400‡

Not available

2100
(19 of 35 samples)

1290
(23 of 52 samples)

<29

Not available

8.89
(0 of 12 samples)

9.54
(0 of 11 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

94

LOWER SJR REPORT 2020 – WATER QUALITY
2.7.26. Rice Creek
2.7.26.1. About the Rice Creek
•

West of Palatka

•

Primary Land Use:
Forested/Wetland

•

Current TMDL reports:
None

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 31.1 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.55 The Rice Creek Tributary (WBID 2567A/B) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.26.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Rice Creek WBID 2567A/B (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.27.
2.7.26.3. Discussion
Water quality data for Rice Creek are shown in Table 2.27. Rice Creek is predominantly surrounded by wetlands, forests
including The Rice Creek Wildlife Management Area and a pulp mill (Georgia-Pacific). Dissolved oxygen, total phosphorus,
chlorophyll-a, and turbidity levels are within acceptable limits; chlorophyll-a concentrations in Rice Creek have fallen by
more than half since 2016. Average concentrations of copper, nickel, and zinc increased between 2017 and 2019, although
the average concentrations remain lower than the WQC. Rice Creek was identified as being impaired for dioxin (DEP
2014e), but it is no longer listed as such.
Historical water quality data for Rice Creek are available in previous versions of the River Report.
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Table 2.27 Water quality data for Rice Creek.
Parameter
Dissolved Oxygen (mg/L)

Water Quality
Criteria (FW)
≥34% sat. (≥3.0)

Total Nitrogen (mg/L)

<1.54‡

Total Phosphorus (mg/L)

<0.12‡

Average and Number of Samples°
2017

2018

2019

5.54
(0 of 30 samples)
0.89
(2 of 12 samples)

4.98
(10 of 77 samples)
0.96
(0 of 24 samples)

6.20
(0 of 32 samples)
0.73
(0 of 16 samples)

0.07
(1 of 16 samples)
4.23
(0 of 11 samples)
0.58
(0 of 6 samples)
0.01
(0 of 6 samples)

0.08
(4 of 40 samples)
2.69
(1 of 30 samples)
1.39
(0 of 22 samples)
0.04
(0 of 22 samples)

0.06
(0 of 20 samples)
2.71
(0 of 16 samples)
0.74
(0 of 5 samples)
0.07
(0 of 5 samples)

0.86
(0 of 6 samples)
0.29
(0 of 6 samples)
0.49
(0 of 6 samples)

1.21
(0 of 22 samples)
0.37
(0 of 22 samples)
1.54
(0 of 22 samples)

1.74
(0 of 5 samples)
0.24
(0 of 5 samples)
2.25
(0 of 5 samples)

0.02
(1 of 6 samples)
2.55
(0 of 6 samples)

0.01
(0 of 22 samples)
5.91
(0 of 22 samples)
190
(0 of 1 sample)

0.07
(1 of 5 samples)
9.50
(0 of 5 samples)

4.64
(0 of 29 samples)

3.38
(0 of 16 samples)

Chlorophyll-a (µg/L)

<20‡

Arsenic (µg/L)

≤50

Cadmium (µg/L)

≤0.3

Copper (µg/L)

≤9.3

Lead (µg/L)

≤3.2

Nickel (µg/L)

≤52

Silver (µg/L)

≤0.07

Zinc (µg/L)

≤120

Fecal coliform (CFU / 100
mL)

<400‡

Not available

<29

3.29
(0 of 11 samples)

Turbidity (NTU)

Not available

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.27. Sixmile Creek
2.7.27.1. About the Sixmile Creek
•

East of the St. Johns River in St.
Johns County

•

Primary Land Use:
Forested/Wetland

•

Current TMDL reports:
Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 59.5 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)
Figure 2.56 The Sixmile Creek Tributary (WBID 2411) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.27.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Sixmile Creek WBID 2411 (DEP 2014c) shown above.
2.7.27.3. Discussion
No water quality data for Sixmile Creek were available in WIN or STORET since 2015. Historically, dissolved oxygen levels
in Sixmile Creek were relatively low compared to other tributaries. Chlorophyll-a and silver levels exceeded WQC in the
past, but both had been decreasing. The last reported silver and chlorophyll-a measurements were from 2011 and 2015,
respectively.
No recent measurements were available in WIN or STORET between 2016 and 2018 for the following parameters:
•
•
•
•
•

Dissolved oxygen
Total phosphorus
Total nitrogen
Chlorophyll-a
Arsenic

•
•
•
•

Cadmium
Copper
Lead
Nickel

•
•
•
•

Silver
Zinc
Fecal Coliform
Turbidity

Historical water quality data for these parameters in Sixmile Creek are available in previous versions of the River Report.
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2.7.28. Strawberry Creek
2.7.28.1. About
Creek

the

Strawberry

•

Flows into the Arlington River

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal Coliform, Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

WBID Area: 4.6 sq. mi.

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.57 The Strawberry Creek Tributary (WBID 2239) with sanitary sewer overflows reported by JEA in
2019 (JEA 2019b).

2.7.28.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Strawberry Creek WBID 2239 (DEP 2014c) shown above. The filtered dataset reflects water column
concentrations and was used to generate Table 2.28. No water quality data for the selected parameters discussed below for
Strawberry Creek were available in STORET for 2017.
2.7.28.3. Discussion
Water quality data for Strawberry Creek are presented in Table 2.28. Water quality data for metals is extremely limited,
with only one measured sample in 2019 and no other data available in WIN or STORET for metals since 2007. Historical
fecal coliform levels, averaged over all the sampling sites in Strawberry Creek, were above the WQC of 400 colony-formingunits per 100 mL. Thus, a TMDL report for fecal coliform in Strawberry Creek was published in 2009 (Rhew 2009e). (Note:
the data analyses in the TMDL are based on different criteria than that used in this report). No new fecal coliform measurements
were reported in STORET in 2017, but measurements in 2018 and 2019 indicate continued elevated fecal coliform levels,
with average fecal coliform levels exceeding the WQC. In 2018, the City of Jacksonville planned to implement a monitoring
program for Strawberry Creek as part of a bacteria pollution control plan in concert with efforts related to stormwater
management (COJ 2017).
Historical water quality data for these parameters in Strawberry Creek are available in previous versions of the River
Report.

98

LOWER SJR REPORT 2020 – WATER QUALITY
Table 2.28 Water quality data for Strawberry Creek.
Average and Number of Samples°

Water Quality
Criteria (FW)

2017

≥34% sat. (≥3.0)

Not available

Total Nitrogen (mg/L)

<1.54‡

0.93
(0 of 2 samples)

Total Phosphorus (mg/L)

<0.12‡

Not available

Chlorophyll-a (µg/L)

<20‡

Not available

Arsenic (µg/L)

≤50

Not available

Not available

Cadmium (µg/L)

≤0.3

Not available

Not available

Copper (µg/L)

≤9.3

Not available

Not available

Lead (µg/L)

≤3.2

Not available

Not available

Nickel (µg/L)

≤52

Not available

Not available

Silver (µg/L)

≤0.07

Not available

Not available

Zinc (µg/L)

≤120

Not available

Not available

Fecal coliform (CFU / 100
mL)

<400‡

Not available

1200
(10 of 12 samples)

0.01
(0 of 1 sample)
12.50
(0 of 1 sample)
720
(5 of 9 samples)

<29

Not available

2.61
(0 of 9 samples)

3.73
(0 of 10 samples)

Parameter
Dissolved Oxygen (mg/L)

Turbidity (NTU)

2018

2019

6.85
(1 of 13 samples)
1.07
(0 of 8 samples)

5.84
(0 of 11 samples)
1.00
(0 of 14 samples)

0.07
(0 of 11 samples)
1.56
(0 of 11 samples)

0.06
(0 of 10 samples)
5.10
(1 of 10 samples)
0.38
(0 of 1 sample)
0.01
(0 of 1 sample)
1.54
(0 of 1 sample)
0.70
(0 of 1 sample)
0.25
(0 of 1 sample)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.29. Trout River
2.7.29.1. About the Trout River
•

North of downtown
Jacksonville

•

Primary Land Use:
Residential/Wetland

•

Current TMDL reports:
Fecal coliform with BMAP
(2010)
DO/Nutrients (2203B), Mercury

•

2016 Verified Impairment for
Chlorophyll-a (2203A)

•

Beneficial Use: Class III F/M
(2203A, 2203B Recreational –
Marine; 2203, 2223 Recreational
– Freshwater)

Figure 2.58 The Trout River Tributary (WBIDs 2203/2203A/2223) with sanitary sewer overflows reported by
JEA in 2019 (JEA 2019b).

2.7.29.2. Data sources
Result data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the
stations (DEP 2010g) in the Trout River WBIDs 2203 (freshwater), 2203A (marine), 2203B (marine), and 2223 (freshwater)
(DEP 2014c) shown above. The filtered dataset reflects water column concentrations and was used to Table 2.29.
2.7.29.3. Discussion
Water quality data for the Trout River are shown in Table 2.29. Historically, overall (all WBIDs) average phosphorus levels
were higher than the recently updated WQC (DEP 2015c; DEP 2016e; DEP 2016k). Average total phosphorus concentration
from 2017 to 2019 were close to or higher than the WQC, with approximately one-third of the individual measurements
from 2018 and 2019 exceeding the WQC. Dissolved oxygen concentrations were within acceptable limits and improved in
2018 and 2019. Nutrient levels have been found to be, on average, higher than the WQC for WBID 2203 and a TMDL report
to address this issue was published in 2009 (Magley 2009a). The Trout River has been listed as impaired for chlorophyll-a,
and FDEP considers it a medium priority to develop a TMDL to address chlorophyll-a levels (DEP 2016j). Average
chlorophyll-a levels in the marine portion of the Trout River exceeded the WQC in 2019, with more than half of the
individual measurements exceeding the WQC.
The fecal coliform level, averaged over all the stations in the Trout River (Table 2.29), has been higher than the WQC of 400
colony-forming-units (CFU) per 100 mL. A TMDL for fecal coliform was published in 2009 (Wainwright and Hallas 2009c)
for WBIDs 2203 and 2203A in the Trout River. (Note: the data analyses in the TMDL are based on different criteria than that used
in this report). Subsequently, a BMAP for the Trout River (DEP 2010a) was legally adopted in August 2010. It describes
sources of fecal coliform in the watershed, and completed and ongoing activities conducted by state and local agencies that
are anticipated to reduce fecal coliform loading in the tributary. The BMAP describes two WBIDS: the middle Trout River
(2203), and the lower Trout River (2203A). Additional information about fecal coliform in the tributaries can be found in
Section 2.6 and Table 2.2.
Annual Progress Reports for this BMAP were published annually between 2011 and 2016, listing repairs, inspections,
evaluations, and other improvements conducted by JEA, the Duval County Health Department, COJ, and FDOT. In the
2016 Annual Progress Report, 32% of lower Trout River fecal coliform measurements over a 7.5 year period ending June 30,
2016 exceeded the water quality criterion (400 CFU/100 mL) (DEP 2017c). While the lower Trout River remains impaired
for fecal coliform, the size of the exceedances has decreased since implementation of the BMAP; the median exceedance
decreased from 1,000 CFU/100 mL in the TMDL report to 721 CFU/100 mL in the first phase of the BMAP (2010-2014) (DEP
2016c). As of 2016, there were 42 projects either planned or currently underway by COJ, JEA, and FDOT to address the
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BMAP in the Trout River watershed (DEP 2017c). Average fecal coliform levels have decreased the past three years, and
the average fecal coliform level in 2019 was lower than the WQC. Fecal coliform remains a challenge, however, as more
than a quarter of the individual measurements from 2019 exceeded the WQC. In 2018, FDEP piloted microbial source
tracking strategies in selected impaired waterbodies. They found that the strategies used could be used to narrow down
areas suspected of containing sources that actively contribute fecal indicating bacteria to water in order to identify and
remediate them, but this work is resource-intensive. WBID 2203B of the Trout River was suspected to have sources of
untreated human waste present, and the source of fecal coliform in WBIDs 2203 and 2203A were unknown (DEP 2019a).
The Trout River (lower reach) was identified as being impaired for mercury based on elevated levels of mercury in fish
tissue; however, this is being delisted (DEP 2016h), as it has been addressed by the statewide mercury TMDL (DEP 2013c).
Historical water quality data for the Trout River are available in previous versions of the River Report.
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Table 2.29 Water quality data for the Trout River.
Parameter

Water Quality
Criteria

Average and Number of Samples°
2017

2018

2019

≥34% sat. (≥3.0) FW

4.67
(2 of 7 samples)

7.04
(0 of 25 samples)

6.43
(0 of 18 samples)

≥4.0 SW

4.83
(4 of 12 samples)

6.67
(2 of 33 samples)

6.14
(3 of 33 samples)

Total Nitrogen (mg/L)

<1.54‡

1.06
(0 of 10 samples)

0.91
(0 of 35 samples)

0.99
(4 of 38 samples)

Total Phosphorus (mg/L)

<0.12‡

0.12
(2 of 6 samples)

0.11
(12 of 38 samples)

0.12
(14 of 38 samples)

<20‡ FW

Not available

0.98
(0 of 24 samples)

1.27
(0 of 16 samples)

<5.4‡ SW

7.45
(2 of 6 samples)

4.73
(0 of 13 samples)

10.45
(12 of 17 samples)

≤50

Not available

0.63
(0 of 15 samples)

1.30
(0 of 11 samples)

≤0.3 FW

Not available

0.01
(0 of 15 samples)

0.01
(0 of 5 samples)

≤8.8 SW

Not available

Not available

0.04
(0 of 6 samples)

≤9.3 FW

Not available

0.75
(0 of 15 samples)

0.28
(0 of 5 samples)

≤3.7 SW

Not available

Not available

1.23
(0 of 6 samples)

≤3.2 FW

Not available

0.80
(0 of 15 samples)

0.22
(0 of 5 samples)

≤8.5 SW

Not available

Not available

0.75
(0 of 6 samples)

≤52 FW

Not available

0.59
(0 of 15 samples)

0.25
(0 of 5 samples)

≤8.3 SW

Not available

Not available

1.21
(0 of 6 samples)

≤0.07 FW

Not available

0.01
(0 of 15 samples)

0.01
(0 of 5 samples)

≤0.92 SW

Not available

Not available

0.02
(0 of 6 samples)

≤120 FW

Not available

11.83
(0 of 15 samples)

6.5
(0 of 5 samples)

≤86 SW

Not available

Not available

12.5
(0 of 6 samples)

<400‡

1500
(2 of 3 samples)

820
(10 of 34 samples)

330
(11 of 39 samples)

<29

5.90
(0 of 6 samples)

4.72
(0 of 37 samples)

4.43
(0 of 34 samples)

Dissolved Oxygen (mg/L)

Chlorophyll-a (µg/L)

Arsenic (µg/L)

Cadmium (µg/L)

Copper (µg/L)

Lead (µg/L)

Nickel (µg/L)

Silver (µg/L)

Zinc (µg/L)
Fecal Coliform (CFU/100
mL)
Turbidity (NTU)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.
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2.7.30. Wills Branch
2.7.30.1. About the Wills Branch
•

West of downtown Jacksonville
Flows into the Cedar River

•

Primary Land Use: Residential

•

Current TMDL reports:
Fecal and Total Coliform
with BMAP (2010), Mercury

•

Not included in 2016 Verified
List of Impaired Waters

•

Beneficial Use: Class III F
(Recreational – Freshwater)

Figure 2.59 The Wills Branch Tributary (WBIDs 2282) with sanitary sewer overflows reported by JEA in 2019
(JEA 2019b).

2.7.30.2. Data sources
Data were downloaded from the FL STORET and WIN websites (DEP 2010f; DEP 2018c) and filtered based on the stations
(DEP 2010g) in the Wills Branch WBID 2282 (DEP 2014c) shown above. No water quality data for the selected parameters
discussed below for Wills Branch were available in STORET for 2017.
2.7.30.3. Discussion
Water quality data for Wills Branch are presented in Table 2.30. Historically, average total phosphorus, dissolved oxygen
and chlorophyll-a concentrations were within acceptable limits. In 2019, the average total phosphorus and chlorophyll-a
levels both increased, and the average dissolved oxygen concentration decreased.
The fecal coliform level, averaged over all the stations in Wills Branch, were historically above the WQC of 400 colonyforming-units (CFU) per 100 mL. As a result, a TMDL for total and fecal coliform was published in 2006 (Wainwright 2006c)
for Wills Branch. (Note: the data analyses in the TMDL are based on different criteria than that used in this report). Subsequently,
a BMAP for Wills Branch was legally adopted in 2010 (DEP 2010a). Additional information about fecal coliform in the
tributaries can be found in Section 2.6 and Table 2.2. The last Annual Progress Report for this BMAP was published in 2016
and listed 20 active, ongoing projects underway by FDOT and JEA to address the BMAP in the Wills Branch watershed
(DEP 2017c); two pump station projects were completed by JEA in 2016. No fecal coliform measurements were reported in
STORET for 2017, and measurements from 2018 and 2019 both showed average fecal coliform levels higher than the WQC.
In 2019, a smaller percentage of the individual fecal coliform measurements exceeded the WQC, which was an improvement
over 2018. In 2018, FDEP piloted microbial source tracking strategies in selected impaired waterbodies. They found that
the strategies used could be used to narrow down areas suspected of containing sources that actively contribute fecal
indicating bacteria to water in order to identify and remediate them, but this work is resource-intensive. Wills Branch was
found to have known sources of untreated human waste present (DEP 2019a).
Historical water quality data for these parameters in Wills Branch are available in previous versions of the River Report.
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Table 2.30 Water quality data for Wills Branch.
Average and Number of Samples°

Water Quality
Criteria (FW)

2017

≥34% sat. (≥3.0)

Not available

Total Nitrogen (mg/L)

<1.54‡

Not available

Total Phosphorus (mg/L)

<0.12‡

Not available

Chlorophyll-a (µg/L)

<20‡

Not available

Arsenic (µg/L)

≤50

Not available

Not available

Cadmium (µg/L)

≤0.3

Not available

Not available

Copper (µg/L)

≤9.3

Not available

Not available

Lead (µg/L)

≤3.2

Not available

Not available

Nickel (µg/L)

≤52

Not available

Not available

Silver (µg/L)

≤0.07

Not available

Not available

Zinc (µg/L)

≤120

Not available

Not available

Fecal coliform (CFU / 100
mL)

<400‡

Not available

1100
(17 of 18 samples)

0.01
(0 of 5 samples)
4.50
(0 of 5 samples)
650
(5 of 9 samples)

<29

Not available

3.61
(0 of 9 samples)

3.23
(0 of 6 samples)

Parameter
Dissolved Oxygen (mg/L)

Turbidity (NTU)

2018

2019

7.24
(0 of 18 samples)
0.96
(0 of 8 samples)

5.09
(3 of 12 samples)
1.02
(1 of 9 samples)

0.06
(0 of 9 samples)
1.41
(0 of 9 samples)

0.10
(2 of 8 samples)
5.35
(0 of 7 samples)
0.98
(0 of 4 samples)
0.01
(0 of 4 samples)
1.43
(0 of 5 samples)
0.45
(0 of 5 samples)
0.65
(0 of 5 samples)

Note: Hardness-dependent freshwater criteria for cadmium, copper, lead, nickel, and zinc were generated based on a hardness concentration of 100 mg/L.
° = Number of samples below Water Quality Criteria for Dissolved Oxygen; Number of samples above Water Quality Criteria for all other parameters.
FW = freshwater; SW = saltwater (marine). Values denoted with (*) indicate a proposed criterion, which has not yet been adopted.
Values denoted with (‡) are reference values based on EPA criteria (EPA 2010b), but the water body is not regulated by this standard.

104

LOWER SJR REPORT 2020 – WATER QUALITY

2.8.

Salinity

2.8.1.

Overview

Salinity is a measure of the amount of salt that is dissolved in a sample of water. It is measured in parts per thousand (ppt),
or practical salinity units (psu), or it can be calculated from measuring the electrical conductivity of a water sample. On
average, salinity ranges from about 35 parts per thousand at the ocean (full strength seawater) to about 10-18 ppt near
downtown Jacksonville (brackish water), and 0-5 ppt near the Buckman Bridge (fresh water). However, depending on the
offshore water levels, tide (moon phase), flow, winds locally and offshore (Bacopoulos et al. 2009), and weather, the salinity
in the river can vary considerably at a given time and place from 1-2 day spikes to an extended duration of weeks and
months. The salty waters are diluted by freshwater that enters the river primarily from precipitation (mostly June-October)
and springs or other aquifer/groundwater connections. The amount of flow from springs can be significantly reduced
during droughts, because the groundwater level that feeds the spring may decrease (CFWI 2015; Beck 2018). Salinity
increases during periods of droughts, and the effects can be exacerbated if they are more frequent such as in back to back
years. In addition, there are springs with high salinity that affect localized areas within the St. Johns River. For example,
the input from Salt Spring (Marion County) causes elevated salinity (>5 ppt) in otherwise freshwater sections of the river
because of high salts and calcium content (Benke and Cushing 2005).
The St. Johns River estuary also experiences significant tidal forcing which affects the salinity depending on the discharge
rates at the river mouth which ranges from 2-8 billion gallons per day (Miller 1998). If tidal exchange is included, flow at
the mouth can increase to about 14 billion gallons per day (Sucsy 2008). During Hurricane Irma (September 2017), the river’s
discharge increased to about 88 billion gallons per day (Mundy 2018) due to increased rainfall and the river turned fresh
for several months near downtown Jacksonville. Fishing and shrimping were significantly reduced as salt water species
were likely forced to move closer to the ocean. However, at times, the St. Johns River flows backwards up to 160 miles for
several weeks, as far as Lake Monroe (Durako et al. 1988). The main reason for these reversed flows is the river’s slow
movement and flat bottom with a mild gradient that averages about 2.2 cm/km (Toth 1993), while the tidal range at
Mayport is comparatively larger at about 2 m (McCully 2006). Flooding is common when wind from storms creates a surge
of water traveling upstream (northeast quadrant winds), and then later also downstream (southeast quadrant winds), as
with Hurricane Irma (Aug.-Sept. 2017). Additionally, impacts from major Hurricanes Michael (Oct. 2018) and Dorian (Aug.Sept. 2019) contributed to a general decrease in salinity from 2017 to 2019. This is important because salinity variations can
have far-reaching effects on the ecology of the river. Lower salinity south of Jacksonville tends to favor the regrowth of
freshwater grasses; however, increased rainfall can adversely affect turbidity levels, which increase because of high flow
conditions, preventing the grass beds from regenerating because of reduced light availability. For example, the adverse
effects of reducing freshwater flowing into Apalachicola Bay caused hypersaline conditions, which has decimated the
ability to harvest oysters (Livingston 2008; Montagna et al. 2011).
Interestingly, the lowest salinity occurs in the area from Green Cove south to Palatka, but then it tends to increase again
because ground water entering the river has high salts and calcium content (Benke and Cushing 2005).
In general, the LSJRB experiences an unpredictable frequency of droughts, but the general trend has indicated increasing
salinity over time in spite of high rainfall years recently. Mulamba et al. 2019 indicate that increasing salinity effects are
likely to occur throughout the whole estuary regardless of the magnitude of sea-level rise. Modeling of sea-level rise for
three scenarios indicated that linear rates of salinity increase were predicted as high as 6 ppt m−1 inside the river. The change
in salinity was non-uniform throughout the system, because the river geometry changes, becoming shallower south of
downtown Jacksonville (20 Km from the river mouth). The model results indicated a hotspot in the river where salinity was
predicted to increase by about 2 ppt (near river Km 30, or in-between the Acosta Bridge and Buckman Bridge (40 Km from
the river mouth).
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The LSJR can be divided into three ecological zones:

1) Mesohaline: From Mayport to Downtown Jacksonville’s
Fuller Warren Bridge (0-40 Km) the river is relatively
narrower, deeper, fast flowing and well mixed. The salinity
averages about 14.5 parts per thousand with active tidal
influence.

2) Oligohaline: From Downtown Jacksonville to Doctors
Lake (40-75 Km) the river is relatively wider, shallower, slow
moving with an average salinity of 2.9 parts per thousand
and moderate tidal influence.

3) Freshwater Lacustrine: From Doctors Lake to Lake
George (75-200 Km) the river is wide, shallow, slow moving
initially, then narrows near Palatka, and then widens into
Lake George. The average salinity is 0.5 parts per thousand
and the tidal influences are weak.
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Figure 2.60 Map of the Ecological (Salinity) Zones of the Lower St. Johns River (Source: Hendrickson and Konwinski 1998; Malecki et al.
2004).

2.8.2.

Biological Impacts

This sub-section covers potential biological impacts of salinity on the flora and fauna of LSJRB (Mulamba
et al. 2019). Salinity increases as a result of the environment can be looked at in terms of: 1) periodic short
term events like storms that result in abrupt salinity spikes for less than 14 days; 2) Intermediate term events
like droughts that result in elevated salinity for some weeks; 3) Long-term changes as a result of sea levels
rising over many years; and 4) Human activities in the basin, such as reduced freshwater inflows to the
river caused by dams, surface water withdrawals, or significant pumping of ground water. In addition,
activities, such as harbor deepening, tend to increase salt water entering an estuary, thus driving up the
salinity (Sucsy 2008).
The LSJRB supports a diverse community of living organisms that are important to the ecosystem, are
affected by salinity, and have significant recreational and commercial economic value. Submerged aquatic
vegetation and invertebrate bottom dwelling organisms play an important role in shaping habitat so that
it is able to support fish and other wildlife. Examples of commercially valuable organisms include blue
crabs, bait shrimp, and stone crabs. In 2017, blue crabs accounted for 82% of commercial fisheries in the
river with 1,495,787 lbs harvested. Duval County reported the highest number of crab landings (562,043
lbs), followed by St. Johns (531,502 lbs), Putnam (276,163 lbs), Clay (117,159 lbs), and Flagler County (8,920
lbs). The fishery was affected by significant storm activity in in late 2017 and into 2018, it accounted for 59%
of commercial fisheries in the river with 978,288 lbs of blue crabs harvested (a drop of 517,499 lbs from the
previous year). In 2018, Duval County again reported the highest number of crab landings (499,632 lbs),
followed by St. Johns (371,662 lbs), Putnam (119,958 lbs), Clay (36,210 lbs), and Flagler County (826 lbs)
(FWRI 2020a). In general, striped mullet, whiting, and flounder have been the most caught fin fish, but
recreationally, red drum, spotted sea trout, croaker, sheepshead, flounder, largemouth bass, and blue gill
are most important to anglers.

For all the species of fish and invertebrates mentioned in this report there are a few themes of importance:
•

Each species plays an essential role in the ecosystem, with many interdependencies (predator, prey
relationships).

•

Each species requires essential habitats for an important life stage (coastal and in the river).

•

Each species is of commercial and recreational value that is supported by the rest of the ecosystem,
which also has value.

The Supplemental Environmental Impact Statement (SEIS) by the USACE regarding dredging in the St.
Johns River indicated that salinity changes, as a result of dredging, would negatively impact the
distribution of Submerged Aquatic Vegetation (SAV) in LSJR. The impact would likely be from increased
salinity stress on SAVs in the most northern part of their range in LSJR (Duval, Clay, and St. Johns
Counties). Moreover, the report states that the 46 feet and 50 feet dredge depth scenarios would increase
salinity stress by 32 and 43 acres of potential SAV habitat per day, respectively. This would most likely lead
to a reduction in manatee forage habitat, essential fish habitat, benthic macro-invertebrate habitat and
freshwater wetlands (USACE 2014a). In addition, the SEIS report states that loss of SAVs would represent
a small portion of the total available SAVs in the LSJR, also that blue crabs and other marine species may
benefit from any increases in salinity. While this may be true of some of the marine species, blue crabs may
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suffer from lower recruitment because egg-bearing females would have to travel further to reach the river
mouth. In addition, the shift in salinity zones further south will negatively influence freshwater submerged
vegetation that provides habitat for young crabs and juvenile fish (See 2.8.2.2 Blue Crabs. In Appendix E of
the report (USACE 2014b), the USACE pledged to monitor salinity and water quality to ensure appropriate
mitigation. Furthermore, that the mitigation for SAVs lost is to be accomplished through a Corrective
Action Plan that would purchase conservation lands (638 acres of freshwater wetlands, uplands, river
shoreline, and saltmarshes).
In the report, the USACE states that the analysis and conclusions were based on modeling efforts that make
certain assumptions about the rate of sea level rise (hydrodynamic modeling), and that salinity stress on
SAVs was developed from a separate modeling analysis (Taylor 2013a) based on assumptions about levels
of salinity stress and SAV acreages (ecological modeling). The hydrodynamic model reports (Taylor 2011;
Taylor 2013b; Taylor 2013c) presented error statistics for the EFDC and CE-QUAL-ICM models. However,
similar error statistics could not be calculated for the ecological models, and that represents an uncertain
risk associated with evaluation of the ecological model results. Moreover, the report stated that, “Future
condition hydrodynamic model simulations further rely on assumptions about the rate of sea level rise,
quantity of water withdrawal from the middle St. Johns River, patterns of land use, and other factors.
Actual conditions will deviate from those used to drive the models. These deviations introduce additional
uncertainty in the models’ ability to predict future conditions and impacts. These uncertainties are;
however, inherent in the use of numerical models and do not represent an unknown risk” (USACE 2014a;
Section 7.2, p. 258).
On February 19, 2016, the DEP issued a Notice of Intent to issue an Environmental Resource Permit and a
Variance to allow the Army Corps of Engineers to dredge 13 miles of the St. Johns River from the mouth of
the river to Brills Cut from a depth of 40 feet to up to 51 feet. The St. John RIVERKEEPER filed a Petition
for Formal Administrative Hearing against DEP on April 1, 2016, based on the contention that the potential
environmental impacts were not adequately addressed in the permit and important water quality
standards are waived increasing the inherent risks of the proposed deep dredge. The USACE reacted by
filing a Notice of Non-Participation asserting sovereign immunity and indicating that it did not plan to
participate as a party in the administrative proceeding. This was an unprecedented move, which
potentially creates the potential for more risk since the USACE would be immune from abiding to Florida
water quality standards. On July 26, 2016 St. Johns RIVERKEEPER filed a notice withdrawing its legal
challenge of the state permit due the lack of enforceability with the intent to elevate the challenge to the
federal level. On Friday, April 7, 2017, St. Johns RIVERKEEPER filed a Complaint for Declaratory and
Injunctive Relief in federal court against the USACE regarding the proposed St. Johns River harbor
deepening project. The injunction was not upheld by the court (December 2017). While the legal challenge
continued at the federal level, in February 2018 the USACE began to dredge an initial 3-mile section of the
main St. Johns River channel near Mayport. In September 2018, USACE awarded the 2nd Jacksonville
Harbor deepening contract to dredge an additional 2.5-mile section to complete 5-miles from the
entranceway inland (USACE 2020). On May 26, 2020, Federal Judge Howard, ruled against the St. Johns
RIVERKEEPER lawsuit stating that in spite of the flood risk that exist in Jacksonville, the decision to deepen
the river was up to elected officials and not the federal court.
2.8.2.1. Macroinvertebrates
These are animals without a backbone that live in or on river bottom sediments including small crabs,
snails, shrimp, clams, insects, worms, and barnacles among other species (see Section 4.3). These organisms
affect oxygen levels in the sediment, as well as sediment size, which in turn affect what is able to live and
grow in proximity to them. Macroinvertebrates are useful indicators of environmental stress and species
change as one transitions from higher to low salinity. DEP data from 1974-1999 indicated that the northern
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river section was dominated by barnacles, polychaetes, and amphipods; and the southern river area was
dominated by mollusks, amphipods, polychaetes, oligochaetes, and fly larvae. During the 1980s, the north
section was dominated by polychaetes and barnacles, while the southern portion was mostly oligochaetes
and fly larvae. In the 1990s, another shift occurred due to salinity, where the northern stations were
dominated by amphipods, mollusks, polychaetes, and barnacles and the southern areas by bivalves and
snails (Evans et al. 2004; Montagna et al. 2011).
Evans et al. 2004 states that freshwater areas of the river are affected by increasing salinity and that the
concern is this will likely change the invertebrate community, the result could be significant negative
impacts on the quality and quantity of freshwater fish species harvested from LSJRB. At this time, there is
a lack of recent data on macroinvertebrates and how parameters, such as low dissolved oxygen, sediment
quality, and toxic substances in the environment, may interact with changes in salinity levels.
2.8.2.2. Blue Crabs
The blue crab is a common benthic predator that represents the largest commercial fishery in LSJRB.
Successful crab reproduction relies on a particular set of salinity conditions at specific times in the life cycle.
Females carry fertilized eggs and migrate towards the more marine waters near the mouth of the river
where they will release their eggs into the water (see section 3.3.2 Fisheries). After some time adrift, wind
and currents transport the megalops larvae back to the estuarine parts of the river where they settle in
submerged aquatic vegetation (SAV) that serves as a nursery.
One concern that may negatively affect the recruitment of new crabs into the population is that with
increasing salinity levels, the salinity transition zone will shift further south increasing the distance that
female crabs with eggs will need to travel in order to reach the river mouth. This could ultimately affect
recruitment.
Another concern is associated with nursery habitat. Increasing salinity further south in the river will
negatively impact submerged aquatic vegetation that is required for young crabs.
Also, since the price of crustaceans in general is dependent on size, yet another concern may be diminishing
size of adult crabs. There are several studies mentioned in Tagatz 1968a that report an inverse relationship
between salinity and size. The higher the salinity of water in which growth occurs the smaller the adult
sizes. This may be due to the crabs absorbing more water in lower salinity conditions when they molt
(bigger crab) as opposed to them absorbing less water under higher salinity conditions (smaller crab). As a
result, this could translate into lower income per pound for commercial harvesters for a particular level of
fishing effort.
Ecologically speaking, blue crabs are very important in both the benthic and planktonic food webs in the
St. Johns River. They are important predators that can affect the abundance of many macroinvertebrates,
such as bivalves, smaller crabs, and worms. They are also important prey for many species. Smaller crabs
provide food for drum, spot, croaker, seatrout and catfish, while sharks and rays eat larger individuals
(White et al. 2009).
2.8.2.3. Shrimp
Three principle shrimp species found in the area include most commonly White Shrimp (Litopenaeus
setiferus), Brown Shrimp (Farfantepenaeus aztecus), and Pink Shrimp (Farfantepenaeus duorarum). All are
omnivores feeding on worms, amphipods, mollusks, copepods, isopods and organic detritus. White
shrimp spawn from April to October; pink shrimp (February to March) and brown shrimp (March to
September) (FWRI 2008d). All species spawn offshore in deeper waters with larvae developing in the
plankton and eventually settling in salt marsh tidal creeks with appropriate salinities within the estuaries.
Changes in salinity will cause a change in the distribution of these early life stages that could potentially
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affect the number of adults returning offshore. Shrimp are important in both benthic and planktonic food
webs in SJR. They affect the abundance of many small macroinvertebrates. They are also important prey
for many other species. As small planktonic individuals, the shrimp post-larvae and juvenile forms provide
food for other estuarine species like sheepshead minnows, insect larvae, killifish, and blue crabs. As adult
shrimp, they are preyed on by finfish found within the river. The commercial shrimp fishery is one of the
largest fisheries in the region, but most shrimp for human consumption are caught offshore.
2.8.2.4. Fish
The SJRWMD (McCloud 2010) compared current FWRI fish data with those collected by Tagatz in 1968
(Tagatz 1968b). The data suggested that at some areas of the river, fish communities were 50% different
between 1968 and the 2001-2006 time periods. The differences in fish communities in these areas may have
been the result of a transition zone between marine and freshwater moving further upstream (Figures 2.582.60). It is important to note that most fish are able to move from an area in response to changes in
environmental factors, such as salinity, dissolved oxygen, and temperature. However, sessile species of
plants and animals that are closely associated with the bottom substrate cannot move and can be impacted
by such variations depending on the frequency and duration of events. Moreover, for the species that can
move, there may be important life stages for these that dependent on water quality parameters being
relatively stable at essential habitat areas like nursery and spawning grounds. Although fish can move,
they may not be able to reproduce effectively because essential habitat has been disrupted that affects a
particular life stage.
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Figure 2.61 Salinity on the bottom of SJR (Station SJR17 near JU) values above the bars indicate the numbers of observations. Dots (mean),
vertical lines (maximum and minimum), and bars (Standard Deviation of the mean) (Data source: Karlavige 2020). SJR17 mean 24.75‰
(SD±5.18) for the maxima. Note that only 5 observations were made in 2013; 4 in 2014, 3 in 2016, and 4 in 2018.
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Figure 2.62 Salinity on the bottom of SJR (Mainstem Station SJR40 located mid-channel N. of Piney Pt. 100 m west of green marker 5) values
above the bars indicate the numbers of observations. Dots (mean), vertical lines (maximum and minimum), and bars (Standard Deviation of the
mean) (Data source: Karlavige 2020). SJR40 mean 13.50‰ (S.D.±5.46) for the maxima). Note that only 5 observations were made in 2013; 2 in
2014, 3 in 2016, and 4 in 2018.
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Figure 2.63 Salinity on the bottom of SJR (Station SJR34/34A located ~ 1000 m south of Doctors Lake on the west bank) values above the bars
indicate the numbers of observations. Dots (mean), vertical lines (maximum and minimum), and bars (Standard Deviation of the mean). (Data
source: Karlavige 2020). SJR34/34A mean 7.64‰ (SD±4.48) for the maxima. Note that only 5 observations were made in 2013, 1 in 2014, 3 in
2016, and 5 in 2018.

With regard to living organisms, changes in water quality parameter averages are not as meaningful as the
changes that may occur in the parameter extremes – like salinity maxima and dissolved oxygen minima. If
any changes were to persist for an extended time or if they occurred too abruptly then this is likely to be
detrimental to survival. Salinity changes may potentially affect the distribution of these fish within estuary
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creeks and the river by affecting prey distributions for different life stages. As the salinity zone shifts further
south, freshwater species are likely to be more impacted than more salt tolerant species.
Red Drum (Sciaenops ocellatus): Red drum is predatory fish that are found in the SJR estuary. The juveniles
move into estuary creeks and rivers. Red drum is ecologically in the food web of the St. Johns River where
they are bottom feeders that eat crabs, shrimp, worms and small fish. Their predators include larger fish,
birds, and turtles. A strong recreational fishery exists; however, drum has not been commercially harvested
since 1988.

Spotted Seatrout (Cynoscion nebulosus): The spotted seatrout is another bottom-dwelling predator common
to estuaries and shallow coastal habitats. It feeds on small fish species such as anchovies, pinfish and
menhaden as well as shrimp. Spotted seatrout larvae feed mostly on copepods, which are part of the
plankton. There are a number of predators that feed on seatrout including Atlantic croakers, cormorants,
brown pelicans, bottlenose dolphins, and sharks. These fish have significant commercial and recreational
value.
Largemouth Bass (Micropterus salmoides): Largemouth bass are predators in brackish to freshwater habitats
in SJR, including lakes and ponds. The young feed on zooplankton, insects and crustaceans including
crayfish. Adults feed on a variety of larger fish, crayfish, crabs, frogs, and salamanders. Spawning occurs
from December to May, with males constructing nests and guarding young in hard-bottom areas near
shorelines. Largemouth bass are aggressive predators, significantly affecting the abundance of many
organisms in the area. Bass are a popular game fish in the area supporting fishing tournaments.
Channel & White Catfish (Ictalurus punctatus & Ameiurus catus): Channel and white catfish are omnivorous
fish found in freshwater rivers, streams, ponds and lakes. During their lifetime, they may feed on insects,
crustaceans (including crayfish), mollusks and fish (DeMort 1990). Male will build and guard the nest and
fry. Both catfish species are important in benthic food webs that occur in the freshwater sections of the
LSJR. Catfish are commercially and recreationally important in SJR.
Striped Mullet (Mugil cephalus): Striped mullet are detritivores that can live in a wide salinity range. They
are abundant in most of the SJR, closely associated with bottom mud and feeding on algae, and decaying
plant material. Mullet spawn offshore and their larvae drift back into the SJR estuary. They help to transfer
energy from detrital matter that they feed on to their predators – birds, seatrout, sharks, and marine
mammals. The commercial mullet fishery has been the largest among all fisheries in the St. Johns for many
years with over 100,000 lbs harvested annually. Additionally, mullet have significant recreational value as
food and bait.
Southern Flounder (Paralichthys lethostigma): These are another common fish in the SJR estuary that are
bottom-dwelling predators that eat shrimp, crabs, snails, bivalves and small fish. After spawning offshore
in fall and winter, the larvae drift as part of the plankton eventually being transported back to the estuary
to settle and grow. They are important in maintaining ecological balance in their roles as both predator and
prey. They are food for sharks, marine mammals and birds. Flounders are important both commercially
and recreationally in SJR.
Sheepshead (Archosargus probatocephalus): These fish are common to the SJR estuary and coastal waters.
They prey on bivalves, crabs and barnacles. The fish spawn offshore in spring and the developing larvae
are carried back to the coast by currents. The larvae enter the inlets and settle in shallow grassy areas. These
fish are important in maintaining the estuarine and coastal food web as both a predator and prey.
Sheepshead are prey for sharks and marine mammals. They are ecologically, recreationally and
commercially important.
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Atlantic Croaker (Micropogonias undulatus): These are bottom-dwelling predators common around rocks
and pilings in the estuary. Spawning takes place in winter and spring in offshore waters, and planktonic
offspring are transported back inshore to settle in vegetated shallow marsh areas. Croakers are important
in the food web as both predator and particularly as prey. They feed on small invertebrates, and are fed on
by fish, such as red drum, seatrout, and sharks. These fish support significant commercial and recreational
fisheries in LSJR.
Baitfish (multiple species): There are more than two-dozen small schooling species like anchovies,
menhaden, herring, killifish, sheepshead minnows, and sardines. Many baitfish species play a vital role in
the ecosystem as planktivores. Others eat small crabs, worms, shrimp and fish. Most spawning occurs at
inlets or offshore. Most migrate along or away from the shore. When the larvae hatch, they are transported
back to the estuary where they grow. Baitfish are important as prey for many larger fish species. They are
also important as omnivores that recycle plant and/or animal material making that energy available to
higher trophic levels. Commercial uses include bait fish, such as anchovy, menhaden, sardines, and herring
which are converted into fertilizers, fishmeal, oil, and pet food (FWC 2000). Smaller fisheries catch killifish,
sheepshead minnows, and sardines. For more information see Section 3 Fisheries and Appendix 3.
2.8.2.5. Submerged Aquatic Vegetation (SAV)
Submerged aquatic vegetation provides nursery habitat for a variety of aquatic life, helps to reduce erosion,
and limits turbidity by trapping sediment. Sunlight is vital for good growth of submerged grasses. Sunlight
penetration may be reduced because of increased turbidity, pollution from upland development and/or
disturbance of soils. Deteriorating water quality, which may include unusual increases in salinity has been
shown to cause a reduction in the amount of viable SAV in an area. This leads to erosion and further
deterioration of water quality.
Historical accounts indicate that SAV beds existed in the river since 1773 (Bartram 1928 – in 1955 Edition).
These SAV beds have shown a gradual decline likely due to a number of cumulative impacts including
routine dredging, harbor deepening, filling of wetlands, bulk heading and construction of seawalls, water
withdrawals, pumping from wells, along with the contributions from chemical contamination, and
sediment and nutrient loading that comes from upland development (DeMort 1990; Dobberfuhl 2007).
Commonly found SAV species within the salinity transition zone in LSJR include: tape grass (Vallisneria
americana), wigeon grass (Ruppia maritime), and southern naiad (Najas guadalupensis). The greatest
distribution of SAVs in Duval County is in waters south of the Fuller Warren Bridge (Kinnaird 1983a).
There are about eight other freshwater species in LSJR (IFAS 2007; Sagan 2007; USDA 2013). These species
are all likely to be adversely impacted by increases in salinity.
Under controlled laboratory conditions, tape grass has been shown to grow in 0 to 12 parts per thousand
(ppt) of salinity and survive for short periods of time in waters with salinities up to 15-20 ppt (Twilley and
Barko 1990; Boustany et al. 2003). However, SAV requires more light in a higher salinity environment due
to increased metabolic demands (Dobberfuhl 2007). Evidence suggests that greater light availability can
lessen the impact of high salinity on SAV (Kraemer et al. 1999; French and Moore 2003). What is not clearly
understood is the ability of SAV to survive higher salinities when combined with environmental variables
like temperature, turbidity, and excessive nutrients.
SAV is important ecologically and economically to the LSJRB. SAV persists year round in the LSJRB and
forms extensive beds which carry out the ecological role of nursery area for many important invertebrates
and fish species, including the threatened Florida manatee (Trichechus manatus latirostris) (White et al.
2002). Manatees consume from four to 11% of their body weight in SAV daily (Lomolino 1977; Bengtson
1981; Best 1981; Burns Jr et al. 1997).
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Commercial and recreational fisheries, including largemouth bass, catfish, blue crabs, and shrimp, are
sustained by healthy SAV habitat (Watkins 1992). Fish and insects forage and avoid predation within the
cover of the grass beds (Batzer and Wissinger 1996; Jordan et al. 1996). For example, Jordan 2000
mentioned that SAV beds in the Lower Basin have three times greater fish abundance and 15 times greater
invertebrate abundance than do adjacent sand flats.
The section of the St. Johns River north of Palatka had relatively stable trends with normal seasonal
fluctuations. The availability of tape grass decreased significantly in the LSJRB during 2000-2001, because
the drought caused higher than usual salinity values. In 2003, environmental conditions returned to a more
normal rainfall pattern. As a result, lower salinity values favored tape grass growth again. In 2004, salinities
were initially higher than in 2003 but decreased significantly after August with the arrival of heavy rainfall
associated with four hurricanes that skirted Florida (Hurricanes Charley, Francis, Ivan, and Jeanne). Grass
beds north of the Buckman Bridge regenerated from 2002-2006 and then declined again in 2007 due to the
onset of renewed drought conditions (White and Pinto 2006b). Sagan 2007 notes that at one of her
monitoring sites, Sadler Point (the most seaward of all of her monitoring sites), SAV was present in 1998,
but after a decline due to drought did not recover as did other SAV beds in the river. She cautions that
long-term changes in salinity may be stressing SAV in the estuarine portions of the river. Declining SAV in
the river south of Palatka and Crescent Lake is highly influenced by runoff and consequent increases in
color of the water.
SAV response to drought and/or periods of reduced flow/or high flow can provide crucial understanding
as to how water withdrawals, harbor deepening and/or the issue of future sea level rise will likely affect
the health of the ecosystem by adversely altering salinity profiles. For more information, see Section 4.1
SAV and Appendix 4.1.7.1.A-D.
2.8.2.6. Florida Manatee
The Florida manatee (Trichechus manatus latirostris) inhabits the waters of the St. Johns River year-round.
Manatees are generally most abundant in the LSJR from late April through August, with few manatees
observed during the winter months (December-February). Manatees are protected under State and Federal
Laws: In 1967, under a law that preceded the Endangered Species Act of 1973 the manatee was listed as an
endangered species. Manatees are also protected at the Federal level under the Marine Mammal Protection
Act of 1972 (Congress 1972) and at the State level under the Florida Manatee Sanctuary Act of 1978 (FWC
1978). The current federal STATUS of the manatee is Threatened (March 30, 2016), having just been down
listed by USFWS from Endangered.
Jacksonville University has conducted aerial surveys of manatees from 1994 to 2019. Within the SJR
manatees were found in greater numbers south of the Fuller Warren Bridge where their food supply is
greatest relative to other areas in Duval County. The SJR provides habitat for the manatee along with
supporting tremendous recreational and industrial vessel usage. Watercraft deaths of manatees continue
to be the most significant threat to survival. Boat traffic in the river is diverse and includes port facilities
for large industrial and commercial shippers, commercial fishing, sport fishing and recreational activity.
Also, in order to accommodate larger cargo ships more dredging by the port is expected in the future
(Appendix 4.1.7.1.F Salinity). Dredging and/or deepening the channel can also affect the salinity conditions
in the estuary by causing the salt water wedge to move further upstream (Sucsy 2008), negatively
impacting biological communities like the tape grass beds on which manatees rely for food (Twilley and
Barko 1990).
The average numbers of manatees observed on aerial surveys in the salinity transition zone area of the SJR
decreased during periods of drought (1994-2000, 2006-2009, and 2017-2019) and then increased again after
the droughts (2000-2005 and 2009-2016) (Section 4.4). The reason for this was that during droughts elevated
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salinity leads to demise in the grasses that manatees feed on. As a result, manatees leave the study area in
search for food. Freshwater withdrawals, in addition to harbor deepening, will alter salinity regimes in the
LSJRB; however, it is not known yet by how much. If a sufficient change in salinity regimes occurs, it is
likely to cause a die-off of the grass bed food resources for the manatee. This result would decrease carrying
capacity of the environment’s ability to support manatees. More recently, increased storm activity from
2017-2019 increased water levels and flow significantly in the river reducing water clarity. This reduced
the availability of light in the water column, hampering the regrowth of submerged vegetation.
2.8.2.7. Data Sources & Limitations
Various sources of data were identified from DEP’s STORET database, SJRWMD, USGS and COJ. Monthly
data obtained from The City of Jacksonville’s Environmental Quality Division “River Run” sampling
program was used to determine salinity changes from 1991 to 2019. Other data sources identified include
the City’s Station List (122 sites) data from 1995-2009; Tributaries (105 sites) data from 1995-2010; the River
Run (10 sites) in the mainstem of SJR from 1980s to 2019; Timucuan Run (12 Sites) in the Nassau and Ft.
George area sampled every other month dating back to 1997; and the recently established Basin
Management Action Plan (BMAP) Tributaries sites updated in October 2010. The latter consists of 10
Tributaries (with 2-3 sites each) for a total of 30 sites beginning in 2010.
In addition, there is Water Body ID (WBID) trend data available for Jacksonville from 1994-2019. Older data
include chlorides levels collected at Main Street Bridge from 1954 to 1965 as part of the city’s pollution
sampling program around the time of the Buckman sewage plant coming on line (Hendrickson 2014).
Data obtained from The City of Jacksonville’s Environmental Quality Division “River Run” sampling
program was used to determine salinity changes from 1991-2019. Data are collected about twice a month
at the surface (0.5 m), middle (3-5 m), and bottom (5-10 m) in the water column. However, in recent years
the sampling frequency has been significantly curtailed due to budget cuts. Four sites were chosen from
the regular ten sampling stations.
1) West bank of SJR 1000 m south of Doctors Lake;
2) East bank of SJR 200 m north of a large apartment complex near Jacksonville University;
3) South bank of SJR just west of Dames Point Bridge, near the western most range marker;
4) Mainstem of SJR Mid channel N. of Piney Pt. 100 m west of green marker 5.
Kendall’s Tau correlation analysis revealed that salinity over time had significantly increased at the bottom,
middle and surface at SJR near Doctors Lake, Piney Point mid-river, near Jacksonville University and
Dames Point Bridge. For a map of the sample sites, analysis results, and graphs showing these trends, see
Figures 8-20 in Appendix 4.1.7.1.F Salinity.
Monthly data are limited in that the sampling frequency is relatively low, and short-term events in weather
may not be well represented. Continuous water quality data are available on the web through the USGS
(USGS 2019a). Currently active stations include the Dames Point Bridge, Buckman Bridge (Figure 2.64),
Durbin Creek, Cedar River, Downtown Jacksonville, Pottsburg Creek, Broward River, Dunn Creek,
Julington Creek, Ortega River, Christopher Creek, Marco Landing, Trout River, Clapboard Creek (Duval
Co.), Shands Bridge (Clay Co.), Buffalo Bluff and Dancy Point (Putnam Co.), and Racy Point (St. Johns Co.)
Other non-active stations for which data is available include Main Street Bridge and Shands Bridge. Yet,
another source for continuous data in LSJR includes NOAA’s PORTS program (NOAA 2020). These data
have some gap years due to budget cuts preventing collection, and some sites have been discontinued but
salinity data are available for Mayport and Racy Point. Data at the Buckman Bridge show an increasing
salinity trend in surface waters from 1995-2002 (represents a period of drought), then no data were available
from 2004-2007, followed by another increasing trend from October 2008 – May 2013 (represents a period
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of drought). Then this was followed by an increasing trend in salinity from June 2013 to March 2018, in
spite of another data gap from April to September 2015 (representing increased rainfall initially, and then
the onset of drought conditions). In 2017, there was a severe drought early in the year, followed by strong
storm and precipitation activity in late 2017. The region experienced above average rainfall in 2018, and
this significantly reduced the salinity in the river for several months. These data indicate that large salinity
fluctuations occurred and persisted for some time.
30

Buckman Bridge (June 1995 - November 2002)
Surface Salinity

Sainity (ppt)

25
20
15
10

O-02

J-02

F-02

O-01

J-01

F-01

O-00

J-00

F-00

O-99

J-99

F-99

O-98

J-98

F-98

O-97

J-97

F-97

O-96

J-96

F-96

O-95

0

J-95

5

Month/Year

30

Buckman Bridge (October 2008 - May 2013)
Surface Salinity

Sainity (ppt)

25
20
15
10

A-13

F-13

D-12

O-12

A-12

J-12

A-12

F-12

D-11

O-11

A-11

J-11

A-11

F-11

D-10

O-10

A-10

J-10

A-10

F-10

D-09

A-09

O-09

J-09

A-09

F-09

D-08

0

O-08

5

Month/Year

30

Buckman Bridge (June 2013 - March 2018)
Surface Salinity

20
15
10

Month/Year

116

F-18

D-17

O-17

A-17

J-17

A-17

F-17

D-16

O-16

A-16

J-16

A-16

F-16

D-15

O-15

A-15

J-15

F-15

A-15

D-14

O-14

A-14

J-14

A-14

F-14

D-13

O-13

0

J-13

5
A-13

Sainity (ppt)

25

LOWER SJR REPORT 2020 – WATER QUALITY

Figure 2.64 Surface salinity for June 1995- November 2002; October 2008-May 2013; and June 2013-March 2018 from USGS continuous data
recording station at the Buckman Bridge. Red line represents the salinity trend. Continued on next page.
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Figure 2.64 continued. Surface salinity for January 2017- August 2019 from USGS continuous data recording station at the Buckman Bridge.
Red line represents the salinity trend.

2.8.3.

Overall Assessment (Ratings of Status and Trend)

The salinity regime in the LSJRB has changed over the years due to various human activities and natural
phenomena, including rising sea level. The river’s ecology has been changed as a result of long-term rising
salinity. In addition, there is no regulatory target for salinity in various sections of the river. However, this
does not mean that we are not responsible for considering the environmental impacts of activities like
surface water withdrawals and dredging, or future changes in rainfall and the amount and quality of
surface water runoff given increases in population. The recent storms over the past three years are a
temporary anomaly that contributed freshwater to the system. This caused a decrease in salinity for some
considerable time. All considered, including the historical and present values and trends in salinity, the
current STATUS of salinity is rated as Unsatisfactory because of its impacts, and the TREND of salinity is
rated as Worsening because it is increasing.
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