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June 30, 2016 
 
Ms. Felicia Marcus, Chair 
State Water Resources Control Board 
P.O. Box 100 
Sacramento, CA  95812-0100 
Via electronic mail: commentletters@waterboards.ca.gov  
 
RE: Total Maximum Daily Load for Bacteria at San Francisco Bay Beaches 
 
 
Dear Ms. Marcus, 
 
The San Francisco Public Utilities Commission (SFPUC) appreciates the 
opportunity to comment on the San Francisco Bay Basin Plan Amendment 
(BPA) adopted by Region 2 on April 13, 2016 that establishes a Total 
Maximum Daily Load (TMDL) and implementation plan for bacteria at 
impaired San Francisco Bay beaches.  Three of the beaches addressed by this 
TMDL are in San Francisco (City).  Consequently, the TMDL has the potential 
to significantly affect the City.  The SFPUC is concerned that the TMDL 
numeric target and the wasteload allocation (WLA) for urban runoff are likely 
unattainable due to non-controllable sources.  The SFPUC has expressed these 
concerns in comments to the San Francisco Bay Regional Water Board which 
are attached herein for your reference. 
 
Below we provide further detailed comments on why establishing a recreational 
water TMDL based on cultured Enterococcus monitoring data is premature 
given that the underlying indicator is fraught with uncertainties.  Despite the 
long use of enterococci as a human fecal contamination indicator, the efficacy 
of using the bacteria for this purpose has come under scrutiny in recent years.  It 
is now known that Enterococcus concentrations exhibit extreme variability in 
recreational waters, they occur naturally and grow in the environment, and their 
presence does not correlate with the presence of human pathogens at beaches 
with non-point sources of fecal contamination.  These revelations introduce 
uncertainty into the evaluation of Enterococcus monitoring data.  For example, 
as demonstrated below, beach managers posting a beach due to elevated 
enterococci do not know if the bacteria are still present, if they indicate the 
presence of fecal contamination or are naturally occurring, or if there are any 
associated human pathogens.  In addition, technological advances in microbial 
source tracking have outpaced regulations.  The advent of molecular techniques 
provides the opportunity to greatly improve monitoring programs by identifying 
sources (1).  Recognizing the inadequacy of current indicators, Boehm and 
others (1) have stated that “In some situations, [beach] managers find 
themselves spending valuable resources issuing swimming advisories, 
establishing TMDLs, and developing implementation strategies to address 
perceived pollution problems at a beach where no real threat to public health 
exists to recreational swimmers.”  And in a study looking at the contributions of 
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various Enterococcus sources, Jiang (2) stated “The results imply that 
complying with current FIB [fecal indicator bacteria] water criteria places 
unnecessary burdens on the recreational water manager without necessarily 
managing the recreational water illness (RWI) rate.”  Approval of this TMDL is 
premature without first investigating how much of the offending bacteria are 
naturally occurring versus anthropogenic and whether or not BMPs are 
available that could successfully address the problem.  The SFPUC requests that 
the Water Board delay approval of this TMDL until these and related questions 
can be answered. 
 
Sources of uncertainty in monitoring of recreational waters for 
Enterococcus bacteria 
 
Enterococcus bacteria are the current indicator of choice for detecting human 
fecal contamination in marine recreational waters.  Epidemiological studies 
have found, at beaches impacted by point source fecal contamination, that a 30-
day average (geometric mean) of Enterococcus concentrations correlates with 
increased risk of gastrointestinal and other illness for persons engaged in water 
contact recreation (3,4).  However, other studies have shown that the correlation 
of enterococci with gastrointestinal illness breaks down at beaches impacted by 
non-point sources of fecal contamination in California (5,6) and elsewhere 
(7,8).  It is important to note that enterococci are (usually) not themselves 
pathogenic and the causative pathogens were not identified in the 
epidemiological studies1.  Indeed, as discussed below, the nature of monitoring 
enterococci in recreational waters for human health risk necessarily involves 
high levels of uncertainty at multiple levels. 
 
UNCERTAINTY OF INDICATOR CONCENTRATIONS: Concentrations of 
enterococci bacteria at California beaches are extremely variable.  Two samples 
taken within minutes of each other can have significantly different results, 
meaning one exceeds the water quality standard and one does not (9).  
Enterococci concentrations are known to vary by time of day and tidal cycle 
(10,11).  By necessity monitoring programs must rely on a single sample, 
usually taken in the morning, to represent the condition of the beach for that day 
even though it is known that condition will change.  In fact Boehm (9) has 
stated that “Policy makers… are cautioned that a single sample of water reveals 
little about the true water quality at a beach.”  For example, an analysis of 
Enterococcus monitoring data at Huntington Beach found that even if posting 
decisions were revised every 10 minutes the error rate could still be as high as 
30% (10).  Given the extreme variability in concentrations of enterococci and 
the impracticality of frequent sampling, there is huge uncertainty that the results 
from a single sample represent the enterococci concentrations encountered by 
swimmers on that day. 
 
UNCERTAINTY OF SOURCE: Enterococci bacteria have been considered 
indicators of human fecal contamination because they occur in human guts and 
are present in human feces.  However they also occur in other vertebrate guts 
and therefore may represent contamination by livestock, pets, and wildlife.  The 
risk of illness from recreating in waters contaminated by non-human feces is 
largely unknown.  One study has shown that the risk of illness from exposure to 

                                                 
1 A retrospective application of quantitative microbial risk assessment (QMRA) to an 
epidemiology study performed in sewage-effluent impacted freshwaters of the Great Lakes 
found norovirus to be the most likely culprit (22). 



  

 

waters impacted by cattle feces may be similar to the risk from waters impacted 
by human sources, but the risk to humans from waters impacted by gull, 
chicken, or pig feces is substantially less (12).  Similar studies have not been 
done for most wildlife or pet species.  Standard methods for enumerating 
enterococci do not identify sources so it is therefore impossible to know the true 
risk to human health from a single sample with enterococci above a selected 
threshold. 
 
UNCERTAINTY OF FECAL CONTAMINATION: Some species of 
enterococci are not enteric at all, but occur naturally and are ubiquitous in the 
environment associated with plants, soils, and maybe food (13,14).  Enterococci 
can survive and grow in sediment, eel grass, beach wrack, and other 
environments long after a contamination event (15-20).  A study of beach sands 
at 55 beaches along the California coast found that enterococci were nearly 
ubiquitous (21).  Enterococci in beach sands and eel grass have been shown to 
contribute to water quality exceedances (15,16,19,20).  It is hard to imagine that 
California beaches were not already inoculated with enterococci by marine 
mammals and birds prior to the arrival of humans some 10,000 or more years 
ago.  The association of pathogens with these environmental and naturalized 
enterococci is largely unknown.  Furthermore, human associated enterococci are 
not all fecal, but are also found externally and in bodily fluids urine, abscesses 
and wounds, the mouth, and the vagina (14).  Thus, bather shedding directly at 
the beach can contribute to water quality exceedances of enterococci (23).  
There is huge uncertainty that detection of enterococci in recreational waters 
represents recent fecal contamination. 
 
UNCERTAINTY OF ASSOCIATION WITH HUMAN PATHOGENS: 
Enterococci are generally not pathogenic themselves, but because they occur in 
human guts and feces they are associated with human fecal contamination and 
thus their presence is assumed to indicate the presence of human pathogens.  
However, enterococci also occur in other animal feces, plus they are not fecal 
specific because they are also naturally ubiquitous in the environment.  Non-
fecal, plant and soil associated species of Enterococcus can form a substantial 
percentage of the total enterococci in California beach and urban runoff samples 
(13).  Routine measures of enterococci concentrations do not identify the 
species or the source, thus there is huge uncertainty that swimmers are exposed 
to pathogens even when enterococci sample results exceed water quality 
standards.  In fact, in an epidemiology study at a southern California beach 
impacted by non-point sources of fecal contamination, Colford and others (5) 
found “No correlation was observed between traditional water quality indicator 
levels for enterococcus, fecal coliform, or total coliform and the risk of illness.  
Using diarrhea as an example, there was no notable elevations in risk with 
enterococcus…“.  In addition, Boehm and Sassoubre (24) have stated “There is 
a striking lack of data to support an association between enterococcal and virus 
concentrations, or the concentration of pathogens in general, in recreational 
waters”.  Furthermore, in a study in Santa Monica Bay, Noble and Fuhrman 
(25) found “There was no significant correlation between the presence of 
enteroviruses and individual standard microbiological indicators of fecal 
contamination, specifically total coliforms, fecal coliforms, or enterococci”.  
There is huge uncertainty that detection of enterococci in recreational waters is 
associated with the presence of human pathogens. 
 



  

 

PUBLIC NOTIFICATION IMPERFECT: Because culture methods of 
identifying and enumerating bacteria take 18 to 24 hours and even polymerase 
chain reaction (PCR) takes hours, notification to the public is necessarily after 
the fact and frequently not indicative of current conditions.  It is common to 
take a sample one day, receive the results the next day which indicate elevated 
bacteria, post the beach and re-sample only to find on the third day that the re-
sample results from the second day are low.  Thus, the beach was not posted 
when water quality standards were exceeded (first day) and was posted when 
water quality standards were not exceeded (second day).  Nearly 70% of water 
quality exceedances in southern California are single-day events even at the 
most frequently contaminated sites (26).  An evaluation of 25 beaches in 
California found that current beach monitoring practices result in the correct 
posting of beaches when water quality standards are exceeded only about 30% 
of the time (27).  Because of the necessary delay in public notification due to 
analysis times there is huge uncertainty that we are providing the public correct 
information because we are wrong about two-thirds of the time.  It is worth 
pointing out that even widespread adoption of quantitative or digital PCR to 
shorten analysis time would represent an incremental improvement, not a 
solution, to this problem2.  Every beach manager knows that beach users 
frequently ignore the warnings at posted beaches and go into the water anyway.  
In fact, at beaches with non-point sources of fecal contamination there is no 
correlation between traditional water quality indicator levels for Enterococcus, 
fecal coliform, or total coliform and the risk of illness(5).  Exposure to indicator 
measures above the two different California state water quality thresholds, 
geometric mean and single sample maximum, does not show increased risk of 
illness (5). 
 
ANALYTICAL UNCERTAINTY: There are also analytical uncertainties 
associated with measuring Enterococcus concentrations.  Thoe and others (27) 
point out that “…although analytically a measurement of 106 MPN/100 mL 
may not be statistically different from 103 MPN/100 mL at the 95% confidence 
level, the former will result in a beach posting for ENT [enterococci] and the 
latter will not”.  When investigating the relationship between most probable 
number (MPN) and colony forming unit (CFU) estimates of fecal coliform 
concentrations, Gronewold & Wolpert (28) found that “…MPN and CFU intra-
sample variability does not stem from human error or laboratory procedure 
variability, but is instead a simple consequence of the probabilistic basis for 
calculating the MPN”.  Thus, in addition to multiple levels of uncertainty 
inherent in the indicator itself, the analytical methods most commonly used to 
estimate indicator concentrations also add uncertainty. 
 
New Molecular Approaches 
The uncertainties discussed above result from the use of an imperfect indicator.  
Development of better indicators may eliminate or reduce some of those 
uncertainties, but they are unlikely to be fully eliminated until we are 
monitoring pathogens directly.  Rapidly developing molecular technologies 
have put this possibility within our reach, although there is more work to be 
done before it can be fully realized.  However, some of those technologies (e.g., 

                                                 
2It is also worth mentioning that Nowcast models, which can predict same-day water quality 
impairment, are currently being tested at some California beaches where they allow public 
notifications based upon parameters sometimes associated with Enterococcus concentrations 
such as rainfall, tidal condition (ebb/flood, spring/neap), wind direction and/or speed, etc.  In 
many cases the models outperform current practices. 



quantitative and digital polymerase chain reaction and molecular microarrays 
such as the PhyloChip and ViroChip) and methods (e.g., microbial source 
tracking and quantitative microbial risk assessment) are available now to answer 
the questions left open by reliance on Enterococcus alone. Molecular markers 
now allow detection and quantification of human and non-human sources of 
fecal contamination. Species identification methods can determine fecal vs. 
environmental Enterococcus and quantitative microbial risk assessment source-
apportionment can determine the contributions of Enterococcus from various 
sources and allow a health-risk based approach to managing beach water quality 
(2). 

Conclusions 
We are aware that this discussion of uncertainties could be interpreted as an 
indictment of the current beach monitoring paradigm in general and even some 
aspects of the epidemiology studies upon which the paradigm is based, but that 
is not our intent. Rather, our intent is to impress the limitations of bacteria 
monitoring upon those passionate about water recreation and protecting human 
health. Understanding the multiple levels of uncertainty inherent in bacteria 
monitoring can help to develop realistic expectations and prevent over 
interpretation of data. 

Given the limitations of Enterococcus as an indicator, the SFPUC requests that 
the T M D L for Bacteria at San Francisco Bay Beaches not be approved before 
more investigative work is done. Continued reliance on Enterococcus as the 
basis for implementing a bacteria T M D L at beaches with non-point sources of 
fecal pollution does not make sense without first bringing the new molecular 
tools to bear. Source apportionment coupled with microbial source tracking 
should be a necessary preliminary step to T M D L approval. 

Thank you for consideration of these comments. If you have any questions 
concerning them please contact Amy Chastain, SSIP Regulatory Program 
Manager, at 415-554-1683. 

Sincerely, 

Tommy T. Moala 
Assistant General Manager 
Wastewater Enterprise 
San Francisco Public Utilities Commission 
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