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Abstract
The objective of this study was to evaluate whether indicator microbes and physical-chemical
parameters were correlated with pathogens within a tidally influenced estuary. Measurements
included the analysis of physical-chemical parameters (pH, salinity, temperature, and turbidity),
measurements of bacterial indicators (enterococci, fecal coliform, E. coli, and total coliform), viral
indicators (somatic and MS2 coliphage), viral pathogens (enterovirus by culture), and protozoan
pathogens (Cryptosporidium and Giardia). All pathogen results were negative with the exception of
one sample which tested positive for culturable reovirus (8.5 MPN/100 L).. Notable physical-
chemical parameters for this sample included low salinity (<1 ppt) and high water temperature (31
°C). Indicator bacteria and indicator virus levels for this sample were within average values typically
measured within the study site and were low in comparison with levels observed in other freshwater
environments. Overall results suggest that high levels of bacterial and viral indicators were associated
with low salinity sites.

1. Introduction
The recreational safety of water bodies is established through the microbiological examination
of water samples. The premise for measurements is based upon identifying waters impacted
by sanitary sewage. Sanitary sewage, since it carries human waste, can be a source of intestinal
pathogens which can cause disease. However, the direct examination of water samples for
pathogens is tedious, difficult, and time-consuming. A simpler and accepted method to evaluate
potential sewage impacts is to measure levels of “indictor” microorganisms instead. Indicator
microbes are much easier to analyze and are expected to be present in high numbers when a
water body is impacted by sewage. The indicator microorganisms most frequently used are
enterococci, Escherichia coli, and fecal coliforms. Total coliforms have also been historically
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used to establish the recreational safety of waters. Recommended guideline levels for each of
these indicator microbes are summarized in table 1.

Research, however, has shown that non-sewage sources of indicator microbes are also found
in the environment, with extensive documentation that soils and beach sands serve as important
reservoirs for indicators (Fujioka et al. 1999; Hardina and Fujioka, 1991; Roll and Fujioka
1997; Whitman and Nevers 2003; Shibata et al. 2004; Sherer et al. 1992; Howel et al. 1996).
In some cases, the fine sediments and underlying sediments in recreational beach areas have
been implicated as a source of enterococci (Indest 2003; Howell et al. 1996; Obiri-Danso and
Jones 2000; Sherer et al. 1992). In particular, the re-suspension of these underlying sediments
can increase the microbial loads in the water (Graczyk et al. 2007; Indest 2003; Brookes et al.
2004; US Geological Survey 2006a, b). Anderson et al. (1997), who found high densities of
enterococci in marine sediments, suggest environmental sources of contamination. Specifically
in South Florida, river bank soils and beach sands have been implicated as the source of
indicator microbes to the water column (Desmarais et al. 2002; Rogerson et al. 2003; Shibata
et al. 2004). The ultimate source of indicators to soils and sands can include regrowth in situ
(Desmarais et al. 2002), deposition of animal feces, and possibly microorganisms shed from
humans (Papadakis et al. 1997; Elmir et al. 2007).

Interpretation of microbial indicator presence is thus very difficult, since their source is not
exclusively from sewage. Given these uncertainties, direct measurements for pathogens may
be warranted to establish whether or not a water body is truly impacted by wastes that
potentially contain disease causing microorganisms.

The objective of the current study was to evaluate whether indicator microbes were correlated
with pathogens in the study waterway and to evaluate physical-chemical parameters that may
be associated with pathogen presence. Specifically for the current study, water was analyzed
from selected locations along the St. Lucie River Estuary for bacterial indicators (enterococci,
fecal coliform, E. coli, and total coliform), viral indicators (somatic and MS2 coliphage), viral
pathogens (enterovirus by culture), protozoan pathogens (Cryptosporidium and Giardia) and
physical-chemical parameters (pH, salinity, temperature, and turbidity).

2. Materials and Methods
2.1 Site Description

The St. Lucie River Estuary is characterized by intermittent exceedences of fecal indicator
bacteria, in particular during the period after the 2004 hurricane season. The Estuary does not
receive point sources of sewage and so the apparent increase in exceedences after 2004 were
suspected to have been caused by the redistribution of non-point sources through potential
changes in the river banks as a result of the four hurricanes which impacted the coastline that
year. The site was ideal for evaluating potential relationships between fecal indicator microbes
and pathogens in an area impacted by non-point sources of pollution. The St. Lucie River
Estuary is located on the eastern coast of Florida about 200 km north of Miami and 250 km
southeast of Tampa. The St. Lucie River Estuary is fed by the St. Lucie River, which obtains
its water from Lake Okeechobee, located about 55 km to the west. The area drained by the
Estuary is approximately 1800 square kilometers. Water from the estuary flows into the Indian
River Lagoon to the east, which then discharges into the Atlantic Ocean. The St. Lucie River
is characterized by two forks, the North and South Fork. The South Fork receives water from
a major freshwater discharge canal from Lake Okeechobee. The North Fork receives water
from canals that drain both residential and agricultural areas. The water within the St. Lucie
River Estuary is thus brackish, containing a mix of ocean water and freshwater from Lake
Okeechobee and local rainwater runoff.
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Samples were collected from a total of seven sites (Figure 1). These sites were uniformly
distributed through the northern and southern areas of the St. Lucie River Estuary and were
chosen to coincide with sampling locations used by regulatory agencies, which showed
elevated levels of indicators in the past. The Roosevelt Bridge (RB) site, the site closest to the
ocean, was sampled during each sampling trip to provide a baseline for this particular site which
is closest to the beaches that run along the coast. This site also has the largest and most direct
ocean access with a bridge length of approximately 1.6 km. The close proximity to the ocean
allows for strong tidal influences making this sampling site characterized by the highest levels
of salinity recorded. The waterway then proceeds from the Roosevelt Bridge to the west before
splitting both to the north and south. At this junction the river is hereafter referred to either the
North or South Fork of the St. Lucie River. Sampling sites were chosen in order to establish a
spatial representation of the water characteristics in the estuary, with three of the sites (WC,
PV, and LU) evenly distributed along the North Fork, and the remainder 3 sites (DT, CI, and
SF) evenly distributed along the South Fork. The distance between the northern most site and
southern site was approximately 28 km. These locations were situated 7 to 11 km from the
eastern Florida coastline.

2.2 Sample Collection and Measurement of Physical-chemical Parameters
A total of 18 sampling events were conducted over the course of 5 sampling trips. The total
number of samples was limited due to significant time and cost commitments related to
pathogen analysis. Additionally, logistical considerations including distance between sampling
sites and accessibility at different times influenced the sampling location and times. RB, the
central site, was sampled during each of the trips. Water from this site was also used for
pathogen matrix spike analysis. At each site, filters were collected for protozoan analysis
(Giardia and Cryptosporidium) and for virus analysis (enterovirus, somatic coliphage, and
MS2 coliphage). In addition, 200 ml water samples were collected for bacteria analysis
(enterococci, E. coli, fecal coliform, and total coliform) and for turbidity measurements using
a nephelometer (Hach Model 66120-200, Newark, DE). Other physical-chemical parameters
(water temperature, pH, and salinity) were documented using a YSI probe (YSI Model
650-01m Environmental Monitoring Systems, Yellow Springs, OH).

All results were compiled and analyzed. In order to compare physical-chemical parameters
and indicators, the different values measured were utilized for calculation of Pearson
correlation coefficients (R). “R” values greater than and absolute value of 0.5 were considered
to represent strong correlations. Statistical difference analysis was based upon the t-Test: Paired
Two Sample for Means with alpha set at 0.05 (corresponds to 95% confidence limits).

All field and laboratory equipment for microbial sample collection and analysis was pre-
sterilized (as purchased or through autoclaving) or disinfected (with 0.5% sodium hypochlorite
solution—10% household bleach solution—followed by neutralization of the chlorine with
2% sodium thiosulfate solution) (U.S. EPA 2001). Disinfection was used for large-scale
equipment and field supplies which could not be autoclaved.

2.2.1 Collection and Analysis Procedures for Bacteria—Samples for bacteria analysis
were collected in pre-sterilized bottles. These bottles were then sealed in Ziplock bags, placed
in a cooler on freezer packs, transported to a local NELAP-certified laboratory (Harbor Branch
Environmental Laboratories Inc., Ft. Pierce, FL), and processed within 6 hours of sample
collection. Bacteria samples were analyzed for enterococci by membrane filtration using U.S.
EPA Method 1600 (U.S. EPA 2002). Total coliform, fecal coliform, and E. coli were analyzed
using a multiple tube fermentation technique (Method 9221 B, APHA 2005).
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2.2.2 Collection and Analysis Procedures for Protozoa—Procedures for sample
collection and analysis for Cryptosporidium and Giardia followed U.S. EPA Method 1623
(U.S. EPA, 2001) with the exception that an overflow valve was installed upstream of the filter
to provide for more control on the flow rate and filter pressure. Prior to installation of the filter,
the system was purged with 19 L of sample water. The filter (Filtamax, IDEXX Inc.,
Westbrook, Maine) was then placed inside the filter holder and filtration of the source water
was continued until either filter clogging or until 200L of sample water passed through the
filter. Two different types of Filtamax filters were used due to a change in the elution
equipment. During the collection of the first 12 samples the filter (FMC 10603) for a manual
elution station was used and during the last 6 samples the filter (FMC 6001) for an automatic
wash station was used. As a result of this change, consistent with filter manufacturer
instructions, the maximum sample collection flow rate used during sample collection was 4 L/
min for the first 12 samples and 2 L/min for the last 6 samples. The maximum operating pressure
in both cases was 75 psi. Upon completion of the filtration process, the inlet end of the filter
holder was disconnected while maintaining the level of the inlet fitting above the level of the
outlet fitting to prevent backwashing and the loss of oocysts and cysts from the filter. The filter
and water retained in the filter holder was poured into a pre-sterilized Ziplock bag. Shipping
methods for protozoan filters were based on standard protocols (U.S. EPA 2001). Filter
cartridges were triple-bagged in pre-sterilized Ziplock bags and placed on 6–8 small ice packs
(pre-frozen at −20°C). The samples were shipped overnight to the Florida Department of Health
Laboratory, Tampa, (FDOH) and analyzed within 72 h from the commencement of sample
collection. Upon receipt at the FDOH laboratory, samples were eluted and analyzed as per
standard protocols (Method 1623, U.S. EPA 2001).

2.2.3 Collection and Analysis Procedures for Viruses—Virus collection methods
were based on a standardized method (U.S. EPA 2001 – Manual of Methods for Virology,
U.S. EPA 1996 – ICR Microbial Laboratory Manual) with two exceptions. First, as for
protozoan sample collection, an overflow valve was installed upstream of the filter to provide
more control on flow rate and filter pressure. Second, a different filter type was used as per
Method 9510C (APHA 2005) to allow for the sorption of the virus from brackish water. In
brief, the method involved pH and salt adjustment of the source water prior to filtration. An
equilibration chamber was used for the source water adjustment. This chamber was first rinsed
with source water and then filled to 220 L. A separate 1 L sample of the source water was
titrated to a pH of 4 using a 1 M HCl solution. The amount of acid used for the 1 L sample was
then scaled to estimate the amount of acid needed to adjust the pH of the source water in the
equilibration chamber. The calculated amount of acid was added cautiously to the chamber
with stirring while measuring the pH of the water (SympHony™, SP70P, West Chester, PA)
until a pH of 4.0 was reached. Two kilograms of MgCl2 were added to each chamber to increase
the salt content contained within the chamber by an additional 0.1 N MgCl2. Once the water
in the chamber was pH and salt adjusted, 19 L of this pH/salt-adjusted water was used to rinse
the filtration system prior to the installation of the filter. After rinsing, a negatively charged
filter (Filterite, P/N DFNT 0.45–10, US System Components Corp., Ocala, FL) was aseptically
inserted in the filter holder. The water in the chamber was pumped through the system at a rate
of 3–7 L/min and at a pressure of less than 30 psi. At the end of the filtration, air was pumped
through the system to expel excess water; the filter was removed aseptically and placed in a
pre-sterilized Ziplock bag with ~50 ml of source water (not pH or salt adjusted) to avoid filter
drying and to help buffer the pH of the water during sample shipment. Shipping methods for
virus filters were also based on standard protocols (U.S. EPA 2001). Filter cartridges were
triple-bagged in pre-sterilized Ziplock bags and placed on 6–8 small ice packs (pre-frozen at
−20°C). The samples were then shipped overnight to the Florida Department of Health
Laboratory, Tampa, (FDOH) and analyzed within 72 h from the commencement of the sample
collection. For virus analysis, the samples were held at 4°C until processing. Filters were eluted
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with beef extract, virus concentrated by organic flocculation, and the concentrate assayed for
total culturable enteroviruses using BGM cells as the host culture (U.S. EPA 2001). Cultures
were examined periodically for 14 days post inoculation, frozen at −70°C, thawed rapidly at
37°C and 10% of the media from each culture flask was passaged onto a new (< 5 day) culture.
These cultures were examined for 14 days before the specimen was considered “no virus
isolated”. A total of 40 flasks (25 cm2) were used for primary inoculation from each water
filter sample.

In addition to the total culturable enterovirus analysis, the eluate sample was also analyzed for
coliphage (somatic and MS2). Coliphage analysis was based on U.S. EPA method 1602 (U.S.
EPA, 2001).

The sample that tested positive for culturable enterovirus was further evaluated microscopically
and via PCR assay to confirm that the virus was a reovirus. Microscopic analysis was based
upon a unique cytopathology in BGM cells, which shows highly granulated sometimes spindle
shaped BGM cells; one end may float freely while the other remains attached to the plastic of
the flask. The PCR assay included RNA purification (Qiagen One-step RTPCR kit, cat #
210212) and amplification using primers from a conserved region (Spinner and Giovanni,
2001).

In addition to the regular sampling there was one matrix spike sample for enterovirus and two
matrix spike samples for protozoa. This was done by spiking a portion of the sample water
with Cryptosporidium oocysts or Giardia cysts and a portion of the pH/salt modified water
with enterovirus. After the first 12 samples when the filter for the protozoan analysis was
changed (from that used for a manual wash station to an automated wash station) another matrix
spike sample was evaluated for Cryptosporidium and Giardia. Results from the matrix spike
samples were satisfactory showing recovery percentages between 25 and 41% for
Cryptosporidium and Giardia and 23% for enterovirus.

3. Results
3.1 Physical-Chemical Parameters and Indicators

Results for physical chemical parameters and indicators at each of the seven sites were variable
(Table 2). Physical-chemical parameters were within expected ranges for a tidally influenced
estuary. The overall average pH value measured at near neutral, 7.6 (6.1 minimum and 8.7
maximum). Water temperature (26.3 °C mean) decreased an average 9 °C from summer to
winter. Salinity (12 ppt mean) was dependent upon location, with the sites located furthest
from the junction of the North and South Forks (e.g. WC and PV) characterized by relatively
low salinities (< 3 ppt), and those located closest (e.g. RB) characterized by salinities in the
range of 10 to 34 ppt. Water turbidity was also generally low, characterized by a mean of 7.3
NTU (3.4 NTU minimum and 15 NTU maximum).

For all 18 measurements combined, the geometric mean for each indicator bacteria group (total
coliforms – 205 MPN/100 mL, fecal coliforms – 35 MPN/100 mL, E. coli – 25 MPN/100 mL,
and enterococci – 20 CFU/100 mL) was below the regulatory guidelines for recreational water.
Indicator virus levels were characterized by geometric means of 20 PFU/100 mL for somatic
coliphage and 4 PFU/100 mL for MS coliphage for all sites, collectively.

However, when considering sites individually, the geometric means for individual sites did
exceed regulatory bacteria guideline levels in some cases. These sites included WC, SF, and
DT. WC (n = 3) was characterized by a geometric mean level of 125 MPN/100 ml for E.
coli and 65 CFU/100 ml for enterococci. Both of these levels exceeded the federal mean
guideline for recreational marine waters. The geometric-mean fecal coliform level at this site
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(157 MPN/100 ml), however, was below the state regulatory guideline (200 MPN/100 ml) for
a Class III recreational water. Of note is that the somatic and MS coliphage level was elevated
for this site (>7 PFU/100 ml) in comparison to other sites. SF (n = 2) was characterized by the
highest geometric mean enterococci level (142 CFU/100 ml) which clearly exceeded the
federal recommended level. MS coliphage was also elevated (34 PFU/100 ml) at this site. DT
(n = 1) characterized by the highest fecal coliform level (500 MPN/100 ml) and by an
enterococci level of 77 CFU/100 ml, both of which exceeded the regulatory mean guideline
levels. Somatic coliphage (68 PFU/100 ml) was also elevated at this site in comparison to the
other sites.

A common characteristic of sites WC, SF, and DT is that they are located at a larger distance
from the junction of the North and South Forks; therefore they have reduced access to ocean
water mixing and consequently, relatively lower salinities. None of the more saline sites located
closer to this junction of the forks (CL, LU, and RB) exceeded regulatory limits, and viral
indicator levels were also relatively low (< 2 PFU/100 mL on average). Overall the
concentration of microbes was generally higher in those inland sites where salinity was low
(Figure 2).

When comparing indicators, the strongest correlations were observed between fecal coliform
and total coliform (R = 0.76), and fecal coliform and somatic coliphage (R = 0.75) (Table 3).
Other notable correlations between indicators include total coliform and somatic coliphage (R
= 0.59), total coliform and enterococci (R = 0.56), enterococci and E. coli (R = 0.53). Of the
physical-chemical parameters measured in this study only one, salinity, showed significant
negative correlations with indicator microbes (Figure 3). Specifically, correlations were
observed between salinity and total coliform (R = −0.65), E. coli (R = −0.54), and enterococci
(R = −0.56).

3.2 Statistical Analysis of Temperature and Salinity
The 18 individual measurements were split into two groups, one set of 9 measurements
characterized by warmer water temperatures (>28.7 °C) and a second set of 9 measurements
characterized by cooler temperatures (<23.6 °C). No statistical differences were observed in
the indicator microbe levels between each of these sets of data (p value of 0.46 for enterococci,
0.49 for E. coli, 0.27 for fecal coliform, 0.44 for somatic coliphage, and 0.16 for MS coliphage).

Similarly, the 18 individual measurements were split in terms of salinity, with one set of 9
characterized by salinity values less than 6.3 ppt and a second set of 9 characterized by salinity
values greater than 11.3 ppt. In this case the indicator bacteria levels were significantly different
between the groups (p value of < 0.01 for enterococci, p = 0.01 for E. coli, and p = 0.01 for
fecal coliform). The indicator viruses however, were not statistically different between the two
groups at 95% confidence limits (p value of 0.06 for MS2 coliphage and p = 0.27 for somatic
coliphage).

3.3 Pathogens
Viral and protozoan pathogens measured in the study were below detection limits (<0.5 MPN/
100L and <1.6 to <9.6 cysts and oocysts/100 L respectively), with the exception of one sample.
This sample (WC collected on June 25, 2007) was positive (8.5 MPN/100L) for culturable
virus. Confirmatory tests indicated that the culturable virus was reovirus.

Notable physical-chemical parameters for the sample that measured positive for reovirus
included low salinity (< 1ppt) and high water temperature (31 °C). Turbidity was relatively
low (3.5 NTU) and ambient water pH was within normal range (7.5 units). Indicator bacteria
(total coliform – 700 MPN/100 mL, fecal coliform – 130 MPN/100 mL, E. coli – 130 MPN/
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100 mL, and enterococci – 21 CFU/100 mL) and indicator virus levels (somatic coliphage – 7
PFU/100 mL, MS coliphage – 0.3 PFU/100 mL) were within average values as typically
measured for the entire system and were relatively low for the low salinity sites measured in
this study. There were no extraordinary observations associated with WC except that it
measured positive for culturable virus.

4. Discussion
Bacterial indicator levels (101 to 102 CFU or MPN/100 ml), viral indicators (< 102 PFU/100
ml), and pathogens (no detects for protozoa and one detect for virus) measured were within
ranges reported for ocean waters (≤103/100 ml, ≤102/100 ml, and <102/100 L respectively)
(Griffin et al. 1999, Muscillo et al. 1997, Katayama et al. 2004, Sobsey et al. 2003, Lipp et al.
2001, Wetz et al. 2004, Fan et al. 2001) and generally lower than those reported for river water
(≤104/100 ml, ≤104/100 ml, ≤104/100 L respectively) (Obi et al. 2003, Lodder and Husman
2005, Westrell et al. 2006, Tani et al. 1992, Hachich et al. 2004). Although the literature may
be skewed towards measurements in impacted areas (as generally monitoring efforts focus on
such sites), the results nevertheless suggest that the St. Lucie River Estuary is characterized by
normal indicator levels for waters within urban areas. The positive detect for culturable
reovirus, however, merits more discussion and investigation. This virus is found in sewage and
in animal fecal waste and can cause illness in humans—more specifically, it affects the
gastrointestinal system and respiratory tract— (McConnell et al. 1984, Norman and Lee 1987).

Overall, results suggest that salinity relates to microbial contamination. Sites characterized by
lower salinities were, in general, also characterized by higher levels of bacterial indicators.
This association was supported by correlation analysis, which showed that, among all of the
physical-chemical parameters evaluated, salinity was most strongly correlated with bacterial
indicators. Similar observations associating lower salinity with higher levels of indicator
bacteria have been documented in the literature (He et al. 2007, Goyal et al. 1977). However,
laboratory based studies focusing on the impacts of salinity on microbe survival have shown
that increased salinity does not impact fecal indicator bacteria or virus survival rates (Borst
and Selvakumar 2004, Gantzer et al. 1998), but it does increase the inactivation of Giardia
cysts (Johnson et al. 1997). The implications of salinity for fecal indicator microbes observed
in this study may be due to a greater contribution of sources within upstream/fresher waters.
In other words, sites may simply coincide with the primary sources of fecal indicator microbes,
with the impacts of salinity on survival rates playing a secondary role. Further sampling within
this and other tropical and subtropical estuaries is recommended in order to establish a better
understanding of the significance of correlations between microbial contamination and salinity
levels.

Of particular significance is that for the only sample that measured positive for culturable virus,
the indicator bacterial levels (enterococci 21 CFU/100 ml, E. coli 130 MPN/100 ml, fecal
coliform 130 MPN/100 ml) were within regulatory limits for single sample analysis, adding
to the extensive literature that reveals a lack of correlation between fecal indicator bacteria and
pathogens within waterways affected exclusively by non point sources. The indicator virus
levels within the site (7 PFU/100ml somatic coliphage, 0.3 PFU/100ml MS2 coliphage) were
also relatively low, especially in comparison to measurements from other low salinity samples.
If the reovirus contamination was caused by recent community-scale sewage contamination,
indicators should have also been elevated. In this case, indicators may have died-off more
rapidly, with the virus persisting in the environment. Another possible explanation could be
that the source of the reovirus was limited to a single or a few individuals whose fecal bacteria
contributions were outnumbered by the reovirus released (e.g. in the case of localized
individual fecal releases). In any case, there was a lack of correlation between pathogen
presence and fecal indicator levels. The only common factor between sites characterized by
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elevated fecal indicators levels and pathogen presence was low salinity at upstream locations
potentially due to reduced mixing of the freshwater with the ocean water. The elevated indicator
levels do not necessarily coincide in time with the presence of pathogens.

Further work is recommended for this river estuary to identify the source of reovirus and
indicator bacteria/viruses. A sanitary survey should be conducted including an evaluation of
local and upstream sources, as some evidence suggests the source may be removed from the
actual sampling site (due to the relatively low levels of indicators associated with the sample
that was positive for reovirus). The fact that one sample in 18 tested positive for reovirus
suggests that the source of culturable virus is intermittent, adding to the complexity of source
identification and characterization. The recurrence of this intermittent source should be further
evaluated with a focus on measurements at WC and other more inland, less saline, sites.

A risk assessment is also recommended in order to better establish the human health
significance of the positive reovirus measurement. This risk assessment would likely require
establishing the range and recurrence, if any, of enteric virus through additional measurements.
The risk assessment, if pursued, should be put within the context of the intended use of the
site. The WC site is used predominantly for boating activities. Such use will likely allow for
higher acceptable levels of virus and bacteria in comparison to a site used predominantly for
swimming.
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Fig. 1.
Sampling locations for the St. Lucie River Estuary and dates of each sample collection event.
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Fig. 2.
Salinity and enterococci (top), E. coli (middle), total coliforms (bottom) sorted by site. Error
bars correspond to standard deviations for sites with more than one data point.
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Fig. 3.
Indicator bacteria (top) and indicator virus (bottom) versus salinity.

Ortega et al. Page 13

Mar Pollut Bull. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ortega et al. Page 14

Table 1
Federal and state regulations for indicator microbes in recreational waters.

Indicator microbe Regulatory Level Regulator*

Fecal coliform A monthly geometric mean of 200 CFU/100 ml (at the minimum, 10 samples over
a 30-day period), and 400 CFU/100 ml in 10% of the samples.
800 CFU/100 ml on a single sample.

USEPA (1976)
FDEP
FDOH

Total coliform A monthly geometric mean of 1,000 CFU/100 mL (at the minimum, 10 samples
over a 30-day period).
2,400 CFU/100 mL in 20% of the TC single samples.

USEPA (1976)

Enterococci 35 CFU/100 ml, geometric mean
104 CFU/100 ml, single sample
For marine water.

USEPA (1986)

E. coli 126 CFU/100 ml, geometric mean
235 CFU/100 ml, single sample
Only for fresh water.

USEPA (1986)

*
Florida Department of Environmental Protection (FDEP) and Florida Department of Health (FDOH)
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