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INTRODUCTION

The United States Environmental Protection Agency (EPA), Office of Water ischarged with
protecting public health and the environment from adverse exposure to chemicals and microbialsin
water media, such as ambient and drinking waters, waste water/sewage sudge and sediments. In
support of thismission, the Office of Water/Office of Science and Technology (OST) developshealth
standards, hedlth criteria, health advisories, and technical guidance documents for water and water-
related media

In 1986, EPA published Ambient Water Quality Criteriafor Bacteria—1986. That document
contained EPA’s recommended water quality criteria for bacteria to protect bathers from
gastrointestinal illnessin recreational waters. Thewater quality criteriaidentified levels of indicator
bacteria, namely Escherichia coli (E. coli) and enterococci, that demonstrate the presence of fecal
pollution and which should not be exceeded to protect bathers in fresh and marine recreational
waters. Indicator organisms such asthese have long been used to protect bathers from illnesses that
may be contracted from recreational activities in surface waters contaminated by fecal pollution.
These organisms generally do not cause illness directly, but have demonstrated characteristics that
makethemgood indicatorsof harmful pathogensinwaterbodies. Prior to its 1986 recommendations,
EPA recommended the use of fecal coliforms as an indicator organism to protect bathers from
gastrointestinal illnessinrecreational waters. However, EPA conducted epidemiological studiesand
evaluated the use of several organisms as indicators, including fecal coliforms, E. coli, and
enterococci, and subsequently recommended in 1986 the use of E. coli for fresh recreational waters
and enterococci for fresh and marine recreational waters because they were better predictorsof acute
gastrointestinal illness than fecal coliforms. Some states and authorized tribes have replaced their
fecal coliformcriteriawith water quality criteriafor E. coli and/or enterococci; however, many other
states and authorized tribes have not yet made this transition.

In the 1986 criteria document, EPA recommended the use of arisk level associated with 8
illnesses per 1000 swimmers in fresh waters and 19 illnesses per 1000 in marine waters. This
represents approximately a 1-2% risk that recreators will suffer from gastrointestinal illness from
swimming in ambient recreational waters. These risk levels were identified based on the
concentrations of E. coli and enterococci that roughly correlated to the previous fecal coliform
criterion. However, EPA believesthat it is appropriate for states and authorized tribes to exercise
their risk management discretion when protecting recreational waters. Based on a review of the
studies used in the derivation of EPA’s 8304(a) criteria for bacteria, EPA recommends states and
authorized tribes select arisk level for fresh waters between 0.8 and 1.0 percent. However, some
have suggested that EPA may be recommending risk level bounds for freshwater that are too
restrictive given the type of data and analysis performed, particularly given the risk level bounds
recommended for marine waters.

Under this work assignment, Sections 1.5 and 1.6 of the * Implementation Guidance for
Ambient Water Quality Criteria for Bacteria” were externaly reviewed by a panel of three peer
reviewers. The peer reviewerswere asked to address major issues associated with the approach used
to determine the appropriate risk level range for recreators in fresh waters. The peer review panel
included experts in dtatistical analysis, particularly those associated with microbiology and
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epidemiological studies. The three reviewers were Joseph Eisenberg, Charles McGee, and Mark
Sobsey.
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. CHARGE TO THE PEER REVIEWERS
The peer reviewers were charged with responding to the following Technical Charge:

1. Given the congtraints of the data available, is the risk analysis in the |mplementation
Guidance for Ambient Water Quality Criteria for Bacteria appropriate?

2. Isit scientifically defensible to extrapolate the relationship (in terms of linear regression or
other quantitative means) between bacterial indicator density and illness rate for fresh
waters beyond the 1% risk level?

3. How much further could one extrapolate and what would be the rationale for
extrapolating further?
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I1l.  GENERAL COMMENTS

Joseph Eisenberg
| have some questions on the use of geometric means for estimating the dose of exposure. It isthe

arithmetic mean that provides the appropriate average exposure over time? The geometric mean,
which is a better estimate of the median, will tend to underestimate the average level of exposure.

It would be nice to see Figures 1.3 and 1.4 for enterococci in fresh and marine waters.
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V. RESPONSE TO CHARGE

Given thecondtraintsof the data available, istherisk analysisin the* | mplementation

Guidance for Ambient Water Quality Criteria for Bacteria” appropriate?

Joseph Eisenberg
The guidelines are appropriate as written precisely because they do not go beyond the limits of the
data. See answersto 2 and 3 for further clarification.

Charles McGee

For many years, thisanalysis has been the subject of much debate. However, the experimental design,
the quality of the data gathered and duplication of the results by other researchers has made the risk
analysis put forth in the guidance defensible.

A current challenge to the original research upon which the risk analysis is based is whether the
gpatial and temporal variability of the beach water quality was captured in the experimental design.
In any study, the strength of the relationships between two variables is dependent on the precision
of the measurement of those variables. EPA’s own EMPACT study and research on recreational
water contamination carried out on the west coast has demonstrated the significance of this
variability. In preparing my answer to this question, | reviewed some of the origina EPA
publications, and | was convinced that the study design adequately addressed thisconcern. A second
issue that should be addressed is how measurement error was taken into account in the calculation
of risks criteria for indicator bacteria densities (see Table 4 in EPA440/5-84-002 [ Ambient Water
Quality Criteriafor Bacteria- 1986]). Specifically, thequestionwaswhether water quality variation
can be better explained by systematic patternsor is variability smply the result of randomerror. Dr.
Joon Ha Kim and | had considered this point in a journa article evaluating error associated with
California’ s marine water quality monitoring and public notification procedures. Upon submission
of this article to the journal, one of the article’'s reviewer’s comments triggered a rewrite of the
article. The conceptsinthat rewrite not only apply to the expression of error intheformulain Table
4 but to all three questions posed in this peer review. Because of time constraints, | could not
contribute to the rewrite and had my name removed as an author. | have spoken with Dr. Kim, and
he has agreed to alow you to contact him for an advance copy of hisnew article. Hewould also like
to suggest some other data analyses of the EPA and Santa Monica Bay data. Dr. Kim'saddressis.

Joon Ha Kim, Ph.D.

944A Engineering Tower

Chemical Engineering & Materials Science
University of California, Irvine

Irvine, California 92697-2575

Phone number 949-824-7754

[Note: articles provided by Dr. Kim are provided in Appendix B, following Charles McGee's
comments.]
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Mark Sobsey
The answer is“no”. Thereasonsfor thisanswer will be given below [see comments under “ Specific
Comments’ section] in more detall.
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Is it scientifically defensible to extrapolate the relationship (in terms of linear
regression or other quantitative means) between bacterial indicator densityandillness

rate for fresh waters beyond the 1% risk level?

Joseph Eisenberg
No. Thelinear regression model isadatadriven model; i.e., thereisno mechanistic rationale for the
model structure. The predictions beyond the data, therefore, are not reliable or defensible.

Onepotential way to extrapolateisto assumethe sigmoidal dose-responserelationship, based ondata
from dosing trials. These trials have been conducted for various pathogens and administer higher
doses than observed in epidemiology studies. Given these trial data, one can assume that the
relationship islinear at low doses, increases exponentially at higher doses, and eventually saturates
at yet higher doses. Thisisbasically what is said in the document under review, and isillustrated in
Figure 1.2. The problem becomes whereto place the cut point. One can be fairly confident that the
cut point is beyond the last observed data point from the epidemiology studies (e.g., beyond 236
/100ml and a 10/1000 risk for E coli in fresh water. However, since the epidemiology dataisillness
based and the dosing trial data is pathogen-specific, it is difficult to estimate this cut-off using the
higher doses from the dosing trials. One approach may be to use sensitivity studies to looking at
highly infectious organisms and less infectious organisms.

CharlesMcGee

Unless there were measurements of water quality and illness that would allow the linear regression
to be defined beyond the 1% level, the answer to this question is no. However, Dr. Kim and |
suggest that data could be used from other studies with a similar experimental design (such as the
Santa Monica Bay) to supplement EPA’s original regression calculations. Dr. Kim has already
examined the SantaMonicaBay dataand verified that asimilar illnessrelationship holdsup to the 1%
risk level. Having proven that, then it would be defensible to use data from that study or othersto
examine illness rates beyond the origina 1%.

Mark Sobsey

It is scientifically defensible in principle to perform downward extrapolations to lower levels of risk
on the basis of data for microbial dose and health effectsresponse. Thisisdone often in quantitative
microbial risk assessment and in other health effects analyses. However, the scientific validity of
doing thisfor the U.S. EPA dataof this study and by the downward extrapolation method employed
is not scientifically defensible. There is simply too much variability and uncertainty in the data to
justify this downward extrapolation. Furthermore, the simple log-linear regression model used for
this downward extrapolation is not adequately explained or justified and it is not compared to other
more robust and scientifically valid downward extrapolation modelsfor such data. Furthermore, the
analyses does not report any sensitivity analysesthat would indicate to what extent the output results
would changesdueto changesin microbial water quality or changesin health effects outcome (illness
rates). Nearly all of the potential sources of bias that would be factors influencing the results were
not addressed in either the collection or presentation of the data or by accounting or controlling for
them in the analyses performed.
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How much further could one extrapolate and what would be the rationale for

extrapolating further?

Joseph Eisenberg

Based on my answer to Question 2, I would not recommend extrapolation. The only reason to
extrapolate beyond the datawould be to provide water quality guidelinesfor greater than a 10/1000
risk level for freshwater exposures. However the reason for using risk levels greater than 10/1000
depends on how the acceptable level of risk is set, which is beyond the scope of this document.

That being said, based on some of the supporting documents sent to me, it may be defensible to
provide guidelines above 10/1000 for certain situations. For example, Figure 7 (Cabelli 1983, EPA
600/1-80-031 [Health EffectsCriteriafor MarineRecreational Waters|, p. 36) suggeststhat thedata
would allow guidance for 12-13 per 1000 ilinessfor enterococci in fresh waters. Likewise, Figures
1 and 2 (Dufour 1984, EPA 600/1-84-004 [Health Effects Criteria for Fresh Recreational Waters|,
p. 26) suggest that the datawould allow guidanceto just below 30 per 1000 illnesses for enterococci
in marine waters.

Charles McGee

The answer to this question will be limited by water quality measured in other studies. The
extrapolation has not been doneyet, but Dr. Kimwould like the opportunity to do so using the Santa
Monica Bay data.

Mark Sobsey

As indicated in the response to Question 2, it is scientifically defensible to perform downward
extrapolationsto ranges of dose-responsethat arewell below thelevelsof the observable datarange.
These extrapolations can be by asmuch as several orders of magnitude in some quantitative microbial
dose-response and risk assessment analyses. However, asindicated in the response to Question 2,
such downward extrapolations are not justified for these data. This is because of the limitationsin
the quantity and quality of the data, the failure to account for or control for bias in either the data
collection and dataanalyses, and the limitations of the downward extrapolation analyses. Specifically
only one simple log-linear regression model was used, there was an inadequate effort to address
variability and uncertain and there is alack of any sensitivity analyses.
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V. SPECIFIC COMMENTS
Mark Sobsey
Analysisand Discussion

Limitations of Study Data and Analyses

Thisrisk analysis isinadequate because the quantity and quality of the data used are inadequate and
because the analytical approach and execution also are inadequate. Overall, the U.S. EPA dataand
the analytic approach are inadequate to address major sources of bias that can influence the data
quality and the analytic approaches from which to estimate health risks in relation to water quality.

A major limitation of the proposed “ Implementation Guidance for Ambient Water Quality Criteria
for Bacteria” isthe overall quality of the microbiological and human health effects data used for the
analysisthat providesthe basisfor the criteria. More specifically, the datacome from studies at only
three marine beach locations and only two freshwater beach locations. These studies did not
adequately address other and more diversified sources of fecal contamination, such as more highly
treated sewage effluentsin which the ratios of fecal indicator bacteriato pathogens may be different
than those at the few beaches studied. These few studies and study sites also do not adequately
represent some other sources of fecal contamination that can impact bathing water and carry
pathogens, such as non-point sources of human fecal contamination (e.g., septic tank-soil absorption
systems and waste discharges from boats in nearby marinas) or non-human fecal contamination
sources, such as waterfowl and animal agricultural waste. In many beach locations these other
sources are the major sources of fecal contamination and they may results in different relationships
among fecal indicator bacteria, pathogens and attendant human health risks.

Additionally, the important advances in statistical methods that have been made in the last two
decades and are now widely used in health effects research for dose-response relationships and in
guantitative microbial risk assessment were not applied in this study. Advanced regression and
multivariate analyses methods were not applied in these studies and they should have been. Such
advanced analytical methods are also much better for addressing variability and uncertainty and in
controlling for bias.

There are many sources of bias in these studies and these sources of bias were not adequately
addressed or controlled for inthe U.S. EPA studies. These sources of bias, most of which apply to
the U.S. EPA studies, are summarized in Table 1.
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TABLE 1. Typesof Biases Potentially Encountered in Recreational Water Quality Health

Effects Studiesand Their Potential Effects

Type of Bias

Description

Use of indicator
microbes to assess
water quality of
exposure

Temporal and spatial indicator variation is substantial and difficult to relate
to individual bathers (Fleisher, 1990), unless study design is experimental
(Kay et a., 1994; Fleisher et al., 1996a). Thisisalimitation of theU.S. EPA
data. Limited precision of methodsfor counting indicator organisms, causing
measurement error (Fleisher, 1990; Fleisher et al., 1993); bacterial indicators
may not be representative of viruses, which may be important etiological
agents of swimming associated gastrointestinal illness. This is another
limitation of the U.S. EPA data

Use of seasonal
means to assess
water quality

Some studies use seasonal or other collapsed or grouped means and not daily
measurements of indicator organisms to characterize individual exposure,
thus adding substantial inaccuracy. This is a limitation of the U.S. EPA
analyss.

Assessment of
exposure pathway

Certain studies do not account for the potential infection pathway to definite
exposure, e.g., manly head immersion or ingestion of water for
gastrointestinal symptoms. Difficulties in exposure recall further increase
inaccuracy of individual exposure. These were limitations in the U.S. EPA
studies.

Non-control for
confounders

Non-control for confounders (e.g., food and drink intake, age, sex, history of
certain diseases, drug use, persona contact, additional bathing, sun, socio-
economic factors, etc.), may influence the observed association. Thesewere
limitationsin the U.S. EPA studies.

Selection of un-
representative
study population

Results reported for certain study populations (e.g., limited age groups or
from regions with certain endemicities) are a priori not directly transferable
to populations with other characteristics. Thiswas a limitation of the U.S.
EPA studies.

Self-reporting of
symptoms

Most observationa studies relied on self-reporting of symptoms by study
populations. Validation of symptoms by medical examination (Kay et al.,
1994; Fleisher et al., 1996a) would reduce potential bias. External factors,
such as media or publicity, may have influenced self-reporting. This was a
limitation of the U.S. EPA study.

Response rate

Response rates were >70% in al, and >80% in most, studies. Differential
reporting, e.g., higher response among participants experiencing symptoms,
would probably not have major consequences.
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Type of Bias Description
Recruitment Recruitment methods were to approach persons on beaches in amost all
method observationa studiesand by advertisement for randomized controlled studies.

Interviewer effect | Differences in methodology of data collection among interviewers may
influence the study results.
(Adapted from Pruss, 1998; Stavros and Langford, 2002; WHO, 2001)

Data Quality and Quantity Used for the Risk Analysis

The quality and quantity of the data used for the analysis are too limited and inadequate to provide
reliable national estimates of the relationships between human exposure to pathogens (dose) as
estimated by measuring fecal indicator bacteriasuch asE. coli and enterococci and human responses
(health effects) in bathers. More and better data are available from numerous studies, some in the
USA and some in other countries, and they should have been used for these analyses. In addition,
even for the single set of data that was analyzed, additional analytical methods should have been
employed to provide potentialy better estimates of the relationships between bacterial quality of
water and human health effects in bathers.

Limited data for a few geographic locations and beaches were used for the analyses. For marine
water beaches only three different geographic locations were used as study sites, New Y ork City,
Lake Pontchartrain, LA, and Boston, MA. New Y ork City had two beaches, onerelatively polluted
and one relatively unpolluted. The Lake Pontchartrain study had two beaches, both of which were
impacted by less defined sources of fecal contamination than the point sources found at other study
locations. Fecal contamination was believed to be caused by stormwater discharges reaching the
beach via canals and bayous which empty into the Lake and elevated fecal indicator bacteria levels
were observed in association with storm events. In Boston Harbor two beaches were studied. The
pollution sources impacting these beaches were not as well defined as those at the New Y ork City
beaches. One of the beaches had fecal indicator bacteria levels about 1 order of magnitude higher
thanthe other. While the 3 marine beach locations show some diversity and have 2 or more different
beach sitesfor study, there are considerably more marine beaches with greater diversity of data that
have been studied for relationships of bacteriological water quality and health effects in swimmers
than are represented here.

For freshwater beaches, only two geographic locations, Erie, PA, and Keystone Lake, near Tulsa,
OK, wereused to represent all freshwater beaches of the entire country. At each geographiclocation,
only two beaches were used, one of which was closer to a point source discharge of sewage effluent
and the other of which was more remote from the sewage effluent source. The distances from the
sewage effluent source to the beaches were not consistent from one geographical study site to the
other, the degree of dilution of the sewage in the ambient water was not reported, and the quality of
the sewage effluent varied. 1n one location it was chlorinated secondary effluent with unreported
chlorinedoses, unreported contact timesand unreported residual concentrationsof combined andfree
chlorine levelsin the effluent when discharged. In the other location, the effluent differed from one
study year to the other. Initially it was undisinfected effluent from two “full retention” lagoons of
unreported type (anaerobic, facultative or aerobic), retention time and operating conditions (e.g.,
were the two lagoons operated in series or in parallel?). 1nthe second year the effluent was treated
in alagoon of unreported type and retention time, followed by aeration (of unreported duration and
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inadequate process description) followed by chlorination with unreported chlorine dose, unreported
contact time and unreported residual levels of free or combined chlorine in the discharged effluent.

The data for the two geographic locations of freshwater beaches had considerable variability and
uncertainty. For example in the 1979 study year at Lake Erie, the indicator densities were
unexpectedly low at both beaches, in 1980 they were high and occasionally extremely high, and in
1982 they were moderately high relative to those observed in 1979.

At the Lake Erie beaches, the 1980 data do not reflect bacterial indicator densities consistent with
proximity of the beach to the fecal waste source. In particular, the E. coli densities are higher at the
beach more distant from the pollution source. The investigators suggest that these inconsistent
results may have been caused by heavy rains which occurred in the four days before the start of the
beach study trials. In a four-day period, 8.15 inches of rain was measured, which caused the lake
elevation to rise and the turbidity to increase. The effect of these unusual events on the swimmer
illness rates is unknown. These observations indicate a highly variable and not necessarily
representative set of conditions at these two study locations that call into question their national
representativeness of freshwater beaches.

There are also important limitation in the quality, quantity and representativeness of the
bacteriological data for water quality. At each geographic location, only a few bacteriological
measurements were made on any given day of observations. At each marine beach, samples were
taken at 2-3 locationsin chest deep water (location) and agiven day of exposure, with only afew (3-
4) samples collected between the hoursof 11 AM and 5 PM (time of exposure). The actual numbers
of water samples taken per location, site and study day were not specified for the studies at the
freshwater beaches. However, it issaid that the experimental design and approachwassimilar to that
for the marine beaches studies.

It isunlikely that estimating the bacteriological quality of water based on arelatively small number
of samples collected only in chest-deep water is representative of the exposure of all bathers.
Children and many other people never venture into chest deep water and their exposures are likely
to be better represented by water that is ankle-deep, knee-deep or waist deep. Some serious
swimmers are also more likely to be exposed to water beyond the chest-deep area. In some
subsequent studies on bathing water quality and health done by other investigators, water samples
were collected from a grid of sample sites representing different depths and they were collected are
more frequent intervals. Such sample provides better estimates of the bacteriological quality of the
water at specific locations and times that can be referenced or related to the exposure of specific
bathers who bathed at specific locations for specific time periods.

Thebest of the studiesthat related exposureto recreational bathing water of measured bacteriological
quality to human health effects in those exposed by such bathing were randomized controlled trials
inwhich subjected were recruited and randomly assigned to abathing group or anon-bathing group.
Bathers were asked to spend specific times in the water (10 minutes) and asked to immerse their
heads at least three times (Kay et al., 1994; 2001; Fleisher et al., 1998). Exposure measurements of
bacteriological quality of the water were made at the time and location of exposure and at three
different depths, specifically surf, mid and chest.
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Other Source of Relevant Data Not Used in this Analysis

Since these few early studies by the U.S. EPA, there have been numerous studies of water quality at
bathing beaches in relation to human health effects in swimmers. The U.S. EPA should have used
the marinewater and freshwater data from these other studiesin its analyses and risk assessment. In
areview article published in 1998, Pruss reported on the findings of 4 additional studies conducted
at freshwater beaches in the UK, France and Canada and 14 marine water beaches in countriesin
North America, Europe, theMiddle East, Asia, the Western Pacific (Australiaand New Zealand) and
South Africa. More recently, Wade et al. (2003) conducted a systematic review and meta-analysis
of atotal of 15 marine water studies and 8 freshwater studies and on the relationships of bacterial
water quality and health, besides the studies done by the U.S. EPA. These more recent studies
provide a more diversified and more representative database than the few studies used by the U.S.
EPA. These morerecent analyses reveal wider ranges of bacterial densities than studied by the U.S.
EPA and document different dose-response relationships for bacterial densities and human health
effects than those observed by the U.S. EPA in its studies. In the study by Wade et a. (2003) the
analyses of the data for freshwater beaches showed elevated relative risks of swimming-associated
illness both above and below the U.S. EPA guideline value for enterococci. For E. coli, studies
below theU.S. EPA guidelinevaluewerenot associated with increased iliness, while exposures above
the U.S. EPA guideline value were. These findings suggest that the current U.S. EPA guideline
valuesfor the two different indicators provide different and inconsistent levels of bather protection
from swimming-associated illnessin freshwater beaches. Therefore, the two different indicatorsand
their associated guideline values are not interchangeable in terms of their levels of protection. Based
ontheU.S. EPA’ sanalysisof itsown datafor freshwater studies, thesetwo indicators are considered
interchangeable and give equivalent levels of protection. For the analyses of the marine water
beaches, Wade et al. (2003) found that enterococci were the indicator that most strongly predicted
increased health risks. By categorical analysis, the relative health risks did not continue to increase
in studies with bacterial densities greater than 104 cfu/100 ml. Thisindicates a potential threshold
effect for risk of Gl illness. By weighted regression analysis there was an association between
enterococci density and the natural log of the relative risk of health effects. The relative risk for GI
illnessincreased 1.3 timesfor every log10 increase in enterococci density inwater. Inrelationto the
current U.S. EPA guideline for enterococci in marine waters, summary relative risks for Gl illness
below the U.S. EPA guidelinevaluewerelower and not statistically significant. Relativerisksfor Gl
illness above the U.S. EPA guideline value were elevated and statistically significant.

Analytical Approach and Execution

The approach to the analyses of the microbiological datais limited and probably flawed. More and
better approaches to the types of data gathered and analyzed and the type of analyses of the data
should have been conducted. The U.S. EPA should have attempted to provide better estimates of
the concentrations of bacteriain the water to which people were exposed, particularly with respect
to the spatial and temporal relationships of the exposures. The bacterial datafor each location were
analyzed by grouping them by location and then season and computing a geometric mean
concentration of bacteria. Apparently, only afew measures of bacteria concentration were made for
agiven beach, with samples taken at 2-3 locations n chest deep water (location) and a given day of
exposure, with only afew (3-4) samples collected between the hours of 11 AM and 5 PM (time of
exposure). Geometric mean concentrations were computed for this exposure location and day and
then used in alinear regression analysis to determine relationships between ilinessrates and average
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water quality. The resulting linear regression model was then used to derive standard deviations for
the dose-response relationship.

The approach used by the U.S. EPA in which all data were combined for the development of the
distribution of bacterial concentrationsthat wasthen used for comparisonswith human health effects
has serious drawbacks and limitations. This is because the standard deviation of the probability
density function or distribution affectsthe probability of exposure to polluted water and thusthe risk
of illness. The use of asingle distribution and resulting parameter value to define a guideline value
acrossall waters does not adequately addresslocal variability. Local variationsin standard deviation
will mean that risks of illness will vary even though the same guideline value is in place. Simply
stated, combining the data into a single distribution does not address loca variability in the
distribution of bacteriadensity on asite-specific basisand the relationships of these bacterial densities
to local heath risks.

In addition, it isnot clear the U.S. EPA used robust criteriato determine if bacterial concentrations
could be legitimately log10-transformed to create the log10 distribution that was used in the dose-
response analyses. Statistical tests should have been doneto test for normality or to determineif the
hypothesis of normality can be rejected. Such analyses should have been done for the data from
individual beaches and study sitesaswell as on the combined data. Theneed to test for the normality
of the data on a site-specific basis is because of the need to link bacterial densities with specific
exposures that result in health effects.

Apparently, the U.S. EPA did not consider alternative analytical strategiesfor these data that do not
rely on the use of the data taken directly from a loglO-transformed distribution. One possible
aternative approach in situations where normality (or log-normality) is violated is to use a
Bootstrapping procedure. In this case a Monte Carlo style procedure is applied to bootstrapped
samples of the actual empirical distributions of bacterial concentration, rather than the parametrically
generated distribution. The bootstrapping procedure draws a large number (say 1000) of
“resamples’, of size equal to the origina sample, from this origina sample randomly with
replacement. No such aternative analytical approach was attempted by the U.S. EPA.

The basis for defining the different risk levels as upper percentiles (e.g., 75", 82™, 90" and 95th) is
poorly documented and justified and the basis for focusing only the human health risks in the range
of 0.8 to 1% aso is poorly documented and inadequately explained or justified. These standard
deviation estimates were used to consider various upper percentiles (75", 82¢, 90" and 95%) for
which were calculate various upper percentiles values of allowable bacterial density per 100 ml
corresponding to different health risk levelsin the range of 0.8 to 1%. The flaws and weakness of
thisapproach are that the datawere transformed to log10 values and these |log10-transformed values
were used in the analyses and the analysis of the log-transformed data used only a smple linear
regression model to examine the relationship between indicator density and human health risk of
bathers. No other forms of the datawere used for analyses (such as arithmetic formsof the datawith
no transformations) and no other models were applied to the data (such as Beta-Poisson, two-
population or other dose-response models now widely used for quantitative microbial risk
assessment).
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In the study of Kay et al. (1994) an epidemiological relationship described the excess risk of illness
from exposure to water containing fecal indicator bacteria. This relationship was best as a dose-
response relationship linking water quality exposure (x), indexed by the fecal streptococci density at
chest depth water, and the excess probability of gastroenteritis (y) is given by the following (for
exposures between 32 and 158 fecal streptococci per 100ml):

1

Y(x=32158) = (1o ~ P

where, mis the natural logarithm of the odds of getting gastroenteritis from bathing, derived from
the logistic regression equation:

m=0.20102yx-32-2.3561

and the term p32 is the probability of gastroenteritis where x = 32 cfu per 100 ml (p=0.0866) and
adjusts the relationship to reflect excess rather than absolute probability of illness relative to those
who do not bathe.

In addition to the consideration of the dose-response model used, there are valid reasons to believe
that the form of microbiological data used, specifically the log10-transformed data of the U.S. EPA,
is likely to underestimate exposure in dose-response analyses and that the liner regression model
applied to these dataislikely to provide adownward extrapolation that is aless reliable portrayal of
the actual dose-responserelationship. Thisisnot alwaysthe case, aswasfound inthe studiesby Kay
et a., wherethe bacteriological datawere best described by alog-normal probability density function.
However, there are scientifically valid reasonsto use arithmetic data for dose-response analyses and
determine if this from of the data better describes the extremes of exposure and resulting health
effects at both the low and high ends of the distribution of bacteria concentration.

Overadl, there are serious concerns about the extent to which reliable downward extrapolations can
be made from the U.S. EPA data, given al of the potential sources of bias, the use of logl10-
transformed datarather than arithmetic data, the use of only asimplelog-linear regression model, and
the rather shallow slope of the dose-response relationship in the human health effects response range
of interest (corresponding to 0.8 to 1.0% risk).

In addition, there was very inadequate treatment of variability and uncertainty in the analyses for
either bacteriological quality of thewater, the extent of bather exposure and the temporal and spatial
relationships between exposure and resulting health effectsin the exposed. These deficiencies make
it inappropriate to attempt to do downward extrapolations of the water quality (bacteria
concentration) - health effects) dose-response) relationships in the data range of interest for
freshwatersor in general. Developing water quality criteriaand regulatory guidelines based on such
analyses can not be supported or justified in the opinion of this reviewer.
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Peer review of the EPA document” I mplementation Guidance for Ambient Water Quality Criteria
for Bacteria’

For
Versar

Reviewed by Joe Eisenberg
12/20/03

Overview

The predicted risk level (risk of Gl illness per 1000 swimmers) for a given water quality (geometric
mean density of anindicator organism) isbased on alinear regressonmodel. Thismodel was
estimated using beach study data (e.g., 9 data points for E coli in fresh waters). 1n addition
to providing point risk estimates for geometric mean values of indicator densties, the
regression model also alows for the calculation of 75, 82, 90, and 95% confidence limits,
which were used to fill in the percentile valuesin Table 1-1 and 1-2.

Comments on text

| have some questions on the use of geometric means for estimating the dose of exposure. It isthe
arithmetic mean that provides the appropriate average exposure over time. The geometric
mean, which is a better estimate of the median, will tend to underestimate the average level
of exposure.

It would be nice to see Figures 1.3 and 1.4 for enterococci in fresh and marine waters.

1. Giventheconstraintsof thedataavailable, istherisk analysisinthel mplementation Guidance
for Ambient Water Quality Criteria for Bacteria appropriate?

The guidelines are appropriate as written precisely because they do not go beyond the limits
of the data. See answersto 2 and 3 for further clarification.

2. Isit scientifically defensible to extrapolate the relationship (in terms of linear regression or
other quantitative means) between bacterial indicator density and illnessrate for fresh waters
beyond the 1% risk level?

No. Thelinear regression model isadatadriven model; i.e., thereisno mechanistic rationale
for the model structure. The predictions beyond the data, therefore, are not reliable or
defensible.

Onepotential way to extrapolateisto assumethe sigmoidal dose-responserelationship, based
on data from dosing trials. These trials have been conducted for various pathogens and
administer higher doses than observed in epidemiology studies. Given these trial data, one
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canassumethat therelationshipislinear at low doses, increasesexponentially at higher doses,
and eventually saturates at yet higher doses. Thisis basically what is said in the document
under review, and isillustrated in Figure 1.2. The problem becomes where to place the cut
point. One can be fairly confident that the cut point is beyond the last observed data point
fromthe epidemiology studies (e.g., beyond 236 /100ml and a10/1000 risk for E coli infresh
water. However, since the epidemiology data is illness based and the dosing trial data is
pathogen-specific, it isdifficult to estimate this cut-off using the higher doses fromthe dosing
trials. One approach may be to use sensitivity studies to looking at highly infectious
organisms and less infectious organisms.

. How much further could one extrapolate and what would be the rationale for extrapolating
further?

Based on my answer to Question 2, | would not recommend extrapolation. The only reason
to extrapolate beyond the data would be to provide water quality guidelines for greater than
a 10/1000 risk level for freshwater exposures. However the reason for using risk levels
greater than 10/1000 depends on how the acceptable level of risk is set, which isbeyond the
scope of this document.

That being said, based on some of the supporting documents sent to me, it may be defensible
to provide guidelines above 10/1000 for certain situations. For example, Figure 7 (Cabelli
1983, EPA 600/1-84-004, p36) suggeststhat the datawould allow guidance for 12 — 13 per
1000 illness for enterococci in fresh waters. Likewise, Figure 1 and 2 (Dufour 1984, EPA
600/1-84-004, p26) suggest that the data would alow guidance to just below 30 per 1000
illnesses for enterococci in marine waters.
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Diane S. Sinkowski

Environmental Engineer
Exposure/Risk Assessment Division
Versar, Inc.

6850 Versar Center

Springfield, VA 22151

Dear Ms. Sinknwski,

Inregardsto: Work Assignment #1-11; Peer Review of Epidemiological Data from EPA
Bacteriological Studies

The following are my responsesto the three questions raised in the above work assignment:

1. Giventheconstraintsof thedataavailable, istherisk analysisinthe | mplementation Guidance
for Ambient Water Quality Criteria for Bacteria appropriate?

Response: For many years, this analysis has been the subject of much

debate. However, the experimental design, the quality of the data gathered
and duplication of the results by other researchers has made the risk

analysis put forth in the guidance defensible.

A current challenge to the original research upon which the risk analysisis

based is whether the spatial and temporal variability of the beach water

quality was captured in the experimental design. In any study, the strength of the
relationshipsbetween two variables is dependent on the precision of the measurement
of those variables. EPA’s own EMPACT study and research on recreational water
contamination carried out onthewest coast has demonstrated the significance of this
variability. Inpreparing my answer tothisquestion, | reviewed some of the original
EPA publications, and | was convinced that the study design adequately

addressed this concern.

A second issue that should be addressed is how measurement error was
taken into account in the calculation of risks criteria for indicator bacteria
densities (see Table 4 in EPA440/5-84-002). Specificaly, the question
was whether water quality variation can be better explained by systematic
patterns or is variability smply the result of random error.  Dr. Joon Ha
Kimand | had considered this point in ajourna article evaluating error
associated with California’s marine water quality monitoring and public
notification procedures. Upon submission of this article to the journal,
one of the article's reviewer’s comments triggered a rewrite of the article.
The concepts in that rewrite not only apply to the expression of error in the
formulain Table 4 but to all three questions posed in this peer review.
Because of time constraints, | could not contribute to the rewrite and had
my name removed as an author. | have spoken with Dr. Kim, and he has
agreed to alow you to contact him for an advance copy of his new article.
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He would also like to suggest some other data analyses of the EPA and
Santa Monica Bay data. Dr. Kim's addressis:

Joon HaKim, Ph.D.

944A Engineering Tower

Chemical Engineering & Materials Science
University of California, Irvine

Irvine, California 92697-2575

Phone number 949-824-7754

2. Isit scientifically defensible to extrapolate the relationship (in terms of
linear regression or other quantitative means) between bacterial indicator
density and illness rate for fresh waters beyond the 1% risk level?

Response: Unless there were measurements of water quality and illness
that would allow the linear regression to be defined beyond the 1% level,
the answer to this question isno. However, Dr. Kim and | suggest that
data could be used from other studies with a similar experimental design
(such as the Santa Monica Bay) to supplement EPA’s original regression
calculations. Dr. Kim has aready examined the Santa Monica Bay data
and verified that a similar illness relationship holds up to the 1% risk level.

Having proven that, then it would be defensible to use data from that study

or others to examine illness rates beyond the original 1%.

3. How much further could one extrapolate and what would be the rational for
extrapolating further?

Response: The answer to this question will be limited by water quality
measured in other studies. The extrapolation has not been done yet, but
Dr. Kim would like the opportunity to do so using the Santa Monica Bay
data.

Thank you for the opportunity to comment on these questions, but my best advice would be to
contact Dr. Kim to actually perform the statistical analysis that could further strengthen the
underpinnings of the guidance document.

Best regards,

Charles D. McGee

Laboratory Supervisor

Orange County Sanitation District
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Peer Revi ew of Epidem ol ogi cal Data from EPA Bacteriol ogi cal Studies

Mark D. Sobsey

Uni versity of North Carolina

CB# 7431, McGavran- G eenberg Hall, Room 4114a
Chapel Hill, NC 27599-7431

Responses to the three specific questions posed to the revi ewers:
1. Gven the constraints of the data available, is the risk analysis in the

| mpl ement ati on Guidance for Anmbient Water Quality Citeria for Bacteria"
appropri ate?

Response: The answer is "no". The reasons for this answer will be given bel ow
in nore detail.

2. Isit scientifically defensible to extrapolate the relationship (in terns of
linear regression or other quantitative neans) between bacterial indicator
density and illness rate for fresh waters beyond the 1%risk |evel ?

Response: It is scientifically defensible in principle to perform downward

extrapolations to lower levels of risk on the basis of data for mcrobial dose
and health effects response. This is done often in quantitative microbial risk
assessnent and in other health effects analyses. However, the scientific
validity of doing this for the US EPA data of this study and by the downward
extrapol ati on nmet hod enpl oyed i s not scientifically defensible. Thereis sinply
too much variability and uncertainty in the data to justify this downward
extrapol ation. Furthernore, the sinplelog-linear regression nodel used for this
downward extrapolation is not adequately explained or justified and it is not
conmpared to other nore robust and scientifically valid downward extrapol ation
nodel s for such data. Furthernore, the anal yses does not report any sensitivity
anal yses that would i ndicate to what extent the output results woul d changes due
to changes in mcrobial water quality or changes in health effects outcone
(illness rates). Nearly all of the potential sources of bias that would be
factors influencing the results were not addressed in either the collection or
presentation of the data or by accounting or controlling for themin the anal yses
per f or ned.

3. How nuch further could one extrapol ate and what woul d be the rationale for
extrapol ation further.

Response: As indicated in the response to question 2, it is scientifically
def ensi bl e t o performdownwar d extrapol ati ons to ranges of dose-response that are
wel | bel owthe |l evel s of the observabl e data range. These extrapol ati ons can be
by as nmuch as several orders of nagnitude in sonme quantitative microbial dose-
response and ri sk assessnent anal yses. However, as indicated in the response to
qguestion 2, such downward extrapol ations are not justified for these data. This
is because of the limtations in the quantity and quality of the data, the
failure to account for or control for bias in either the data collection and data
analyses, and the limtations of the downward extrapolation analyses.
Specifically only one sinple log-linear regression nodel was used, there was an
i nadequate effort to address variability and uncertain and thereis alack of any
sensitivity anal yses.

ANALYSI S AND DI scussl oN

Limtations of Study Data and Anal yses

This risk analysis is inadequate because the quantity and quality of the data
used are inadequate and because the anal yti cal approach and execution also are

i nadequate. Overall, the US EPA data and the anal ytic approach are inadequate
to address nmjor sources of bias that can influence the data quality and the
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anal yti c approaches from which to estinmate health risks in relation to water
quality.

A mgjor limtation of the proposed "Inpl enentati on Gui dance for Anbient Water
Quality Criteria for bacteria" is the overall quality of the m crobiol ogi cal and
human health effects data used for the anal ysis that provides the basis for the
criteria. More specifically, the data cone fromstudies at only three narine
beach | ocations and only two freshwater beach |ocations. These studies did not

adequat el y address other and nore diversified sources of fecal contamni nation,

such as nmore highly treated sewage effluents in which the ratios of feca

i ndi cator bacteria to pathogens nay be different than those at the few beaches
studi ed. These few studi es and study sites al so do not adequately represent sone
ot her sources of fecal contami nation that can inpact bathing water and carry
pat hogens, such as non-poi nt sources of hunan fecal contamination (e.g., septic
tank-soi |l absorption systenms and waste di scharges fromboats i n nearby mari nas)

or non-hurman fecal contamnation sources, such as waterfow and anina

agricultural waste. |In nmany beach |ocations these other sources are the ngjor
sources of fecal contamination and they nay results in different relationships
anong fecal indicator bacteria, pathogens and attendant human heal th ri sks.

Addi tionally, the inportant advances in statistical methods that have been made
in the last two decades and are now wi dely used in health effects research for
dose-response rel ationships and in quantitative mcrobial risk assessnment were
not applied in this study. Advanced regression and nultivariate analyses
nmet hods were not applied in these studies and they should have been. Such
advanced anal yti cal nethods are al so nuch better for addressing variability and
uncertainty and in controlling for bias.

There are many sources of bias in these studies and these sources of bias were
not adequately addressed or controlled for in the EPA studies. These sources
of bias, nost of which apply to the US EPA studies, are sunmarized in Table 1
bel ow.

Type of Bi as Descri ption
Use of Tenporal and spatial i1ndicator variation 1s substantial and
i ndi cat or difficult to relate to individual bathers (Fleisher, 1990),
nm crobes to unl ess study design is experinmental (Kay et al., 1994,
assess water Fl ei sher et al., 1996a). This is a limtation of the US EPA
qual ity of data. Limted precision of nethods for counting indicator
exposure organi snms, causi ng neasurenent error (Fl ei sher, 1990; Fl ei sher
et al., 1993); bacterial indicators may not be representative
of viruses, which may be inportant etiological agents of
sW nmi ng associ ated gastrointestinal illness. This is another

limtation of the US EPA dat a.

Use of Sone studi es use seasonal or other collapsed or grouped nmeans
seasonal means and not daily neasurenents of indicator organisns to
to assess characterize individual exposure, thus adding substantial
water quality i naccuracy. This is a linmtation of the US EPA anal ysis.

Assessnent of Certain studies do not account for the potential infection
exposure pat hway to definite exposure, e.g., mainly head inmersion or
pat hway i ngestion of water for gastrointestinal synptons. Difficulties

in exposure recall further increase inaccuracy of individua
exposure. These were linitations in the US EPA studies.

Non- cont r ol Non- cont rol for confounders (e.g., food and drink i ntake, age,
for sex, history of certain di seases, drug use, personal contact,
conf ounders addi tional bathing, sun, socio-econonic factors, etc.), nay

i nfluence the observed association. These were |lintations
in the US EPA studi es.

Sel ecti on of Results reported for certain study popul ations (e.g., linmted
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un- age groups or fromregions with certain endenicities) are a
representative priori not directly transferable to popul ations with other
st udy characteristics. This was alimtation of the US EPA studi es.

popul ati on

Self-reporting Mbst observational studies relied on self-reporting of

of synptons synptons by study popul ations. Validation of synptons by
nmedi cal exam nation (Kay et al., 1994; Fleisher et al., 1996a)
woul d reduce potential bias. External factors, such as nedia
or publicity, may have influenced self-reporting. This was
alimtation of the US EPA study.

Response rate Response rates were >70%in all, and >80% in nost, studies.
Differential reporting, e.g., hi gher response anong
partici pants experiencing synptonms, would probably not have
maj or consequences.

Recr ui t nent Recrui t ment methods were to approach persons on beaches in
net hod al rost all observational studies and by advertisenent for
randomni zed controll ed studies.

I ntervi ener Differences in nethodology of data collection anong
ef f ect interviewers may i nfluence the study results.

TABLE 1. Types of Biases Potentially Encountered in Recreational Water Quality
Health Effects Studies and Their Potential Effects

(Adapted from Pruss, 1998; Stavros and Langford, 2002; WHO 2001)

Data Quality and Quantity Used for the Ri sk Analysis

The quality and quantity of the data used for the analysis are too linted and
i nadequate to provide reliable national estimates of the relationships between
human exposure to pathogens (dose) as estimated by neasuring fecal indicator
bacteria such as E. coli and enterococci and human responses (health effects) in
bathers. More and better data are avail abl e fromnunerous studies, sone in the
USA and sonme in other countries, and they should have been used for these
anal yses. In addition, even for the single set of data that was anal yzed
addi tional analytical nethods shoul d have been enpl oyed to provide potentially
better estinmates of the relationships between bacterial quality of water and
human health effects in bathers.

Limted data for a few geographic |ocations and beaches were used for the
anal yses. For marine water beaches only three different geographic |ocations
were used as study sites, New York Cty, Lake Pontchartrain, LA, and Boston, MA

New York City had two beaches, one relatively polluted and one relatively
unpol luted. The Lake Pontchartrain study had two beaches, both of which were
i npacted by | ess defined sources of fecal contanination than the point sources
found at other study l|locations. Fecal contam nation was believed to be caused
by stormwater discharges reaching the beach via canals and bayous which enpty
into the Lake and elevated fecal indicator bacteria |levels were observed in
association with storm events. In Boston harbor two beaches were studied. The
pol I ution sources inpacting these beaches were not as well defined as those at
the New York City beaches. One of the beaches had fecal indicator bacteria
| evel s about 1 order of nagnitude higher than the other. Wile the 3 marine
beach | ocati ons show sone diversity and have 2 or nore different beach sites for

study, there are consi derably nore nmari ne beaches with greater diversity of data
t hat have been studied for relationships of bacteriological water quality and
health effects in swinmers than are represented here.

For freshwater beaches, only two geographic locations, Erie, PA and Keystone
Lake, near Tul sa, OK, were used to represent all freshwater beaches of the entire
country (. At each geographic location, only two beaches were used, one of which
was cl oser to a point source di scharge of sewage effluent and the ot her of which
was nore renote fromthe sewage effluent source. The distances fromthe sewage
ef fluent source to the beaches were not consistent from one geographical study
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site to the other, the degree of dilution of the sewage in the anbient water was
not reported, and the quality of the sewage effluent varied. In one location it
was chlorinated secondary effluent with unreported chlorine doses, unreported
contact times and unreported residual concentrations of conbined and free
chlorine levels in the effluent when discharged. In the other l|ocation, the
effluent differed from one study year to the other. Initially it was
undi sinfected effluent from two "full retention" |agoons of unreported type
(anaerobic, facultative or aerobic), retention tinme and operating conditions
(e.g., were the two [ agoons operated in series or in parallel?). 1In the second
year the effluent was treated in a | agoon of unreported type and retention tine,
foll owed by aeration (of unreported duration and i nadequat e process descri pti on)
foll owed by chlorination with unreported chlorine dose, unreported contact tine
and unreported residual levels of free or conbined chlorine in the discharged
ef fl uent.

The data for the two geographic | ocations of freshwater beaches had consi derabl e
variability and uncertainty. For exanple in the 1979 study year at Lake Erie,
the indi cator densities were unexpectedly | ow at both beaches, in 1980 t hey were
hi gh and occasionally extrenely high, and in 1982 they were noderately high
relative to those observed in 1979.

At the Lake Erie beaches, the 1980 data do not reflect bacterial indicator
densities consistent with proxinity of the beach to the fecal waste source. In
particular, the E. coli densities are higher at the beach nore distant fromthe
pol lution source. The investigators suggest that these inconsistent results may
have been caused by heavy rai ns which occurred in the four days before the start

of the beach study trials. In a four-day period, 8.15 inches of rain was
neasur ed, whi ch caused the | ake elevation to rise and the turbidity to increase
The effect of these unusual events on the swimmer illness rates is unknown.
These observations indi cate a highly variabl e and not necessarily representative
set of conditions at these two study locations that call into question their
national representativeness of freshwater beaches

There are also inportant limtation in the quality, quantity and
representativeness of the bacteriological data for water quality. At each

geographic location, only a few bacteriol ogi cal neasurenents were nade on any
given day of observations. At each marine beach, sanples were taken at 2-3
I ocations in chest deep water (location) and a given day of exposure, with only
a few (3-4) sanples collected between the hours of 11 AM and 5 PM (tine of
exposure). The actual nunbers of water sanples taken per |ocation, site and
study day were not specified for the studi es at the freshwater beaches. However,
it is saidthat the experinental design and approach was sinmlar to that for the
mari ne beaches studi es.

It is unlikely that estimating the bacteriological quality of water based on a
relatively small nunber of sanples collected only in chest-deep water is
representative of the exposure of all bathers. Children and many ot her people
never venture into chest deep water and their exposures are likely to be better

represented by water that is ankl e-deep, knee-deep or wai st deep. Sone serious
swnmers are also nore likely to be exposed to water beyond the chest-deep area.

In sone subsequent studies on bathing water quality and health done by ot her

i nvestigators, water sanples were collected from a grid of sanple sites
representing different depths and they were collected are nore frequent

i ntervals. Such sanpl e provides better estinmates of the bacteriological quality
of the water at specific locations and tinmes that can be referenced or rel ated
to the exposure of specific bathers who bathed at specific | ocations for specific
time periods.

The best of the studies that related exposure to recreational bathing water of
nmeasur ed bacteriol ogical quality to human health effects in those exposed by such
bat hi ng were random zed controlled trials in which subjected were recruited and
random y assigned to a bat hing group or a non-bathing group. Bathers were asked
to spend specific tinmes in the water (10 nminutes) and asked to inmerse their

heads at least three times (Kay et al., 1994; 2001; Fleisher et al., 1998).

Exposure neasurenents of bacteriological quality of the water were nade at the
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time and | ocation of exposure and at three different depths, specifically surf,
m d and chest.

O her Source of Relevant Data Not Used in this Analysis

Since these fewearly studies by the US EPA, there have been nunerous studies of
wat er qual ity at bathi ng beaches in relationto hunan health effects i n swi mers.
The US EPA shoul d have used the nari ne water and freshwater data fromthese ot her
studies in its analyses and risk assessment. In a review article published in
1998, Preuss reported on the findings of 4 additional studies conducted at
freshwat er beaches in the UK, France and Canada and 14 marine water beaches in
countries in North Anerica, Europe, the Mddle East, Asia, the Western Pacific
(Australia and New Zeal and) and South Africa. Mre recently, Wade et al. (2003)
conducted a systenatic review and neta-analysis of a total of 15 nmarine water
studies and 8 freshwater studies and on the relationships of bacterial water
quality and health, besides the studies done by the US EPA. These nore recent
studi es provide a nore diversified and nore representati ve database than the few
studi es used by the US EPA. These nore recent anal yses reveal w der ranges of
bacterial densities than studied by the US EPA and docunent different dose-
response relationships for bacterial densities and hunan health effects than
t hose observed by the US EPAin its studies. In the study by Wade et al. (2003)
the anal yses of the data for freshwater beaches showed el evated rel ative risks

of sw nm ng-associ ated illness both above and bel ow the US EPA gui deline val ue
for enterococci. For E. coli, studies belowthe US EPA guideline val ue were not
associated with increased illness, while exposures above the US EPA guideline

val ue were. These findings suggest that the current US EPA gui deline val ues for
the two different indicators provide different and i nconsi stent | evel s of bat her
protection from sw nmm ng-associated illness in freshwater beaches. Therefore,
the two different indicators and their associated guideline values are not
i nterchangeable in ternms of their levels of protection. Based on the EPA's
analysis of its own data for freshwater studies, these two indicators are
consi dered interchangeabl e and give equivalent |evels of protection. For the
anal yses of the narine water beaches, Wade et al. (2003) found that enterococc

were the indicator that npbst strongly predicted increased health risks. By
categorical analysis, the relative health risks did not continue to increase in
studies with bacterial densities greater than 104 cfu/100 M. This indicates a

potential threshold effect for risk of G illness. By weighted regression
anal ysi s there was an associ ati on bet ween ent erococci density and the natural |og
of the relative risk of health effects. The relative risk for @ illness

increased 1.3 tinmes for every 10gl0 increase in enterococci density in water.
In relation to the current EPA guideline for enterococci in marine waters

summary relative risks for G illness bel ow the EPA guideline value were | ower
and not statistically significant. Relative risks for @ illness above the EPA
gui del i ne val ue were el evated and statistically significant.

Anal ytical Approach and Execution

The approach to the anal yses of the mi crobiological datais |imted and probably
flawed. Mdre and better approaches to the types of data gathered and anal yzed
and the type of anal yses of the data shoul d have been conducted. The EPA shoul d
have attenpted to provide better estinmates of the concentrations of bacteria in
the water to which peopl e were exposed, particularly with respect to the spati al

and tenporal relationships of the exposures. The bacterial data for each
| ocati on were anal yzed by groupi ng themby | ocati on and t hen season and conputi ng
a geonetric nean concentration of bacteria. Apparently, only a few neasures of

bacteria concentrati on were nmade for a given beach, with sanples taken at 2-3
| ocations n chest deep water (location) and a given day of exposure, with only
a few (3-4) sanples collected between the hours of 11 AM and 5 PM (tine of

exposure). Ceonetric mean concentrations were conputed for this exposure
| ocation and day and then used in a linear regression analysis to deternine
rel ati onshi ps between illness rates and average water quality. The resulting

I i near regression nodel was then used to derive standard devi ations for the dose-
response rel ati onship.
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The approach used by the US EPA in which all data were conbined for the
devel opment of the distribution of bacterial concentrations that was then used
for conparisons with human health effects has serious drawbacks and i mitations.
This is because the standard deviation of the probability density function or
distribution affects the probability of exposure to polluted water and thus the

risk of illness. The use of a single distribution and resulting paraneter val ue
to define a guideline value across all waters does not adequately address |oca
variability. Local variations in standard deviation will nean that risks of
illness will vary even though the sane guideline value is in place. Si mply

stated, conmbining the data into a single distribution does not address |ocal
variability in the distribution of bacteria density on a site-specific basis and
the rel ationshi ps of these bacterial densities to |ocal heath risks

In addition, it is not clear the US EPA used robust criteria to deternmine if

bacterial concentrations could be legitimately 10gl0 transformed to create the
l 0ogl0 distribution that was used in the dose-response anal yses. Statistical

tests should have been done to test for nornmality or to determine if the
hypot hesi s of nornmality can be rejected. Such anal yses shoul d have been done for

t he data fromi ndi vi dual beaches and study sites as well as on the conbi ned dat a.

The need to test for the nornmality of the data on a site-specific basis 1is
because of the need to link bacterial densities with specific exposures that

result in health effects.

Apparently, the US EPA did not consider alternative analytical strategies for
these data that do not rely on the use of the data taken directly froma | o0gl0-
transforned distribution. One possible alternative approach in situations where
normality (or log-normality) is violated is to use a Bootstrapping procedure
Inthis case a Monte Carlo style procedure is applied to bootstrapped sanpl es of
the actual enpirical distributions of bacterial concentration, rather than the
paranetrically generated di stribution. The boot strappi ng procedure draws a | arge
nunber (say 1000) of "resanples", of size equal to the original sanple, fromthis
original sanple randomy with replacenent. No such alternative analytical
approach was attenpted by the use EPA

The basis for defining the di fferent risk |levels as upper percentiles (e.g.
75", 82" 90'" and 95th) is poorly docunented and justified and the basis for
focusing only the human health risks in the range of 0.8 to 1% also is poorly
docunent ed and i nadequately expl ained or justified.

These standard deviation estinmates were used to consider various upper
percentiles (75", 82" 90'" and 95% for which were calculate various upper
percentil es values of allowable bacterial density per 100 m corresponding to
different health risk levels in the range of 0.8 to 1% The flaws and weakness
of this approach are that the data were transfornmed to | 0gl0 val ues and these
 0g10 transforned val ues were used in the anal yses and the analysis of the | og-
transforned data used only a sinple linear regression nodel to exam ne the
rel ationship between indicator density and human health risk of bathers. No
other fornms of the data were used for anal yses (such as arithnmetic forns of the
data with no transformati ons) and no other nodels were applied to the data (such
as Bet a- Poi sson, two-popul ation or ot her dose-response nodel s noww del y used for
quantitative microbial risk assessnent).

In the study of Kay et al. (1994) an epideniol ogi cal relationship described the
excess risk of illness from exposure to water containing fecal indicator
bacteria. This relationship was best as a dose-response relationship |inking
wat er quality exposure (x), indexed by the fecal streptococci density at chest
depth water, and the excess probability of gastroenteritis (y) is given by the
followi ng (for exposures between 32 and 158 fecal streptococci per 100m):

Y(x=32158) = F
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where, mis the natural logarithm of the odds of getting gastroenteritis from
bat hi ng, derived fromthe |ogistic regression equation:

m=0.20102yx-32-2.3561

and the termp32 is the probability of gastroenteritis where x = 32 cfu per 100m
(p=0.0866) and adjusts the relationship to reflect excess rather than absolute
probability of illness relative to those who do not bat he.

In addition to the consideration of the dose-response nodel used, there are valid
reasons to believe that the formof microbiological data used, specifically the
| oglO—transformed data of the US EPA, is likely to underestimate exposure in
dose-response anal yses and that the |liner regression nodel applied to these data
is likely to provide a downward extrapolation that is a less reliable portrayal

of the actual dose-response relationship. This is not always the case, as was
found in the studies by Kay et al., where the bacteriological data were best

described by a log-normal probability density function. However, there are
scientifically valid reasons to use arithnetic data for dose-response anal yses
and determine if this fromof the data better describes the extremes of exposure
and resulting health effects at both the | ow and high ends of the distribution
of bacteria concentration.

Overall, there are serious concerns about the extent to which reliable dowward
extrapol ations can be made from the US EPA data, given all of the potenti al
sources of bias, the use of Iohl0-transformed data rather than arithnetic data,
the use of only a sinple log-linear regression nodel, and the rather shall ow
sl ope of the dose-response relationship in the human health effects response
range of interest (corresponding to 0.8 to 1.0%risk).

In addition, there was very i nadequate treatnent of variability and uncertainty
in the analyses for either bacteriological quality of the water, the extent of
bat her exposure and the tenporal and spatial rel ationships between exposure and
resulting health effects in the exposed. These deficiencies nmke it
i nappropriate to attenpt to do downward extrapol ations of the water quality
(bacterial concentration)-health effects )dose-response) relationships in the
data range of interest for freshwaters or in general. Developing water quality
criteria and regul atory guidelines based on such anal yses can not be supported
or justified in the opinion of this reviewer.
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