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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD
IN THE MATTER OF-:

WATER QUALITY STANDARDS AND
EFFLUENT LIMITATIONS FOR THE
CHICAGO AREA WATERWAY SYSTEM
AND THE LOWER DES PLAINES RIVER:
PROPOSED AMENDMENTS TO 35 ILL.
Adm. Code Parts 301, 302, 303, and 304

RO8-9
(Rulemaking — Water)

N’ N N’ N N N N

TESTIMONY OF DR. MARYLYNN V. YATES

I. Introduction and summary

My name is Dr. Marylynn V. Yates. I appreciate the opportunity to testify today on
behalf of Natural Resources Defense Council, Environmental Law and Policy Center, Sierra
Club - Illinois Chapter, Friends of the Chicago River, and Openlands in support of the water
quality standards regulations proposed by the Illinois Environmental Protection Agency
(“IEPA”) requiring disinfection of effluent discharged to the Chicago Area Waterway System
(“CAWS”) from the wastewater treatment plants (“WWTPs”) operated by the Metropolitan
Water Reclamation District (“MWRD?”).

My testimony today is based upon my nearly 25 years of experience in the field of
microbiology, in which my sub-specialty is waterborne pathogen contamination; as well as
review of microbial sampling data, risk studies, and other data specifically pertinent to the
CAWS. From my years of experience, I know that disinfection of WWTP effluent is
fundamental to public health whenever there is any appreciable human contact with the receiving
waterbody; and that such disinfection is standard practice in both major cities and many smaller
communities across the United States. From my review of data pertinent to the CAWS,
including submissions from MWRD in connection with the use attainability analysis (“UAA”)
process preceding the IEPA rulemaking, it is clear to me that the CAWS is no exception.
Continued failure to disinfect sewage effluent discharged to the CAWS may result in a
substantial and unnecessary risk to public health.

Specifically, I have found as follows:

e Dry-weather pathogen contamination comes from WWTPs. The CAWS contains
measurable human pathogen levels during dry-weather conditions, which are largely

attributable to WWTP effluent discharge. Disinfection of WWTP effluent discharged to the
CAWS would thus reduce pathogen loads, and the concomitant human health risks
associated with exposure to those pathogens, during dry weather.

e Dangerous human pathogens are very likely present in the CAWS. The levels of indicator
bacteria present in the CAWS downstream of the WWTP outfalls are very strong evidence
of the presence of high levels of human fecal material, which likely contains human
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pathogens. There are hundreds of different types of pathogens that can be present in
sewage-contaminated wastewater, many of which can cause multiple types of serious
illnesses — particularly in sensitive populations such as children, pregnant women, the
elderly, and immunocompromised individuals (e.g., people undergoing chemotherapy).

e Previous research shows risk to recreational users. Previous studies of waterbodies with
much lower concentrations of indicator bacteria than the CAWS have demonstrated risk to
recreational users from waterborne pathogens, even absent primary contact
(swimming/intentional immersion) use.

e Current efforts to re-evaluate pathogen indicator criteria have no bearing on the question of
effluent disinfection. Although the current federal criteria for pathogen indicators are
imperfect and currently undergoing revision, the outcome of this revision process will
almost certainly not lead to a conclusion that disinfection of MWRD WTTP effluent is
unnecessary or inappropriate. The revision is taking place out of concern that the current
criteria are insufficiently protective, such that any new standard that emerges will likely be
more protective of public health, not less so.

e MWRD’s risk assessment has numerous flaws. The wet and dry weather risk assessment
performed by MWRD’s subcontractor, Geosyntec consultants, is rife with large and small
analytical errors that create a strong bias toward its conclusion of no significant risk to
CAWS recreators. Among other things, the risk assessment evaluates only a small fraction
of the human pathogens typically associated with sewage-contaminated wastewater, and
only one of many types of illness generally associated with such pathogens.

e MWRD'’s epidemiological study is not a sufficient tool to assess the need for disinfection.
Regardless of its outcome several years from now, the epidemiological study being
conducted by MWRD concerning recreational use of the CAWS will not be sufficient basis
for a decision whether disinfection is necessary.

II. Qualifications

A copy of my curriculum vitae is attached as Exhibit 1.

I am an expert in environmental microbiology. My research is concentrated in the area
of water and wastewater microbiology, focusing in particular on assessing the potential for the
contamination of water by human pathogenic microorganisms. Among other things, I have done
substantial work concerning identification of waterborne pathogens, assessing the potential for
human pathogen contamination of water bodies (through use of indicator bacteria and other
methods) and fate and transport of such pathogens and indicator microorganisms in the
environment. I also have experience in the area of environmental microbial risk assessment, and
have personally been involved with the United States Environmental Protection Agency
(“USEPA”) in the development of methods for indicator microorganisms, specifically methods
1601 and 1602, which are used for the detection of bacteriophages.

I received my Ph.D. in 1984 from the University of Arizona, and am currently a Professor
of Environmental Microbiology at University of California, Riverside. I also serve as statewide
Program Leader for Natural Resources and Animal Agriculture in the Division of Agriculture
and Natural Resources of the University of California system. Ihave additionally served as
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Chair of the Department of Environmental Sciences, and as Associate Executive Vice Chancellor
at the University of California, Riverside.

I have published more than 50 peer-reviewed scholarly articles in my field, and written or
contributed to 6 books. The articles include the following:

e Rose, J.R., R.L. Mullinax, S.N. Singh, M. V. Yates and C.P. Gerba. 1987. Occurrence of rota
and enteroviruses in recreational waters of Oak Creek, Arizona. Water Research
21:1375-1381.

e Anderson, M. A., M.H. Stewart, M.V. Yates, and C.P. Gerba. 1998. Modeling the impact of
body-contact recreation on pathogen concentrations in a source drinking water reservoir.
Water Research 32:3293-3306.

e Stewart, M.H., M.V. Yates, M.A. Anderson, C.P. Gerba, J.B. Rose, R. Deleon, and R.L.
Wolfe. 2002. Predicted public health consequences of body-contact recreation on a potable
water reservoir. J. Amer. Water Works Assoc. 94:84-97.

e Davis, K., M.A. Anderson, and M.V. Yates. 2005. Distribution of indicator bacteria in
Canyon Lake, California. Wat. Res., 39:1277-1288.

e Yates, M.V.,J. Malley, P. Rochelle, and R. Hoffman. 2006. Effect of adenovirus
resistance on UV disinfection requirements — a report on the state of adenovirus science. J.
Amer. Wat. Works Assoc., 98(6):93-106.

e Yates, M.V. 2007. Classical Indicators in the 21st Century -- Far and Beyond the
Coliform. Wat. Environ. Res. 79(3):279-286.

The books include the following:

e Committee to Improve the U.S. Geological Survey National Water Quality Assessment
Program. 2002. Opportunities to Improve the U.S. Geological Survey National Water
Quality Assessment Program. National Academy Press, Washington, DC. 238 pp.

e Committee on Indicators for Waterborne Pathogens. 2004. Indicators for waterborne
pathogens. National Academies Press, Washington, D.C. 315 pp.

I have participated in numerous expert workshops, including the following:

e Invited participant, Workshop on Indicators for Pathogens in Wastewater, Stormwater, and
Biosolids, Water Environment Research Foundation, San Antonio, TX, December 11-12,
2003

¢ Invited participant, Models and Tools for Including Susceptibility, Immunity, and
Secondary Spread into Microbial Risk Assessment Workshop, Cincinnati, OH, November
18-19, 2004

e Invited participant, Major Accomplishments and Future Directions in Public Health
Microbiology Workshop, United States Geological Survey, Columbus, OH February 15 -
18, 2005.

e Invited participant, Pathogens in Groundwater Experts Workshop. Toronto, Ontario,
Canada, June 5-6, 2006.

I have given dozens of invited presentations, including the following:
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e The MWRD pathogen sampling data compiled by USEPA Region 5 in connection with
its Urban Rivers analysis, submitted separately as Exhibit 2!

e The charts summarizing MWRD pathogen sampling data prepared by USEPA Region 5
(the “USEPA Graphs”), attached as Exhibit 3.

e The Dry and Wet Weather Risk Assessment of Human Health Impacts of Disinfection or
No Disinfection of the Chicago Area Waterway System (CWS)” prepared by Geosyntec
Consultants (the “Risk Assessment”), available on MWRD’s web site,
http://www.mwrdgc.dst.il.us/.

e Review of the Risk Analysis by USEPA (“USEPA Review”), attached as Exhibit 4.

e A videotape and powerpoint slides from an oral presentation by Dr. Sam Dorevich of the
University of Illinois at Chicago (“UIC”) School of Public Health on February 27, 2008
concerning the epidemiological study being conducted by UIC on behalf of MWRD (the

“Epidemiological Study”). The powerpoint slides are available on MWRD’s web site,
http://www.mwrdgc.dst.il.us/. The videotape is submitted separately as Exhibit 5.2

In addition, I have conducted a literature search for peer-reviewed scientific publications
concerning pathogen risk to non-primary contact recreational waterway users.

IV. MWRD WWTPs are the Predominant Dry Weather Pathogen Source

I have concluded from the documents I have reviewed in this matter that the MWRD
WWTPs are the largest source of pathogens in the CAWS during dry weather (excluding the few
days immediately following a wet weather event when there may be lingering pathogen
contamination from combined sewer overflows (“CSOs™)). Accordingly, disinfection of WWTP
effluent would greatly reduce pathogen contamination of the CAWS during dry weather.

A. MWRD Sampling Data Reflect WWTP Effluent as the Primary Source of
Pathogens During Dry Weather

As stated in the final UAA report and the Risk Assessment, the CAWS is heavily effluent
dominated, with approximately 70 percent of the flow on dry days coming from the MWRD
WWTPs. Logically speaking, given this effluent domination and the absence of CSOs during
dry weather, pathogens in the WWTP effluent will be the predominant source of pathogens in the
waterway. This logical inference is borne out by the available data.

The presence of pathogens is generally assessed by testing for indicator bacteria — i.e.,
types of bacteria that are typically not pathogenic (disease-causing), but which signal the
presence of fecal contamination, and thus the likely presence of at least some pathogens. The
most commonly-used indicator bacteria, for purposes of regulation and recreational closing

! Counsel note -- Natural Resources Defense Council has filed a copy of Exhibits 2 and 5 with the Board, and moves
for a waiver of service requirements upon hearing participants pursuant to 35 Ill. Admin. Code 102.424(c), as
indicated in the Notice of Filing.

2 Please see footnote 1.
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geometric mean concentration in the Calumet effluent was 8231 fecal coliforms/100 ml, and the
levels in the Calumet effluent at times exceeded 70,000 cfu/100 ml. Thus, recreators present on
the CAWS during those times potentially would have been exposed to substantially higher levels
of fecal contamination, and by inference, higher levels of pathogenic microorganisms, than the
levels that are reflected by the geometric mean fecal coliform numbers.

Finally, while I am aware that primary contact recreation is not one of the uses that [EPA
has proposed for the CAWS, I note that the levels of indicator bacteria — both fecal coliform and
E.coli - inthe CAWS are far higher than the threshold at which bathing beaches are closed.
Illinois’ indicator bacteria criteria, consistent with the USEPA’s water quality criteria, are
generally used to require that bathing beaches be closed when levels of E. coli reach 235 per 100
ml.

D. Reports of Illness or Disease Qutbreaks are Not a Good Measure of Risk

Many of the symptoms caused by the types of pathogenic microorganisms associated
with undisinfected sewage effluent are extremely common and have multiple causes — for
example, diarrhea or skin rashes. Infected persons may not attribute their illness to water contact
at all, and hence would not report it as a waterborne illness. Additionally, most people would not
seek medical care if they experience a mild case of diarrhea.

Thus, causes of these symptoms are difficult to trace, and even large-scale outbreaks can
go undetected, because treating physicians and their patients are often unlikely to report such
symptoms to public health authorities. Even the largest waterbome disease outbreak in U.S.
history -- in Milwaukee in 1993 caused by drinking water contaminated with Cryptosporidium-
containing raw and unreated water and ultimately sickening 400,000 people and resulting in the
deaths of dozens of people — went undetected for a substantial amount of time. In fact, one of
the first signs of the outbreak in Milwaukee was newspaper reports that local pharmacies had
sold out of antidiarrheal medications (Debjani et al., 2005), illustrating the difficulties of
detecting even a massive outbreak.

Complicating the matter further is that exposure to a microorganism doesn’t always result
in clinical illness. The ratio of clinical illness to asymptomatic infections can be quite low. For
example, less than 30% of children infected with rotavirus show clinical signs of illness, and
only 12.5% of adults infected with astroviruses show clinical signs of illness (Gerba and Rose,
1993). Individuals suffering from asymptomatic infections may well infect others, and those
secondary infections may be symptomatic. However, it is unlikely that those secondary
infections will be traced to contact with a contaminated waterway, because the symptomatic
individuals will not report having been in contact with water, or with someone who was in
contact with the water.

VI.  Previous Research Shows Risk from Pathogens to Recreational Users

In preparation for this testimony, I conducted a search of the peer-reviewed scientific
literature for epidemiological studies and risk assessments concerning recreational users of
pathogen-contaminated waterbodies. The studies shown in Table 2 are among those finding a
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coliforms in some of the cases (e.g., DeWailly et al., 1986; Fewtrell et al., 1992) were much
lower than those that have been measured in the CAWS. It is also notable that the relative risk of

adverse health effects were higher in the individuals who were exposed to water in which the

concentrations of fecal coliforms were higher, and enteric viruses were detected (Fewtrell et al.,

1992).
TABLE 2. STUDIES OF RISKS TO RECREATORS
Number of Microbial
Activity subjects Concentration Comments Risks Reference
Competitors were
2.9 times more
likely to have at
competitors and non- least 1 symptom of
competitors were an adverse health
followed for 9 days for effect, and 6.9
occurrence of times more likely to
79 fecal coliforms: gastrointestinal, wound, experience
competitors 1000/100 mi skin, ear, and eye diarrhea, than non- | DeWalilly et
windsurfing | 41 controls (estimated) infections exposed individuals | al., 1986
Canoeists were
2.04 times more
likely to have at
least 1 symptom of
canoeists and non- an adverse health
fecal canoeists were followed effect, and 4.25
coliforms:285/100 | for 28 days for times more likely to
ml (geometric occurrence of experience
146 mean) gastrointestinal, gastrointestinal
white-water | canoeists enteroviruses: respiratory, skin, ear, and | iliness, than non- Fewtrell et
canoeing 173 controls 198 pfu/10 L eye infections exposed individuals | al., 1992
Canoeists were
1.28 times more
likely to have at
least 1 symptom of
canoeists and non- an adverse health
fecal canoeists were followed effect, and 1.43
coliforms:22/100 | for 28 days for times more likely to
ml (geometric occurrence of experience
206 mean) gastrointestinal, gastrointestinal
white-water | canoeists enteroviruses: respiratory, skin, ear, and | iliness, than non- Fewtrell et
canoeing 173 controls | 0/10 L eye infections exposed individuals | al., 1992
Canoeists (<30
years old) had a
1.58, 1.34, and
7.87 times higher
chance of having
examined blood samples | evidence of being
for evidence of immune exposed to
577 response following hepatitis A virus,
canoeists exposure to waterborne norovirus, and Taylor et
canoeing 207 controls | not reported pathogens Shistosoma, al., 1995

16
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respectively, than
non-canoeists.

Based on the
concentrations of
Cryptosporidium
detected in the
water after washing
of the fish or

surfaces of anglers' anglers' hands, the

hands and fish were mean probabilities

examined fof the of infection were

presence of 11% and 81%, Roberts et
fishing 46 samples not reported Cryptosporidium respectively. al., 2007

I note, as discussed in Section IX below, that epidemiological studies are not in all cases
a useful tool for determining whether precautionary measures are appropriate — particularly
where, as here, the risk at issue is not merely a lower-level risk to a broad population but also an
acute risk to a small category of users (sensitive populations and/or people who suffer accidental
immersion). However, as demonstrated in Table 2, there is a small but significant body of
literature indicating a positive correlation between recreational use of pathogen-contaminated
water and risk of health effects. These data — viewed as a whole and in connection with the
known and documented risks of pathogens generally associated with undisinfected sewage
effluent — support a conclusion that it is more likely than not that any substantial level of contact
with pathogen-contaminated water (not just immersion) carries with it a significant risk of
illness.

I note, in this regard, that the studies listed in Table 2 demonstrate that even activities that
are not intended to involve immersion, with the resulting accidental ingestion of water, do often
result in sufficient ingestion to cause adverse health effects. For example, Fewtrell et al. (1994)
found that 16% of freshwater canoers reported ingestion of water. Schijven and de Roda
Husman (2006) found that even occupational divers wearing full face masks or helmets
commonly ingest 5 to 30 ml of water.

VII. Indicator Bacteria Guidelines are Broadly Sufficient to Suggest Potential Human
Health Risk from Pathogens in the CAWS

lllinois’ current ambient water quality criteria for fecal coliform bacteria in general use
waters — a limit of 200 colonies/100 ml based on a risk factor of 8 illnesses per 1,000 users --
was developed by USEPA more than 30 years ago to protect swimmers. (As noted in Section V,
USEPA’s informal “5 times” primary contact standard is used to assess protection of non-
primary contact users as well). The current USEPA indicator bacteria criteria -- which updated
the original fecal coliform-based criteria, and use E. coli and/or enterococci as indicators instead
-- are currently undergoing a thorough re-evaluation by USEPA, based on concerns regarding the
accuracy of the current indicators as predictors of human health risks. However, this re-
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molecular biology, virology, and analytical chemistry. EPA believes these new scientific and
technological advances need to be considered and evaluated for feasibility and applicability in
the development of new or revised criteria for pathogens and pathogen indicators.” (USEPA,
2007).

Indeed, the basis for the establishment of drinking water standards for microorganisms
other than coliform bacteria during the last 20 years is the recognition and acknowledgement by
the USEPA that the use of coliform bacteria as the indicators of the microbiological quality of
water is inadequate to protect public health. When proposing maximum contaminant level goals
for viruses and Giardia in drinking water (USEPA, 1987), the EPA reviewed the status of
waterborne disease outbreaks in the U.S., with an emphasis on the relative number of individuals
involved in outbreaks associated with untreated vs. treated systems. They stated:

“EPA believes these data support the need for better control of microbiological
contaminants in drinking water, and support the use of treatment requirements,
specifically filtration and disinfection requirements. EPA believes that if all surface
water systems were to comply with the requirements of the proposed rule, most
incidences of waterborne disease associated with these systems would be eliminated.

(Note that the only microbiological standards in place at the time were for total coliform
bacteria.).

Based on similar concerns, in October, 2000, the President signed into law the Beaches
Environmental Assessment and Coastal Health Act (“BEACH Act”). The BEACH Act amended
the Clean Water Act to require USEPA to conduct studies associated with pathogens and human
health, and to publish new or revised recreational water quality criteria for pathogens and
pathogen indicators based on those studies. The goal of the legislation is to find more accurate
means to assess human health risks so as to better protect the health of recreational users of U.S.
waterways.

Certainly, there are some types of pathogens for which indicator bacteria may overpredict
the presence of human pathogens - i.e., the indicator bacteria may be present in high numbers
but the pathogens in question are not. However, there are many different pathogens whose
presence is underpredicted by the indicators, prompting USEPA’s concern and ultimately the
passage of the BEACH Act. On balance, indicator bacteria are more likely to underpredict rather
than overpredict the presence of pathogens. This is due to the fact that many pathogenic
microorganisms, especially the viruses and protozoan parasites survive longer in the environment
compared to coliform bacteria, thereby raising questions about the suitability of coliforms as
indicators (Committee on Indicators for Waterborne Pathogens, 2004; Rusin et al., 2000). So,
while the presence of coliforms might signify the presence of fecal contamination, their absence
cannot be relied upon as a definitive signal that the water is microbiologically safe.
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disinfection will be required at the conclusion of the process. The current BEACH Act revisions
of the ambient water quality criteria might conceivably affect such matters as the type of
reporting that MWRD would be required to conduct, or even the strength of the disinfection
required (for example, more intense UV irradiation if that is the chosen disinfection method). It
might even potentially be relevant to determining an ambient standard for the CAWS to be put
into place at a later date. But it is unlikely that it will alter the fundamental necessity of
disinfection. Accordingly, waiting for this lengthy process to conclude would merely delay
protection of public health without good reason.

Finally, I question whether the ambient indicator bacteria criteria, and the methodology
and assumptions on which they are based, are really appropriate at all in the context of long-term
public health decisionmaking of the type at issue here. The current criteria are derived from an
acceptable risk standard established by USEPA of 8 illnesses per 1,000 swimmers. It is notable
that the current ambient water quality criteria present different risk levels to recreators swimming
in fresh water (8 illnesses per 1000 swimmers) compared to marine waters (19 illnesses per 1000
recreators). More importantly, as stated by the EPA (1986), these risk levels are based on the
historically accepted risk (dating back to at least the 1976 Quality Criteria for Water), which was
arbitrarily set. This type of illness rate standard arguably makes sense when determining
whether to allow recreation in the presence of ambient bacteria determined on any given day to
be present. Members of the public wish to recreate, and the relevant judgment is whether it is
safe to let them. Here, however, the relevant judgment is not merely whether recreation in
current conditions will result in a risk below the currently accepted standard. It is whether that
risk can be diminished in the future through implementation of appropriate controls. Where a
risk is in that manner remediable in the future, the risk standard that we are willing to apply to
present conditions is not particularly appropriate. Simply put, we may be willing to let people
spend the day at a beach known to be contaminated with pathogens if only 8 out of 1,000 of them
are going to get sick, as an alternative to closing it to the public on a given hot summer day. But
if we know that we can permanently diminish that risk, such that in future summers only, say, 2
out of 1,000 will get sick, we should not refuse to do so simply because the EPA has arbitrarily
established 8 out of 1,000 as an acceptable risk for current day-to-day decisionmaking about
beach closures. That is a separate risk question altogether.

VIII. The Risk Assessment Prepared on Behalf of MWRD has Numerous Flaws

In April, 2008, Geosyntec Consultants completed the Risk Assessment concerning
recreational use of the CAWS in wet and dry weather (available on MWRD’s web site,
http://www.mwrdgc.dst.il.us/). The Assessment is based on collection of samples in 2005 and
2006, which were sampled to determine ambient levels of a select handful of human pathogens.
Based on the pathogen levels in the samples, and various assumptions made regarding dose-
response rates for the selected pathogens and the nature of waterway use, the Assessment
concludes that risk to non-primary contact users of the CAWS is minimal, and that disinfection
would not have a significant impact on risk.

My review of the Assessment leads me to the conclusion that there are so many flaws, in
multiple respects, that its conclusions are not meaningful and should not be relied upon in
making a decision regarding the need for disinfection of WWTP effluent. The Assessment
employs several critical assumptions and methodologies that likely result in a serious
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virus samples was provided.) However, the entire sample was not analyzed for each of
the viruses. For the culturable enteroviruses (termed “enteric viruses” by the authors) and
the adenoviruses, no information on the actual volume of sample that was analyzed for
each of these viruses for each sample was provided; the results are simply presented as
MPN/100 L. If only 1 liter were analyzed, and no viruses were detected in that one liter,
the result would be presented as <1 MPN/100 L. However, it is not known whether there
were viruses present in the portion of the sample that was not analyzed. Without
knowing the volume of sample actually analyzed, one cannot assess the magnitude of the
extrapolation that was done to arrive at the concentrations presented.

Extrapolation of concentration based on examination of a small fraction of the sample. In

the case of the noroviruses, only a small fraction of the total sample volume was actually
analyzed. For example, for a downstream water sample, it was stated that approximately
300 liters was collected. Per Table 3.7, a typical volume of sample analyzed was 0.2
liters. This represents less than 0.1% of the total sample collected. If no viruses were
detected in that small fraction of the sample, the result was listed as negative. If, indeed,
the >99.9% of the sample that was not analyzed did contain viruses, that information was
not determined, and thus, the sample would be listed as having no noroviruses present at
detectable levels. Therefore, the detection of noroviruses in only 5 samples is not
surprising. Additionally, characterization of the high calicivirus concentration found in
one sample as an outlier because only the highest dilution of the sample was positive is
not appropriate. The distribution of viruses in the water may be highly variable, and
there is a statistical probability that a more dilute sample may contain more viruses than a
less dilute sample; thus the result may, indeed, be valid.

Lack of specificity of the adenovirus assay. The cell culture analysis for adenoviruses
appears to have produced a relatively large number of false positive results, as shown by
the subsequent polymerase chain reaction (“PCR”) analyses. However, the lack of
information on the specific adenoviruses detected by the PCR assay makes it impossible
to determine whether the conclusion that these samples did not contain adenoviruses is
appropriate.

Insufficient information on input variables is provided to enable an assessment of the risk

calculations. The probability distributions of the input values are provided for only two
of the input variables (ingestion rate for canoeists and duration for canoeists (Assessment
Figure 5-2 and 5-3.) This information needs to be provided for each of the input
variables to enable a thorough evaluation of the risk assessment calculations.

Lack of probability distribution results. The authors go to great lengths to use a Monte
Carlo approach to make risk calculations, which evaluates data using probability ranges
to account for inherent uncertainty and variability in the input values. However, the final
results are presented as single numbers, without showing the calculated cumulative
probability distribution functions. The fact that the authors do not even state the
probability associated with the risk numbers they present makes it impossible to assess
the calculated risk probabilities appropriately.
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