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December 30, 2010

Ms. Tinka G. Hyde

Director, Water Division

United States Environmental Protection Agency
Region 5, Water Quality Branch

77 West Jackson Boulevard

Mail Code: WQ-16J

Chicago, IL 60604-3507

Dear Ms. Hyde:

Subject: United States Environmental Protection Agency’s Review of
Geosyntec’s Response to the United States Environmental Protection
Agency’s Comments on the Report entitled “Dry and Wet Weather Risk
Assessment of Human Health Impacts of Disinfection Versus No
Disinfection of the Chicago Area Waterway System”

The Metropolitan~ Water Reclamation District of Greater Chicago (District)
acknowledges the receipt of your letter dated July 21, 2010, regarding the above subject matter.

Before responding to the specific United States Environmental Protection Agency
(USEPA) comments, the District wishes to present a brief summary background on the subject
project history which will provide clarification on the purpose of the study. The events leading
to the study and the correspondence with USEPA and Illinois Environmental Protection Agency
(IEPA) are summarized in Table 1. In September of 2002, the TEPA began conducting a Use
Attainability Analysis Study (UAA) on the Chicago Arca Waterway System (CAWS). The goal
of the CAWS UAA was to review and evaluate established use classification and water quality
criteria, make recommendations for appropriate changes, and gain regulatory and public input for
the CAWS. One aspect of the UAA study was to determine whether the water quality standards
for some and/or all parts of the CAWS are necessary to protect the incidental contact use
designation. In March 2004, the IEPA suggested that the District address disinfection and water
quality management alternative strategies. The key element in the alternative strategy was to
retain the services of a consultant to perform a comparative risk assessment of the human health
impacts of continuing with the current practice of no disinfection vs. initiating disinfection at the
three large water reclamation plants (WRPs).
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To support the CAWS UAA, the District awarded the research contract to the Geosyntec
Consultants team in June 2005 to conduct the risk assessment study. The study was originally
planned to be completed in 2005; however, due to climatic conditions that year, only dry weather
samples could be collected and the study had to be extended through 2006 to allow for wet
weather data collection. The preliminary results of the dry weather study were summarized in an
interim dry weather report in November 2006. The report was posted on the District website and
copies were sent to JEPA and USEPA Region 5. In the meantime, Phase II (wet weather study)
continued from June to October, 2006.

At the CAWS UAA Stakeholder Meeting on March 20, 2007, the District received two
sets of similar comments on the Interim Dry Weather Draft Report: one from USEPA Office of
Research and Development (R&D), and the other from Office of Water's Office of Science and
Technology (S&T). At the meeting, Mr. Toby Frevert of the JEPA suggested that the District
meet with USEPA staff to discuss and resolve these comments. As a result, a meeting was held
on April 10, 2007 at the USEPA Region 5 office in Chicago, to clarify and discuss the issues
raised by USEPA reviewers with the Geosyntec team. The meeting participants included:
District staff: the Geosyntec team; USEPA Region 5 (in person); and staff from the USEPA
office of S&T and R&D (via conference call). The meeting was particularly helpful in clarifying
the reviewers’ comments for the Geosyntec team (Drs. Petropoulou, Gerba and Tolson) and
concurrence on the final report format to address USEPA concerns.

The Geosyntec team reviewed the comments and provided a response to USEPA
concemns dated March 20, 2007 on the Interim Report, which was transmitted to USEPA and
IEPA with the copy of the final report on May 28, 2008. The Geosyntec team submitted the final
report document with multiple binders, with each binder focusing on the appendices (Al, A2,
B1, B2, Cl1, C2) dealing with the report sections. The appendices provide documentation of
microbial method and technical assessment of results. It was made clear in the letter that the
appendices which included the raw data from laboratories for each of the sections were not
included in the final report, and could be made available upon request. There were no requests
made from USEPA for copies of the supporting appendices.

On July 31, 2008, the USEPA provided comments on the final report. The comments
were forwarded to Geosyntec, who prepared the itemized responses, which were transmmtted to
USEPA on March 13, 2009. The Geosyntec responses emphasized that the study descriptions
were sufficiently complete with proper illustrations and justification(s), such that the scientific
foundation of the CAWS risk assessment study is understandable and well documented in the
report. The risk assessment analysis contains very significant site specific data, including all of
the important exposure ranges and distributions required for a sound scientific study. All of the
USEPA comments and concerns were also discussed during the hearing proceedings before the
Hlinois Pollution Control Board (IPCB) held on September 9-10, 2008, at the Thompson Center,
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Chicago, Illinois. The entire proceeding documents are available at http.//www.ipcb,state.il.us/
documents.

On July 21, 2010, USEPA provided to the District another set of comments on
GeoSyntec’s March 2009 response to USEPA’s July 2008 comments on the final GeoSyntec
report. This letter and the attachments are the District’s response to the July USEPA letter.

Several of the USEPA comments have stemmed from a misinterpretation or
misunderstanding of the information provided in the final report. The information is in the report,
but may not be in the format that the USEPA prefers. The Geosyntec team has provided
clarification in their responses to the suggestions and comments. Many of the USEPA comments
offered are generic statements without providing supporting data upon which the statement is
made in the response. Without this supporting clarification, it is difficult to evaluate the merit
and validity of USEPA comments to Geosyntec responses. However, a response to each USEPA
comment has been provided in Enclosure 1: Dry and Wet Weather Risk Assessment, and
Enclosure 2: Phase I Interim Report, even though some of the comments seem to be redundant
(see attached). The responses to USEPA comments on Geosyntec responses are highlighted in
bold.

Regarding the specific statements transmitted in the July 21, 2010, letter, we submit the
following:

Statement: The risk characterization methodology used was unconventional in
the field of quantitative microbial risk assessment.

Response: The microbial risk assessment approach used is based on
previous research work by Drs. Haas, Gerba and Rose', and is
consistent with the International Life Sciences Institute’s (ILSI)
risk assessment principles and methods (ILSI, 20007 and 2001%),
which are state of the art methods.

Statement: A coherent problem formulation is lacking, as are an appropriate
assessment of the input parameters (sensitivity analysis of each key
parameter), appropriate statistical analyses, presentation of
confidence intervals and formal peer review.

Response: The microbial risk assessment procedure imvolved a coherent
problem formulation as described in the final risk assessment
report. The “Coherent Problem Formulation” included in the
final report covers the overall goals and objectives of the risk
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assessment study. In addition, the primary element of the CAWS
risk assessment model described in Section 5 of the final report
consists of a detailed review of the microbial hazard
identification, exposure assessment, microbial dose response
estimates, and probabilistic analytical computations to
determine the illness rate. As indicated by Geosyntec prepared
responses (see attached March 13, 2009 letter to Mr. Tschampa,
which includes Geosyntec responses to USEPA comments),
appropriate assessment of the input parameters and statistical
analyses were evaluated to ensure that no health exposure risks
were overlooked in the final assessment. Further, a report by
Parkin (2008)' entitled “Foundations and Frameworks for
Human Microbial Risk Assessments” which was submitted to
USEPA found that problem formulation was not a common
element in microbial risk assessments conducted in the United
States or throughout the world. It cites USEPA’s own 2003
report “Proceedings of the microbial risk assessment
framework: Problem formulation workshop, July 28-29, 2003”
which states that problem formulations do not always have the
same components and are not conducted in a uniform manner.

Regarding the USEPA’s concern that the work has not been peer
reviewed, the findings from this study have been peer reviewed.
One manuscript dealing with the microbial characterization of
the CAWS has been published in Water Science and T, echnology.”
Another manuscript dealing with the microbial risk assessment
estimates has been accepted for publication in the Journal of
Water and Health.® In addition, the study received recognition as
a scholarly research work and has won the American Academy
of Environmental Engineers Excellence in Environmental
Engineering Research Honor Award (http://www.aaee.net/
Website/E32010Honor Research.htm).

The risks presented are based on deficient sampling, inappropriate
merging of wet and dry datasets and poor interpretation of a limited
number of data points and types of gastrointestinal pathogens,
resulting in risk estimates that are biased low. For example, a
detailed explanation should be provided for why norovirus (believed
to be a major cause of gastrointestinal illness in the United States)
was present at such low concentrations in wastewaters.
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Based on the microbial sampling method presented in this
investigation and the consistency of the data for multiple
sampling events, sufficient site-specific sampling and pathogen
data were collected. All samples were analyzed by reputable
subcontract laboratories that applied rigorous quality control
and quality assurance measures with the analysis. The analyses
of viral pathogens, both norovirus and adenovirus, were
conducted in Dr. Charles Gerba’s laboratory in the Department
of Soil, Water and Environmental Science at the University of
Arizona. Dr. Gerba is internationally recognized for his
expertise in norovirus. The Geosyntec team, including Dr.
Gerba, believes that the norovirus results are representative of
the site specific CAWS and effluent samples.

The microbiological data collection for this study included 125
samples: 75 dry weather and 50 wet weather samples collected
at the three major WRPs which discharge secondary treated
effluent into the waterway; including upstream, downstream,
and final effluent samples. The comprehensive microbiological
assessment included quantification of mot only classical fecal
indicator bacteria such as fecal coliform, E. coli and enterococci
but also the most commeon potential waterborne pathogens such
as Salmonella spp, estimated pathogenic E. coli, Cryptosporidium,
Giardia, Pseudomonas aeruginosa, enteric virus, adenovirus and
norovirus, all of which were included with the study.

In the risk assessment study, norovirus was detected at very low
levels in the District’s secondary treated effluent, which is not a
“raw wastewater.” Similar findings have been cited in the
literature demonstrating effective removal of noroviruses during
secondary wastewater treatment without disinfection, thereby
improving the quality of the water being discharged (da Silva et
al., 2007)’. There is no reason to believe that norovirus levels
should be high in the secondary treated effluents leaving the
District WRPs.

No meaningful attempt was made to estimate the possible
improvement by disinfecting the wastewater.
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Response: The microbial risk assessment study determined that wet
weather is the largest source of microbial loads to the CAWS,
Therefore, the final report concluded that during the
recreational season, which includes both dry and wet weather,
disinfecting the WRP effluents would result in an extremely
small reduction in the aggregate microbial health risk to the
incidental contact recreating population.

This study represents the best effort the current state of the science can provide on
CAWS public health assessment. The references cited in this letter are attached in Table 2.

The District and its contractor, Geosyntec team, wish to thank the USEPA staff for their
collective responses on this important study. If there are any questions, please feel free to
contact Dr. Catherine O’Connor, Assistant Director of Monitoring and Research, Environmental
Monitoring and Research Division, at (708) 588-4059.

Very truly yours,

Louis Kollias
Director
Monitoring and Research
LK:GR:ps
Attachments
cc: M. Willhite, IEPA
R. Sulski, [EPA
Lanyon/Hill/Granato



TABLE 1: TIME LINE OF ACTIVITIES AND MILESTONES

IN THE CAWS MICROBIAL RISK ASSESSMENT

Time period

Research Task and Activity

September 2002 CAWS UAA Study Initiated by IEPA.

March 2004 UAA Study Stakeholder Advisory Committee (SAC) on Evaluation of
Management for the CAWS.

October 2004 In response to IEPA letters dated March 12, August 27, 2004, regarding
CAWS UAA Study, the District to pursue the assessment of risks to
human health relative to the designated use (non-contact recreation such
as canoeing, fishing, etc.).

January 2005 Date of Request for Proposal Advertisement.

June 2005 Research Project Awarded to Geosyntec Consultants.

October 2005 Completed Dry Weather Sampling.

June 2006 Wet Weather Sampling Initiated.

October 2006 Completed Wet Weather Sampling.

November 2006 Interim Dry Weather Report Sent to USEPA Region 5 and IEPA.

March 2007 Received USEPA Comments on Interim Dry Weather Report.

April 2007 Meeting with USEPA Region 5 staff and Conference Call with USEPA
Office of Research Development, & USEPA Office of Science &
Technology to discuss the review comments on Interim Dry Weather
Draft Report.

May 2007 Meeting Minutes Correspondence to USEPA Region 5.

May 2007 Microbial Risk Assessment Results and Proposed Epidemiology Study
discussed with USEPA Office of Water in Washington, DC.

May 2008 Complete Final Report with Geosyntec Itemized Responses to USEPA
Comments Sent to USEPA.

July 2008 Received USEPA comments on the Final Report.

March 2009 Submitted Final Geosyntec responses to USEPA’s comments on the
2008 Dry and Wet Weather Microbial Risk Assessment Report to
USEPA Region 5, USEPA Office of Water and IEPA.

July 2010 Received USEPA’s Review of Geosyntec’s Response to USEPA
comments on the final report and the Phase I Interim Report.

Milestones

2009, 2010 Peer review and publication of two manuscripts on CAWS
microbiology and risk assessment.

2010 American Academy of Environmental Engineers, Excellence in

Engineering, Honor Research Award.




TABLE 2: REFERENCES
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ENCLOSURE 1
USEPA COMMENTS ON GEOSYNTEC’S RESPONSE TO COMMENTS:
DRY AND WET WEATHER RISK ASSESSMENT

Summary of Comments and Responses

Many of the comments offered by the United States Environmental Protection Agency
(USEPA) are generic statements without providing supporting data upon which the statement is
made in the response. Without proper supporting information, it is difficult to evaluate the merit
and validity of comments to Geosyntec’s responses. However, the response to each USEPA
comment has been provided in Enclosure 1: Dry and Wet Weather Risk Assessment, and
Enclosure 2: Phase I Interim Report. These enclosures contain the District and Geosyntec's
responses/review of the comments.

The responses to USEPA’s comments on Geosyntec’s responses are highlighted in bold.

Purpose of Risk Assessment vs. Risk Management (p. 6)

El.1 Comment on Geosyntec Response -- The comment that this report confuses the
purposes of risk assessment with risk management, and policy setting remains unaddressed, as
there are numerous examples where risk management and policy implications are improperly
brought up. Also, this report should be accessible and understandable to a relatively wide
audience. Diagrams of conceptual models, tables of parameter values, etc. would be beneficial
to enhance the transparency for all readers.

Response to USEPA comment -- This comment raised the following
three issues: 1) there are numerous examples where risk management and
policy implications are improperly brought up; 2) this report should be
accessible and understandable to a relatively wide audience; 3) diagrams of
conceptual models, tables of parameter values, etc. would be beneficial to
enhance the transparency for all readers. The following are the responses to
these comments:

1) The clarification of the first issue raised is provided in detail
above in the letter to USEPA with a summary background on
the project rationale and history of the study. The events
leading to the study and the correspondence with USEPA and
IEPA are referenced in Table 1. In addition, the responses
provided by Geosyntec have addressed the objective(s) and the
final conclusion which relates to health risk management and
policy implications mentioned in the study. The study
represents a very straight forward assessment of risk resulting
from secondary contact recreation on the CAWS using
methodologies that are state of the art. This risk assessment



was not an academic exercise but rather was conducted to
inform an ongoing Use Attainability Analysis (UAA) study.
However, the risk assessment methodology deployed is valid in
any context.

2) The District maintains a web site for the CAWS UAA public
health studies. The risk assessment reports are available and
can be easily downloaded from the web site (www.mwrd.org).
The report has been filed with the IPCB and made available to
state (IEPA) and federal (USEPA Region 5, S&T, ORD)
regulators, and other organizations such as Sierra Club,
Friends of the Chicago River, National Resources Defense
Council, Environmental Law & Policy Center, etc.
Furthermore, the findings of the study have been published in
two peer-reviewed scientific journals, and received the
American Academy of Environmental Engineers Excellence in
Environmental Engineering Research Honor Award, which
demonstrates that the study is accessible and understandable
to a wide audience (http://www.aaee.net/Website/E32010Honor
Research. htm).

3) The Table of Contents is attached (Attachment 1), which
confirms that there are 67 Tables and 37 Figures in the final
report. All input parameters and variables are listed in the
text, tables, and figures, including the input parameter
distributions used in the analysis, which enhance the
transparency for all readers.

Cont. (pp. 6-7)

El1.2 Comment on Geosyntec Response -- The response to comment provides a
clearer and more objective purpose for the risk assessment. i.e., “..evaluate, estimate and
compare recreational health risks in the CAWS with and without effluent disinfection.” The
authors of the report should be very sensitive to the issue of potential or perceived biases, and
clearly a study objective to “...evaluate the human health impact of continuing the current
practice of not disinfecting the effluents from the District’s wastewater treatment plants...” raises
potential concerns with respect to real or perceived bias in ways that the response to comment
does not.

Response to USEPA comment -- USEPA acknowledges that
Geosyntec’s response provides a clearer and more objective purpose of the
study. The main purpose of the study was to evaluate the likelihood that
primary and secondary gastrointestinal illnesses may result from exposure to
pathogens during secondary contact recreation in the CAWS during dry and
wet weather conditions. As referenced in Table 1, this study was launched to



assist IEPA’s UAA Study on the CAWS. The study was conducted with an
assumption that the public health risk from secondary contact recreation
activity on the CAWS is unknown and a scientific risk assessment study will
determine the public health safety risks. The Geosyntec project team and the
District went to great length to ensure that real or perceived bias was kept
from influencing the conduct of the risk assessment study. This is
corroborated by the acceptance of the study and the assumptions upon which
it is based by professional peer reviewers and the editorial boards at the
Journal of Water and Health and Water Science and Technology where the
study was published.

Problem Formulation (PF) (p. 7)

E1l.3 Comment on Geosyntec Response -- This response does not address the
comment. Problem formulation (PF) is a comprehensive process that is clearly outlined in the
NAS chemical risk assessment and USEPA/ILSI MRA frameworks, and is one that is much
more comprehensive than a conceptual model and uncertainty analysis. The risk assessment
would have been much improved and much more transparent had a comprehensive problem
formulation been conducted and documented. The USEPA/ILSI framework identifies the
iterative nature of the PF process as integral to the success of a QMRA.

Response to USEPA comment -- The problem formulation and risk
assessment methods to calculate the risk estimation conformed to the
protocols developed by the National Research Council (National Academy of
Sciences, 1983) and the microbial risk assessment technical literature [See
Haas et al., (1999) and the ILSI Risk Science Institute Workshop Report
(2000)]. The essential elements of the risk assessment performed per the
ILSI framework, which is integral to the QMRA and includes: hazard
identification; exposure assessment; dose-response estimates; and risk
characterization, is comprehensively described in Chapter S with supporting
references, tables and figures. A report by Parkin (2008) entitled
“Foundations and Frameworks for Human Microbial Risk Assessments”
which was submitted to USEPA found that problem formulation was not a
common element in microbial risk assessments conducted in the United
States or throughout the world. It cites USEPA’s own 2003 report
“Proceedings of the microbial risk assessment framework: Problem
formulation workshop, July 28-29, 2003” which states that problem
formulations do not always have the same components and are not conducted
in a uniform manner.

PF cont. (p. 7

E1.4 Comment on Geosyntec Response -- While it is true that it is possible for an
expert risk assessor to understand what was done in this assessment, it is very difficult, at best,



for anyone else to understand it. It is incorrect that all parameters chosen for the MRA are
summarized in Tables 5-1 through 5-8. For example, exposure duration information is not
presented in those tables. It is acknowledged that much of the information is presented in the
report; however, the comment remains that it would be helpful to have a single table outlining
which parameters were used in the QMRA analyses, and justification for the parameter values
(or ranges or distributions) selected for the assessment.

Response to USEPA comment — This comment relates to ease of
reading the final report and addressing a lay audience which was not the
target audience of the report. A single table outlining the parameters that
were used on the study and providing justification for input values would be
handy for a lay audience but the fact that this table is not included in the
final report does not diminish the quality or correctness of the study results.
USEPA acknowledges that much of the information is presented in the
report, but now the comment remains that it would be helpful to have a
single table outlining which parameters were used in the QMRA analyses,
and justification for the values/ranges/distributions selected for the
assessment. The information requested by USEPA on exposure durations are
in Section 5 Figures (Figures 5-2 to Figure 5-4). The justification for the
parameter values are in Section 5 from pages 94 through 133.

PF cont. (pp. 7-8)

El1.5 Comment on Geosyntec Response -- The response helps to clarify the emphasis
of CSO impact in the CAWS on specific areas (those where recreational activities take place).
However, it does take a very careful read of the report to understand how this information was
combined and incorporated into the assessment. As indicated above, it is believed that a thorough
PF would have enhanced the clarity and transparency of the risk assessment process. Issues
brought up by the response include: 1) Justification for selection of sampling locations based on
whether or not recreation takes place should be provided. There are policy implications
associated with the decision, and its appropriateness is not necessarily straightforward. 2) There
are multiple ways to interpret the results (Section 5.4.6) and only presenting the perspectives
provided is problematic. Based on the results provided, it appears that disinfection would be
effective during dry weather; furthermore, reduction of wet weather discharges in conjunction
with effluent disinfection would commensurately decrease risk during wet weather.

Response to USEPA comment -- USEPA acknowledges that
Geosyntec’s response helps to clarify the CSO impact in the CAWS.
Responses to issues (1) and (2) raised by USEPA are provided below.

1) The microbial risk assessment was predicated on recreational
use surveys that were conducted by the IEPA for their UAA
study. Sampling locations were selected to provide as accurate
characterization of water quality for dry and wet weather
conditions as resources and practical considerations would



allow. As explained in Geosyntec’s responses (see attached
March 13, 2009 letter to Mr. Tschampa, which includes
Geosyntec’s responses to USEPA comments), appropriate
assessment of the input parameters and statistical analyses
were evaluated to ensure that no health exposure risks were
overlooked in the final assessment.

2) The Geosyntec team has interpreted the result in Section 5.4.6
of the April 2008 Geosyntec Report. The study determined
that wet weather is the largest source of microbial loads to the
CAWS. Therefore, the final report concluded that during the
recreational season, which includes both dry and wet weather,
disinfecting the WRP effluents would result in an extremely
small reduction in the aggregate microbial health risk of
recreational users due to secondary contact recreation.
USEPA states that disinfection would be effective during dry
weather. The study demonstrates that even if one assumes that
effluent disinfection during dry weather would result in a
complete reduction in microbe loading to the CAWS, this
would translate to a benefit (reduction) of less than one case of
illness per thousand recreational events (Table 5-14).

Need for Peer Review (p. 8)

E1.6 Comment on Geosyntec Response -- The response is overstated and imprecise.
Although the study used USEPA approved methods for the water quality evaluation, the QMRA
component of the study has numerous shortcomings and should not be considered a “state of the
science” analysis. Previous comments acknowledge that experts were employed in the water
quality evaluation portion of the study. USEPA remains unconvinced about the scientific
defensibility of the QMRA component of this study. Previous comments have not been
addressed, and responses to comments above and below supply justification for this perspective.

Response to USEPA Comment -- We disagree that the Geosyntec
response is overstated and imprecise. This comment is a generic opinion and
does not provide any specific examples to substantiate the claim that the
QMRA is not scientifically defensible. The Geosyntec response states that the
project had three peer reviewers: Drs. Charles P. Gerba, Cecil Lue-Hing and
James W. Patterson, who served in the senior scientific advisor committee for
the project and provided direction and peer review on every aspect of the
work performed. In addition, a manuscript dealing with the microbial
characterization of the CAWS has been published in Water Science and
Technology; another manuscript dealing with the microbial risk assessment
estimates has been accepted for publication in the Journal of Water and Health.
The study received recognition as a scholarly research work and has won the



American Academy of Environmental Engineers Research Honor Award for
Excellence in Environmental Engineering.

Unless USEPA raises specific concerns regarding the QMRA, in the

fashion that a peer review panel would, it is not possible to evaluate the
validity of their generic statements.

Need for Peer Review cont. (pp. 8-9)

El1.7 Comment on Geosyntec Response -- This clarification of the roles of the various
team members is appreciated. Several of the subcontractors are highly respected for conducting
work such as their respective components of the work described in this report. However, the
approach, details, and interpretation of the actual QMRA component of this investigation is
unconvincing. The methodology employed for the risk characterization component of the QMRA
is unconventional within the field of QMRA and is not justified. The previous question remains
unanswered as to whether those responsible for generating the raw data presented in this report
are comfortable with the interpretation of their data.

Response to USEPA comment -- This comment is redundant. Please
refer to the responses described in E1.3 and E1.5. We have managed dozens
of projects over the span of decades time and have never before seen a
concern arise as to whether generators of analytical data were comfortable
with the interpretation of their data. Unless the USEPA has some specific
concern that they are not expressing we do not have any reason to believe
that the expert analysts deployed in this study would have any concerns with
the way the data they generated was used or interpreted.

Purpose of Disinfection Chapter (p. 9)

E1.8 Comment on Geosyntec Response -- The response helps to clarify the authors’
perspectives. However, numerous points in this chapter are unconnected to this goal. For
example, for the purposes described, the discussion (and conclusions) of if/when disinfection is
appropriate is not germane; given the types of exposure that are described (limited contact
exposure that does not including drinking water) the emphasis on DBPs is not justified and
misleading; and the discussion about bacterial regrowth does not substantively address this issue.
Furthermore, the discussion does not appear to present a balanced perspective on the potential
benefits and drawbacks of disinfection.

Response to USEPA Comment -- As illustrated by Geosyntec’s
response, the main goal of the CAWS QMRA was to evaluate the human
health impact of continuing the current practice of not disinfecting the
effluents from the District’s North Side, Stickney and Calumet WRPs, versus
initiating disinfection of the effluent at these three WRPs. Therefore,
Chapter 4 in the final report provides a detailed discussion on disinfection



technologies, disinfection residuals, and disinfection byproducts. Disinfection
effectiveness of chlorination/dechlorination, ultraviolet oxidation and
ozonation was summarized, because these are the technologies that have been
evaluated by the District for the North Side, Stickney and Calumet facilities.
The range of disinfection effectiveness reported for each selected pathogen
for the QMRA study was used to estimate the expected pathogen removal.
The literature review from this chapter was connected to the study goal to
estimate annual overall risk of microbial induced illness under the current
practice of no disinfection versus the expected number of illnesses with
disinfection. Furthermore, the discussion summarizes the ability of
disinfectants to provide deactivation of wastewater pathogens and a brief
review of the human health risks of residual and disinfection byproducts.
The information summarized in the report was to acknowledge the chemical
risks of DBPs and also to shed light on variability in the performance and
uncertainty in the efficacy of disinfection. The USEPA comment implies that
the formation of disinfection by-products and bacteria regrowth should not
have been addressed and only the benefits of disinfection should have been
taken into account. The purpose of this comment is unclear and confusing in
the light of the fact that many USEPA manuals are reference in Section 4 of
the April 2008 report regarding toxic disinfection by-products, including:

EPA, 1999, Alternative Disinfectants and Oxidants Guidance Manual, EPA 815-
R-99-014, April.

EPA, 2002, The Occurrence of Disinfection By-Products (DBPs) of Heath
Concern in Drinking Water: Results of a Nationwide DBP Occurrence
Study, EPA/600/R-02/068, September.

EPA, 2003, Ultraviolet Disinfection Guidance Manual, EPA 815-D-03-007,
Office of Water, June.

A more formal assessment of economic and environmental impacts of
effluent disinfection was conducted for the District in a different study.

Purpose of Disinfection Chapter cont. (pp. 9-10)

E1.9 Comment on Geosyntec Response -- This response is appreciated. However, this
perspective is not brought out in the report. The disinfection chapter should put the issue of
DBPs into clearer perspective and explain that DBP risk is typically discussed within the context
of drinking water and ecologic risk assessment, not incidental human ingestion-type exposures.
The emphasis of the potential formation of DBPs is out of place without a commensurate
discussion on exposure, i.e., what potential adverse health effects might reasonably be expected
through exposure to these waters from occasional incidental contact.

Response to USEPA Comment -- The USEPA comment that DBP
perspective is not discussed in the report is incorrect. In Chapter 4, page 91,



last paragraph text on page 91, Paragraph 3 of the report states, “Risk
assessments of wastewater disinfection should consider microbial and
chemical quality. The health effects of disinfectants are generally evaluated
by epidemiological studies and/or toxicological studies using laboratory
animals.” The quantification of chemical risks due to disinfection by-
products was outside the scope of work of this study.

Purpose of Disinfection Chapter cont (p. 10)

E1.10 Comment on Geosyntec Response -- The comment refers to the statement in the
report that “risk assessment for exposure to chemical constituents, including DBPs, is far more
complex than the MRA.” This statement in the report is incorrect and misleading. Furthermore,
issue of balancing chemical and microbial risks necessarily must address the issue of exposure,
which is lacking in this section of the report.

Response to USEPA comment -- The quantification of chemical risks
due to disinfection by-products was outside the scope of work of this study
and as such a detailed discussion of the methodologies or limitations to
conducting such an assessment were deemed irrelevant. The report clearly
identifies the potential for byproducts to be produced by some disinfection
methodologies but makes no attempt to assess the risk that these byproducts
would pose to secondary contact recreators nor does it attempt to factor the
fact that byproducts are produced into the overall evaluation of risk
reduction posed by disinfection.

Purpose of Disinfection Chapter cont (pp. 10)

El1.11 Comment on Geosyntec’s Response -- The comment is not substantively
addressed by the response. The first part of the comment refers to the statement quoted above
(“risk assessment for exposure to chemical constituents...””), which is incorrect. The second part
of the comment indicates that the document lacks a thorough PF and conceptual model, both of
which are true. A conceptual model for the QMRA would be more comprehensive than that
presented for exposure in Section 5.2. The scope of the sensitivity analysis and justification for
that scope should also be provided in the PF.

Response to USEPA comment -- The reviewer’s assertion that the
QMRA lacks a conceptual model and a thorough uncertainty/variability is
incorrect. Section 5.2 of the report presents the conceptual exposure model
of the recreational use of the waterway. Section 5.4.7 of the report discusses
Sensitivity and Uncertainty analysis. Tables 5-16 and 5-17 present pertinent
results. The clarification response provided by Geosyntec and the response(s)
to several USEPA comments on problem formulation and conceptual model
has been elucidated clearly in the previous response(s) to USEPA comments
(see E1.3, E1.5, E1.7). The information presented in this chapter regarding



disinfection byproducts is not a component of the QMRA, does not have any
impact on the QMRA’s accuracy or completeness and should not distract or
detract from the study’s findings.

General Issues in Chapter 5 (p. 10)

E1.12 Comment on Geosyntec’s Response --This response is incorrect, inadequate,
and confuses several important factors. The USEPA/ILSI document describes a framework, not a
model. Dr. Gerba was a member of the committee that helped to develop the framework;
however, this report does not follow the recommended framework nor encompass the factors
described in that framework. Furthermore: 1) Chapter 5 mentions a disease transmission model
which could be a state of the art model, but there is little to no information provided about this
model; 2) all of the secondary attack rates used in this report attributed to the WERF 2004 report
(which correctly is cited as Soller et al. 2004) were misinterpreted and are incorrect; and, 3) the
risk characterization methodology employed is unconventional and with limited precedent in the
field of QMRA, and unjustified in the report.

Response to USEPA Comment --The three issues raised above are
discussed below:

1) For this investigation, two routes of disease transmission were
considered: primary transmission by recreational contact
exposure in CAWS and secondary transmission, which
includes person-to-person transmission. The Geosyntec
response strongly asserts that the same risk assessment
approach as in the reference provided in the USEPA’s
comment were used in the CAWS risk assessment study. The
input to the secondary transmission disease model was derived
from Cook County census records regarding the number of
people living within one household.

2) The reviewer’s assertion that the secondary attack rates were
misinterpreted and are incorrectly reported is not true and
USEPA does not provide any specific evidence to support their
statement that all of the secondary attack rates used in the
study were misinterpreted and are incorrect. The summary of
secondary attack rates used in the study are described in Table
5-6 for each pathogen which reflects the best data available on
the secondary spread of gastrointestinal illness.

3) The microbial risk assessment approach adapted in the report
is based on previous work (Soller et al. 2004), and is consistent
with the National Research Council (National Academy of
Sciences, 1983) and the microbial risk assessment literature
(Haas et al., (1999) and the ILSI Risk Science Institute



Workshop Report (2000)). The risk assessment methodologies
employed in the study are those that are widely utilized in
infectious disease risk estimation. The CAWS study provides a
defined risk characterization framework that includes actual
pathogen enumeration, microbial dose response, site specific
exposure data incorporated into the simulation process as full
probabilistic distributions which is justified in the report.

General Issues in Chapter 5 cont (pp. 10-11)

E1.13 Comment on Geosyntec Response -- The original comment has not been
addressed; that is, there are numerous statements that are not sufficiently justified. Several
specific examples follow: 1) use of rotavirus as a surrogate will overestimate risks; this may or
may not be true, as noroviruses are a predominant pathogen in undisinfected sewage, are highly
infectious, and the most common cause of GI illness among known gastrointestinal pathogens in
the US; 2) all of the secondary attack rates used in this report attributed to the WERE 2004 report
were misinterpreted and are incorrect, and the secondary attack rates that were used are generally
based on personal communication not published data; 3) dose-response for E. coli — it is not
clear that this approach is in fact conservative (health protective or not); and, 4) viability is
accounted for, but recovery efficiency is not and justification for this approach which is covered
in previous USEPA MRAss is not provided.

Response to USEPA Comment -- The original comment was discussed
during the meeting on April 10, 2007 and also discussed in the final report.
The following provides clarification to specific issues raised in this comment.

1) Section 5.3.1 discusses the rationale for the use of rotavirus
data for a norovirus dose-response. No human studies are
available to derive a dose-response relationship for norovirus.
USEPA has suggested the use of rotavirus as a surrogate for
dose-response relationships with other enteric viruses and a
similar approach was used by WERF (2004) to assign dose-
response parameters. The reviewer does not specify what
additional information is required to address the question.

2) This comment has been addressed in E1.13.1 above. Additional
response is provided in E1. 34.

3) Most E. coli measured in the waterway are not pathogenic,
therefore an assumption was required to account for the
fraction of pathogenic E. coli. A conservative estimate of 2.7%
was selected for the fraction of pathogenic E. coli which was
based on a study of the Little Calumet River (Peruski, 2005).
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4) The parameters employed in the risk assessment were those
that are widely utilized in risk assessments. The reviewer
describes previous USEPA MRAs but does not specify which
study.

General Issues in Chapter 5 cont (p. 11)

El.14 Comment on Geosyntec Response -- The comment is not substantively
addressed. The point was: given 30% of the average annual inputs into the waterways can be
from non-POTW sources, more results and discussion is needed on this topic. The authors
indicate that the results of the analysis demonstrate that the expected illness rates are well below
the 1986 AWQC illness rates for primary contract recreation. This is not a main point, as the
level of acceptable public health protection for secondary contact may or may not be the same as
that for primary contact recreation. The results do seem to indicate that CSOs and other wet
weather inputs do substantially contribute to the risk from recreation in CAWs. More discussion
of the results related to this point and inclusion in the PF is needed for proper interpretation of
the results.

Response to USEPA comment -- The QMRA study accounted for the
effect of wet weather by collecting and analyzing samples from the CAWS
during wet weather events. The microbial risk assessment study determined
that wet weather is the largest source of microbial loads to the CAWS. The
study was not designed to provide insight concerning contribution to risk
attributable to various wet weather related sources.

General Issues in Chapter 5 cont (pp. 11-12)

E1.15 Comment on Geosyntec Response -- Tabular and/or graphical summaries of the
ingestion distributions would be helpful. While the ingestion rates (Fig 5-2 and Table 5-4) and
exposure durations (Fig 5-3) are provided, it is difficult for most readers to conceptualize the
expected volumes ingested associated with most activities. A screening level analysis conducted
during review of this document indicates that those volumes are not substantially different than
the ingestion volumes noted for primary contact recreations (Dufour et al., 2006). This point
should be made clearly.

Response to USEPA Comment — The tabular and/or graphical
summaries of the ingestion distributions beyond what is provided in the
report (Fig. 5-2, Fig. 5-3 and Table 5-4) has been included in a manuscript
which has been accepted for publication in the Journal of Water and Health
(Rijal et al., 2010). USEPA reviewers conducted a screening level analysis
and found that the ingested volumes in the study are within the range for
primary contact recreation (Dufour et al.,, 2006) which is a conservative
element of the study.
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Stvlistic Comments (p. 12)

E1.16 Comment on Geosyntec Response -- Whether or not this report follows a
Geosyntec format or not, the fact is the format is inconvenient and makes it difficult to critically
evaluate the text, tables, and figures in a report of this magnitude.

Response to USEPA comment -- It should be noted that the same
format was used for the Interim Dry Weather Report and the EPA reviewers
of that report did not have any concerns about the format. We concur that
the study is very complex and voluminous with regard to data, computations
and analysis making it challenging to report and review. The quality and
correctness of the QMRA however is not dependent on its ultimate
presentation.

Technical Comments (p. 12)

E1.17 Comment on Geosyntec Response -- It is not clear why Bootstrapping was
selected over fitting of distributions. Given the potential risk implications associated with the
upper tails of the true underlying distributions, it is not clear if the Bootstrapping approach
results in a conservative or non-conservative approach relative to the true (but unknown)
pathogen distributions. Discussion on this point to clarify and justify the approach is needed. It is
highly unlikely that the variability in the empirical data captures the true variability, given the
low number of samples collected at each location during each season (refer to subsequent
comments on this issue).

Response to USEPA comment -- Again there seems to be a
misinterpretation of the methodology involved in the risk assessment. A
probabilistic approach was selected to evaluate the risk of GI illness for the
designated recreational users of the CAWS. Probabilistic risk assessment
utilized input distributions, rather than point estimates, to better represent
the variability and uncertainty that exist for each input parameter. Thus,
instead of using one value for exposure duration, water consumption, or
pathogen concentration, a range of possible values (or more correctly, a
probability density function) is used. This is a more precise reflection of
actual populations and results in a more accurate prediction of potential risk.
The probabilistic approach (one-dimensional, based on both variability and
uncertainty) selected for this risk impact analysis is Monte Carlo simulation
using Crystal Ball® Pro software operating on a personal computer (Jaidi et
al. 2009). For each simulation, a hypothetical recreational user (receptor)
was created based on underlying exposure distributions and the risks for the
activity were computed. The process was repeated one million times (i.e. the
probability for a recreator to become ill was examined by simulating one
million recreational encounters) and the outcome of the infection was tracked
for each simulation. The probability of developing GI illness was computed
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by comparing the ingested dose with the potential of each pathogen to
produce illness at that dose.

Regarding the pathogen distributions, wet weather samples were
collected during a variety of events including worst case events involving
pumping of hundreds of millions of gallons of CSOs to the CAWS. Dry
weather samples collected immediately downstream of the water reclamation
plants also represent the most conservative conditions.

Technical Comments cont (pp. 12-13)

E1.18 Comment on Geosyntec Response -- Previous responses indicate that summary
tables (particularly embedded within the text) would facilitate review. Information presented in
this way enhances transparency. Moreover, a single table summarizing all parameters employed
in the QMRA model was requested and not supplied.

Response to USEPA comment--The parameters employed in the

QMRA are described in Section 5 of the report. USEPA has not previously
requested a single table as stated in the comment.

Technical Comments cont (p. 13)

E1.19 Comment on Geosyntec Response -- Integrating dry and wet weather results to
simulate the climatic conditions expected within a recreational season, based on actual weather
and pumping station discharge occurrence data should have the effect of attenuating the
predicted values for high risk events. Table 5-8 indicates that 85% of the days in the recreational
year are within 72 hours of wet/CSO events (based on data presented in section 5.4.3, after 72
hours concentrations approximate dry weather). Given this information, it is not clear how this
approach impacts risks associated with recreation events that occur shortly after rainfall events.
Discussion is needed to clarify this point and or justify this approach.

Response to USEPA comment -- The final report presents illness rates
for the North Side, Stickney and Calumet Waterway Segments under dry,
wet and combined dry and wet weather events (which include the days
between dry and wet weather events). Table 5-17 and discussion on pages
130 — 133 provides the clarification on issues raised in this comment.

Technical Comments cont (pp. 13-14)

E1.20 Comment on Geosyntec Response -- It is correct that the durations of the wet
weather events are provided in Table 2-3 as footnotes. It is suggested that this is important
information and could have been more prominent in the report. Furthermore, it is not clear that
the assertion is correct that the QMRA was conservative in that recreational use may resume
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shortly after rain events when waterway concentrations are still strongly influenced by the
preceding weather patterns. The data presented indicate that 85% of the days in the recreation
season are such that they could be influenced by current or prior wet weather events. Thus, these
data in this portion of the QMRA do not necessarily seem intentionally conservative.

Response to USEPA Comment -- This comment is similar to previous
USEPA comment (E1.19). Again, there seems to be a misinterpretation of the
methodology involved in the risk assessment. The inputs used in the
simulations were based on the data collected from the waterway. The CAWS
recreational use was assumed to occur randomly over the course of the
recreational season which includes both dry and wet weather conditions.
People may be exposed to the waterway on rainy days or in the days
immediately after a rain event. In fact, the risk assessment is conservative
and likely overestimates the risk because it does not take into account the
decrease in recreational use of the CAWS during rain events.

Technical Comments cont (p. 14)

E1.21 Comment on Geosyntec Response -- The pathogen concentrations reported in
this study are typically at the lower end of those reported in the literature for secondary effluent
(perhaps because of poor recoveries and/or sample representativeness). Clearly this is an
important issue and the disparity should be discussed and explained in the report and contrasted
to the peer reviewed data that are available.

Response to USEPA comment -- The pathogen concentrations in the
CAWS were determined by EPA-approved microbial sampling methods
presented in the report. The relatively low pathogen concentrations were
consistent for multiple sampling events and at multiple sampling locations.
All samples were analyzed by reputable subcontract laboratories that
applied rigorous quality control, quality assurance measures with the
analysis. The analyses of viral pathogens, both norovirus and adenovirus,
were conducted in Dr. Charles Gerba’s laboratory in the Department of Soil,
Water and Environmental Science at the University of Arizona. Dr. Gerba is
internationally recognized for his expertise in norovirus. The Geosyntec
team, including Dr. Gerba, believes that the norovirus results are
representative of the site specific CAWS and effluent samples.

A more likely explanation for the pathogens being detected at the low
end of the reported range for secondary treated effluent is the fact that the
effluents generated by the District’s North Side, Stickney, and Calumet
WRPs are or exceptional quality relative to typical secondary effluents. This
is routinely documented in the Discharge Monitoring Reports submitted to
IEPA under the District’s NPDES permits. There is no reason to believe that
pathogen levels should be high in the secondary treated effluents leaving the
District’s WRPs.
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Technical Comments cont (p. 14)

E1.22 Comment on Geosyntec Response -- This response does not address the
comment. The comment is that the Appendices (note A through D) are referred to in the report
but are not included with the report nor are they available on the website where the report is
available. Requesting raw data is not the same as Appendices to a report. If Appendices are
referred to in the report and are integral to its understanding, then they should be available as a
separate file in the same repository as the report.

Response to USEPA Comment — Due to the large volume of
datasheets, Appendices were not scanned to be posted on the website.
However, the District will create a PDF copy of appendices to be made
available to USEPA upon request.

General Comments (pp. 14-15)

E1.23 Comment on Geosyntec Response -- As indicated previously, all comparisons to
swimming associated risk benchmarks are not germane, as the acceptable level of risk for
secondary contact may or may not be the same as those for primary contact recreation. On the
second point, the comment still holds, statistically derived confidence intervals for the reported
risks are not provided. Sensitivity analysis is not a substitute for reporting confidence intervals
and/or distributional estimates for risk results. Based on our understanding of the approach, it is
possible that this “micro-simulation” (a term used in the scientific literature for this type of
approach, but typically not used in QMRA) does not lend itself to confidence interval
development; but if that is the case, this limitation should have been explained in the PF along
with a justification for selection of the approach over a more conventional approach.

Response to USEPA Comment -- All comparisons to swimming
associated risk benchmarks were made in the QMRA study as a result of
Geosyntec considering all available data and information on the topic. The
footnotes to Table 5-10 provide clarifications and citations of the sources of
the information presented. The use of the swimming associated risk
benchmark does not constitute an endorsement or recommendation of its
application to secondary contact cases but rather is provided as a general
context for the results of the study. This comparison is consistent with the
work published by Soller et al., 2003 and 2006. In these published articles the
simulated risk assessment estimates were compared with USEPA’s
swimming related risk benchmark. The reporting format in these studies is
similar to the CAWS QMRA study.

Like the Soller et al., 2006 study, the sensitivity analyses were
reported on the CAWS risk results to determine which of the input
parameters presented in Table 5-17 the model is most responsive to. Section
5.4.7, pages 130 to 133 include a detailed discussion regarding Sensitivity and
Uncertainty Analysis. The sensitivity analysis was performed to identify the
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contribution of each input distribution to the variance of the resulting risk
estimates. In addition, uncertainty factors and their impact in the risk
estimates are clearly identified and discussed.

General Comments cont (p. 15)

E1.24 Comment on Geosyntec Response -- As noted above, it is correct that the
duration of the CSOs is found in the footnotes to Table 2-3. However, the essence of the
comment that focus should have been given to the performance of these wastewater facilities
with respect to frequency and duration of unacceptably high pathogen loads has not been
addressed. The report indicates that “wet weather concentrations are significantly greater than
the dry weather concentration at each WRP waterway.” However, a clear comparison of wet
versus dry weather results for the WRPs could add clarity. An interesting analysis would have
been to evaluate the potential water quality benefits of reducing CSO inputs during wet weather
events.

Response to USEPA comment -- The performance of the wastewater
treatment facilities with respect to microbial load assessment in dry and wet
weather has been addressed (District, 2007; Geosyntec, 2008; Rijal et al.,
2009, Rijal et al., 2010). In the CAWS QMRA study, risks were estimated for
recreational users participating in activities involving different levels of
exposure under dry, wet or a combination of weather events over the course
of a recreational year. Wet weather and dry weather simulations provided a
range of risks. Overall risks developed for the combined dry and wet weather
dataset for the waterway segments are provided in the report and the
published articles (Geosyntec, 2008; Rijal et al., 2009; Rijal et al., 2010). The
USEPA suggestion to evaluate the potential water quality benefits of
reducing CSO during wet weather events was beyond the scope of the study.

General Comments cont (pp. 15-16)

E1.25 Comment on Geosyntec Response -- This comment and the response bring up a
number of important points: 1) Fundamental to the QMRA analysis is the use of the water
quality (pathogen) data in the QMRA portion of the report. Given the low number of
observations at each location studied in general, and detected observations in particular for some
locations (example: dry weather calicivirus results for Calumet outfall =5 samples/i positive; wet
weather calicivirus results for Calumet outfall =3 samples/2 positive) one important question is
how well the bootstrapping approach replicates the true (but unknown) concentration of the
various pathogens in the waters of interest. This issue is not discussed in the report and has not
been responded to. It is suspected that the true variability in pathogen concentrations are not
captured by the low numbers of samples, which raises the question of whether the true variability
is encapsulated in the QMRA calculations. 2) While it is correct that 125 samples were taken
total, when those are divided into numerous locations and 2 seasons, the number of data points
available to characterize each location by season is quite small (see example above). Justification
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that such a number of samples can reasonably be used to robustly characterize pathogen
concentrations should be provided. 3) Calicivirus was reported in one outfall sample at a relative
high concentration and was discarded from the analysis as an outlier. Given the relatively low
number of available samples at this location for this season (5 total), the implications should be
discussed, but preferably left in as part of the description of variability. 4) A description of how
the bootstrapping approach handled data that were below detectable limits is not provided.
Elaboration on this point and the implications to the QMRA are needed.

Response to USEPA Comment -- Responses to the four issues raised
in this comment are provided below:

1) The assertion that low numbers of samples collected in this
study is not true. During each dry weather event, 2 upstream
(surface and 1-meter depth) and 2 downstream samples
(surface and 1-meter depth) were collected. Therefore, a total
of 10 upstream and 10 downstream samples were collected at
each waterway. The comprehensive microbiological assessment
included quantification of not only classical fecal indicator
bacteria such as fecal coliform, E. coli and enterococci but also
the most common potential waterborne pathogens such as
Salmonella spp, pathogenic E. coli, Cryptosporidium, Giardia,
Pseudomonas aeruginosa, enteric virus, adenovirus and
norovirus. The viral pathogen (Calicivirus [norovirus] and
adenovirus) results referenced above, were conducted in Dr.
Charles Gerba’s laboratory in the Department of Soil, Water
and Environmental Science at the University of Arizona. Dr.
Gerba is internationally recognized for his expertise in
adenovirus and norovirus. The Geosyntec team, including Dr.
Gerba, believes that the pathogen results are representative of
the site specific CAWS and effluent samples. Moreover, we are
not aware of any other microbial risk assessment study that
has collected more microbial samples than this study.

2) The analysis of 125 samples (75 dry weather and 50 wet
weather samples) provides a very robust database of microbial
pathogens and indicators in the CAWS. The published studies,
such as Soller et al., 2003 and 2004, were based on indicator
bacteria monitoring with no actual pathogen data and were
based on small sample size. Also, the USEPA does not have
guidelines on valid sample size required for a QMRA.

3) It is true that the calicivirus (norovirus) concentration at one
outfall sample was estimated to be at a relative high
concentration. The University of Arizona analyst reviewed the
PCR MPN assay and qualified the result as an outlier. There
were 6 samples collected and not 5 as stated in the comment. It
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is clearly described in the report by Geosyntec experts that of
the samples collected at one outfall with MPN assays, the high
estimated values were due to a positive result in the highest
MPN method dilution. An artifact of MPN PCR method is very
common and is caused by laboratory error or contamination of
the sample.

4) This comment was addressed in E1.17.

Statistical Analyses Comments (p. 17)

E1.26 Comment on Geosyntec Response -- USEPA understands the approach taken to
integrate exposure over the season. The issue is whether or not this approach is appropriate and
whether the approach results in risk values that do not accurately characterize high risk
conditions. The data presented clearly indicate that 85% of days during the recreation season are
influenced by wet weather events. The comment raises this issue and highlights that discussion
and clarification in the report on this point is lacking.

Response to USEPA comment -- This comment clearly indicates that
USEPA reviewers understand the approach taken to integrate exposure over
the recreational season. This comment has been addressed by the Geosyntec
responses. The remaining comment regards suggestions that could have
been helpful in writing the report and does not reflect deficiencies in the
study.

Statistical Analyses Comments cont (p. 17)

E1.27 Comment on Geosyntec Response -- This response does help to clarify the
comment. Based the data and response, USEPA understands that the waterway is impacted by
wet weather for approximately 72 hours.

Response to USEPA comment -- This comment does specify that
USEPA understands that the waterway is impacted by wet weather.

Statistical Analyses Comments cont (pp. 17-18)

E1.28 Comment on Geosyntec Response -- USEPA reviewers understand the approach
that was taken, but as indicated above are concerned that the number of samples available for
each location condition evaluated is not sufficient to capture the true variability of the pathogen
concentrations in the waters of interest. No justification is given to support the use of 5 (or less in
many cases) observations in the bootstrapping procedure. Moreover, the report appears to be
silent on how observations reported below detectable limits were handled by the bootstrapping
procedure; and how that approach impacts the reported QMRA results.
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Response to USEPA Comments -- Surrogate values of 1/2 the detection
limit were used for microbial values that were below the detection limit in the
statistical presentation of the data and in the bootstrap simulations.

Parasitic Protozoa Comments (p. 18)

E1.29 Comment on Geosyntec Response -- The misunderstanding occurred because
unlike the main body of the report, the executive summary does not indicate that the surface and
one meter depth samples were combined.

Response to USEPA comment -- This is an editorial comment
regarding the final report and is not addressing the quality of the study.

Parasitic Protozoa Comments cont (pp. 18-19)

E1.30 Comment on Geosyntec Response -- The response correctly indicates that
recovery rates are reported in Section 2.4.3. However, several salient issues emerge from the
response. First, the reported concentrations of Giardia and Cryptosporidium locusts in secondary
effluent and in CSO water (as represented by the pumping station data) are at the low end of
these types of matrices. Discussion should be provided in the report indicating why this is the
case. Second, in terms of the QMRA analyses, the concentrations should be adjusted to account
for the recovery rates, particularly in light of the fact that the observed results are adjusted for
Giardia viability based on DAPI results and Cryptosporidium infectivity. The authors can refer
to previous QMRA conducted by USEPA for drinking water as reference.

Response to USEPA comment -- This comment raises two issues which are
discussed below:

1) This comment was addressed in E1.21. It is beyond the scope of the
study to determine why the pathogen concentration in Chicago WRPs
and CSOs are so low.

2) According to Clancy Environmental Consultants, Inc., the laboratory
that performed analyses for the study, it is neither the intent of the
method nor it is appropriate to adjust the results for recoveries.
USEPA has confirmed this statement, based on email response from
Ms. Carrie Miller, Cryptosporidium Laboratory Approval Manager
USEPA (Attachment 2). Ms. Miller acknowledged that matrix
spike/viability recoveries will not be used to adjust sample results for
Long Term 2 Enhanced Surface Water Treatment Rule (LT2).The
LT2 rule requires that public water systems (PWSs) be classified in
treatment bins using the total number of protozoa counted without
further adjustment (FR January 5, 2006, LT2 Rule Supplementary
Information, IV. B. 2). The treatment bins are constructed to reflect
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this approach. USEPA expected that PWSs would achieve comparable
performance using Method 1623 to the results reported during the
Information Collection Rule Supplemental Surveys (ICRSS).

There is no USEPA guidance on an appropriate methodology and/or
statistical tool(s) that incorporate data adjustment information about
viability and infectivity into the QMRA model for surface water risk
assessment. The QMRA does not adjust for recovery and viability
which may underestimate the concentration of organisms in some
samples. The USEPA comment is in reference to drinking water
QMRA studies, however, it should be noted that the concentrations
used in developing the dose-response studies are not all adjusted for
recovery rates. Adjusting in this study and using a non-adjusted
dose-response study would lead to a bias in the results.

Quantification of the infectivity and viability of observed
microorganisms has not yet been fully addressed by modelers and
regulators (Schmidt and Emelko, 2010). Methods to evaluate the
infectivity and viability have been proposed, but are not in wide-
spread use in recreational water related QMRA studies.

Schmidt, P.J., Emelko, M.B., 2010. QMRA and decision-making: Are we
handling measurement errors associated with pathogen concentration data
correctly? Water Research. doi: 10.1016/j.watres.2010.08.042.

Parasitic Protozoa Comments cont (p. 19)

E1.31 Comment on Geosyntec Response -- The main thrust of this comment has not
been addressed. The report correctly indicates that the method for determination of Giardia
viability has not been validated. Yet the data are presented and subsequently used in a manner as
if the results are exact. The comment raises the issue of the precision and robustness of the
reported values (“viability = 26%”). Since these data are used in the QMRA analyses to reduce
the observed Giardia concentrations, the relative level of precision and confidence in these data
should be discussed.

Response to USEPA comment -- This comment was addressed in
E1.30. Also, the test for Giardia viability is the only one currently available.
The report is transparent and clearly presents the limitation of the Giardia
viability data.

Parasitic Protozoa Comments cont (p. 19)

E1.32 Comment on Geosyntec Response -- The salient aspect of this comment has not
been addressed. Specifically, there is considerable uncertainty introduced into the used datasets
which has not been expressed when using and reporting risks from these data. As indicated
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above, if the QMRA is going to modify the results based on viability (or infectivity), then it
should also account for recovery.

Response to USEPA comment — The recovery of Matrix Spike and
Matrix Spike Duplicate Samples (MS/Meds) and ongoing precision and
recovery (OPR) was determined by the analytical laboratories and the results
are reported in Section 2.4.3 of the report. Overall, all recoveries of MS/Meds
and OPR were well within the acceptance criteria specified for OPR samples
in EPA Method 1623. Matrix spike recoveries are quality control methods
and are not optimized to approximate actual recoveries. There is no
standard of correctness obligating correction for recovery inefficiency when
viability is corrected. Therefore, the recovery was considered only in
evaluation of the performance of the methods.

This comment was also addressed in E1. 30.

Enteric Viruses Comments (pp. 19-20)

E1.33 Comment on Geosyntec Response -- The response to this comment is
inadequate. Regarding the Appendices, refer to our previous response. The second paragraph of
the response (“in addition...”) is illogical. The volume ingested by a swimmer has no bearing on
the appropriate volume to be analyzed by a microbiological method. The issue of inappropriate
number of significant digits for the MPN assay has not been addressed.

Response to USEPA comment -- The issue of MPN assay for viruses
was addressed by Dr. Gerba during a face to face meeting with USEPA
Region 5 on April 10, 2007. In addition more detailed discussion about the
MPN method was provided to IPCB during Dr. Gerba’s hearing on
September 9-10, 2008. Dr. Gerba believes that the MPN results are
representative of the site specific CAWS and effluent samples.

Enteric Viruses Comments cont (p. 20)

E1.34 Comment on Geosyntec Response -- The response is partially correct that the
approach employed results in a conservative estimate of adenovirus concentration for the risk
assessment based on the available data. However, the report utilizes the less conservative dose-
response for echovirus 12 rather than one specifically for adenovirus. In this regard, the report
correctly indicates that the only adenovirus dose-response is for respiratory subtype, however the
technical justification for the dose-response function that was selected is insufficient and the
impact on the QMRA results are unknown. Further, respiratory infection may well be more
relevant for secondary exposures anyway — again part of the PF.

Response to USEPA comment -- Section 5.1 of the Final Report
clearly states that some adenovirus strains are primarily associated with
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respiratory illness. However, fecal-oral transmission associated with
gastrointestinal illness is the primary effect evaluated in this study. As a
conservative assumption the total concentration of cultural PCL/PRF/S cell
line viruses with PCR confirmation was assumed to be adenovirus
contributing to gastrointestinal illness. Also, Section 5.3.3 of the report states
the following-- “Several dose-response relationships are reported for
adenovirus but none of these are specifically for Ad40 or Ad41, subtypes
primarily associated with gastrointestinal illness. @ For example, an
exponential model has been proposed for the respiratory subtype Ad4 with a
k value of 2.397 (Haas et al., 1999). This would suggest a highly infectious
pathogen and could be used as a surrogate for the risk assessment. However,
only a portion of the measured adenovirus corresponds to subtypes
responsible for gastroenteritis. This will lead to an overestimate of the true
risks for gastrointestinal illness. Therefore, the dose-response for echovirus
12 (k = 78.3) was selected as a surrogate for total enteric viruses with an
infectivity in the middle of this range.”

Studies have estimated the secondary attack rate for adenovirus in
adults at 19% and in children at 67% (Fox et al., 1977). A prospective study
of children enrolled in day-care centers in Texas generated data elucidating
the role of enteric adenoviruses in group settings (Van et al., 1992). Children
six to 24 months-old were monitored over five years. Ten outbreaks affecting
249 children were associated with enteric adenoviruses. The infection rate
during the 10 outbreaks ranged from 20 to 60 percent (mean 38 percent), and
46 percent of the infected children remained asymptomatic. Based on these
studies a composite secondary attack rate for both adult and children of 38%
was used in the present analysis.

Enteric Viruses Comments cont (p. 21)

E1.35 Comment on Geosyntec Response -- The issue of significant figures for virus
results was not addressed. It is agreed that the pathogen concentrations reported in the secondary
effluent are on the low side of those reported in the technical literature. Some discussion is
warranted explaining why this is the case for this particular set of treatment plants. This is
particularly true in light of the bacterial indicator data results as described in the comment.

Response to USEPA comment -- This comment was addressed in
E1.25 and E1.30.

Disinfection Comments (p. 22)

E1.36 Comment on Geosyntec Response -- The efficacy of disinfection is known to
vary, and ranges of efficacy should be more prominent in this report. Section 4 does contain a
substantial amount of valuable information. However, it also contains information that is
tangential to this report and in places gives the impression that the authors wanted to emphasize a
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perspective that disinfection may not be appropriate in this case. For example, Section 4.4 goes
into great detail about DBPs, yet exposure via limited contact recreation is not incorporated into
that discussion. Clearly, relative levels of exposure are critical for an even discussion on this
topic. Further, the chapter begins and concludes with questions as to if/when disinfection is
needed. This chapter should simply present the available technical data about disinfection
alternatives and their relative efficacy.

Response to USEPA comment -- This comment was addressed in
detail in E1.8, E1.9, E1.10 and E1.11.

Microbial Risk Comments (p. 22)

E1.37 Comment on Geosyntec Response -- The response to this comment does not
address the comment in any substantive manner. The QMRA component of this investigation
was lacking in several critical ways and is not based upon “state-of-the-science” methodologies:
1) some of the dose-response relationships that were used were inappropriate in that they were
out of date (Cryptosporidium, Norovirus), not appropriate (adenovirus, E. coli), or did not
account for strain variability (Salmonella enterica); 2) the secondary attack rates were
misinterpreted from the literature, and the secondary attack rates that were used were based
principally on personal communications; 3) the documentation provided no information about
the disease transmission model; 4) the exposure assessment and implementation via bootstrap
techniques likely did not account for the true variability of pathogen concentrations in the waters
of interest; and, 5) the QMRA used an unconventional risk characterization approach for
characterizing risk (“micro-simulation approach” Section 5.4.5) rather than a more widely
accepted approach that has been described in numerous peer reviewed publications in the QMRA
literature. Furthermore, the approach given did not allow for confidence intervals to be reported.
Based on these limitations, it is the opinion of the expert USEPA reviewers that the QMRA
component of this study is simply not credible.

Response to USEPA comments -- This comment was addressed in
detail in E1.11, E1.12, E1.13, E1.14, E1.15, and E1.16. Outbreak and human
feeding studies suggest a dose-response parameter (k) of 238 for
Cryptosporidium (Haas et al., 1999). The USEPA reviewers, who are
referenced but not identified above, have an opinion that is at odds with the
expert advisory team that Geosyntec established for this project including
Dr. Charles Gerba. Further, the QMRA has been published in the peer
reviewed literature, this would not be possible if it was “not credible”.
Finally, the study received a meritorious award from the American Academy
of Environmental Engineers.

Microbial Risk Comments cont (p. 22)

E1.38 Comment on Geosyntec Response -- Detailed review of Section 5.2.2 indicates
that the response is inaccurate and incomplete. A fair representation of the water ingestion rates
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would be that they are based on professional judgment tangentially informed by literature values
for full body contact activities. The number of significant digits presented in Table 5.3 is highly
dubious (median of 7.52 mL/hr for example). Although the reported ingestion rates and
distributions seem reasonable, the authors should acknowledge that they really are little more
than a somewhat informed guess.

Response to USEPA comment -- USEPA’s comment is an unclear
statement that inaccurately portrays the nature and methodology used in the
risk assessment. Section 5.2.2. presents information on the exposure input
parameters and provides references from peer review literature and EPA
publications.

Microbial Risk Comments cont (pp. 22-23)

E1.39 Comment on Geosyntec Response -- This comment and response highlight the
importance of conceptual models and transparency. Several limitations of the QMRA component
of this report have been identified above. In addition, the lack of clarity in the documentation is
an essential issue with this report.

Response to USEPA comment -- This comment has been addressed in
detail in E1.25, E1.26, E1.27 and E1.30.

Other Comments (p. 23)

E1.40 Comment on Geosyntec Response -- Indeed Table 5-9 does present wet weather
results. It is not clear however, exactly what time period those results represent.

Response to USEPA comment -- Table 5-9 clearly presents the dry

and wet weather risks. The study time period is described in the final report
(see Table 2-3).

Other Comments cont (ps. 23)

E1.41 Comment on Geosyntec Response -- The response provided is out of context
and does not answer the question posed. The USEPA-methods are for the analytical methods, the
question refers to the QMRA component. Previous USEPA microbial risk assessments for
drinking water have addressed the issue of method recovery. Moreover, the report clearly
indicates that “the method for determination of viability of Giardia cysts has not been validated.”
Therefore, with the logic the response provided, accounting for viability would not be
scientifically defensible.

Response to USEPA comment -- This comment was addressed in
E1.25, E1.26, E1.27 and E1.30.
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Other Comments cont (p. 23)

E1.42 Comment on Geosyntec Response -- Thank you for the assessment. However,
this report does at a minimum suggest that the results of this study should be compared to levels
of health protection provided by the 1986 AWQC for recreational waters (that is, primary contact
recreation). This suggestion and comparison is made in numerous places in the report. Such a
comparison is out of context and inappropriate. USEPA has not established the level of public
health protection which secondary contact waters provide. The levels of public health protection
provided by AWQC for primary contact waters may or may not be the same for secondary
contact waters.

Response to USEPA comment -- Geosyntec has addressed this
comment in E1.23 and elsewhere. We concur that there is no USEPA
established level of protection for secondary contact waters. The primary
contact benchmark was used in this report to provide a frame of reference or
context and is the only clear point of reference that currently exists on risk
benchmarks.
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ENCLOSURE 2
RESPONSE TO USEPA COMMENTS ON GEOSYNTEC’S RESPONSE
TO COMMENTS ON THE PHASE I INTERIM REPORT:
DRY WEATHER RISK ASSESSMENT

Bias in Risk Assessment (pp. 30-31)

E2.1 Comment on Geosyntec’s Response -- Refer to comments on Section 4
(Enclosure 1) in the final wet and dry season report.

Response to USEPA comment -- Refer to District responses on the
Purpose of Disinfection Chapter (E1.8 through E1.11).

Risk Assessment Lacks Components (pp. 30-31)

E2.2 Comment on Geosyntec’s Response -- This comment was not sufficiently
addressed in the final report.

Response to USEPA comment — The USEPA comment is vague and
does not provide specifics on what has not been sufficiently addressed.
USEPA agrees that the report contains a fair amount of upfront material but
asserts that the Risk Assessment lacks necessary components, including a
coherent problem formulation, listing of parameters evaluated in the
assessment and why each parameter was chosen, and feels that a range of
estimates with the rationale for picking one deterministic point over another
would be helpful. Section 5.2 of the Final Report discusses in detail the
parameters evaluated as part of the exposure assessment, including: (1)
waterway use and receptor group categorization; and (2) exposure inputs.
The rationale for parameter selection is also provided. The exposure input
parameters used were based on distribution functions and not single
deterministic point values. Section 5.2.2 of the Final Report discusses in
detail the types of exposure input distributions that were used to develop
estimates for incidental water ingestion rates and exposure duration. In
addition, Section 5.3 of the final report provides the basis and rational for the
selection of dose response parameters used in the microbial risk assessment
analysis for each of the pathogens of concern. See additional comments in
District response E1.3 and E1.4.

Sensitivity Analysis (p. 31)

E2.3 Comment on Geosyntec’s Response -- This comment was not sufficiently
addressed in the final report.



Response to USEPA comment -- The reviewer’s assertion that the
report lacks a sensitivity analysis is incorrect. The reviewer’s inference that
there is a “propensity for choosing assumptions that minimize risk at each
step of the risk assessment” is also incorrect. Section 5.4.7 of the Final
Report includes a detailed discussion regarding Sensitivity and Uncertainty
Analysis. The sensitivity analysis was performed to identify the contribution
of each input distribution to the variance of the resulting risk estimates. In
addition, uncertainty factors and their impact in the risk estimates are
clearly identified and discussed. The report clearly states that in general, the
exposure parameters were selected to provide a central tendency or “best
approximation” estimate. Since the endpoint of this evaluation is
gastrointestinal illness, exposure pathways that contribute to this effect were
investigated. Inhalation exposure to spray of droplets containing pathogens
which are subsequently swallowed may contribute to the total dose. The
total ingestion dose was adjusted to account for this pathway. However, it is
unlikely that users engaged in non-immersion activities would be subject to
levels of inhaled mists or sprays that would lead to a substantially increased
ingested dose. The results of the epidemiological Chicago Health,
Environmental Exposure and Recreation Study (CHEERS) did not find
increased risks due to activities that may be exposed to water sprays or mists.
Secondary transmission rates were generally at the high end of those
reported in the technical literature; therefore, the assumptions on secondary
transmission are conservative and the resulting illness rates may be biased
high. Also, the measured pathogen concentrations under dry weather
conditions were limited to sampling locations near the WRPs and were used
to represent concentrations of the entire waterway downstream of the WRP.
Under dry weather conditions, these concentrations will be biased high
relative to concentrations at locations more distant from the WRP. See
additional comments in District responses E1.5 and E1.12 through E1.14.
Again, the USEPA comment is vague and does not provide specifics on what
has not been sufficiently addressed.

Pathogen Clarification (p. 31)

E2.4 Comment on Geosyntec’s Response -- No additional response related to this
specific question is needed at this time. However, on a related note, the bacterial indicator data
presented in the final report are along the lines that would be expected for secondary effluent,
whereas pathogen levels are at the low end of what would be expected. Explanation for these
findings were requested, but not provided in the final report.

Response to USEPA comment -- Activated sludge and secondary
treatment systems are effective in reducing 90-99% of pathogens. The
analytical tests for pathogens were performed at certified laboratories using
approved test methods and QA/QC procedures. The results are comparable
with the pathogen levels detected during the CHEERS Study. USEPA



acknowledges that the pathogen levels are within the range that is expected
but at the low end. We did not study this issue. It should be noted that the
secondary treatment effluents at these plants have conventional parameter
concentrations that are far below their NPDES quality limitations.

Transparency Needed for Exposure Risk (p. 33)

E2.5 Comment on Geosyntec’s Response -- This comment was not sufficiently
addressed in the final report.

Response to USEPA comment — The USEPA comment is a general
statement that does not give specifics as to what has not been sufficiently
addressed. Risk assessment inputs were drawn extensively from site-specific
data and were developed using state-of-the-science methodology to
accurately represent recreational user exposure conditions and risks.
Recreational survey studies were used to provide insight on the types and
frequency of recreational exposure expected in the waterway. See additional
comments in District response E1.12 through E1.14.

OMRA Procedure (pp. 34-35)

E2.6 Comment on Geosyntec’s Response -- The rationale for the representative
pathogens considered was not adequately addressed in the final report. The poor estimate of
pathogen distributions (due to too few data points and poor sensitivity, noting the misleading
reporting of pathogens per volume [e.g. noroviruses per 100-L, when in fact only 0.2 L were
assayed]) and trying to estimate absolute risks, it is hard to justify that the reported results are
scientifically credible.

Response to USEPA comment -- Table 2-1 in Section 2-1 of the Final
Report presents a summary of the microorganisms selected for the microbial
risk assessment study and the rationale for their selection. See additional
comments in District response E1.12 through E1.14, E1.23, E1.25 and E1.33.
The USEPA comment is a general statement that does not specify what
additional information would be considered adequate.

Conservative Assumptions (pp. 36-37)

E2.7 Comment on Geosyntec’s Response -- This is a fundamental issue with the
QMRA that was not adequately addressed in the final report.

Response to USEPA comment -- Geosyntec believes that conservative
assumptions were made in estimating the microbial risks in the CAWS. For
example, secondary transmission rates used were generally at the high end of



those reported in the technical literature. Pathogens measured under dry
weather conditions collected near the WRPs were used to represent the
concentration of the entire waterway. Pathogenic E. coli was conservatively
assumed to represent 2.7% of the total measured concentrations. See
additional comments in District response E1.12 through E1.14. Again, the
USEPA comment is vague and does not specify exactly what has not been
adequately addressed.

Calicivirus (p. 37)

E2.8 Comment on Geosyntec’s Response -- Norovirus is believed to be a major cause
of GI illness in the United States, shed in extremely high concentrations in infected individuals,
and resistant to treatment. Concentrations reported in this study and frequencies of detection
were surprisingly low for CSO waters and secondary effluent. A detailed explanation for these
findings should be provided.

Response to USEPA comment -- Activated sludge and secondary
treatment systems are effective in reducing 90-99% of pathogens. The
analytical tests for pathogens were performed at certified laboratories using
approved test methods and QA\QC procedures. The results are comparable
with the pathogen levels detected during the CHEERS Study. See additional
comments in District response E2.4.

Adenovirus (p. 37)

E2.9 Comment on Geosyntec’s Response -- The fact that a less conservative dose-
response relationship for adenovirus was used was not addressed in the final report. Sufficient
justification was not provided for selection of conservative or non-conservative choices
throughout the document.

Response to USEPA comment -- Section 5.1 of the Final Report
clearly states that some adenovirus strains are primarily associated with
respiratory illness. However, fecal-oral transmission associated with
gastrointestinal illness is the primary effect evaluated in this study. As a
conservative assumption, the total concentration of culturable viruses using
the PLC/PRFS5 cell line with positive PCR adenovirus confirmation was
assumed to be adenovirus and contribute to gastrointestinal illness. The
USEPA comment does not specify what additional justification they are
looking for.



Echovirus vs. Rotavirus (pp. 37-38)

E2.10 Comment on Geosyntec Response -- In this case, the comment refers to enteric
viruses and not specifically adenoviruses. This comment is correct and was not addressed in the
final report.

Response to USEPA comment -- Section 5.3.3 discusses the rationale
for the use of rotavirus data for a norovirus dose-response. No human studies
are available to derive a dose-response relationship for norovirus. USEPA
has suggested the use of rotavirus as a surrogate for dose-response
relationships with other enteric viruses and a similar approach was used by
WERF (2004) to assign dose-response parameters. The reviewer does not
specify what additional information is required to address the question.

Secondary Transmission (p. 38)

E2.11 Comment on Geosyntec Response -- The response to comment is inaccurate.
Section 5.2.4 presents no information about a disease transmission model; one is mentioned but
no details are given. Secondary transmission rates were misinterpreted from the scientific
literature (Soller et al., 2004) and the rates that were used were based largely on personal
communications.

Response to USEPA comment -- Section 5.4.2 explains that to account
for secondary transmission, a dynamic risk model was developed that
considers secondary exposure through contact with CAWS recreational
users. Estimates of the infectivity and transmission rate as inputs for the
dynamic model were derived from the primary literature for each of the
microorganisms of interest. The reviewer’s assertion that the secondary
transmission rates were misinterpreted is not true.

The dynamic model considers a steady-state level of immunity and
estimates disease incidence only in the recreational receptor population and
their immediate family. This approach addresses the important dynamic
aspects of disease transmission from CAWS exposure in the population most
at risk. See additional comments in District response E1.12 through E1.14.
The USEPA comment is vague and does not provide specifics on how the
information was misinterpreted.

Inadequate Reporting of Risk Assessment Results and Methods (pp. 38-39)

E2.12 Comment on Geosyntec Response -- This comment was not adequately
addressed in the final report. A much clearer presentation with conceptual models and tables of



parameter and parameter values (or ranges or distributions) would have eased review of this
document, which was very difficult to understand.

Response to USEPA comment -- Section 5.0 (pages 94-140) discusses
the data used, assumptions made and detailed procedures involved in the
risk assessment calculations. Section 5 includes 17 tables, 4 graphs and a
map. See additional comments in District response E1.1. The USEPA
comment does not provide specifics on what additional information would
ease the review of this document.

Interval estimates and sensitivity analysis (p. 39)

E2.13 Comment on Geosyntec Response -- The essence of this comment was not
addressed in the final report. Part of the issue is that the risk characterization method employed
does not appear to allow for development of confidence intervals or cumulative distribution
curves. The results of each of the 1,000,000 simulations result in an outcome that is illness or no-
illness; and those results are summed and scaled (to a metric of per 1000 individuals exposed).
This is an unconventional approach that has little (if any) peer-reviewed precedent in the field of
QMRA. No justification is provided for use of this method over other more common approaches.

Response to USEPA comment -- The findings of this study have, in
fact, been peer reviewed. A manuscript dealing with the microbial
characterization of the CAWS has been published in Water Science and
Technology; another manuscript dealing with the microbial risk assessment
estimates has been accepted for publication in the Journal of Water and
Health. In addition, the study received recognition as a scholarly research
work and has won the American Academy of Environmental Engineers
Research Honor Award for Excellence in Environmental Engineering.
Detailed references to these publications are provided in the letter to USEPA
Region 5.

Variability and uncertainty (p. 39)

E2.14 Comment on Geosyntec Response -- The sensitivity analysis that is provided in
Section 5.4.7 of the report does not address this comment (see also comment above). The risk
characterization method seems to have severely limited this QMRA effort.

Response to USEPA comment -- Section 5.4.7 of the Final Report
presents a sensitivity analysis of the contribution of each microbial risk input
distribution to the variance of the resulting risk estimates. Uncertainties
associated with the risk estimates and limitations are also discussed. See
additional comments in District response E1.12 through E1.14. The reviewer
comment does not provide specifics on how the QMRA effort seems to be
limited by this method.



Limitations were not discussed (pp. 39-40)

E2.15 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report. It is not sufficient to discuss sensitivity and uncertainty analysis
(Section 5.4.7). Rather, an important component of a good risk assessment is an honest and open
acknowledgement and discussion of limitations and how those limitations can impact the
interpretation of the risk assessment. A discussion of this sort is not provided in this report.

Response to USEPA comment -- Section 5.4.7 of the Final Report
presents a sensitivity analysis of the contribution of each microbial risk input
distribution to the variance of the resulting risk estimates. Uncertainties
associated with the risk estimates and limitations are also discussed. Please
refer to responses described in E2.3 and E1.12 through E1.14.

Questionable Assumptions (p. 40)

E2.16 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report.

Response to USEPA comment -- The reviewer’s comment does not
provide any specifics. Section 5.4.7 of the Final Report presents a sensitivity
analysis and discusses uncertainties associated with the risk estimates. Please
refer to responses described in E2.3 and E1.12 through E1.14.

Specific Comments (p. 41)

E2.17 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report. There still is not a good explanation of why these datasets were
considered statistically insignificant. What statistical test was used to make this determination?

Response to USEPA comment -- As explained, these results were not
excluded, but the geometric mean values (generated using the maximum
likelihood method) are better indicators of this trend for significantly
censored datasets.

Specific comments (p. 42)

E2.18 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report. The response does not seem to be reflected in the report, and the
response is the first mention of a larger database. It is not clear if or how this larger database was
used in this report.



Response to USEPA comment -- This comment is based on the Dry
Weather Interim Report. EC/FC ratios were discussed during a face-to-face
meeting with USEPA in April 2007 and these ratios were not considered in
the final risk assessment.

Specific comments (p. 43)

E2.19 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report.

Response to USEPA comment -- USEPA initially commented that
“citations need to be provided for statements to the effect of because the RT
PCR does not provide infectivity information; it impedes meaningful health
risk evaluation.”

The report does not make this statement or claim. Section 3.3 of the
Final Report simply states, “Norovirus detection was done by RT-PCR since
it is a RNA virus. While PCR cannot be used to determine the infectivity of
the virus, the number of genomes in a volume of water can be estimated by
using the most probable number method.” The report does not assert that
this fact impedes meaningful health risk evaluation.

The reviewer also comments “Inhalation not considered important -
need citations to support this anti-conservative simplification and
assumption.” The Final Report clearly states that the most important
exposure pathway is via incidental ingestion but other routes can also be
important for some microorganisms, like exposure via inhalation, eye or
dermal contact. The reviewer’s comments are incorrect.

Echovirus vs. Rotavirus (pp. 43-44)

E2.20 Comment on Geosyntec Response -- In this case, the comment refers to enteric
viruses and not adenoviruses. This comment is correct and was not addressed in the final report.
As indicated above, this is one of the problems with the QMRA.

Response to USEPA comment -- Response to USEPA comment --
Section 5.3.3 discusses the rationale for the use of rotavirus data for a
norovirus dose-response. No human studies are available to derive a dose-
response relationship for norovirus. USEPA has suggested the use of
rotavirus as a surrogate for dose-response relationships with other enteric
viruses and a similar approach was used by WERF (2004) to assign dose-
response parameters. The reviewer does not specify what additional
information is required to address the question.



Specific comments (p. 44)

E2.21 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report.

Response to USEPA comment -- Section 5.3.3 of the Final Report
discusses the dose response assessment of adenovirus. Several dose-response
relationships are reported for adenovirus but none of these are specifically
for Ad40 or Ad41, subtypes primarily associated with GI illness. This will
lead to an overestimate of the true risks for GI illness. Therefore, the dose-
response for echovirus 12 was selected as a surrogate for total enteric viruses.
This approach was recommended by Dr. Charles Gerba of the University of
Arizona. The reviewer does not specify what additional information is
required to substantively address the comment.

Specific comments (p. 44)

E2.22 Comment on Geosyntec Response -- This comment was not substantively
addressed in the final report.

Response to USEPA comment -- As stated in Section 5.1 of the Final
Report, exposure to microbial contaminated water may result in both
gastrointestinal and non-gastrointestinal illness. However, there are no
known dose response models for the non-gastrointestinal exposure routes.
The risk of gastrointestinal illness was selected as the sentinel effect for
conducting the quantitative risk assessment. However, non—gastrointestinal
illnesses were addressed qualitatively. The reviewer’s comment does not
specify what additional information is required to substantively address the
comment.

Specific comments (p. 45)

E2.23 Comment on Geosyntec Response -- As stated in previous comments, this
investigation uses an unconventional approach for QMRA risk characterization; and one with
limited (if any) peer reviewed precedent. This approach, while having multiple drawbacks,
seems to have little benefit compared to more traditional techniques. No justification is provided
for the selection of this approach.

Response to USEPA comment -- The USEPA comment asserts that
there are multiple “drawbacks” to the approach for risk characterization but
does not enumerate them. The USEPA also provides no justification for
their statement that the approach “seems” to have little benefit compared to
more traditional techniques. The QMRA approach was based on previous
work (Soller et al., 2004), and is consistent with the recommendations of the



National Research Council (National Academy of Sciences, 1983) and the
microbial risk assessment literature [Hass et al., (1999) and the ILSI Risk
Science Institute Workshop Report (2000)]. The approach has been peer
reviewed and recognized as a scholarly work (See District comment E2.13).

Specific comments (p. 45)

E2.24 Comment on Geosyntec Response -- No detail is provided for the disease
transmission model in section 5.4.2. The secondary infection rates were misunderstood from the
literature, and the rates that were used seemed based on personal communications. This
comment was not addressed in the final report.

Response to USEPA comment -- The assertion that secondary
infection rates from the literature were misunderstood is unsubstantiated
and as such it is not possible to rebut the assertion. Please refer to response
described in E.34. As indicated in this response, secondary attack rates were
developed from literature derived sources where available. However, several
pathogens have multiple literature reported secondary attack rates. Some
pathogen secondary attack rates were strain or receptor/exposure specific.
Other pathogens had no authoritative secondary attack rate at all. To
ensure the secondary attack rates used in the analysis were appropriate,
professional judgment was applied when reviewing the studies to derive a
final secondary attack rate for use in the analysis. The literature values are
discussed in the text and listed as footnotes to Table 5-6 of the report. The
final selected secondary attack rates were developed through discussions
between Dr. Charles Gerba and Dr. Keith Tolson. These values are likely
biased high (i.e., show a higher rate of secondary attack than what would be
expected to occur).

Specific comments (p. 46)

E2.25 Comment on Geosyntec Response -- It is not clear that this assessment
comprehensively addresses the pathogens of primary public health concern in a robust and health
protective manner. This comment was not addressed in the final report.

Response to USEPA comment -- The pathogens selected for inclusion
were those that could be measured by USEPA-approved methods and
validated University of Arizona laboratory SOPs. Also, the selected
pathogens are associated with documented outbreaks of waterborne disease.
It is not clear what the reviewer considers a comprehensive assessment of
primary public health concerns in a “robust and health protective manner.”
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Specific comments (p. 46)

E2.26 Comment on Geosyntec Response -- The response does not address the
question, and the comment was not addressed in the final report.

Response to USEPA comment -- Section 5.3.3 discusses the rationale
for the use of rotavirus data for a norovirus dose-response. No human studies
are available to derive a dose-response relationship for norovirus. USEPA
has suggested the use of rotavirus as a surrogate for dose-response
relationships with other enteric viruses and a similar approach was used by
WERF (2004) to assign dose-response parameters. The reviewer does not
specify what additional information is required to address the question.

Specific comments (pp. 46-47)

E2.27 Comment on Geosyntec Response -- The secondary infection rates were
misinterpreted from the literature, and the rates used were based on personal communication.
This comment was not addressed in the final report.

Response to USEPA comment — As stated in the Geosyntec response,
the transmission rates used were generally at the high end of those reported
in technical literature, resulting in secondary illness rates that may be biased
high. The reviewer’s response does not specify how infection rates were
misinterpreted from the literature or explain what additional investigation is
required. See additional comments in District response E2.24.

Specific comments (p. 47)

E2.28 Comment on Geosyntec Response -- Section 5.4.2 is woefully inadequate to
describe a disease transmission model. It is impossible to review the appropriateness of that
model or the parameter values used because no details are provided in this section or anywhere
else in the report.

Response to USEPA comment -- Section 5.4.2 explains that to account
for secondary transmission, a dynamic risk model was developed that
considers secondary exposure through contact with CAWS recreational
users. Estimates of the infectivity and transmission rate as inputs for the
dynamic model were derived from the primary literature for each of the
microorganisms of interest. The proposed dynamic model considers a steady-
state level of immunity and estimates disease incidence only in the
recreational receptor population and their immediate family. This approach
addresses the important dynamic aspects of disease transmission from
CAWS exposure in the population most at risk. Table 5-6 of the report
presents a summary of secondary attack rates used in this analysis.
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Risk Assessment (p. 48)

E2.29 Comment on Geosyntec’s Response -- The response to this comment is severely
overstated. The data that were collected that were collected for this investigation were good.
However, the number of data points for use in the QRMA was extremely limited because
multiple sites and conditions (wet/dry) were evaluated. In many cases, five or fewer data points
were used to characterize the pathogen concentrations in the water. The QMRA portion of this
investigation has serious issues as indicated above. Based on the consensus of the USEPA
reviewers, the results of the QMRA analysis are not credible.

Response to USEPA comment — It appears that the reviewer confuses
the number of pathogen and indicator samples with the number of sampling
locations. Overall, 125 samples (75 dry weather and 50 wet weather samples)
(not five samples) were analyzed for each pathogen and indicator
microorganism. Geosyntec has addressed this comment and strongly
disagrees with the statement that the results of the QMRA analysis are not
credible. The inputs for this study are among the best recreational use
microbial risk databases ever assembled.
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ENCLOSURE 3

Protecting Qur Water Environment

M

Metropolitan Water Reclamation District of Greater Chicago
100 EAST ERIE STREET CHICAGO, ILLINOIS 80611-3154 312-751-5800

Louis Kollias, P.E., BCEE
Director of Ressarch and Development

312:751-5190
March 13, 2009

Mr. Andrew Tschampa

Acting Chief Water Quality Branch

United States Environmental Protection Agency
Region V

77 West Jackson Boulevard

Chicago, lilinois 60604-3590

Subject: Response to EPA Review of Dry and Wet Weather Risk Assessment of
Human Health Impacts of Disinfection vs. No Disinfection of  the

Chicago Area Waterway System

We wish to express our sincere appreciation for the time, effort and expertise that EPA
brought forward by reviewing the dry and wet weather risk assessment of the Chicago Area
Waterway System (CAWS) report. The review comments brought forth were sent to Geosyntec
Consultants (Geosyntec) for a detailed and thorough assessment of the comments. Responses to
the technical comments were received from Geosyntec in a letter dated March 11, 2009.
Attached are the letter and the response document that describes how each comment was

addressed in the final report.

Geosyntec found a number of the comments valuable in providing guidance to strengthen
the presentation of the science in the report. These comments prove valuable in our efforts to
publish the research in peer-reviewed journals, We concur with the EPA’S comment that
quantitative microbial risk assessment is an area of research where the ground is not as well tread
as that in chemical risk assessment. We are confident that the risk assessment performed by
Geosyntec represents the best effort the current state of the science can provide. There are
inherent uncertainties and assumptions in microbial risk assessment methodotogy; and, therefore,
the District has undertaken a companion epidemiological (Chicago Health Environmentai
Exposure & Recreation Study [CHEERS]) assessment of the health risk to incidental contact
recreating population on the CAWS which is necessary to complete and verify the results of the
quantitative microbial risk assessment study. To date, no study has validated any quantitative
microbial health risk study. The CHEERS will be the first study to bridge the science of
microbial risk assessment with direct public health assessment for secondary contact recreation.



Mr. Andrew Tschampa 2 March 13, 2009

Subject: Response to EPA Review of Dry and Wet Weather Risk Assessment of
Human Health Impacts of Disinfection vs. No Disinfection of the
Chicago Area Waterway System

We believe the responses presented by Geosyntec provide clarification on the comments
noted by the reviewer. If you have any questions regarding the enclosed letter, please call me at
(312) 751-5190.

Very truly yours,

Kowrw Kollias

Louis Kollias,
Director
Monitoring and Research

LK:GR:ss
Enclosure
cc w/enc.: Marcia Willhite, Illinois EPA
Ephraim King, USEPA Office of Water Washington D.C.
cc w/o enc.: Chriso Petropoulou, Geosyntec Consultants Chicago
Lanyon/Feldman/Hill/Granato/O’Connor/Rijal/Glymph



Geosyntec® i
consultants 11 312-688-0500
A 312.6G58.0878
Yia E-Mail and U.S, Mall
23 May 2008

Dr. Thomas C. Granato

Assistant Director of Research & Development
Metropolitan Water Reclamation District of Grester Chicago
6001 W, Pershing Road

Cicero, lllinois 60804-4112

Subject: Respouses to EPA’s Technical Review Comments Regarding the
Interim Phase | Report, dated November 2006, “Dry Weather Risk
Assessment of Human Health Impacts of Disinfection Vs, No
Disinfection of the Chicago Area Waterways System”

Dear Dr. Gnnaw

Geosyntec Consultants (Geosyntec) is eficlosing responses to BPA's technical review
comments regarding the subject report. Geosyntec's responses refer to the April 2008
Final Report entitled, “Dry and Wet Weather Risk Assessment of Human Heelth Impacts
of Disinfection Vs. No Disinfection of the Chicago Area Waterways System,” (Final
Report), which is incorporated to the responses by reference. The responses follow the
corresponding EPA comment(s).

If you have any questions or comments regarding the enclosed report pleass call me at
(312) 658-0500,

Very truly yours,

7
Chriso Petropoulou, Ph.D,, P.E., BCEB
Associate

Enclosure

engineers § sclentisis | innovators
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ENCLOSURE

Responses to EPA’s Technical Review Comments Regarding the Interim Phase I
Report, dated November 2007, “Dry Weather Risk Assessment of Human Health
Impacts of Disinfection Vs, No Disinfection of the Chicago Ares Waterways Systam™




Dry Weather Risk Asseasment of Human Health Impacts of Disinfection va. No
‘Dwmamcnwmwwsm

Review conducted for: US EPA Region 5, Offics of Water,
Review conducted by: US EPA Office of Water, Office of Science and Technology

NOTE: In an effort to avoid duplication, thess points are in addition to comments sent by QRD
already. OST/HECD sgrees with ORD’s comments,

Summary:

A Quantitative Microbial Risk Assessment (QMRA)'of thie Chicago' Area Wi (CAW) was
condueted to evaluats the risk of illness: posed (o recreational users of the CAW the cumrent
practice of not disinfecting the cffluent at thres wastewater treatment plants with discharges into
the CAW. Using monitoring data for pathogenic microorganisims and integrating over dose
response functions, exposurs times-and ingestion rates; the conclusion was mads that the risk for
Mmmwumnmmmmooomuym"wwuus
EPA 1986 Ambient Water Quality Criteria, and that thers was therefore no need for additional
disinfection to sdequately protect public Nealthi* ‘ o '

This QMRA was only done for the Phase [ “dry” weather season, and does not present results for
the wet seasos. So presumably any conclusions would be-only applicable to the dry sssson until
ﬂuwnmmﬂmisw ,

Response: We concar with the. reviewer’s comment. The Interim Report ssmmarizes the dry .

weather microbial ritk azsessment resulis and any conclisions ars only applicabls to the diy
season. MMMMMMOM%MWWWM
Assezsment of Human Health Impacts of Disinfection Vs Ne Disinfeciion of the Chicago Area
Waterways System,” (Final Report) integrates both the dry and wet weather microbial risk

¢ Introductory material biases risk szsessment

A few statemeots made in the Introduction were either opinion or unsupported fact (e.g.,
pags 2, paragraph 2: The year-round implemeatation of chiorination.....). There is no need to
fowsmcﬂoﬂmﬂw.dnuthuomwmavmhhbduﬁmmﬁmwm
these upfront conclusions. Additionally, there is no mention of the benefits of disinfection of
human sewsge effiuents, chiorinated or otherwise. Mentioning this in the introduction as it is
serves only to biss the reader.

Response: The report includes the following citation for the statements made:
“Metropolitan Sanitary District of Greater Chicago (MSDGC); 1934, Wastewater

Disinfection: A Review of Technioal and Legal Aspects in Illinois. Department of
Research and Devalopment. Report No. 84-17. July”




However, the above-mentioned paragraph has besn removed from the Introduction of the
Final Report. In addition, a section has been added (Section 4) in the Final Report thet
providss & comprehensive overview of disinfection wchnologies, incinding: (1)
chiorination/dechlorination, (3) oxonation, and (3)-UV. Advantages and disadventages of sach
mmmmmmmmw

Another exampie: page 3, paragraph 3, The CWS is.not a coastal recrestion water. This
statemnent follows evidence for increased and encouraged use of the waterways for recreational
activities. While the CW'S is not, by definition, a coastal recrestion water, it is 8 ‘water of the
United States® 28 defined by the Clean Water Act,

WW‘MMW"MMMI“MIWMMM
Jrom the Final Report.

‘6 Data presented sre for dry weather only

The risk assessment’s main conclusion that the risk for Gl illness was well under EPA’s
_ recommended 1986 recreational AWQC is 8 bit premsture givea that no wet weather dsta was
available at the time this report was published. Rain évents can.be & major driver for influx of
microbes.into a sutface water body, so until the wet weather data is analyzed, any broad sweeping -
conclustons in this:report shonld be taken in context.

Response: Wae comour with the reviswer’s camument. The Interion Roport summerizes the dry
weathier data only. Howsver, the Final Report integrates both the dry and wet westher dasa in
- a-comprehantive outcoms in e microbial risk assessment. .

. Bmwmmbod:mwm‘l

The author’s used EPA method 1106.2 to enumerate Enterococcus. Method 1600 is the
recommended method to use for this purposs.

Responss: At the tme of the planning and implementation of the study, EPA Method 11062
was ths EPA-approved method for Enterococeus.

¢ _ Risk assessment lacks necessary components

While this repost contains a fair amount of ‘upfront’ material, there is a concern over the
1ack of a coherent problem formalation. This would include a listing of parameters evaluated in
the assessment and why each parameter was chosen. A range of estimates with the rationale for
picking ons deterministic point over snother would be helpful.

Response: The 2006 Interim Phase I Dry Weather Report has the information mentioned in
the reviewer’s comment. This information is alse incinded im Section 5, of the Final Report.
More specifically, Section 5.2 of the Final Report discusses in detail the parameters evaisated
as part of the exposwre assessment, including: (1) waterway use and receptor group
catsgorization and (3) exposure ingats. The rationals for parameter selection is also provided.
Alse, the exposure input parameters used were bazed on distribution functions and not single
detsrministic point values. Ssctiom 5.2.2 of the Final Report discusses in detail the iypes of
exposnre input distributions that were used to develop estimates for the following parameters:
(1) incidental water ingestion rates and (2) exposure durstion. In addition, Section 5.3 of the

~
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Alao.lhisimmﬂnlwkdtmdmyudmmwmdbyﬂmwmbmfonhh
mpmmlmpmconﬁaminmcmdndm.meﬂmwspllouachpmmmdtho

'mamurgwmxmm-mmm&m
of ach inpwt distrilmtion o the varimncy of this risulting visk estimaivs. In addition,

thrés are fecaj pollution indicstor organisms, They give 0o direct evidence.of the presence of
pathogens. Whits there are pathogenic straine of £ coli; these strains are not enamerated by the
method used. .

L Indicuormehﬁoummappmm‘m

mmmmwmmmammmmmfmm
ommmmumwsa.ms). If this correlation could be discemned, then
mwtm«mmmmwummmbwm
statistics faor other pathogens. This is highly inappropriate and takes up a fair amount of the
report. Fecdiudmwgmdxuﬂwfoulcdlf«mmonlyindimﬂumo!
fecal pollution, 'nnydonotindimthep:mmefmﬂlomdwhudmy:beeun
inference. Addidmny.fwdindlcwbamﬁadnnotmmmlm only fecal

mwmammmxwu(ummmmmmmm
since & coltlusubmoﬁhefecdeolifomm. This would be different if one were
enumersating the toxin-producing strains like & coli ©157:H7, which are not necessarily
enumersted by the method used in this report. Also, the correlation of Enterococci and fecal
coﬁmwmumuapmdmm“dfwduiﬁnmwwww




animals. Given the source of thess organisms here, it is no surprise that as the concentration of
one increases, so does the other.

Response:: We agree with the reviswer’s comments thes during dry weather thers is poor
covrelation betwesn indicator bacteria and pathogens. However, the ultimate purposs of the
analysis was te detirmine correiations between pathegens and indicators usder both dry and
wet weather conditions in order 1 ascertain {f ike weather or any other factor can affest such
correlations. The statistical corvelations betwesn bacteria pathogens and indicators have besn
removed from the body of the repert and are included In Atiackment A of the Final Ruport.
The statistical analysis in Appendix A indicates thet the correlation of bacteria in wet wenther
samplas is siatistically more significant compared to dry weather samples.

e Qlillness as the sole endpoint of risk

This is's major weakness in the risk atssssment. On page 90, peragraph 1, the anthors
stats that GI illness is the principal adverss cutooms associated with exposurs to
microbiologically contaminated water. This is not necessarily true. As noted by ORD in their
Wmmmmm“mmmmmm
and (31 iliness ratee, but that does not mean that other endpoints and other. metrics are not just as
vishle. Inbalstion is another major routs of infection, but is somewhat poorly correlated to. fecal
indicators (which are of GI origin). Psendomonas and adenovirus were found, 30 the suthors
should hisve explored the inlisistion routs to properly exantine the risk associased with recreating
on this water, If there was a problem formulation, then the various routes ‘of exposure could bave
been discussed and compartmented.for risk analysis. Canoeists, bosters, jet skiers, etc. all are
affected by this route of exposure. Also, respiratory ilinesses can he easily transmiited to otheér
persons.

Response: Section 5.1 of the Fikal Report describes in detall thé Hazard Identification
component of the microbial risk assessment study. As stated in this section, exposure
to microbisl contumineted water may result im both gastrointestinal and now

gastroinsestingl iliness. However, (heve are no known dose response models for the -

non-gastrointsstinal exposure routes. The risk of gastrointessinal illness was selected
as the sentine effect for conducting the quantitative risk assessment. However, non-
gastraintestingl ilinesses wers addressed qualitatively. Section 54.6 of the Final Report

presenis a qualitative assessment of the non-GI risks associated with Prendomonas
asruginosa.

While I have no dats at hand to properly discuss this paint, there is a notable lack of
discussion of the food intake routs of exposure. Given the levels of fecal pollution In this
wmbodyandﬂnﬁetﬂnmthauﬂmsiuauwdwngmﬁnwmm[wmduwhuﬂu
fish intake route would add to the overail risk. Is thers evidence for pathogen concentration in
fish tissues here? If this were a chemical contamination issue, these additional exposure pathways
wotild be included in uleto:deologial analysjs.

Response: Fish consmmption was not part of this microbial risk assessment study. Pathogens
mummmmmuwmmmuqm Alse, fish
cansumpsion is typically regulated with fish advisories.
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Overall, this risk assessment does not do an effective job at presenting the actual risk of exposare
to undisinfected sewage cffluerit present in the CAWSs. More transparency would sid the resder in
the confidence of the conclusions.

Response: We belleve that we have conducted & very comprehansive systgmatic study to
characterize the microbial quulity and associated risks of the CWS, under both dry and
wet weather conditions. The samples were collscted amd analyred during the
recreational season, over a two-year period; dry weather sumples were collected during

the 2003 recreational season and wes weather samples were collected during the 2006

recreational season. This study focused on the detsction of microorganisms typically
present in the feces of humans and other warm-blooded animels as indicators of fecal
pollution, Em-mofﬂ’ﬂ}wﬂ'wm:ubu&w&
enterococci, and fecal coliform was selacted for this stndy. In addition 15 the indicator
microorganisms, pathogens representative of thoss present in the wastewater thet are
(125) samples were collected and analyzed during the dry and wes weathur svents.

simalation from the entirs datases of dry and wet weather samples collictsd. The
proportion of dry and wet weather samples utilized were weighted to account for the
proportion of dry and wet weather days.in a typical Chicago recreational season,

B R




Dry Weather Risk Assessment of Human Health Irpacts of Disinfection vs. No
Disinfection of the Chicago Area Waterways System

Review conducted for: US EPA Region S, Office of Water,
Review conducted by: US EPA Office of Research and Development

Summary:

A Quantitative Microbial Risk Assessment (QMRA) of the Chicago Area Waterways (CAW) was
conducted to evainats the risk of illness posed to recrestional users-of the CAW with the cuerent
practios of not disinfecting the effinent ot three Wastewater trestment plants with discharges into
response functions, exposure times and ingestion rates, the conciusion was made that the risk for

tinal {liness was well under the 8-10/1000 currently deemed “acceptable” by the US
EPA 1986 Ambient Water Quality Criteria, and that there was therefore no need for additional
disinfection to adequately protect public bealth

This QMRA was-oaly done for the Phase 1 “dry” weather season, and does not presentresalts.for

the wet season. So presumably any conciusions would be ooly applicable to the dry season-until
the wet sesson analysis is completed.

We conexr with the reviewer’s comment. The Interim Report ssummarizes the dry

Response:s
weather microbinl risk assessment resuits and any concinzions are only applicable te the dry

season. However, the April 2088 Finel Report antitied, “Dry and Wet Weather Risk
Aszsessment of B Hialth Impuess of Disinjeetion V. Ne Disinfoction of the Chicage Aren
Witsriways Systein,” (Final Report) intsgrates both the dry and wet weaihey micrebial risk
assessment resulis in a comprehensive outcome.

SRR AR ¢ EIIRCE Kegsarch o iie HLEEH H
Nots: This lab's review does not assees in detail the adequacy of the microbisl methods, QA
’p'ocedm-mdmliutequm

Comments:

The QMRA was conducted by a consulting group, GeoSyntec Consultants, based in Chicago,
with analytical essistance from Dr. Charles Gerba at University of Arizons, and Dr. Jennifer
Clancey of Clancey Eavironmental, among others.

The microbial sampling and characterization seems thorough and adequase. World-renowned
experts were consulted and retained to conduct the analyses for pathogenic microorganisms and
details of the sampling scheme, rationale and methods are well described.

The general approach described for the QMRA also seems appropriste. The authors do &
thorough job of explaining and justifying their selections of dose-response functions and their
parameters. Generally, citations from peer reviewed literamre are provided to support their
decisions.

N AnA Kavi

However, there are soms fundamental problems in the application, preseatation and interpretation
of the results of the QMRA. These are detailed below:

%




. Nojudﬂuﬁcuwpwldodfwdumismmmdapubm
considered in the QMRA

U mmhwuumdmmlyfwammwmkhhmm
presented for Hepatitis A, Shigella, Camplyobacter, to name a few. Therefore
risks presented will be biased low.

mmzrqmmmmmmmwm
[patkogenic wicroorganism selection. This study did not accoun for ail pathogens thas
maybcmiuC’WSer This study focused on the detsction of
mm;:qm&thcﬁmdhmanalwww
animals, as indicators of fecgl pollution. Hencs, a group of EPA-approved indicator
mwm-xmmufmmmm In
qumqmmummumwof
public health concern wers selected. Tabls:2-1 in Section:2.1 of the Fisal Repors
prosents a summary of the microorganismy salscied for ikis microbigl risk assessment
stady and rationale for thelr seloction. The raxionals for selecting the pathogens for
:bumwmk-wm‘muwfpmm- ol
including gastrointestinel and respiraiory diseases and infections
. MmEPAWuMahMmMMM
(SOH)cvdlabkfwtlnwofﬁuMmogm

*  Only gastrointestinal illness was considered

SImPscudomammdadmovimmfomd.duaipdmofmGIMMalhould
mumuwmaawmdummwmmm
the CAW ~

mm,&mmmmnmmm
involving darmal (foliculitis), eye, and ear (otitis externia) infections. For this reason,
thcknhqf?uadonommgbnnmwnluﬂuﬂnthcmﬂnmfor
this risk assessments Homa;mancnhdoxqfthcmk,farthbwh
problematie. nmmmmmdumcnwwfwhm
asruginosa. Without & ciear dose-response relationship there is no way to establish the
expected illness lavel associated with any particular waterway concentration. The




dermal pathway for estimating exposurs to Pseudomonas asruginoss is also
problematic. Ear and eye infoctions associated with contact by Pssudomones
aeruginosa contaminated water are typically associated with full immersion activities.
Since these types of activitiss are not permitied or designated usss of the CWS the
incidence of ear and ¢ye exposures are expected lo be low and as the resuit of
accidental or intsntional misuss of the waterway. Pseudomonas related foliculitis
commondy requires a break in the skin from @ preexisting cut, open sove or scrape as
an entry point for infection. Imumunocompetent individuals witheut skin abrasions

rarely develop foliculitis by exposurs to intacs skin. For these reasons, a quantifative
‘ evaluation of risks is not feazible.

Section 5.4.6 of the Final Repovt presents a qualitative assessment of the non-Gi risks
associated with Pseudowmonss aeraginoss. -

o Conservative assuruptions were not.made

‘In Mymmmwwm-mummmm:mb
ultimately minimize the estimated.risle. -

Response: We beligve that conseivative assumpiions were mads in estlinating the wicrobisl
risks bs the. CWS. Ssction 547 of the Final Repors.discusses in detail the Sensitivity and:
vmmqmw wmmm the following examples:

. &Mmbdum“mwammwdauc
reported in tAe teckuical: liserignre. Therefove, the assumptions om-
SMMMWMJGOMMM
ratss may be biased high,

¢ Tke measnred pathogen concentrations under dry wenthar conditions are
limited to sampling locations near the WRPs and they were used as
represenintive concentrations of the entire watsrway downstream of the,
WRP. Under dry weather conditions, thess concentrations will be bigsed
high relative to concentrations at locations mors distans from the WRP.

o The measured concentrations of B. call ars assumed td represent the most
virulim strain; the percentage of pathogenic E. coli was conservailvely
assumed 10 represent 3.7% of the total measured concentrations; For other
organinns, such as adenovirus, all the organisms are cssumed to represent
the patkogenic strain leading to gastrointestinal iliness. This assumption
may oversstimats the illness associated with exposure to these organisms.

o Virns concentrations measured by ths assay systens may overestimate viral
risk. Virel assays are not specific to the pathogenic virus in question and
may detsct lass pathogenic viral strains,

o Recreaiional uzse may be inversely correlated with wet weather. CWS
recreational use was assumed ta ocenr randomly over the course of the
recreational season. Thée majority of the illnesses were associated with wet




weather events. Hﬁcﬁm«qq{wuwﬂwmdmbm
than average then the resulting risk sstimate may be biased high.

*  Some receptors with frequent use of the CWS may have lower sensitivity to
soms pathogens due fo acquired imumunity, Repested exposxre to pathogens
in water i3 known 1o produce tolerance in individuals throngh immune
related mechanisms. Dose-response parameters used in the assessmont are
generally derived from ‘“naive” individuals and represemt upper-end
sstimaies of infoctivity for the general population. Since repeated exposure
lo the waterway is likely for a rignificant subset of the recreational
population, the risk of iliness for thess individuals is probably over-
estimated by this risk assessmont,

Foe example, high Calicivirus measures were ‘dismissed a3 an artifact and an outller,

Regponse: Section 3.3.3 of the Final Report discusses ali Calicivirus resuits in deiail
During dry weather, norovirss was.only dstectsd in S samples or abous 7% of the 75
samplis. During the-North Sids dry weeinay vompitang, only one Y afas

samples [4%]) had & detectable norovirws conceniration of 35,000 PCR MPN/100L (l'u

Tables 3-7 and 3-9 in the Final Repors) The greater concentration of Calleivirug or

novoviras observed in this sample could be uttributed to the fuct that.only duplicates
per dilution in the MPN assay could be performed because of reasiay difficalties
reducing the precizion of this analysis. In addition, of the five novevirus samples with
MPN assays, this sample wes the only ong thet had a positive result in the highest
difution. mmqmsfmmummuwmbm
MPN veine of this sample. As siated in the report, ihe high Calicivirus concentration
in the subject sampls is likely an artifuct of thess factors and it appears to be an anttier.

mﬁWﬁthMMdmmMmﬂym
respiratory illness.

Response: The reviewer’s comment mischaracterizes how adenovirus microbial risks
were estimated, Sectlon 5.1 of the Final Report clearly states that some ademovirns
straing are primarily associated with respiratory illsess. Howsver, fecal-oral
tranzmission associated with gastrointestinal illness is the primary sffect evaluated in
this stiudy. As a conservative assumption all detected adenovirus was assumed to
contribute to gastrointestinal iliness,

The lower infectivity of echovirus was considered instead of rotavirus.

Response: The reviswer’s comment mischaracterizes the selection of the echovirus dose
response as & surrogute for adenovirus. Section 5.3.3 of the Final Report states that
several dose-response relativnskips are reposted for adenovirus but nows of thess are
spacifically for Add® or Ad4l, subtypes primarlly associated with gastrointestinal
illness. This will lead 1o an overestimate of the (rue risks for gastrointestinal illness.
Therefors, the dose-response for echovirus 12 wag selected az & surrogass for total




enteric viruses, This approach wes recommendsd by Dr. Charies Gerba of the
University of Arizons.

The notable éxception to this is secondery transmission where soms apparent
conservative assumptions were made, but since it Is not clear how secondary transmission
was modéled and since there was no sensitivity analysis conducted it is impossible to
evaluats how these assumptions ultimetely affected the results.

environmental siabillty of the organisms. Tabls 5-& of the Final Report presents a
summary of seconddry attack rates used in ihis analysis. Footnotes. to Table 5-6
generully at the kigh .and of those reported tn the tecknical literature. Therefore, the

- (RS PRI R

Thers is also soms question about the activities considered. Why wasn’t full body jet
skiing censidered? Or other full body exposures even if they area rare and prohibited,
would still result in risk of iliness.

Response: As stated in-the Introduction of the Final Report (see first paragraph on
page 5), the UAA Stabeholders evainating the CWS have agreed that swimming and
other primary comiact recreation should not be contidered as o viable designated use
Jor the CWS because of physical limitations die to the configuration of the
anbankments and safety hazards, It was not within the scope of work of the microbial
risk assessment to evaluate health risks originating from undesignatsd- nses of the
CWS.

¢ Inadequate reporting of risk assessment results and methods

The actual risk assessment is brief and contains no graphs and few brief tables. It is
unclear how microbisl pathogen densitles wers estimated. Were distribution functions
estimated based on the cbserved results, or were the potentisl values sampled from the
actual remilis? Were only visble Cryptosporidium results considered? A table should be
provided listing the details of all parameters and their ranges in used in the risk
assessment. Purthermore, it is not clear how activities were randomly assigned, were they
assigned based on their frequency of occurrencs, or wers they completely random? It is
also not clear how secondary illness was modeled or incorporated into the estimate.

Response: Section 5.0 of the Final Report (pages 94-140) discusses the dais used; assxmptions
made and detniled procedures involved in the risk assessmemt calculations, incinding: (1)
havard identification, (3) exposure asseszment, (3). dosé response assessment, and (4) risk

X

assumptions on secondary transmission are conservative and the resulting secondary
S mm--. . ' R B o Biatus S —
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charecterization. In addition, Tabies 5-1 to 5-17 and Figures 5-1 to 54 provids pertinent
information that addresses the reviewer’s comments.

Section 3.0 of the Final Report presents all the analyéical results that wers used in the
meummmmmummofm
report. Smm&”dﬁawm mmmmm

For cryptosporidizm, the inféctions concentrations determined by the EPA-appreved msthod
were used in the microbial risk assestment,

® Interval estimates were not reported

mmmfﬁmmmrmmumummmmm
significant amount of assumptions and uncertsinty, boundd on these estimates must be
WMW).C@MMM!MMMWM&W
so the distribution of risk can be visualized.

et - e meier P an dre wmmtan

A sensitivity analysis should describe which assumptons most affacted the risk estimates
and how they affected the risk estimates. Since 50 many assumptions that were made
were not necessarily conservative, thig is a vital aspect to a risk assessment.

Response: Sectiow 5.4.7 of the Finel Report presents a sensitivity analysis of the
mwmqm»mmmmmmmmquomm,
risk sstimates.

] VMNWMMMWCMW

Mmdhd&mmﬁmvﬁmnwmw.ummm
be considered in the dose-response parameters or in the microbial densities,

Response: Sm&t7dﬁ.~Mprmmatm_udyw of the
Mmqmmmmmnmmmqmmm
risk estimates, In addition, uncertainties associated with the risk estimates are also
discussed in this section.

e Limitations were not discussed

One clear }imitadon ilmuonlylfewpaﬂlomammiduedandﬂdsmahodolou
dounmdnmﬁaﬁecmhdnﬁsklmdmmmmmpmmwm
in an environment. Another clear limitation is the failure to discuss sensitive or
susceptible limitations, illnesses other than GI and the potential for long term sequelse.
resulting from infection.

Rnponu:Sndou&.t?ofmFMmpafm:uhadixmdmofaﬂm»
mentioned limitations, mmmm:ummmwmufwaa

p
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CWS recreational water. However, the

were in the study inciude regulatory
indicators and those that could be measured by EPA-appraved m that were

illnesses were only addressed qualitatively. mucqwmm,wm.
qualitative assessment of the non-Gl risks associated with Psendomonas asruginosa.

In summary, while the QMRA methodology is sppropriste, many assumptions are
questionable, important details are left out, there is no evaluation of the potential range of

~~tsks, aid 10 sensitivity analysis; Thérefors the QMRA™ do&s not provids suffilent
infermadonwmppatmemdonthnm-iomhdmdﬂskwiﬂ:ﬂmmmmofm !
disinfection. These details should either be provided to support the clsims made, or
another, independent risk assessment should be conducted.

Response: The reviewer’s commaent makss a lot of assertions, but does not provide any

SWM?Q[WMWMd:m;WdI‘M
contribution of each microbisl risk input distribution to the variance of the resuiting
risk esthmates. tn.mmmmmmmmm,mm
discussed in thiz section.

Addisional epecific comments:

Introduction:
mmmmw:mfmmmmaammmm.mmm
Jack Colford was not. If Dr. Coiford contributed specificaily to this study, his role should be-
clearly defined.

Response: Dr. Colford was a member of our team and his role wes to provide pesr review of
the final Dry and Wet Weather risk assessment report. However, dus to other professionsl

commitments he informed us in December 2007 that he was not available to provide these
services for our report.

Page 2:
«_.no outbreaks..iraceable to treated wastewater...”
Statement is misieading becanse outbreaks are not a relisble heaith indicator due to problems with

consistent and reliable detection. Purthermore, statoments such as thess require citation from peer
reviewed literature or other outside sources to avoid the perception of biss.

X




Response: The report includes the following citation for the statements mads:

“Metropolitan Sanitary District of Greater Chicago (MSDGC), 1984, Wastewater
Disinfection: A Review of Technical and Legal Aspects in Mlinois. Department of
Research and Development. Report No. 84-17. July.”

amumummmmmm

mmmimammmamummmammm
been reported to have adverss environmental effects”

The purpose of statements such as thess is unciear and their presence in the introduction of &
mmﬂywwmhwummhmbcmdﬂmmW
mnmnwmmuwmuunummmmdom
mmm«mwmumuummmm
be presented.

Resporise: Thi report includes the following citation for the statements made:
“Metropolitan Senitary District of Greator Chicago (MSDGC), 1984, Wastewater

Disinfection: A Review of Technical and Legal Aspects in Dlinols. Depariment of
Research and Development. Report No. 84-17, July.”

However, thkia statement was removed from the Final Repowst,

Inmamuuum(smqumiaudmumma
comprehensive  overview  of  disinfection  techwologies, including: (1)

chlorination/dechiorination, (2) ozonation, and (3) UV. Advanssges and disadvaniages of sach
}cctnbgm-ﬁm MWMM“MW
‘ormation,

Pap3?:

If censoring is greater thag 80%, all data are statistically insignificant? Even though there was
20% detection? -

A:di:cmdhsmlljo[tkcmxm:ﬁlnmm»mcwto
mwmmcmummmmuwyo[mmw
datasets. mnxmmammmmpwﬁpmwmmm
resulis as most of these datasess were statistically insignificant (i.e., non-detect
m«mmxquuwmmmmmmnummmm
geometric mean vahies (gensrated using the maximum likslihood method) are better




Page 33:

What is the point to the detailed analysis of the correlation of indicator organisms? These are not
used in the risk assessment. Rather energy should have been spent on providing more details of
the actual risk assessmieat.

Résponsa: Ths ultimate purpess of the analysis was te detarming correiations betwesn
WMMMMMMMMMnhMbMUW
mwmmmmmsmmna&mmmxm
the body of the report and are incinded in Attackment A of the Final Report. The statistical
analysis in Appemilix A bniScates that the correlation of bacteria in wet weather samples is
statistically more significans compared ta the dry weather samples.

Page 36:

Although the BC/FC. differences in upstream vs. downstream samples were not statistically
umummuuammdmbun—mmmmmm

F -~**‘r"-fmmmwmmmrm‘wimﬁmly e g <
stated 88 >0.05. _

The difference in the BC:FC ratios with what the District obtained calls into questioa the
represeniativeness of the data for the risk assessment,

mmmmmummmyumnmmuw
M?:mhwuamwmuw'md’qufm
of the waterway.

Page 41

“While levels of potentially viable Giardia cysts may pose public health risk, it is important to
note that not all viable organisms are capsble of infection”

Seems to be a prejudicial statement. Not clear why this is important to note.

Response: This statament was taken verbatim from the Clancy Environmental Consultants,
Ine. (CEC) anaiytical laboratory report. CEC was our cxpert laboratory for protozos analysis.
Atcording to CEC this is a foctual siatement that is important to note. Al CEC analytical
reporss are included in Appendices C-1 and C-2 of the Final Report.

Page 42:

*The results indicats that a relatively small number of samples (23%) had detectable
concentrations of enteric virus.”

Relative to what? This could be an important contribition to pathogen exposure, but no
information is provided to support the assertion that it is “relatively” small.

Respouss: “Relative™ refers to the total number of samples.




Page 44;

CimlouneedmbepmvidedformmubdweﬂeuoﬂhnblctbRTPCRdounotpmvido
infectivity information it impedes meaningful health risk evaluation; Certainly it pats bounds on
the levels of potential risk (0% viable, to 100% viable). Other sources could be evaluated for
viability of norovirus in wastswater.

Page 91:

Mwmmdmm—mdmwmmmm
simpliﬂeaﬂonandmmﬂon. i

Pammmmmmummm

Response: Section 5.2 of the Mmmnmmm
mwdabmrmmmbwmmmmumm
iﬁgadonbuvﬁcrm“naba&w,tbrtmmw

e ST PlY "-mp 9. or dermgl confact. The toxt also discussss the relafive
Wbmwmhmmwhﬂcm

Page 92:

Mﬂﬂauﬁumﬁhmmmmmeymmwhtdom
occur? Is the probibition enforced? An accurate risk assessment would consider these sctivities if
mmmmymmmmmmubmamm

Ja,suwumu'uplummn.mxﬁumnmmmummmu
does not consider jet skis that result in immession, ’ . i

Psge 100:

Udn;xhovimaminfecﬁm)immddmmmnmhfeaim)fatbdmm
relation, resuits in less conservative (fewer illness) estimates.

Rapomc:sms.sdofmnmdbcmmthcboukmnoAumd [
MumhﬁcmgnnmwmrMuMpmmfw .




B o b re—— s e
- et

selected as a surrogate for totgl enteric viruses. This approach was recommended By
DnChalnGakofthaUMoIAmu

Page 101:
Was genetic immanity/sasceptibility to norovirus infection considered?

an:NoMmmemfuwmm
reioted to suscepribility. Similarly no adjustment was mads to account Jor acquired or
natural tmmunity, We do not belisve that the additional uncertainty aided by
mmmm&wmbymbamhmdMMm#’M
factors were considered. mmma.mmm»'mwu
mmcquMmmmNMMm

 {

Page 102:

" st s —— - L ———a -
! . i

B;‘u‘linsthemlemm&m.‘ ive GI model ', foudenovm wulh@lllh - effem rs ynder
smm:mmmmmmmmmmmumjmﬂuﬁmm
using the less infectious parameter?

Response: Section 5.3.3 ofwmmmmwxapmumq

mmmmummmmwmmqij v

MWmdemﬁerwl,WM
associated with gastrointestinal llness. This will lead to an overestimate of the trus
risks for gastrointestinal iliness. Therefore, the dose-responss for echovirus 12 was
selected as a surrogate for total enteric virnses This approach was recommended by
Dr. Charles Gerba of the University of Arizona.

Pags 105: )
Ammcfmmdlmmmacomvﬁveesdmdwmurhk

msmu»;mmmmmmmmnmwmm-
componsnt of the microblal risk assessment study. Az siated in this section, exposure lo
microbial comtaminated watsr may result in both gastrointestingl and non-
illness. However, there are no known doss response models for the
non-gastrointestinal exposure routes. The risk of gastrointestinel illness was selected
as the sentinel effect for conducting the quantitative risk assessment. However, non-
gastrointestinal ilinssses were addressed qualitatively.

SMSM#WMWMaanMoﬂMm—GIﬂ:b )

associaved with Pseudomonas asruginosa.




Page 111:

Since Monte Carlo analysis was used, why wasn't  risk distribution (e.g., 50* percentile, 90*
percentils, etc) generated?

Response: Toahpmthcmmofmm-h,wﬁndmmmmn

- were realized for & set of recreational receptors and the proportion of that population is

reported. Sp«MjundqummlmmwhmMom
mmu-mmmmmmmq{m
computed, MMWQWMWaMMQMbm
probability of infection. 1f the random mamber was less than the probability they the
Mmmmnuwmmmqa‘mof

mmmumwum The advantege of this

tschaique is the eayy compitition of the proportion of recreativnal users in the CWS
that may become ill during recreational exposure.

Details on how secondary spread was modeled are not clear.

e e et 1 e e m ey moemy o o

Page 117:
mwwmm«wmmmmum?Wmmhmaﬂmmmmmm

Response: Section 5.2.1 of the Final Report discnsses Waterway Use Summary and
Receptor Group Catsgorization. As stated in the report, several sources of information
were reviswed Yo estimate recreational use ind exposure to the CWS. Each of these
smmwummmmofmwmmw
in the waterway. FwM&kWﬁcUuMW{UM}
studymuudcmpﬂmqmmcforwuudmfwthcm The purpose
quvMbb“cmmwnMuMWnupmm
mmmmammvmmmm,mw
(Source: Camp Dresser and McKee, Inc. (CDM}, 2007, Use Attainabillty Analysis of
the Chicago Areas Watsrway System. August). The UAA surveys were conducted to
cmmmmﬂnmmowmmmmmmboﬂh

v




waterway segments, Based on the UAA, several recreational exposure scenarios were
selected for evaluation in the risk assessment.

Page 134:
mmwuodyeondnctndfciﬂnﬂud number of Gl pathogens.

xmcmmmmmmwmm.umumumcws
recrestiongl watsy. smudwmxwmmammwmu
ummmmmgmmawm:mwmmmm
MWWWMMMM”M»BPAW
methods that were Judged moss likely to produce gastrointestinal illness. In aidition,
_wsmm-ofmmma‘wuw Repart, dated April 2008 describes in
MN.HM!MMW»{:MWMMM As
stated In this section, mbwmmmtwmrmmwhm
tinsl and non inieF iliness. Hoivever, there are no known dose

response modsls for (he non-gasivointestingl exposure routss. The risk of.

. -pastrointestinal-iliness was seloctsd as the sentinel effect for- conducting—the- - -

quantiiative risk arsessment. Howaver, non-gastrointastinel illnesses -were addressed
qualitatively.

SmudquFMM'Maanmanofﬂum-&mh
associated with Pseudomonss asruginoss.

ir 1OF ERYIIONMEHIA: HS8C (NG
s comments, are based on & cursory review oaly.

Commenss

Thuemmwﬁmmmpcyim-e.gnudummmdnfwamvmw
, is implsusible.

Response: WWJWMRWMWM:WmMmﬂof
MMM&WW:MW-MMM#

Page 133:
memammmdﬂwnmdmlmkmmwpwqumldﬁmm

mmmdmmummmwwmummmmammvdw
posted are reasonsble.

A+




Response: mm:mwmmammuufmmnw
in the technicel literature. Therefore, the assumptions on secomdavy tramsmission are
mmwmmm:mmkamm

Page 115-116:

mamauu'ammmmmu'mducammeumM. )

' mm«:mudym'dymmw'(whkhdommnhhpwﬁdﬁmwmin
the document) and appear to be rather naive sbout the difficulty of parameterizing such models.
They stats that secondary attack rates depend oa virulence, shedding rate, and environmental
m«m«mmmhmmmmmmmmp
are more important.

ndoummmumkmmwmmmmnyumw

Responss: Section 5.4.2 of the Final Report discusses the Diseass Transmission Model,
, ding secomdary transmission. As in the fo account for secondary
through contact with CWS recrwmtional agers. Estimates of the-infectivity and '
MMa.mfwmwmmwmmm
literature for each of the microorganisms of interest, Because the number of
thp«d~wm“thtm&amwm#
mwmmofmcnwmmmmmunhofm
. immunity and.illness by secondary transmission were not impacted, Therefore, the
- proposed dynamic model considers a steady-siate level of immunity and estimates
Jamily. This approack addresses the imporiant dynamic aspects of diseass transmission
Jrom CWS exposure in the population most at risk, '

National Exposure Research Laboratory (NERL):
Comments

smmmmdhmi-,wmm«mmdmmmwyu
protozoans were included in this study? .

The chlorine concentrations that would be used would result in little or no inactivation of the
G/C. However, CEC's summation of the protozoan results and interpretation and method
limitations were quite reasonable.

ThenumberofGiudi:cysuhlowcﬁnnmmoodunpaufauwage:howm,micmy’
because there are only dry weather events in this portion of the study.

Itsbmddbcnmchaﬂymphniudthﬁﬂnuumbqof&deimoocmmm
samplumbdawﬂwcellcuhedemaimﬂnﬂtmdwenihﬂofﬂuoocymnppﬁedm
infectious it is unlikely that a foci would develop.

medowmmmofmepmimhmwmuynotudaqm




Response: We belisve thet the Final Report provides & comprehensive evaluation of the
protozos in the CWS. The following aspects of protozea ars discussed in the report:

1 Scmummwmmwm
WMMMMMMQMMWW

2. Section 4.5.2 discusses wastewalsr prototos disinfection effectiveness using UV,
chlorination and ozonation

X § WSJJ«JWMW‘M#WMM

mmwmwutmmamwﬁwnmamnmmm
to form it.

Jor pesr review stemming from this work.

MMmmmMWW'bWMMan
contemporaneous bacteria, virus and protovon dass for recreational watsr currently
mamwmmhwmumawojwm
condisions provides somse assurance that support information on census figures,

MwmmmWMMMW
maumummqawkmummyumammpm
mﬁ.mmﬁrﬁkmdymmbbwmmimmm‘m
databases ever assembled,
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