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Illinois Pollution Control Board, Clerk’s Office
James R Thompson Center, Suite 11-500 & -

100 West Randolph Street -

Chicago, illinois 60601

Re: R2008-009 (B): In The Matter of: Water Quality Standards and Effluent Limitations for
the Chicago Area Waterway System (CAWS) and the Lower Des Plames River
Proposed Amendments to 35 ill. Adm. Code 301, 302, 303, and 304 (Disinfection
Necessary to Meet Use Designations?)

Dear illinois Pollution Control Board:

The Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) submitted
a Phase I Interim Report entitled “Dry Weather Risk Assessment of Human Health Impacts of
Disinfection vs. No Disinfection of the Chicago Area Waterways System” and the “Dry and Wet
Weather Risk Assessment of Human Health Impacts of Disinfection vs. No Disinfection of the
Chicago Area Waterways System” to the Illinois Pollution Control Board for consideration in the
above-referenced rulemaking. MWRDGC also submitted for the Board’s consideration a
March 13, 2009, letter that MWRDGC sent U.S. Environmental Protection Agency that sets
forth responses prepared by MWRDGC’s contractor, Geosyntec, in response to EPA’s comments
on those reports. EPA recently sent MWRDGC a response to MWRDGC’s March 13, 2009,
letter, indicating that we still have significant concerns about the reports. Given this history,
EPA believes that the Board may be interested in receiving a copy of EPA’s recent letter, which
is enclosed.

As explained in more detail in the enclosed letter, it is EPA’ s view that the dry and wet
weather risk assessments were deficient and do not adequately describe potential risks from
exposure to undisinfected sewage effluent to persons engaged in limited contact recreational
activities on the CAWS. (Of course, the assessments do not purport to describe potential risks
from exposure to undisinfected sewage effluent to persons engaged in full contact recreational
activities in the CAWS.) Geosyntec’s conclusion that disinfection is not needed to protect
limited contact recreators is not supported by the risk assessments for the following reasons:

eThe risk characterization methodology used was unconventional in the field of
quantitative microbial risk assessment.

.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.
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oThe 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 US) was present at such low concentrations in wastewaters.

oNo meaningful attempt was made to estimate the possible improvement by disirifecting
the wastewater.

Thank you for your consideration of the enclosed letter. If you have any questions,
please contact Linda Holst of my staff at (312) 8865-6758.

Sincerely,

Ti a G. Hyde
Director, Water Division

Enclosure

cc: Marcia Wilthite, IEPA
Rob Suiski, IEPA
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REPLY TO THE A19ENTION OF; WQ46J

Mr. Louis Kollias
Director of Research and Development
Metropolitan Water Reclamation District of Greater Chicago
100 East Erie Street
Chicago, illinois 60622

RE: EPA’ s Review of Geosyntec’ s Response to EPA’s Comments on the reports entitled “Dry
and Wet Weather Risk Assessment of Human Health Impacts of Disinfection vs. No
Disinfection of the Chicago Area Waterways System” and the Phase I Interim Report
entitled “Dry Weather Risk Assessment of Human Health Impacts of Disinfection vs. No
Disinfection of the Chicago Area Waterways System”

Dear Mr. Kollias:

Thank you for your letters dated May 28, 2008 and March 13, 2009 containing responses
to U.S. Environmental Protection Agency’s comments on the interim dry weather risk
assessment report and the dry and wet weather risk assessment, respectively. EPA has reviewed
the aforementioned responses to our comments on the Phase I Interim Report entitled “Dry
Weather Risk Assessment of Human Health Impacts of Disinfection vs. No Disinfection of the
Chicago Area Waterways System” and the “Dry and Wet Weather Risk Assessment of Human
Health Impacts of Disinfection vs. No Disinfection of the Chicago Area Waterways System”.
We appreciate your responses, but, as explained in the enclosures, we have identified numerous
comments that have not been adequately addressed.

Overall, it is EPA’s view that the dry and wet weather risk assessments were deficient and
do not adequately describe potential risks from exposure to undisinfected sewage effluent to
persons engaged in limited contact recreational activities on the CAWS. (Of course, the
assessments do not purport to describe potential risks from exposure to undisinfected sewage
effluent to persons engaged in full contact recreational activities in the CAWS.) Geosyntec’ s
conclusion that disinfection is not needed to protect limited contact recreators is not supported by
the risk assessments for the following reasons:

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

• 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.
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• 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.

• No meaningful attempt was made to estimate the possible improvement by disinfecting
the wastewater.

We are available to meet with the District regarding these comments and can connect via
conference phones with appropriate contacts in EPA’s Office of Science and Technology and
Office of Research and Development. Please call Linda Holst of my staff at (312) 886-6758, if
you would like to discuss these comments further or arrange for a meeting.

Sincerely,

fs.7 Tinka G. Hyde
Director, Water Division

Enclosures

cc: Marcia Wilthite, illinois EPA
Rob Suiski, Illinois EPA



Enclosure 1
EPA Comments on Geosyntec’s Response to Comments:

Dry and Wet Weather Risk Assessment

Summary of comments
EPA reviewed the “Dry and Wet Weather Risk Assessment of Human Health Impacts of
Disinfection vs. No Disinfection of the Chicago Area Waterways System” and provided
comments with regard to the methods and defensibility of the risk assessment on July 31, 2008.
Geosyntec responded to those comments in a letter to Andrew Tschampa dated March 13, 2009.
This enclosure, for the purposes of streamlining the document, summarizes EPA’s initial
comments and Geosyntec’ s responses; however for the full comments and responses please refer
to Enclosure 3, where full comments and responses are available. Any remaining areas where
EPA does not believe the original comments have been adequately addressed have been included
in the section entitled “Comment on Geosyntec Response”. If Geosyntec provided a sufficient
response to EPA’ s comments, no further discussion of the issue is included in this document.
Please note that the page number references correspond to the written page numbers in
Enclosure 3.

Purpose of Risk assessment vs. risk management (pg. 6)
EPA initial comment — “This report confuses the purposes of risk assessment with risk
management and policy setting. The lack of clear delineation between these various functions
severely hampers the importance of transparency in the risk assessment process...”
Geosyntec Response — “. . .It appears that some EPA reviewers believe that the QMRA provides
transparency while others disagree. In order for Geosyntec and MWRDG to address the EPA
comments, we need to receive consistent and specific comments that we can address.”
Comment on Geosvntec 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.

Cont. (pg. 6-7)
EPA initial comment — “... [T]he stated main objective of the MWRDGC ‘was to evaluate the
human health impact of continuing thç current practice of not disinfecting the effluents’... this
risk assessment appears compromised in its function and purpose and the report’s conclusions
appear suspect.”
Geosvntec Response — “. . . [T]he study objective was formulated to evaluate, estimate and
compare recreational health risks in the CAWS with and without effluent disinfection.., the EPA
reviewers of the subject report did not express any concern about the objective.”
Comment on Geosvntec Response — The response to comment provides a clearer and more
objective purpose for the risk assessment that is: “...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.

Problem Formulation (PF) (pg. 7)
EPA initial comment — There is “the lack of coherent problem formulation and development of a
transparent conceptual model” and the problem formulations “should include input from both
risk managers and assessors.”
Geosyntec Response — “. . .Section 5.2 presents the conceptual exposure model of the recreational
use of the waterway. Section 5.4.7 discusses sensitivity and uncertainty analysis. Tables 5-16 and
5-17 present pertinent results. The iterative problem formulation process was not within the
scope of work of the Geosyntec QMRA.”
Comment on Geosvntec 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 EPA/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 EPA/ILSI framework
identifies the iterative nature of the PF process as integral to the success of a QMRA.

PF cont. (ps. 7)
EPA initial comment — “... [A] sampling schematic would be helpful to track the various sample
methods, as well as, a table and corresponding justification for the parameters chosen in the risk
assessment. Having both would greatly improve transparency.”
Geosyntec Response — “Geosyntec believes that adequate schematics and tables were provided in
the report and all the information used in the QMRA is clearly and transparently presented.”
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.

PF cont. (pg. 7-8)
EPA initial comment — “... [R]oughly 70% of the annual flows into the waterways are from
undisinfected sewage treatment plant discharges. This number would most likely be higher in dry
weather and lower during wet weather... Conversely, approximately 30% of the annual flows
into the waterways are unspecific... This significant component is mostly ignored by the risk
assessment other than to make a qualitative attempt to discuss pseudomonades. The
approximately 230 CSOs on the waterways were not covered, nor sampled during wet weather
events. This component could have been identified and discussed had a coherent problem
formulation, including a transparent and clear conceptual model, been employed in the risk
assessment process.”
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Geosyntec Response — “On the contrary, risks were developed using waterway data that accounts
for all sources to the waterways. Section 2.2.2 of the report discusses the Wet Weather Objective
of the Microbial Risk Assessment. One of the wet weather objectives of the microbial risk
assessment was to evaluate the impact of combined sewer overflows (CSOs) on the microbial
quality of the Chicago Area Waterway System (CAWS). The purpose of microbial sampling
during both dry and wet weather was to measure the microbial concentrations in the CAWS,
where recreational activities take place... During wet weather sampling, samples were collected
very near the pumping stations... Table 2-3 in the report presents the CSO volumes discharged
during wet weather sampling. The pumping stations contribute relatively large volume of CSOs
in the waterway. Therefore, the sampling performed near the pumping stations during the wet
weather sampling events has accounted for the contribution of CSOs on the microbial quality of
the CAWS.”
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) A 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; and
furthermore, reduction of wet weather discharges in conjunction with effluent disinfection
would commensurately decrease risk during wet weather.

Need for Peer Review (ps. 8)
EPA initial comment — “For the report and its conclusions to be considered ‘scientifically
defensible,’ we strongly recommend that it be subject to the same type of external peer review
that you are conducting for your secondary contact epidemiological study (CHEERS).” We feel
the process of an objective peer review (including incorporating changes in order to address peer
review comments) would allow MWRDGC to strengthen the validity of the report and its
conclusions.
Geosyntec Response — “The QMRA study was conducted by experts using EPA-approved
methods and state of the science techniques. The results of the study are scientifically
defensible... EPA’s review comments on the Interim Dry Weather Report and responses
submitted by the project team referencing the sections of the Final Report where the changes
were incorporated are provided in the Attachment A. MWRDGC is pursuing peer review of the
findings of the study by publishing the results in peer-reviewed scientific journals.”
Comment on Geosvntec Response — The response is overstated and imprecise. Although the
study used EPA 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. EPA remains unconvinced about the
scientific defensibility of the QMRA component of this study. Previous comments have not
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been addressed, and responses to comments above and below supply justification for this
perspective.

Need for Peer Review cont. (02. 8-9)
EPA initial comment —“... [lit is unclear whether the subcontractors on the Geosyntec team
have reviewed the fmal report... and would agree with the use and interpretation of data they
provided. They should be given this opportunity or a more accurate description of their
contribution to the report should be provided.”
Geosyntec Response — “The Geosyntec Team, which includes Geosyntec Consultants
(Geosyntec) and its subcontractors: Patterson Environmental Consultants (PEC); Cecil Lue-Hing
& Associates (CLHA); Dr. Charles Gerba Of the University of Arizona (UA); Hoosier
Microbiological Laboratory, Inc. (HML); and Clancy Environmental Consultants, Inc. (CEC)
worked seamlessly to perform the Microbial Risk Assessment study and to prepare the report.
The roles of each team member were defined at tile proposal stage of the project.”
Comment on Geosvntec 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.

Purpose of Disinfection Chaoter (pg. 9)
EPA initial comment — “This ‘Disinfection’ section (Chapter 4) of this report serves only to
obfuscate the purpose of this risk assessment. While the discussion of disinfection efficacy,
indicator organisms and pathogens was relatively accurate, it seems tangential to the actual
purpose of estimating the potential for human disease associated with exposure to waterbome
pathogens or a medium in which the microbes occur.”
Geosvntec Response — “The main objective of the Microbial Risk Assessment study 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 water reclamation plants versus
initiating disinfection of the effluent at these three plants... the Geosyntec Team performed a
desk-top study of peer-review technical literature on wastewater pathogen and indicator
disinfection... Disinfection effectiveness of chlorination/dechlorination, ultraviolet oxidation and
ozonation was summarized, because these are the technologies currently evaluated by
MWRDGC 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, under the disinfection scenario.”
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
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issue. Furthermore, the discussion does not appear to present a balanced perspective on the
potential benefits and drawbacks of disinfection.

Purpose of Disinfection Chanter cont. (ps. 9-10)
EPA initial comment — “...The authors state that human health effects associated DBPs tend to
be chronic in nature and therefore the development of a risk assessment for exposure to chemical
constituents, including DBPs, is far more complex than the microbial risk assessment. First, even
less is known about the chronic effects on human health from single and/or repeated exposures to
pathogens. However, data have shown that chronic fatigue syndrome can be linked to chronic
infection by enteroviruses (Kerr, 2008, J Clin. Pathol, 61:1-2; Chia, 200S, J. Clin. Pathol 61:43-
48).”
Geosyntec Response — “This study addresses microbial risks only and it does not address
chemical risks quantitatively or qualitatively. The point of the statement in the report was to
acknowledge the chemical risks of disinfection by-products... The quantification of chemical
risks due to disinfection by-products was outside the scope of work of this study. Also, the
chronic effects of pathogens on human health were not evaluated in this study.”
Comment on Geosvntec 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, that is, what potential adverse health effects might
reasonably be expected through exposure to these waters from occasional incidental
contact.

Purpose of Disinfection Chapter cont (oi’. 10)
EPA initial comment — “Second, a properly conducted microbial risk assessment, including all of
the components necessary to develop a transparent and scientifically defensible evaluation, can
be as complex a procedure as the development of a chronic toxicity human health risk
assessment.”
Geosyntec Response — “Geosyntec believes that the QMRA study was conducted properly and
includes all of the necessary components.”
Comment on Geosvntec 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.

Purpose of Disinfection Chapter cont (pp. 10)
EPA initial comment — “There are differences in the structure and approach between a chemical
and microbial risk assessment, but either can range from simple... to complex.... That the
authors felt that this microbial risk assessment lacked needed complexity only underscores the
need for a proper problem formulation, conceptual model, and thorough uncertainty/variability
analysis. Indeed, it is important to account for system variability that can lead to changes in
exposure and microbial risk because short periods of exposure to high pathogens levels can result
in greater risk (Clean Water. What is Acceptable Microbial Risk? Amen Soc. Microbiol., 2007).”
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Geosyntec Response — “. . .Geosyntec does not feel that this QMRA lacked needed complexity...
Also, 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.”
Comment on Geosvntec 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.

General Issues in Chapter 5 (ps. 10)
EPA initial comment — “The use of an outdated risk assessment model... further hampers
transparency and confidence in this report’s conclusions....”
Geosvntec Response — “Geosyntec used the same risk assessment as in the reference provided in
the reviewer’s comment. Dr. Gerba in our team contributed in the development of the ILSI model
and he confirmed that the model used in the QMRA study is identical to the ILSI model.”
Comment on Geosvntec Response — This response is incorrect, inadequate, and confuses
several important factors. The EPA/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.

General Issues in Chanter 5 cont (na. 10-11)
EPA initial comment — “Chapter 5 also contains numerous inaccurate statements and broad
sweeping statements based on assumptions with little or no justification. For example,
gastrointestinal illness is the principal adverse outcome associated with exposure to fecally
contaminated (i.e., human and or animal waste) waters, not just water containing microbes (note:
all ambient waters and many drinking waters contain microbes). To date, rates of gastrointestinal
illnesses have been most strongly correlated with indicators of fecal contamination in
epidemiology studies conducted on predominantly POTW-impacted (note: with disinfection)
waters, hence the general acceptance of this category of illness as the ‘principal adverse
outcome’. The pathogens of concern vary by fecal source, but many can cause gastrointestinal
illnesses of varying severity.”
Geosyntec Response — “This comment makes many broad and unsubstantiated claims. Text in
Section 5.1 refers to microbial contaminated water, not just water containing microbes as the
reviewer claims. The text in Section 5.1 of the report refers to microbial pathogens that can
contaminate the water and cause gastrointestinal illness. Text in Section 5.1 also states that fecal
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oral transmission associated with gastrointestinal illness is the primary effect evaluated in this
study.”
Comment on Geosvntec 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 EPA MRAs is not provided.

General Issues in Chanter 5 cont (pa. 11)
EPA initial comment — “The authors also state that there is correlation between different
pathogens. This uncorroborated statement is an inaccurate broad conclusion. Which human
pathogens are present in a waterbody is determined by the source(s) of those pathogens and
degree of treatment those pathogens undergo during their fate and transport... the authors do not
attempt to justify or explain how they compare risk with the different pathogens and potential
disease endpoints in mixed source waters. . Given that 30% of the average annual inputs into
the waterways can be from non-POTW sources, more results and discussion is needed on this
topic.”
Geosyntec Response — “We concur with the reviewe?s comment about Pseudomonas occurring
in urban runoff in high numbers. The results of tile QMRA study indicate that the sources of
Pseudomonas aeruginosa during wet weather are sources other than the WRP effluents.
However, we disagree with the remaining comment. The QMRA study accounted for the effect
of wet weather by collecting and analyzing samples from the CAWS during wet weather
events... In addition, a comparison between dry and wet weather results is provided.”
Comment on Geosvntec 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.

General Issues in Chapter 5 cont (pg. 11-12)
EPA initial comment — “...Wading and swimming activities were not included at all in this
assessment. We also recommend more appropriate categorization for some of the activities in the
‘low contact boating’ category as we believe they may carry a higher degree of likely incidental
or accidental ingestion than canoeing. While one can debate the differences between the
consumption values, hence the exposure, for the various activities in the ‘high’ risk ‘canoeing’
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group, it is important that the analysis reflect the full range of exposures for such activities and
not underestimate them.”
Geosyntec Response — “Exposure was divided into 3 exposure categories; high, medium and low
exposure groups. Representative activities were ascribed to each of these categories; canoeing,
fishing and boating. For each exposure category, input distributions were developed for use in
the QMRA. The QMRA accounted for the full range of expected exposures for all activities in
this category by using exposure duration and ingestion distributions, which are discussed in
detail in Section 5.2 of the report. Kayaking and sculling were evaluated as high exposure
activities. The input range for the high exposure ‘canoeing’ group includes the potential for
ingestion that ranges from minimal contact with the CAWS to exposure levels that are similar to
those used for swimming ingestion levels. Therefore, we believe that the high exposure category
(i.e., canoeing) adequately captures the potential for higher incidental intake of water while
recreating.”
Comment on Geosvntec 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.

Stylistic Comments (pp. 12)
EPA initial comment — “A couple of stylistic issues hamper the transparency of the report. First,
the executive summary is rather long and the presentation of the results does not occur until page
xxiv... Second, having the various tables and figures embedded in the chapters when they are
referenced would facilitate comprehension of the report as a whole. .

Geosyntec Response — “The style of the report follows a typical Geosyntec format. The same
style was used for the Interim Dry Weather Report and the EPA reviewers of that report did not
have any concerns about the style of the report.”
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.

Technical Comments (pp. 12)
EPA initial comment — Variability of concentration of pathogens in water appear not to have
been adequately addressed in the risk assessment nor was sensitivity analysis of that key variable
reported.
Geosvntec Response — “. . .Section 5.4.1 of the report discusses the bootstrapping method that
was used in the QMRA. Bootstrapping is a widely accepted and extensively used procedure in
statistical analysis and represents a process of selecting a random input from a dataset. . .“

Comment on Geosvntec 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
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the low number of samples collected at each location during each season (refer to
subsequent comments on this issue).

Technical Comments cont (P2. 12-13)
EPA initial comment — “Assumptions are not provided. For example, the report should provide a
table that clearly lays out, for each pathogen assessed, the assumptions and descriptive
parameters used.”
Geosyntec Response — “Section 5.3 and Tables 5-5 through 5-7 in the report present each
pathogen assessed, the assumptions and descriptive parameters used.”
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.

Technical Comments cont (P2. 13)
EPA initial comment — “It is not appropriate to combine the wet and dry weather analyses, as
that will underestimate the risk from the wet weather events.”
Geosvntec Response — “It appears that in this comment EPA implies that the dry and wet
weather results were arbitrarily combined, which is incorrect. The dry and wet weather results
were integrated to simulate the climatic conditions expected within a recreational season, based
on actual weather and pumping station discharge occurrence data as described in Section 5.4.4 of
the report and Table 5-8... The proportion of days under each weather condition in a recreational
year was developed from historical records of CSO and rainfall records.... A conservative
assumption was made in this analysis that recreational use and weather conditions are not
correlated. Common experience would suggest this is not the case as people tend to spend less
time recreating during rain events. The assumption in the QMRA was that recreational use may
resume shortly after rain events when waterway concentrations are still strongly influenced by
the preceding weather patterns.”
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 wetJCSO 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
andlor justify this approach.

Technical Comments cont (p2. 13-14)
EPA initial comment —“Report does not provide information on the duration of the wet weather
discharges (events). This is critical in understanding the exposure to recreators, in essence, what
is the time to return to ‘background’ conditions versus when recreation may resume?”
Geosyntec Response — “Table 2-3 in the QMRA provide both, the pumping station discharge
volumes in millions of gallons and the duration of the discharges. In addition, Section 5.4.3 and
Figure 5-7 and Section 5.4.4 and Table 5-8 discuss the integration of dry and wet weather data in
the QMRA. The assumption in 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.”
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 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.

Technical Comments cont (ps. 14)
EPA initial comment — “Data regarding the removal of pathogens through secondary treatment
appears to differ from published data — no discussion presented to explain this.”
Geosyntec Response — “It is not clear what this comment refers to. The removal efficiency of
pathogens through the secondary treatment was not assessed in this study. Specifically, no
influent untreated wastewater samples were collected. Therefore, the reviewer’s assertion is
unsubstantiated and false. The QMRA microbial concentrations are based on all extensive
microbial characterization of the District’s fmal effluents. The QMRA results indicate that the
pathogens are generally lower than that observed in several other sewage discharges reported in
the literature: The analytical microbiological results reflect the actual concentrations measured in
the WRP effluents.”
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 andlor 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.

Technical Comments cont (ps. 14)
EPA initial comment — “This report (as provided on MWRDGC’s website) is missing
Appendices B-D and, therefore, we could not view the analytical data that serve as the basis for
much of the analysis.”
Geosyntec Response — “Mr. Louis Kollias, Director of Research and Development of the
Metropolitan Water Reclamation District of Greater Chicago, provided a copy of the April 2008
Geosyntec report, entitled: “Dry and Wet Weather Risk Assessment of Human Health Impacts of
Disinfection Vs. Non-Disinfection of the Chicago Area Waterways System,” to Mr. Allen
Melcer, Water Quality Branch, EPA Region 5. In his transmittal letter, Mr. Kollias specifically
acknowledged that the raw data can be made available upon request. To this date, MWRDGC
has not received a request from EPA for the raw data.”
Comment on Geosvntec 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.
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General Comments (pg.. 14-15)
EPA initial comment — “In describing the results of a quantitative microbial risk assessment there
are two key issues: 1) characterizing the estimated risk(s) against some benchmark or relative
measure, and 2) identifying uncertainties where possible so as to better inform those interpreting
the results. This report uses a draft benchmark risk for recreational water use of 14 illnesses per
1000 exposed recreators - which is neither adopted nor policy of the U.S. EPA. That value was
discussed in an EPA draft guidance document that was never formerly issued..
Geosvntec Response — “Table 5-10 of the report presents a summary of various EPA acceptable
swimming-associated gastroenteritis rates per 1,000 swimmers. Because EPA does not currently
have microbial water quality criteria for secondary contact recreation, Geosyntec considered all
historical criteria. Footnotes to Table 5-10 provided clarifications and citations of the sources of
the information presented... Table 5-9 in the report summarizes the total expected illnesses
under dry, wet and combined dry and wet weather events. Although the designated uses of the
CAWS do not include swimming and other primary contact activities, the results in Table 5-9
indicate that the total expected illnesses of recreational users in the CAWS are below EPA’s
current criteria of 8 illness of highly credible gastroenteritis per 1000 swimmers... Section 5.4.7
of the report discusses the sensitivity and uncertainty analysis that was performed on the
microbial risk assessment results. Results of the sensitivity evaluation are presented on Table
5-16. Table 5-17 presents all alternative sensitivity evaluation.”
Comment on Geosvntec 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 scientilhc literature for this type of approach, but typically not used in QMRA) does not
lend itseff 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.

General Comments cont (pg. 15)
EPA initial comment — “. . . Given that 70% of the annual flows in the CAWS are from discharges
of secondary treated municipal wastewater effluent from the District’s ... - focus should have
been given to the performance of these wastewater facilities with respect to frequency and
duration of unacceptably high pathogen loads... That is, what is the duration of the wet weather
discharges?”
Geosvntec Response — “. . . [FJor the QMRA study, dry and wet weather surface water samples
were collected from the CAWS, that receives contributions of both: (1) discharges of secondary
treated municipal wastewater effluent from the District’s WRPs at the North Side, Stickney and
Calumet; and (2) wet weather inputs... Table 2-3 in the report presents the CSO volumes
discharged (in millions of gallons) during wet weather sampling and the duration of the
discharges. The pumping stations contribute relatively large volumes of CSOs in the waterway
for relatively long periods of time. Therefore, the sampling performed near the pumping stations
during the wet weather sampling events has accounted for the contribution of CSOs on the
microbial quality of the CAWS. Also, during wet weather additional sampling locations were
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used to include the entire stretch of each waterway segment in the sampling program as
illustrated in Figure 2-2.”
Comment on Geosvntec Response — As noted above, it is correct that the duration of the
CSOs are 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.

General Comments cont (ps. 15-16)
EPA initial comment — “The range of microorganisms studied seems appropriate, yet the number
of pathogen samples appears unacceptably low (detects in only a few of 10-12 samples per WRP,
of a total of 50 wet and 75 dry weather samples collected) to simply take mean estimates, rather
than predict probability density functions (PDFs) of pathogen concentrations and their
uncertainties. Further, the use of geometric means in the report is useful to provide an estimate of
the central tendency of microbial concentrations, but loses information about uncertainties that
could have been achieved by describing concentrations as PDFs and Monte Carlo sampling to
estimate infection risks. Lastly, it would seem inappropriate to combine wet and dry weather
pathogen sample results due to the few detects collected, if a goal was to describe risks under dry
versus wet conditions.”
Geosyntec Response — “Geosyntec concurs with the reviewer’s comment that the range of
microorganisms studied seems appropriate. However, the reviewer’s assertion that the number of
pathogens appears unacceptably low is vague and unsubstantiated. The sampling results reflect
the actual concentrations measured in the CAWS and the WRP effluents. The analysis of 125
samples (75 dry weather and 50 wet weather samples) provides a very robust database of
microbial pathogens and indicators.. .Text in Section 5.4.1 of the report discusses the
bootstrapping method that was used in the QMRA. Bootstrapping is a widely accepted and
extensively used procedure in statistical analysis and represents a process of selecting a random
input from a dataset. . .Geosyntec disagrees with the reviewer’s comment that “it would seem
inappropriate to combine wet and dry weather pathogen sample results due to the few detects
collected, if a goal was to describe risks under dry versus wet conditions.” Table 5-9 in the report
summarizes the total expected illnesses under dry, wet and combined dry and wet weather
events. Therefore, dry and wet weather risks were estimated and reported in the QMRA study...
The proportion of days under each weather condition in a recreational year (April through
November) was developed from historical records of CSO and rainfall records. The input
distribution used in the simulations for selecting weather specific pathogen concentrations is
shown in Table 5-8 of the report. A conservative assumption was made in this analysis that
recreational use and weather conditions are not correlated... The assumption in the QMRA was
that recreational use may resume shortly after rain events when waterway concentrations are still
strongly influenced by the preceding weather patterns.”
Comment on Geosvntec Response — This comment and the response bring up a number of
important points:
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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 Caluinet 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
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.

Statistical Analyses Comments (ps. 17)
EPA initial comment — “The merging of pathogens data for dry and wet weather may be
inappropriate, depending on the question being addressed. Conunents such as (page xi) that ‘The
Salmonella spp. dry weather results had statistically insignificant detections and therefore an
ANOVA analysis of both the dry and wet weather results was not performed’ are not really
satisfactory, as a non-detect means that the concentration was below a certain concentration,
which could have been compared against the distribution of detects under wet weather
conditions.”
Geosvntec Response — “It appears that in this comment EPA implies that the dry and wet
weather results were merged, which is incorrect. The dry and wet weather results were integrated
to simulate the climatic conditions within a recreational season, based on actual weather and
pumping station discharge occurrence data as described in Section 5.4.4 of the report and Table
5-8. Statistical estimates may be biased in cases where an ANOVA is conducted with highly
censored datasets. Salmonella spp. was detected in only 13% of the dry weather samples and
therefore an ANOVA analysis of the results was not performed. However, the geometric mean
values for the Salmonella spp. censored datasets (i.e., datasets containing below detection
results) were computed using a maximum likelihood method. Salmonella spp. concentration data
with censoring greater than 80% were considered statistically insignificant, and therefore no
geometric mean values were computed (see Table 3-2a in the report). The April 2008 Report
presents all Salmonella spp. results. Although, the ANOVA statistical test was not performed
because of the reasons outlined above, a direct comparison of the results can be performed by
any reviewer of the report.”
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Comment on Geosyntec Response — EPA 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.

Statistical Analyses Comments cont (ps. 17)
EPA initial comment — “One related factor that appears to be missing is the waterway recovery
time, how long after a wet event does it take the recreational water bodies to reach ‘baselin&
conditions? This raises the question as to how dry and wet weather samples periods were defmed
— which does not appear to be reported?”
Geosyntec Response — “Section 2.3.2, Page 17 of the report discusses wet weather sampling
protocol. in addition, Section 5.4.3 of the Report discusses the integration of dry and wet weather
results in the QMRA. Figure 5-4 presents an illustration of the attenuation of pathogen
concentrations between wet and dry sampling events that was used to derive estimates of the
pathogen concentrations between wet and dry weather events. Section 5.4.3 of the report
discusses the estimation and incorporation of the estimates of microbial concentrations between
wet and dry weather in the microbial risk assessment.”
Comment on Geosyntec Response — This response does help to clarify the comment. Based
on the data and response, EPA understands that the waterway is impacted by wet weather
for approximately 72 hours.

Statistical Analyses Comments cont (ps. 17-18)
EPA initial comment — “Information regarding the analysis of pathogen samples is not sufficient.
Section 3 provides adequate details of the raw data collected, but Section 4 summary
concentration tables/figures appear not to indicate the sample sizes involved. In Section 3, the
actual numbers of positive samples used to estimate concentration was really too low to give
meaningful values as simple means. Given all the data available, far better estimates of means
and their uncertainties could have been achieved, which could have been carried through to the
QIvIRA results.”
Geosyntec Response — “The reviewer incorrectly assumes that geometric mean pathogen
concentrations were used in the QMRA. As discussed in Section 5.4.1 of the report the
bootstrapping method was used in the QMRA. Bootstrap methods provide robust estimates of
variability in Monte Carlo assessments as the probabilities associated with drawing extremes in
the distribution is mimicked by the presence of extreme values in the empirical data.
Section 4 is a summary of information presented in peer review literature regarding disinfection
of pathogens in wastewater samples. Disinfection efficiency data is summarized and available
pertinent information is presented in the text and table footnotes. Such information includes the
types of tests (bench- or pilot-scale) or reagents, and reagent dosages.”
Comment on Geosvntec Response — EPA reviewers understand the approach that was
taken, but as indicated above are concerned that the number of samples available for each
Iocationlcondition 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
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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.

Parasitic Protozoa Comments (pp. 18)
EPA initial comment — “Some of the low positive rates for pathogens were (from page Lxi):

Dry Weather:

North Side: Giardia outfall (5/5), upstream (4/10), downstream (8/10)

Cryptosporidium outfall (3/5), upstream (1/10), downstream (6/10)

Stickney: Giardia outfall (515), upstream (4/10), downstream (8/10)

Cryptosporidium outfall (3/5), upstream (1/10), downstream (3/10)

Calumet: Giardia outfall (4/5), upstream (0/10), downstream (4/10)

Cryptosporidium outfall (1/5), upstream (1/10), downstream (4/10)

There appear to be some translation errors or missing data, for example, in Table 3-3a there are
only five up and downstream samples reported, but in the executive summary (p Lxi) positives
are reported out of 10 samples? Presumably there was data collected for dry weather in addition
to 2005 data reported in Table 3-3? However, as Appendix C was not included with the report
(nor for that matter Appendices B-D) it was not possible to check against the original data
provided by CEC.”
Geosyntec Response — “The reviewer miscounted the number of samples in Table 3-3a; the table
clearly indicates that samples at the North Side outfall and waterway segment were collected on
5 different dates (events): 7/28/05; 8/4/05; 8/18/05; 8/25/05; 9/01/05. During each 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 reviewer’s statement/question: ‘Presumably there was data collected for dry
weather in addition to 2005 data reported in Table 3-3?’ is false. All data collected was
reported . .The raw data can be made available upon request. To this date, MWRDGC has not
received a request from EPA for the raw data.”
Comment on Geosyntec Resoonse — 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.

Parasitic Protozoa Comments cont (pp. 18-19)
EPA initial comment — “Nonetheless, secondary-treated sewage effluent will always have some
Giardia and Cryptosporidium in it, and based on the 20-liter samples being processed it is
unlikely to have non-detects if recoveries were >50%; this raises a major concern in that no
recovery nor corrections for recoveries were reported when estimating pathogen risks. Similarly,
for the environmental waters assayed for parasitic protozoa... no recovery data is presented nor
corrected for.”
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Geosvntec Response — “Section 2.4.3 of the report presents the quality control (QC) data of all
microbial results, including Cryptosporidium and Giardia QC data. The following QC samples
were analyzed for Cryptosporidium and Giardia: Matrix Spike, ongoing precision and recovery
(OPR), and method blanks...Section 2.4.3 of the report summarizes the recovery rates of the MS
and OPR samples. MS results were within the acceptance criteria specified in EPA Method 1623.
In addition, all recoveries were well within the acceptance criteria specified for OPR samples in
Method 1623... EPA Method 1623 does not require or allow the use of MS recovery, results to
adjust the samples. Text in Section 2.4.3 of the report states that the MS sample results were not
used to adjust Cryptosporidium and Giardia recoveries at any sampling location.”
Comment on Geosvntec 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 oocysts 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 EPA for drinking water as
reference.

Parasitic Protozoa Comments cont (pp. 19)
EPA initial comment — “Again, in the absence of the original data it is hard to make any more of
a comment on the ‘viability’ testing of oocysts, other than to say that if only a few oocysts were
examined, as indicated by the dry weather positive counts, it would not be appropriate to report
two significant figures for the precision of the viability statistic reported, such as 21% or 26%
when the error in such estimates is likely to be at least 50%. Also, with only three of 125
Cryptosporidium samples... testing ‘viabl&... it calls into question how sensitive the viability
assay is with so few oocysts being assayed - another uncertainty not discussed.
Geosyntec Response — “. . .The report does not report the precision of viability. It reports the
percentage of total cysts that are viable, based on propidium iodine (P1) staining. Section 3.2.3 of
the report discusses the Giardia viability results. Also, the reviewer mischaracterizes the
Cryptosporidium results and refers to 3 of 125 samples testing ‘viable.’ In fact, the text on page
xxiv refers to ‘infectious foci’ not ‘viable’ Cryptosporidium. Section 3.2.2 of the report discusses
“Detection of Infectious Cryptosporidium Oocysts Using Cell Culture.” The infectivity test for
Cryptosporidium is completely different than the ‘viability’ test.”
Comment on Geosvntec Resnonse — 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.
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Parasitic Protozoa Comments cont (pg. 19)
EPA initial comment — “in summary, with poor accuracy (and unreported) in parasitic protozoan
viability and no reporting of recoveries, there is considerable uncertainty introduced into the
datasets used which has not been expressed when using and reporting risks from these data.”
Geosyntec Response — “The reviewer’s assertion that the accuracy is poor and unreported is
inaccurate and false. Section 2.4.3 of the report summarizes the recovery rates of tile MS and
OPR samples. MS results were within the acceptance criteria specified in EPA Method 1623. In
addition, all recoveries were well within the acceptance criteria specified for OPR samples in
Method 1623.”
Comment on Geosvntec 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
above, if the QMRA is going to modify the results based on viability (or infectivity), then it
should also account for recovery.

Enteric Viruses Comments (pg. 19-20)
EPA initial comment — “In the executive summary (p xxiv) under virus results, the terms ‘enteric
viruses, adenovirus and Calicivirus’ are used, presumably ‘enteric viruses’ should read
‘enteroviruses’ here and elsewhere in the report when enteroviruses were indeed the target

• . since there is no protocol provided in the report (and .Appendix D was not available), one
cannot determine how the sample analysis was performed. The concern here is data correction
bias that occurs when smaller volumes are assayed than what is reported, also no uncertainties
were presented with the MPN values given in Table 3-5. This concern is a major issue for the
Norovirus data. . .The MPN in various tables (e.g. 3-6, 3-7) present results with three significant
figures, far too many than what the assay can justify.”
Geosyntec Response — “Section 2.3.2.1 of the report discusses virus sampling. Text in Section
2.3.2.1 states that approximately 300-L of upstream and downstream samples were filtered at
each location during dry and wet weather sampling. In addition, approximately 100-L samples
were filtered at the outfall. The actual volumes collected were recorded in the sample collection
forms in Appendices A-i and A-2 of the report. Also, Appendices B-i and B-2 and D-i and D-2
of the report include the laboratory bench-scale forms that indicate the sample volumes analyzed
for virus samples. Appendices B-i and B-2 include the total culturable enteric virus results by
Hoosier Microbiological Laboratory. Appendices D-l and D-2 include the adenovirus and
norovirus results by the University of Arizona. The reviewer’s assertion that Appendix D was not
available is incorrect. The raw data can be made available upon request... In addition, the
reviewer’s concern that only 0.2 Liters of sample was utilized for norovirus analysis is
unjustified. The volume of 0.2 Liters of sample analyzed is significantly greater than EPA’s
estimated water ingestion volume for swimmers of 30m1 and significantly greater of the
incidental ingestion volumes for the recreational uses considered in this microbial risk
assessment including, boating, canoeing and fishing (see Section 5.2.2 of the report, Exposure
Inputs).”
Comment on Geosvntec 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.
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Enteric Viruses Comments cont (ps. 20)
EPA initial comment — “In the PCR assays used, as no method data was available, it is unknown
what level of amplicon continuation was used, probing or none...? For cell lines showing a
cytopathic effect... on Table 3-6, footnote 1 states that only 31 of the 42 virus infected cell line
samples were confirmed as adenoviruses by PCR. Hence, was the adenovirus MPN/100L
adjusted on that percentage? It appears that the total MPN value was simply translated into
adenovirus MPN without any adjustment given the same values presented in Tables 3-6 and
3-8.”
Geosyntec Response — “. . .First, there was no adjustment on the adenovirus concentration based
on the ratio (31/42) of samples that were confirmed as adenoviruses by PCR. For the samples
with PCR confirmation of adenoviruses, the total concentration of sample was assumed to be
adenovirus, which is a conservative assumption for the risk assessment.”
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.

Enteric Viruses Comments cont (ps. 21)
EPA initial comment — “The summary enteric viruses data Tables 3-9 & 3-10 have far too many
significant figures given the lack of precision in the assays used along with the data management
issues associated with the actual volumes assayed versus the 100-L reported volume. . .Overall,
the outfall concentrations of enteric viruses reported appear low, particularly for a non
disinfected wastewater, compared to what has been published in the literature. Based on the E.
coli & fecal coliform concentration data (Table 3-1), the wastewater seems to have only lost
about 2 logs through treatment as expected from normal raw sewage. Hence, virus numbers seem
to be some orders of magnitude less than expected for undisinfected effluents, which has
potential significant ramifications for disinfection studies and risk assessments using this data.”
Geosvntec Response — “The virus analytical results under both dry and wet weather results and
from two different laboratories (HML and UA) indicate that the virus concentrations are very
low. The occunence and concentration of protozoa, culturable viruses, adenoviruses and
norovirus were generally equal to or lower than observed in other studies by Dr. Gerba and
others on wastewater discharges and surface waters in general during dry weather conditions
(Gerba, 2008; Rodriquez et al., 2008; Rose et al., 1988, 1991, 1996)...”
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.
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Disinfection Comments (ps. 22)
EPA initial comment — “. . .The disinfection chapter (Section 4) does not actually present
operational data nor performance ranges required to undertake a sensitivity analysis or thorough
risk assessment - hence it adds little to the document.”
Geosvntec Response — “. . .Section 4 is a summary of an exhaustive literature search and provides
information presented in peer review literature regarding disinfection of pathogens in wastewater
samples. Disinfection efficiency data is summarized and available pertinent information is
presented in the text and table footnotes. . .The information was used to derive a range of
expected pathogen disinfection effectiveness using UV, chlorination/dechlorination and
ozonation. No treatability studies were conducted as part of the QMRA study to determine site-
specific disinfection effectiveness.”
Comment on Geosvntec 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 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, relativelevels 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.

Microbial Risk Comments (ps. 22)
EPA initial comment — “Given the above comments, it is clear that the intended microbial risk
assessment was largely focused at what would be called a screening level largely using point
mean estimates in a deterministic manner.”
Geosyntec Response — “. . .The QMRA did not use mean estimates. Text in Section 5.4.1 of the
report discusses the bootstrapping method that was used in the QMRA. Also a probabilistic, not
a deterministic methodology using distributions of exposure parameters was used in the QMRA.
Section 5.2 discusses the methodology used.”
Comment on Geosvntec 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
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limitations, it is the opinion of the expert EPA reviewers that the QMRA component of this
study is simply not credible.

Microbial Risk Comments cont (ne. 22)
EPA initial comment — “Yet there are some surprising attempts to incorporate some elements of
a stochastic assessment, such as in the PDF describing ingestion rates (Table 5-4). No reference
is provided to justify either the values presented in Table 5-4 nor the precision implied by the
number of significant figures presented...”
Geosvntec Response — “The reviewers comment is false. The reviewer reluctantly acknowledges
that QMRA has elements of a stochastic assessment, but calls them ‘surprising.’ It is not clear
what that Characterization refers too. The reviewer claims that there are no references for the
information presented on Table 5-4. This statement is incorrect. Table 5-4 summarizes the
information discussed in detail in Section 5.2.2, where multiple references are presented.”
Comment on Geosvntec Resnonse — Detailed review of Section 5.2.2 indicates that the
response is inaccurate and incomplete. A fair representation of the water ingestion rates
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 mI/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.

Microbial Risk Comments cont (pp. 22-23)
EPA initial comment — It is stated (bottom of page 130) that a one-dimensional probabilistic risk
assessment was undertaken... However, as stated above, PDFs do not appear to have been
utilized in describing pathogen concentration variations; indeed, it is unclear to this reviewer
what all the assumptions are as they appear not to be listed. For example, (1) were median values
or averages used? (2) what standard deviations and assumed distributional forms were used or
each PDF or how were parameters fitted for each PDF? (3) how were viability estimates
incorporated into the results? (4) if ‘normal’ pathogen loads in raw sewage were used and their
dilution/removal was based on E. coli or other indicators in stream waters - how would that
change the estimated pathogen ranges? (5) what ranges were assessed in the sensitivity analyses
and on what basis were they selected? and (6) how many iterations were undertaken in the Monte
Carlo simulations? The only PDFs for- input parameters appear to be ingestion volume.., and
canoeist duration activity...”
Geosvntec Response — “The reviewer’s comment is inaccurate. The QMRA did not use mean
estimates. Text in Section 5.4.1 of the report discusses the bootstrapping method that was used in
the MRA. Also a probabilistic, not a deterministic methodology using distributions of exposure
parameters was used in the QMRA. Section 5.2 discusses the methodology used. Table 5-4
summarizes the information discussed in detail in Section 5.2.2, where multiple references are
provided. Also, the reviewer is asking the number of iterations used. Section 5.4.5 of the report
discusses the number of simulations used. Specifically, text on page 126, 1st Paragraph indicates
that 1,000,000 iterations were performed.”
Comment on Geosvntec 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.
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Other Comments (ps. 23)
EPA initial comment — “What were the risks during wet weather alone (to take a worst case
scenario) given it was not noted how long it takes to return to ‘baseline’ conditions? Rather than
using some mix (Figure 5-4) to estimate pathogen concentrations between wet and dry
conditions, and not even using any variability of that in the assessment.”
Geosyntec Response — “Table 5-9 clearly presents the wet weather risks.”
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.

Other Comments cont (ps. 23)
EPA initial comment — “If method recovery was included for each of the pathogen groups, what
would be the implications to the estimated risks?”
Geosyntec Response — “Method recovery correction is not required or allowed in the EPA-
approved methods used for the analysis. Therefore, it is not scientifically defensible to derive
speculative estimates that are not based on proven, validated methods.”
Comment on Geosyntec Response — The response provided is out of context and does not
answer the question posed. The EPA-methods are for the analytical methods, the question
refers to the QMRA component. Previous EPA 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
scientffically defensible.

Other Comments cont (pg. 23)
EPA initial comment — “What levels of indicators could be predictive of ‘safe’ recreational
waters.”
Geosyntec Response — “This assessment was outside the scope of the QMRA. The CHEERS
(Chicago Health Environmental Exposure & Recreation Study) being conducted by the District
will answer this comment.”
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. EPA 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.
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Enclosure 2
EPA comments on Geosyntec’s Response to Comments on the

Phase I Interim: Dry Weather Risk Assessment”

Summary ofcomments
EPA reviewed the report entitled “Dry Weather Risk Assessment of Human Health Impacts of
Disinfection vs. No Disinfection of the Chicago Area Waterways System” and provided
comments with regard to the methods and defensibility of the risk assessment. Geosyntec
responded to those comments in a letter dated May 28, 2008. This enclosure summarizes the
remaining areas where EPA believes the original comments have not been adequately addressed.
This enclosure, for the purposes of streamlining the document, summarizes EPA’ s initial
comments and Geosyntec’s responses; however, for the full comments and responses, please
refer to Enclosure 3. If Geosyntec provided a sufficient response to EPA’ s comments, no further
discussion of the issue is included in this document. Please note that the page number references
correspond to the written page numbers in Enclosure 3.

Bias in Risk Assessment (pg 30-31)
EPA initial comment — “Introductory material biases risk assessment. A few statements made in
the Introduction were either opinion or unsupported fact....”
Geosvntec Response — “The report includes the following citation. . .However, the above-
mentioned paragraph has been removed from the Introduction. . . a section has been added
(Section 4) in the Final Report. .

Comment on Geosvntec Response — Refer to comments on Section 4 (Enclosure 1) in the
final wet and dry season report.

Risk Assessment Lacks Components (pg. 30-31)
EPA initial comment — “Risk assessment lacks necessary components. While this report contains
a fair amount of ‘upfront’ material, there is a concern over the lack of a coherent problem
formulation. 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 one deterministic
point over another would be helpful.”
Geosyntec Response — “The 2006 Interim Phase I Dry Weather Report has the information
mentioned in the reviewer’s comment. This information is also included in Section 5, of the Final
Report... The rationale for parameter selection is also provided. Also, the exposure input
parameters used were based on distribution functions and not single deterministic point
values...”
Comment on Geosvntec Response — This comment was not sufficiently addressed in the
final report.

Sensitivity Analysis (pg. 31)
EPA initial comment — “Also, this impacts the lack of a sensitivity analysis mentioned by Tim
Wade. In order for this report to impart confidence in its conclusions an effort to spell out each
parameter and the rationale behind that choice would be welcome... Given the propensity for
choosing assumptions that minimize risk at each step of the risk assessment more credibility
would be gained by also stating why those assumptions were chosen.”



Geosyntec Response — “Section 5.4.7 of the Final Report includes a detailed discussion
regarding Sensitivity and Uncertainty Analysis. . .“

Comment on Geosvntec Response — This comment was not sufficiently addressed in the
final report.

Pathogen Clarification (pg. 31)
EPA initial comment — “Also, for the sake of clarity: fecal coliforms, E. co/i and Enterococci are
NOT pathogens. All three are fecal pollution indicator organisms. They give no direct evidence
of the presence of pathogens. While there are pathogenic strains of E co/i, these strains are not
enumerated by the method used.”
Geosvntec Response — “We agree with the reviewer’s comment about fecal coliforms, E. co/i and
Enterococci. The analytical results of these bacteria were only used to characterize, the microbial
quality of the waterway. The microbial risks of the waterway were estimated based on bacteria
pathogens, viruses and protozoa... Section 5.3.4 of the Final Report includes a detailed
discussion regarding the dose response of pathogenic E. coli (estimated), Pseudomonas
aeruginosa, Salmonella, Enteric Virus, Calicivirus, Adenovirus, Cryptosporidium and Giardia.”
Comment on Geosvntec 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.

Transparency Needed for Exposure Risk (pg. 33)
EPA initial comment — “Overall, this risk assessment does not do an effective job at presenting
the actual risk of exposure to undisinfected sewage effluent present in the CAWs. More
transparency would aid the reader in the confidence of the conclusions.”
Geosyntec Response — “We believe that we have conducted a very comprehensive systematic
study to characterize the microbial quality and associated risks of the CWS, under both dry and
wet weather conditions. The samples were collected and analyzed during the recreational season,
over a two-year period; dry weather samples were collected during the 2005 recreational season
and wet weather samples were collected during the 2006 recreational season. . .Overall, one
hundred and twenty five (125) samples were collected and analyzed during the dry and wet
weather events. 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...”
Comment on Geosyntec Response — This comment was not sufficiently addressed in the
final report.

OMRA Procedure (pg. 34-35)
EPA initial comment — “...There are some fundamental problems in the application, presentation
and interpretation of the results of the QMRA... No justification was provided for the organisms
measured of pathogens considered in the QMRA. The risks presented are only for a limited
number of gastrointestinal pathogens. Risks were not presented for Hepatitis A, Shigella,
Camplyobacter, to name a few. Therefore risks presented will be biased low.”
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Geosvntec Response — “Section 2.1 of the Final Report presents the rationale for indicator and
pathogenic microorganism selection...
Comment on Geosvntec 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.

Conservative Assumptions (P2.36-37)
EPA initial comment — “Conservative assumptions were not made. In nearly every case, when
simplifications and assumptions were made in such a way to ultimately minimize the estimated
risk.”
Geosyntec Response — “...Conservative assumptions were made as seen... in detail in the
Sensitivity and Uncertainty Analysis of the Microbial Risk Assessment.. .“

Comment on Geosyntec Response — This is a fundamental issue with the QMRA that was
not adequately addressed in the final report.

Calicivirus (p.37)

EPA initial comment — “...High Calicivirus measures were dismissed as an artifact and an
outlier.”
Geosvntec Response — “Section 3.3.3 of the Final Report discusses all Calicivirus results in
detail....”
Comment on Geosvntec 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.

Adenovirus (pa. 37)
EPA initial comment — “High infectivity parameters for adenovirus were dismissed because they
usually cause respiratory illness.”
Geosyntec Response — “. . . Section 5.1 of the Final Report clearly states that some adenovirus
strains are primarily associated with respiratory illness. However, fecal-oral transmission
[leading to GI illnessj is the primary effect evaluated in this study...”
Comment on Geosyntec 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.

Echovirus vs Rotavirus (pp. 37-38)
EPA initial comment — “The lower infectivity of echovirus was considered instead of rotavirus.”
Geosyntec Response — “...Section 5.3.3 of the Final Report states that several dose-response
relationships are reported for adenovirus but none of these are specifically for Ad40 or Ad41,
subtypes primarily associated with gastrointestinal illness. This will lead to an overestimate of
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the true risks for gastrointestinal illness. Therefore, the dose-response for echovirus 12 was
selected as a surrogate for total enteric viruses. . .“

Comment on Geosvntec 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.

Secondary Transmission (P2.38)
EPA initial comment — “The notable exception to this is secondary transmission where some
apparent conservative assumptions were made, but since it is not clear how secondary
transmission was modeled and since there was no sensitivity analysis conducted it is impossible
to evaluate how these assumptions ultimately affected the results.”
Geosyntec Response — “. . .[The] secondary transmission rates used in the microbial risk
estimates are generally at the high end of those reported in the technical literature. Therefore, the
assumptions on secondary transmission are conservative and the resulting secondary illness rates
may be biased high.”
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.

Inadequate Reporting of Risk Assessment Results and Methods (P2.38-39)
EPA initial comment — “...The actual risk assessment is brief and contains no graphs and few
brief tables. It is unclear how microbial pathogen densities were estimated... It was also not clear
how secondary illness was modeled or incorporated into the estimate.”
Geosyntec Response — “Section 5.0... discusses the data used; assumptions made and detailed
procedures involved in the risk assessment calculations... Section 3.0 of the Final Report
presents all the analytical results that were used in the microbial risk estimates... Section 5.4.2 of
the report discusses the disease transmission model, including secondary illness...”
Comment on Geosvntec 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.

Interval estimates and sensitivity analysis (pg. 39)
EPA initial comment — “Interval estimates were not reported... No sensitivity analysis was
provided...”
Geosvntec Response — “Section 5.4.7 presents a sensitivity analysis of the contribution of each
microbial risk input distribution to the variance of the resulting risk estimates...”
Comment on Geosvntec 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
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precedent in the field of QMRA. No justification is provided for use of this method over
other more common approaches.

Variability and uncertainty (p2.39)
EPA initial comment — “Variability and uncertainty were not discussed, evaluated or
quantified...”
Geosyntec Response — “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...”
Comment on Geosvnte 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.

Limitations were not discussed (ps. 39-40)
EPA initial comment — “. . . [O]nly a few pathogens were considered and this methodology does
not characterize the cumulative risk associated with all pathogens present in an environment...
[Other limitations include] failure to discuss sensitive or susceptible limitations, illnesses other
than GI and the potential for long term sequelae resulting from infection.”
Geosyntec Response — “Section 5.4.7 of the Final Report presents a discussion of all of the
above-mentioned limitations... Section 5.1 of the Final Report describes in detail the Hazard
Identification component of the microbial risk assessment study...”
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.

Ouestionable Assumptions (pg. 40)
EPA initial comment — “...[W]hile the QMRA methodology is appropriate, many assumptions
are questionable, important details are left out, there is no evaluation of the potential range of
risks, and no sensitivity analysis. Therefore there is not sufficient information to support the
assertion that there is minimal risk with the current state of no disinfection. . .“

Geosyntec Response — “...The reviewer’s comment... does not provide any specifics. Section
5.4.7 of the Final Report presents a sensitivity analysis... [and] uncertainties associated with the
risk estimates are also discussed in this section.”
Comment on Geosyntec Response — This comment was not substantively addressed in the
final report.

Specific Comments (pg. 41)
EPA initial comment — “If censoring is greater than 80%, all data are statistically insignificant?
Even though there was 20% detection?”
Geosyntec Response — “. . .Section 3.1.3 of the Final Report, semi-log box plots were created to
graphically demonstrate the central tendencies and variability of the various bacteria datasets.
The text states that no box plots were prepared for dry weather Salmonella results as most of
these datasets were statistically insignificant (i.e., non-detect frequency >80%). As explained,
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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. .

Comment on Geosvntec 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?

Specific comments (ps. 42)
EPA initial comment — “Although EC[FC differences in upstream vs. downstream samples were
not statistically significant this could be a function of sample size... The difference in the EC/FC
ratios with what the District obtained calls into question the representativeness of the data for the
risk assessment.”
Geosyntec Response — “The lower EC/FC estimates in this study could be attributed to the fact
that the District’s analysis is based on a much larger database that includes several years of
sampling of the waterway.”
Comment on Geosvntec 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.

Specific comments (pp. 43)
EPA initial comment — “Citations need to be provided for statements to the effect of that b/c the
RT PCR does not provide infectivity info it impedes meaningful health risk evaluation...
Inhalation not considered important — need citations to support this anti-conservative
simplification and assumption....”
Geosyntec Response — “Section 5.2 of the Final Report discusses exposure assessment pathways.
The text 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 text also discusses the relative contribution to total intake by several
pathways (incidental water ingestion, inhalation and dermal contact) to determine the relative
contribution of each pathway to microbiological organisms in surface water while recreating.”
Comment on Geosyntec Response — This comment was not substantively addressed in the
final report.

Echovirus vs Rotavirus (pp. 43-44)
EPA initial comment — “Using echovirus (less infectious) instead of rotavirus (the most
infectious) for the dose response relation, results in less conservative (fewer illness) estimates.”
Geosyntec Response—” Section 5.3.3... discusses the Dose Response Assessment.. .the dose-
response for echovirus 12 was selected as a surrogate for total enteric viruses...”
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.
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Specific comments (P2.44)
EPA initial comment — “By using more conservative GI model for adenovirus, total health
effects are underestimated. Should also evaluate respiratory risks with the more infectious model.
What is the justification for using the less infectious parameter?”
Geosyntec Response — “Section 5.3.3 of the Final Report discusses the Dose Response
Assessment of Adenovirus. As stated in the report, 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...”
Comment on Geosvntec Response — This comment was not substantively addressed in the
final report.

Specific comments (p2.44)
EPA initial comment — “Again the focus on GI results in a conservative estimate of overall risk.”
Geosvntec Response — “Section 5.1 of the Final Report describes the Hazard Identification
component... As stated in this section, exposure to microbial contaminated water may result in
both GI and non-GI illness. However, there are no known dose response models for the non-GI
exposure routes... Section 5.4.6 of the Final Report presents a qualitative assessment of the non
GI risks associated with Pseudomonas aeruginosa.”
Comment on Geosyntec Response — This comment was not substantively addressed in the
final report.

Specific comments (p2.45)
EPA initial comment — “Since Monte Carlo analysis was used, why wasn’t a risk distribution
(e.g., 50th percentile, 90th percentile, etc) generated?”
Geosyntec Response — “To simplify the presentation of the results, the fmal exposure
distributions were realized for a set of recreational receptors and the proportion of that
population is reported. . .“

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.

Specific comments (p2.45)
EPA initial comment — “Details on how secondary spread was modeled are not clear.”
Geosyntec Response — “Section 5.4.2 of the Final Report discusses the Disease transmission
model, including secondary transmission..
Comment on Geosyntec Response — No details are 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 fmal report.
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Specific comments (pg. 46)
EPA initial comment — “Risk assessment was only conducted for limited number of GI
pathogens.”
Geosyntec Response — “. . .Section 2.1 of the Final Report includes a more complete rationale on
pathogen selection. However, the pathogens that were selected for inclusion in the study include
regulatory indicators and those that could be measured by EPA approved methods that were
judged most likely to produce GI illness... Section 5.1 of the Final Dry and Wet Weather Report,
dated April 2008 describes in detail the Hazard Identification component of the microbial risk
assessment study...”
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.

Snecific comments (pg. 46)
EPA initial comment — “There are some serious surrogacy issues — e.g., using rotavirus data for a
norovirus dose-response is implausible”
Geosvntec Response — “Section 5.3.3... discusses the Dose Response Assessment of
adenovirus....”
Comment on Geosyntec Response - The response does not address the question, and the
comment was not addressed in the final report.

Specific comments (pg. 46-47)
EPA initial comment — “Table 4-6 presents a summary of the secondary attack rates that appear
quite high. Additional investigation. . . are needed to get a better idea [if they] are reasonable.”
Geosyntec Response — “Secondary transmission rates used are generally at the high end of those
reported in technical literature. Therefore, the assumptions on secondary transmission are
conservative and the resulting secondary illness rates may be biased high.”
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.

Specific comments (pg. 47)
EPA initial comment — “The discussion of the ‘disease transmission model’ and secondary attack
rates is very sketchy. .

Geosyntec Response — “Section 5.4.2 of the Final Report discusses the Disease Transmission
Model, including secondary transmission... [A] dynamic risk model was developed that
considers secondary exposure through contact with CWS recreational users... Because the
number of individuals exposed through recreation on the CWS is a relatively small proportion of
the total population of the Chicago metro area, population levels of acquired immunity and
illness by secondary transmission were not impacted. . .“

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.
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Risk Assessment (pp. 48)
EPA initial comment — “This risk assessment appears to be a standard boiler plate, which is only
as good as the data used to form it.”
Geosvntec Response — “The use of probabilistic microbial risk assessment for estimation of
illness in recreational users is the state-of-the-science approach for estimating risk... This
assessment uses input data that represents the highest quality and most extensive
contemporaneous bacteria, virus and protozoa data for recreational water currently available...”
Comment on Geosvntec Response — The response to this comment is severely overstated.
The data that were collected for this investigation were good. However, the number of data
points for use in the QMRA was extremely limited because multiple sites and conditions
(wetfdry) 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 EPA
reviewers, the results of the QMRA analysis are not credible.
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312751 5190
March 13, 2009

Mr. Andrew Tschampa
Acting Chief Water Quality Branch
United States Environmental Protection Agency
Region V
77 West Jackson Boulevard
Chicago, Illinois 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 methodology; and, therefore,
the District has undertaken a companion epidemiological (Chicago Health Environmental
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.

Metropolitan Water Reclamation District of Greater Chicago
100 EAST ERIE STREET CHICAGO, ILLINOIS 60611-3154 3127515600



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,

ieI4a4
Louis Kollias,
Director
Monitoring and Research

LK:GR:ss
Enclosure
cc w/enc.: Marcia Wilihite, Illinois EPA

Ephraim King, USEPA Office of Water Washington D.C.
cc w/o enc.: Chriso Petropoulou, Geosyntec Consultants Chicago

LanyonfFeldmanlHill/Granato/O’ Connor/RijaL/Glymph
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JUL 31 2008
REPLVTOTHEATTENONOF:

Mr. Louis Koilias
Director of Research and Development

Metropolitan Water Reclamation District of Greater Chicago

100 East Erie Street
Chicago, illinois 60622

Subject: U.S. Environmental Protection Agency Review Comments on the Report

“Dry and Wet Weather Risk Assessment of Human Health Impacts of Disinfection vs.

No Disinfection of the Chicago Area Waterway System”

Dear Mr. Kollias:

Thank you for your letter dated May 28, 2008, to Mr. Allen Melcer of EPA, Region 5.

Within that letter you provided RegionS with a copy of the subject report and a response to

comments we made on the dry weather portion of the risk assessment. We would like to thank

the District for giving EPA the opportunity to review the interim report on the dry weather risk

assessment and for responding to our comments. EPA reviewed the final report of the combined

dry and wet weather risk assessment, and we have numerous comments which we are providing

to you and the Illinois Environmental Protection Agency. We are also enclosing examples of

how quantitative microbial risk assessments have been used elsewhere and how to incorporate

current approaches to problem formulation and exposure into the risk assessment.

We would like to extend the same opportunity to meet with the District regarding these

comments as was done for the first phase of the risk assessment. We can connect via conference

phones appropriate contacts in EPA Hesdquarters and the Office of Research and Development

to participate. Pleasô call me at (312) 886-6136 if you would like to discuss these comments

further or arrange logistics for the meeting.

•1%

I

Sincerely,

,.

L4I±

ejA. LI.

Marcia Wilihite, Illinois EPA

RICyCkdIReCyC1. Printed with Vegetable Oil Based Inks on 100% Recycled Paper 150% Postconsumer)
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Via E-Mail and U.S. Mail

11 March 2009

Dr. Thomas C, Granato
Assistant Director of Research & Development
Metropolitan Water Reclamation District of Greater Chicago
6001 W. Pershing Road
Cicero, illinois 60804-4 112

Subject: Responses to EPA’s Technical Review Comments Regarding the
Report entitled: “Dry and Wet Weather Risk Assessment of Human
Health Impacts of Disinfection Vs. No Disinfection of the Chicago
Area Waterways System,” dated April 2008

Dear Dr. Granato:

Geosyntec Consultants (Geosyntec) is enclosing responses to EPA’s technical review
comments regarding the subject report (see Enclosure). The responses follow the
corresponding EPA comment(s). In addition, the responses refer to EPA’s Technical
Review Comments Regarding the Interim Phase I Report, dated November 2006, “Dry
Weather Risk Assessment of Human Health Impacts of Disinfection Vs. No Disinfection
of the Chicago Area Waterways System”, which are included as an attachment to the
Enclosure.

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

Very truly yours,

Chriso Petropoulou,’Ph.D., P.E., BCEE
Associate

Enclosure

engineers sdenists innovators





EPA Review of Dry and Wet Weather Risk Assessment of Human Health Impacts of
Disinfection vs. No Disinfection of the Chicago Area Waterways System

This document provides EPA’s comments on MWRDGC’s Dry and Wet Weather Risk
Assessment. We praise MWRDGC for their willingness to undertake the effort and expense
associated with the data collection and analysis in this report. We understand that quantitative
microbial risk assessment is an area of risk assessment where the ground is not as well tread as that
in chemical risk assessment and appreciate MWRDGC’s challenge in developing the report. The
work that MWRDGC is doing in the area of risks from exposure to fecal contamination from
secondary contact recreation is of interest to EPA and we believe it is critically important to ensure
that it is accurate, transparent and scientifically defensible. We have provided numerous comments
tolçlp MWRDGC improve the report so that it can achieve those goals and would like to offer to
discuss and answer any questions you may have regarding our comments.

This Agency review is summarized into two main parts; a process-oriented section under “General
Comments”; and, a technical evaluation under “Technical Comments.”

General Comments

Risk Assessment versus Risk Management and Policy netting

This report confuses the purposes ofrisk assessment with risk management and policy setting (e.g.,
see p. xiv, “Microbial Risk Assessment Objectives” pp. zrix - xx “Wastewater Disinfection” and
“Microbial Risk Assessment”). The lack of clear delineation between these ‘various fimctions
severely hampers the importance of transparency in the risk assessment process. In this case, the
goal of a microbial risk assessment is to estimate the potential for human disease associated with
exposure to waterborne pathogens or a medium in which the microbes occur. This risk estimate
should be derived in a transparent fashion and be scientifically defensible. As stated in the ILS1
Revi.sedFrameworkforMicrobia!RLkAssescment (ILSI, 2000) in regards to transparency: “methods
and assumptions should be clearly stated and understandable to the intended audience...” and the
“audience should be able to evaluate the adequacy of the data and methods from the provided
information.”

Response: The ten hi (lie last sentence of the above paragraph infers that the 2008 (eosyntec
report does not meet the ILSI requirements regarding transparency: “metlwds and assumptions
shoidd be clearly stated and understandable to the intended audience...” and the “audience should be
able to ewthu#e the adequacy ofthe data and methodsfrom the provided information.”

However, a review of the 2007 Interim Geosyntec Report conducted by the US EPA Office of
Research and Development for US EPA Region 5, Office of Water, states the following (see
Attachment A): “The general approach describedfor the QMRA also seems appropriate. The
authors do a thorough job of explaining and justifying their selections of dose-response
functions and their parameters. Generally, citations from peer reviewed literature are
provided to support their decisions.”

Therefore, it appears that some EPA reviewers believe that (lie QMRA provides transparency
while others disagree. In orderfor Geosyntec and MWRDG to address the EPA comments, we
need to receive consistent and specific comments that we can address.

However, the stated main objective of the MWRDGC dry and wet weather risk assessment “was to
evaluate the human health impact of continuing the cunent practice of not disinfBcting the effluents
from the District’s” wastewater treatment plants (p. xiv, Executive Summary). This objective is



clearly a policy and/or risk management decision that should be informed by the risk assessment
While the risk assessment pmcess should be iterative in nature and requires input from risk
managers even in the initial problem formulation phase, itshould not be used to simply justify,
a policy decision. As such, this risk assessment appears compromised in its function and
purpose and the report’s conclusions appear suspect.

Response: The stated objective was formulated in MWRDGC’s Request for Proposal, dated
January 2005 with input from various stakeholders, Including the Illinois Environmental
Protection Agency. The risk assessment did not include any objectives to justify a policy
decision. The study objective was formulated to evaluate, estimate and compare recreational
health risks in the Chicago Area Waterway System whit and without effluent disinfection. The
same objective was stated in the 2007 Interim Dry Weather Report and the EPA reviewers of
the subject report did not express any concern about the objective (‘see AttucltmejitA).

Need for Clear Problem Formulation

Another majoi.. criticism of this report is the lack of a coherent problem formulation and
development of a transparent conceptual model. This criticism was identified upon review
of the dry weather risk assessment and was never satisfactorily addressed. The problem
formulation is iterative in nature and of critical importance in the risk assessment process
and should include input from bOth risk managers and assessors.

Response: Tue reviewer’s assertion that the QMRA lacks a transparent conceptual model and
a thorough.. umicertainty/variabilily analysis is incorrect. Section 5.2 of the report presents the
conceptual exposure model ofthe recreational use ofthe waterway. Section 5.4.7 ofthe report
discusses Sensitivity and Uncertain4’ analysis. Tables 5-16 and 5-17 present pertinent results.
The iterative problem formulation process was not within the scope of work of the Geosyntec
QMBA.

Additionally, a sampling schematic would be helpful to track the various sample methods,
as well as, a table and corresponding justification for the parameters chosen in the risk
assessment. Having both would greatly improve transparency.

Response: Figures 2-1 and 2-2 presents the sampling locations during the dry and wet weather
samples. Table 2-2 presents the dry and wet weather samples. Table 2-I presents a summary
ofthe pathogenic microorganisms selectedfor the microbial risk assessment and rationalefor
their selection. Section 2.3.2 discusses in detail the sample collection equipment, materials
and procedures and Section 2.4.1 presents the microbial methods of analysis. Fitrtker,nore,
Tables 5-1 though 5-8 summarize all parameters chosen for the microbial risk assessment.
Geosyntec believes that adequate schematics and tables were provided in the report and all the
information used in the QMRA is clearly and transparently presented.

Additionally, as stated in the report, roughly 70% of the annual flows into the waterways are
from undisinfected sewage treatment plant discharges. This number would most likely be
higher in dry weather and lower during wet weather (i.e., the contribution of precipitation
to the waterways versus the volume of undisinfected effluents). Conversely, approximately
30% of the annual flows into the waterways are unspecific (e.g., urban runoff CSO
overflows, direct precipitation, etc.). This significant component is mostly ignored by the
risk assessment other than to make a qualitative attempt to discuss pseudomonads. The
approximately 230 CSOs on the waterways were not covered, nor sampled during wet
weather events (Region 5, verbal communication). This component could have been
identified and discussed had a coherent problem formulation, including a transparent and
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clear conceptual model, been employed in the risk assessment process.

Response: On the contrary, risks were developed using waterway data that accounts for all
sources to the waterways. Section 2.2.2 of the report discusses the Wet Weather Objective of
the Microbial Risk Assessment. One of the wet weather objectives of the microbial risk
assessment was to evaluate the impact of combined sewer overflows (tSOs) on the microbial
quality of the Chicago Area Waterway System (CA WS,). The purpose of microbial sampling
during both dry and wet weather was to measure the microbial concentrations in the CAWS,
where recreational activities take place. During wet weather, the CA WS receives microbial
loads due to surface runoff, storm drains, overland runoff land use activities (suck as
agriculture and construction,), erosion, and l,abitat destruction and CSOs, including
discharges from three major pumping stations (North Branch, near the North Side WRP;
Racine Avenue, near the Stickney WRP; and 125” Street, near the Calumet WRP). During wet
weather sampling, samples were collected very itear the pumping stations at locations
determined by the sampling boat captain to be safe. Because of the turbulent flow conditions
inducedfrom the pumping station discharges, It was not possible to sample at the exact point
ofdischarge. Table 2-3 in the reportpresents the (‘SO volumes discharged during wet weather
sampling. The pumping stations contribute relatively large volume of CSOs in the waterway.
Therefore, the sampling performed itear the pumping stations during the wet weather
sampling events has accountedfor the contribution of CSOs on the microbial quality of the
CAWS.

Need for Peer Review

For the report and its conclusions to be considered “scientifically defensible,” we strongly
recommend that it be subject to the same type of external peer review that you are
conducting for your secondary contact epidenilological study (CHEERS). We feel the
process of an objective peer review (including incorporating changes in order to address
peer review comments) would allow MWRDGC to strengthen the validity of the reportand
its conclusions.

Response: The QMRA study was conducted by experts using EPA-approved methods and
state-of the science techniques, The results of the study are scientifically defensible. As
indicated earlier, the EPA reviewers’ general comment on the 2007 Interim Dry Weather
Report acknowledged that world-renowned experts were consulted to conduct the QMRA. The
reviewers further commented that the general approach described for the QMRA was
appropriate and the authors did a thorough job of explaining andjusqfying the selections of
dose-responsefunctions and their parameters with citationsfront peer reviewed literature (see
Attachment A). EPA’s review comments on. the Interim Dry Weather Report and responses
submitted by the project team referencing the sections of the Final Report where the changes
were incorporated are provided in tile Attachment A. MWRDGC Ic pursuing peer review ofthe
findings of the study by publishing the results in peer-reviewed scien4/icjournals.

In addition, it is unclear whether the subcontractors on the Geosyntec team (as listed in the
Executive Summary) have reviewed the final report and would agree with the use and
interpretation of data they provided. They should be given this opportunity or a more
accurate description oftheir contribution to the report should be provided.

Response: The Geosyntec Team, which includes Geosyntec Consultants (Geosyntec) and itc
subcontractors: Patterson Environmental Consultants (PEC); Cecil Lue-Hing & Associates
(CLHA); Dr. Charles Gerba of the University of Arizona. (VA); Hoosier Microbiological
Laboratory, Inc. (HML); and Clancy Environmental Consultants, Inc. (CEC) worked
seamlessly to perform the Microbial Risk Assessment study and to prepare the report. The roles



of each team member were defined at the proposal stage of the project. A!so, these roles are

descri.bed in the 2005 and 2006 Sampling and Analysis and Quality Assurance Project Plans,

which are referenced in the April 2008 report. Geosyntec had overall responsibility for the

management of the project andfor performing the microbial risk assessment. At the onset of

the study, Dr. Gerba provided on-site training to the District personnel on sample collection

procedures. The subcontractor laboratories used for This study are very reputable and have

assisted in the development ofEPA-approved methods. The laboratories analyzed the microbial

samples and submitted laboratory reports summarizing tile analytical results that were included

in the Final Report Appendices and formed the database for the QMRA. CEC analyzed the

Csyptosporidium and Glardla samples and provided pertinent laboratory reports. HML

analyzed the bacteria and culturable virus samples and provided pertinent analytical reports.

The Environmental Yfrology Laboratory, Department of Soil, Water and Environmental

Science at the University ofArizona thatperformed the analysis ofadenovirus and norovirusfor

this study under the direction of Dr. Gerba. However, it was not the role of the three

subcontractor laboratories to review the Final Report. The project had three peer reviewers:

Drs. Charles P. Gerba, Cecil Lue-Hing and James W. Patterson, served in the seniD? scientific

advisory committeefor the project and provided direction andpeer review on every aspect ofthe

workperformed.

Purpose ofDisinfection Chapter

The Disinfection” section (Chapter 4) of this report serves only to obftiscate the purpose of

this risk assessment. While the discussion of disinfection efficacy, indicator organisms and

pathogens was relatively accurate, it seems tangential to the actual purpose of estimating

the potential for human disease associated with exposure to waterborne pathogens or a

medium in which the microbes occur.

Response: The main objective of the Microbial Risk Assessment Study WUS to evaluate the

huma health impact of continuing the current practice of not disinfecling the effluents from

the District’s North Side, Stickney and Calumet water reclamation plants versus initiating

disinfection of the effluent at these three plants. This objective was formulated in the

MWRDGC Request for Proposal (‘RFP) for this study. Therefore, the Geosyntec Team

performed a desk-lop study of peer-review technical literature on wastewater pathogen and

indicator disinfection and summarized the findings in Section 4 of the report. Disinfection.

effectiveness of ch(orination/dec!ilorination, ultraviolet oxidation and ozonation was

summarized, because these are the technologies currently evaluated by MWRDGC 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, under the disinfection scenario.

Also of superficial relevance to this human health risk assessment is the discussion of

potential risks from disinfection byproduct (DBP) formation and exposure. The authors

state that human health effects associated DBPs tend to be chronic in nature and therefore

the development of a risk assessment for exposure to chemical constituents, including

DI3Ps, is far more complex than the microbial risk assessment. First, even less is known

about the chronic effects on human health from single andlor repeated exposures to

pathogens. 1-lowever, data have shown that chronic fatigue syndrome can be linked to

chronic infection by enteroviruses (Kerr, 2008, J. C’iin. Paihol, 61:1-2; Chia, 200S, J. C’iin.

Pathol 61:43-48).

Response: This study addresses microbial risks only and it does not address chemical risks

©



quantitatively or qualitatively. The point of the statement in. the report was to acknowledge
the chemical risks of disinfection by-products. The text on page 91, Paragraph 3 of the
report states that: “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 ofchemical risks due to disinfection by-products was outside the scope of work
of this study. Also, the chronic effects ofpatliogens on human health were not evaluated in
this study.

Second, a properly conducted microbial risk assessment, including all of the components
necessary to develop a transparent and scientifically defensible evaluation, can be as
complex a procedure as the development of a chronic toxicity human health risk
assessment.

Response: Geosyntec believes that the QMRA study was conducted properly and includes all
ofthe necessary components.

There are differences in the structure and approach between a chemical and microbial risk
assessment, but either can range from simple (e.g., in the case of a qualitative or screening
level deterministic point estimate assessment) to complex (e.g., in the case of a
probabilistic risk estimation that includes the dynamic nature of prior immunity and
secondary pathogen spread). That the authors felt that this microbial risk assessment lacked
needed complexity only underscores the need for a proper problem formulation, conceptual
model, and thorough uncertainty/variability analysis. Indeed, it is important to account for
system variability that can lead to changes in exposure and microbial risk because short
periods of exposure to high pathogens levels can result in greater risk {C7ean Waler:. What
is Acceptable Microbial Risk? Amen Soc. Microbiol., 2007).

Response: The reviewers comment makes unsubstantiated assertions about what the authors
felt. Geosyntec does notfeel that this QMRA lacked needed complexity. There is no statement
in the report describing such feelings. Also, the reviewer’s assertion that the QMRA lacks a
conceptual model and a thorough uncertainty/variability is incorrect. Section 5.2 ofthe report
presents the conceptual exposure model ofthe recreational use ofthe waterway. Section 5.4.7
of the report discusses Sensitivity and Uncertainty analysis. Tables 5-16 and.. 5-17 present
pertinent, results.

General Issues in Chapter 5

The use of an outdated risk assessment model (e.g., Chapter 5) further hampers
transparency and confidence in this report’s conclusions. See the ILSI “Revised Framework
for Microbial Risk Assessment” enclosed with this review (ILSI, 2000).

Response: Geosyntec used the same risk assessment as in the reference provided in the reviewer’s
comment. Dr. Gerba in our team contributed in the development of the ILSI model and he
confirmed that the mode! used in the QMRA study is identical to the ILSI model.

Chapter 5 also contains numerous inaccurate statements and broad sweeping statements
based on assumptions with little or no justification. For example, gastrointestinal illness is
the principal adverse outcome associated with exposure to fecally contaminated (i.e.,
human and or animal waste) waters, not just water containing microbes (note: all ambient
waters arid many drinking waters contain microbes). To date, rates of gastrointestinal
illnesses have been most strongly correlated with indicators of fecal contamination in
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epidemiology studies conducted on predominantly POTW-impacted (note: with
disinfection) waters, hence the general acceptance of this category of illness as the
‘principal adverse outcome’. The pathogens of concern vary by fecal source, but many can
cause gastrointestinal illnesses of varying severity.

Response: This comment makes many broad and unsubstantiated claims. Text in Section 5.1
refers to microbial contaminated water, not just water containing microbes as the reviewer
claims. The text in Section 5.1 of the report refers to microbial pathogens that can
contaminate the water and cause gastrointestinal illness. Text in Section 5.1 also states that
fecal-oral. transmission associated with gastrointestinal illness Is the primaly effect evaluated
in this study.

The authors also state that there is correlation between different pathogens. This
uncorroborated statement is an inaccurate broad conclusion. Which human pathogens are
present in a waterbody is determined by the source(s) of those pathogens and degree of
treatment those pathogens undergo during their fate and transport. For example,
Pseudomonas sp. tends to occur in urban runoff in high numbers (EPA, I 977 Microbes in
Urban Siorrnwater; Pitt, 2002, Siormwaier Effects Handbook, chapt. 3), but is only one of
the pathogens of concern from this particular source. Indeed, the authors do not attempt to
justify or explain how they compare risk with the different pathogens and potential disease
endpoints in mixed source waters (i.e., are less variably-occurring pathogens with
potentially lower relative illness severity equal to or different from variably occurring
human and zoonotic pathogens with potentially higher relative illness severity). Given that
—30% of the average annual inputs into the waterways can be from non-POTW sources,
more results and discussion is needed on this topic.

Response: We concur with the reviewer’s comment about Pseudornonas occurrIng in urban
rum:off in high numbers. The results of the QMRA study indicate that the sources of
Pseudomonas aeruginosa during wet weather are sources other than the WRP effluents.
However, we disagree with the remaining comment. The QMRA stwly accounted for the
effect of wet weather by collecting and analyzing samplesfrom the CA WS during wet weather
events. Sections 3.1, 3.2 and 3.3 of the report discuss the wet weather bacteria, protozoa and
virus results in detail. In addition, a comparison between dry and wet weather results is
provided.

The sometimes-controversial issue of what constitutes the secondary contact portion of the
designated recreational use underpins this risk assessment. The report attempts to

characterize secondary contat activities (e.g., wading) in contrast to what can be normally
considered primary contact recreation (e.g., swimming). All ‘high’ risk secondary contact
activities were combined into the ‘canoeing’ category or as the report describes, “low
contact boating”. These activities include: canoeing, kayaking, sculling, and jetskiing.
Additionally, while observed occurring during the UAA survey, wading and swimming
activities were not included at all in this assessment. We recommend more appropriate
categorization for some of the activities in the “low contact boating” category (e.g.,
kayaking, sculling) as we believe they may carry a higher degree of likely incidental or
accidental ingestion than canoeing (i.e., closer to that of primary contact). These activities
would then be assigned greater consumption values based on the higher exposure. While
one can debate the differences between the consumption values, hence the exposure, for the
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various activities in the ‘high risk ‘canoeing’ group, it is important that the analysis reflect
the full range of exposures for such activities and not underestimate them.

Response: Exposure was divided into 3 exposure categories; high medium and low exposure
groups. Representative activities were ascribed to each of these categories; canoeing, fishing
and boating. For each exposure category, input distributions were developed for use in the
QMRA. The QMRA accountedfor (befall range of expected exposures for all activities in
this category by using exposure duration and ingestwn distributions, which are discussed in
detail in Section 5.2 of the report. Kayaliing and sculling were evaluated a high: exposure
activities. The input rangefor the high exposure “canoeing” group includes the potentialfor
ingestion that rangesfrom minimal contact with the CA WS to exposure levels that are similar
to those used for swimming ingestion levels. Therefore, we believe that the high exposure
category (i.e., canoeing) adequately captures the potentialfor higher incidental Intake of water
while recreating.

Stylistic Comments

A couple of stylistic issues hamper the transparency of the report. First, the executive
summary is rather long and the presentation of the results does not occur until page xxiv.
An effective executive summary states the bottom line up front. Additionally, typically an
effective executive summary is much shorter in length. Second, haying the various tables
and figures embedded in the chapters when they are referenced would facilitate
comprehension of the report as a whole. This is even more important when the report is
only viewed in the electronic (-pdf) format. Given the current state of desktop publishing
and the relative ease inserting the tables and figure in the text that these software packages
allow, EPA would suggest making this change prior to submitting this report to an external
peer review.

Response: The style ofthe reportfollows a typical Geosynteeforinat. The same style was used
for the Interim Dry Weather Report and the EPA reviewers of that report did not have any
concerns about the style ofthe report.

Technical Comments

Synopsis ofmajor comments:

• Variability of concentration of pathogens in water appear not to have been adequately
addressed in the risk assessment nor was sensitivity analysis of that key variable
reported.

Response: This comment is misleading and inaccurate. Section 5.4.! of the report discusses
the bootstrapping method that WaS used in the QMRA. Bootstrapping is a widely accepted and
extensively used procedure in statistical analysis and represents a process of selecting a
random inputfrom a dataset. This technique is useful in Monte Carlo analysis when the exact
distributionalform ofan input variable is either unknown or unable to be represented with a
continuous distribution. Bootstrap samples are random selections from the L’mpb*Q! data
with replacement. Bootstrap methods provide robust estimates of variability in Monte Carlo
assessments as the probabilities associated with drawing extremes in the distribution is
mimicked by the presence ofextreme values in the empirical data.

Assumptions are not provided. For example, the report should provide a table that clearly
lays out, for each pathogen assessed, the assumptions and descriptive parameters used.



Response: Section 5.3 and Tables 5-5 through 5-7 in the report present each pathogen
assessed, the assumptions and descriptive parameters used.

It is not appropriate to combine the wet and dry weather analyses, as that will
underestimate the risk from the wet weather events.

Response: Ii appears that in this comment EPA implies that the dry and wet weather results
were arbitrarily combined, which is incorrect. The dry and ;vet weather results were
integrated to simulate the climatic conditions expected within a recreational season, based on
actual weather andpumping station discharge occurrence data as described in Section 5.4.4 of
the report and Table 5-8. To represent risks from recreational exposure across the entire
recreational season, the input pathogen concentrations used in the risk assessment should
account for the probability of encountering pathogen concentrations related to different
weather conditions. The proportion of days under each weather condition In a:. recreational
year was developed from historical records of CSO and rainfall records. The input
distribution used in the simulations for selecting weather specific pathogen concentrations is
shown in Table 5-8. A conservative assumption was made In this analysis that recreational use
and weather conditions are not correlated. Common experience would suggest this is not the
case as people tend to spend less time recreating during rain events. The assumption in the
QMRA was that recreational use may resume shortly after rain events when waterway
concentrations are still strongly influenced by the preceding weather patterns.

Based on information presented in the report, it is difficult to get a clear picture
regarding the quality of the data (e.g., assumptions not provided, no description of
method recovery, no probability density functions (PDFs) used to describe viability
nor if viability data was used in the estimates of pathogen concentrations,
inappropriate number of significant figures).

Response: The reviewer’s assertion that there is no description on method recovery is
inaccurate. Where appropriate, method recovery was discussed. For example, Section 2.4.3
of the report presents the quality control (QC) data of till microbial results, including
fryptosporidium and Giardia QC data. The following QC samples were analyzed for
cryptosporidiumn. and Giai’dia: Matrix spike (MS), ongoing precision and recovery (OPR.), and
method blanks.

The reviewer’s assertion that no recovery data. is presented nor correctedfor is inaccurate.
Section 2.4.3 of the report summarizes the recovery rates of the MS and OPR saniples. MS
results were within the acceptance criteria specjfied inEPA Method 1623. In addition, all
recoveries were well within the acceptance crlteria.specifiedfor OPR samples In Method 1623.
No oocysts or cysts were detected in method blanks analyzed indicating no contamination in
the spiking or sample processingprocedures.

EPA Method 1623 does not allow the USe ofMS recovery results to adjust the samples. Text in
Section 2.4.3 of the report states that the MS sample results were not used to adjust
cryptosporidium and Giardia recoveries at any sampling location.

PDFs were not usedfor viability because a very smailpercentage ofsamples had viable Giardia
cysts. The average viability was used to adjust: the detactable concentrations of Giardia iii the
samples.

• Report does not provide information on the duration ofthe wet weather discharges
(events). This is critical in understanding the exposure to recreators, in essence,



what is the time to return to ‘background’ conditions versus when recreation may
resume?

Response: Table 2-3 In the QMRA provide boils, the pumping station discharge volumes in
millions ofgallons and the duration ofthe discharges. In addition, Section 5.4.3 and Figure
5-7 and Section 5.4.4 and Table 5-8 discuss the integration ofdry and wet weather data in the
QMRA. Tue assumption In the QMRA was conservative in that recreational use may resume
shortly after rain events when waterway concentrations are still strongly influenced by the
preceding weather patterns.

Data regarding the removal of pathogens through secondary treatment appears to differ
from published data — no discussion presented to explain this.

Response: It is not clear what this comment refers to. The removal efficiency ofpathogeiss
through the secondary treatment was not assessed in this study. Specifically, no influeni.
untreated wastewater samples were collected. Therefore, the reviewer’s assertion Is
unsubstantiated andfalse. The QMRA microbial concqntrations are based on an extensive
microbial characterization ofthe District’sfinal effluents. The QMRA results indicate that the
pathogens are generally lower than that. observed in several other sewage discharges reported
in the literature. The analytical microbiological results reflect the actual concentrations
measured in the WRP effluents.

This report (as provided on MWRDGC’s website) is missing Appendices B-D and, therefore, we
could not view the analytical data that serve as the basis for much of the analysis.

Response: Mr. Louis Kollias, Director of Research and Development of the Mefropoliftrn
Water Reclamation District of Greater Chicago, provided a copy of the April 2008 Geosyntec
report, entitled: “Dry and Wet Weather Risk Assessment of Human Health Impacts of
Disinfection Vs. Non-Disinfection of tile Chicago Area Waterways System,” to Mr. Allen
Melcer, Water Quality Branch, EPA Region 5. In his transmittal letter, Mr. Koiias
specjfically acknowledged that the raw data can be made available upon request. To this date,
MWRDGC has not received arequestfrom EPA for the raw data.

General

In describing the results of a quantitative microbial risk assessment there are two key
issues: 1) characterizing the estimated risk(s) against some benchmark or relative measure,
and 2) identifying uncertainties where possible so as to better inform those interpreting the
results. This report uses a draft benchmark risk for recreational water use of 14 illness per
1000 exposed recreators - which is neither adopted nor policy of the U.S. EPA. That value
was discussed in an EPA draft guidance document that was never formerly issued. EPA’s
current criteria are based on 8 cases of highly credible gastroenteritis per 1000 for
freshwaters, and 19 cases per 1000 for marine waters. None of the targeted
thresholds/benchmarks are presented with statistically-derived confidence intervals or
ranges that reflect the uncertainties associated with their values, including the values
reported in the final study.

Response: Table 5-10 of tire report presents a summary of various EPA acceptable swimming-
associated gastroenteritis rates per 1,000 swimmers. Because EPA does not currently have
microbial )vater quality criteria for secondary conkwt recreation, Geosyntec considered all
historical criteria. Footnotes to Table 5-10 provided clarifications and citations of the sources
of the information presented. The rate of aCCept(Ible swimming-associated gastroenteritis of



14 illnesses per 1,000 swimmers was a limit that EPA proposed in May 2002. Table 5-9 in the
report summarizes (he total expected illnesses under dry, wet and combined dry and wet
weather events. Although the designated uses of the CAWS do not include swimming and
other primary contact activities, the results in Table 5-9 indicate that the total expected
illnesses of recreational users in the CA WS are below EPA’s current criteria of 8 illness of
highly credible gaslroei#eritls per 1000 swimmers.

In addition, the reviewer’s assertion that “none of the targeted thresholds/benchmarks are
presented with statistically-derived confidence intervals or ranges that reflect the uncertainties
associated with their values” is incorrect. Section 5.4.7 of the report discusses the sensitivity
and uncertainty analysiS that was performed on the microbial risk assessment results. Results
of the sensitivity evaluation are presented on Table 5-16. Table 5-17 presents an alternative
sensitivity evaluatlo,,.

Whether the waters are natural or not is not considered relevant when determining if the
human exposure from recreation presents unacceptable risks. Given that 70 % of the annual
flows in the CWS are from discharges of secondary treated municipal wastewater effluent
ftoin the District’s WRPs (this review has assumed largely from Calumet, North Side and
Stickney) - focus should have been given to the performance of these wastewater facilities
with respect to frequency and duration of unacceptably high pathogen loads (which could
have been back-calculated from the target ‘acceptable’ risk level). That is, what is the
duration of the wet weather discharges?

Response: Geosyniec agrees with the reviewer’s comment that whether the waters are natural
or not Is hot considered relevant when determining human exposurefrom recreation. In fact,
for the QMRA study, dry and wet weather surface water samples were collected from the
CA WS, that receives contributions of both: (1) discharges of secondary treated municipal
wastewater effluent from the District’s WRPs at the North Side, Stickney and Calumet; and
2,) wet weather inputs. Therefore, the QMRA study accountedfor the issues discussed in the
reviewer’s comment.

Table 2-3 lit the report presents the CSO volumes discharged On millions ofgallons) during
wet weather sampling and (he duration of the discharges. The pumping stations contribute
relatively large volumes ofC’SOs in the waterwayfor relatively long periods of time. Therefore,
Ike sampling peiformed near the pumping stations during the wet weather sampling events
has accountedfor the contribution of ‘SOs on the microbial quality of the AWS. Also,
during wet weather, additional sampling locations were used to include the entire stretch of
each waterway segment in the samplingprogram as illustrated in Figure 2-2.

The range of microorganisms studied seems appropriate, yet the number of pathogen
samples appears unacceptably low (detects in only a few of 10-12 samples per WRP, of a
total of 50 wet and 75 dry weather samples collected) to simply take mean estimates, rather
than predict probability density functions (PDFs) of pathogen concentrations and their
uncertainties. Further, the use o• geometric means in the report is useful to provide an
estimate of the central tendency of microbial concentrations, but loses information about
uncertainties that could have been achieved by describing concentrations as PDFs and
Monte Carlo sampling to estimate infection risks. Lastly, it would seem inappropriate to
combine wet and dry weather pathogen sample results due to the few detects collected, if a
goal was to describe risks under dry versus wet conditions.

Response: Geosyntec concurs with the reviewer’s comment (hat the range of microorganisms
studied seems appropriate. However, the reviewer’s assertion that the number of patbogens
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appears unacceptably low, is vague and unsubstantiated. The sampling results reflect the
actual concentrations measured in the CA WS and the WRP effluents. The analysis of 125
samples (75 dry weather and 50 wet weather samples) provides a very robust database of
microbialpathogens and indicators.

Text in Section 5.4.1 of the report discusses the bootstrapping method that was used in the
QMRA. Bootstrapping Is a widely accepted and extensively used procedure in statistical
analysis and represents a process of selecting a random inputfrom;a dataset. This technique
is useful In Monte Carlo analysis when the exact distributional form of an input variable is
either unknown or unable to be represented with a continuous distribution, Bootstrap samples
are random selections from the empirical data with replacement. Bootstrap methods provide
robust estimates of variability in Monte Carlo assessments as the probabilities associated with
drawing extremes In the distribution Is mimicked by the presence of extreme values in the
empirical. data. Geosyntec believes that the bootsrapplng technique captured the variability in
the concentration ofpathogens.

Geosyntec disagrees wit!: the reviewer’s comment that “It would seem inappropriate to
combine wet and dry weather pathogen sample results due to the few detects collected, f a
goal was to describe risks under dry versus wet conditions.” Table 5-9 in the report
summarizes the total expected illnesses under dry, wet and combined dry and wet weather
events. Therefore, dry and wet weather risks were estimated and reported in the QMR4 study.
In addition, combined dry and wet. weather risks were estimated to represent the entire
recreational season that includes both dry and wet weather events. It appears that in this
comment EPA implies that the dry anti wet weather results were arbitrarily combined, which is
incorrect. The dry and wet weather results were Integrated to simulate the climatic conditions
within a recreational season, based on actual weather and pumping station discharge
occurrence data as described in Section 5.4.4 of the report and Table 5-8. To represent risks
from recreational exposure across the entire recreational season, the input pathogen
concentrations used in Ike risk assessment should accountfor the probability of encountering
pathogen concentrations related to djfferent weather conditions. The proportion of days
under each weather condition in a recreational year (April through November) was developed
from historical records of (SO and rainfall records. The input distribution used in the
simulations for selecting weather spec4flc pathogen concentrations is shown in. Table 5-8 of
the report. A conservative assumption was made in this analysis that recreational use and
weather conditions are not correlated. common experience would suggest this is not the case
as people tend to spend less time recreating during rail: events. The assumption in the QMRA
was that recreational use may resume shortly after rain events when waterway concentrations
are still strongly influenced by the preceding weather patterns.

As stated in the executive summary, the four main objectives of the wet weather
QMRA were, in summaiy:

1. Evaluation of wet weather impact on outfall microbial quality

2. Evaluation ofCSOs impact on CWS

3. Fleahh risk from CWS under wet weather conditions

4. Risk reduction from disinfecting WRP wet weather effluent

Points where at least parts of these main objectives are not met are discussed below.



Statistical Analyses

The merging of pathogens data for dry and wet weather may be inappropriate, depending on
the question being addressed. Comments such as (page xxi) that ‘The Salmonella spp. dry
weather results had statistically insignificant detections and therefore an ANOVA analysis
of both the dry and wet weather results was not performed’ are not really satisfactory, as a
non-detect means that the concentration was below a certain concentration, which could
have been compared against the distribution of detects under wet weather conditions.

Response: It appears that in this comment EPA implies that the diy and wet weather results
were merged, which is incorrecL Tue dry and wet weather results were integrated, to simulate
the climatic conditions within a recreational season, based on actual weather and pumping
station discharge occurrence data US described in Section 5.4.4 ofthe report and Table 5-8.

Statistical estimates may be biased in cases where an ANOVA is conducted with highly
censored daMsels. Salmonella spp. was detected in only 13% of the dry weather samples and
therefore an ANOVA analysis ofthe results was not pesformed. However, the geometric mean -

values for the Salmonella spp. censored datasets (i.e., daMsels containing below detection
results) were computed using a maximum likelihood method. Salmonella spp. concentration
data will, censoring greater than 80% were considered statistically insign1can4 and therefore
no geometric mean values were computed (‘see Table 3-2a in the report). The April 2008
Report presents Salmbhella spp. results. Although, the ANOVA statistical test: was not
performed because of the reasons outlined above, a direct comparison of the results can be
performed by any reviewer ofthe report.

One related factor that appears to be missing is the waterway recovery time, how long after
a wet event does it take the recreational water bodies to reach ‘baseline’ conditions? This
raises the qiestion as to how dry and wet weather samples periods were defined -which
does not appear to be reported?

Response: Section 2.3.2, Page 17 of the report discusses wet weather sampling protocol.

Ii

addition, Section 5.4.3 ofthe Report discusses the integration ofdry and wet weather results in
the QMRA. Figure 5-4 presents (LU illustration of the attenuation ofpathogen concentrations
between wet and dry sampling events that was used to derive estimates of the pathogen
concentrations between wet and dry weather events. Section 5.4.3 of the report discusses the
estimation and incorporation ofthe estimates ofmicrobial concentrations between wet and dry
weather in the microbial risk assessment.

Information regarding the analysis of pathogen samples is not sufficient. Section 3 provides
adequate details of the raw data collected, but Section 4 summary concentration
tables/figures appear not to indicate the sample sizes involved. In Section 3, the actual
numbers of positive samples used to estimate concentration was really too low to give
meaningful values as simple means. Given all the. data available, far better estimates of
means and their uncertainties could, have been achieved, which could have been carried
through to the QMRA results.

Response: The reviewer incorrectly assumes that geometric mean pathogen concentrations
were used in the QMRA. As discussed in Section 5.4.1 of the report the bootstrapping method
was used in the QMRA. Bootstrap methods provide robust estimates of variability in Monte
Carlo assessments as the probabilities associated with drawing extremes in the distribution is
mimicked by the presence ofextreme values in the empirical data.



Section 4 is a summary of information presented in peer review literature regarding
disinfection ofpatbogens in wastewater samples. Disinfection efficiency data is summarized
and available pertinent information is presented in the text and table footnotes. Such
informatThn Includes the types oftests (bench- or pilot-scale) or reagents, and reagent dosages.

Parasitic Protozoa

Some of the low positive rates for pathogens were (from page xxi):

Dry Weather:

North Side: Giardla outfall (5/5), upstream (4/10), downstream (?/1 0)

Cryplosporidium outfall (3/5), upstream (1/10), downstream (6/10)

Stickney: Giardia outfall (515), upstream (4/10), downstream (8/10)

Cryplosporidium outfall (3/5), upstream (1/10), downstream (3/10)

Calurnet: Giardia outfall (4/5), upstream (0)10), downstream (4/10)

Crypiosporidium outfall (1/5), upstream (1/10), downstream (4/10)

There appear to be some translation errors or missing data, for example, in Table 3-3a there
are only five up and downstream samples reported, but in the executive summary (p xxi)
positives are reported out of 10 samples? Presumably there was data collected for dry
weather in addition to 2005 data reported in Table 3-3? However, as Appendix C was not
included with the report (nor for that matter Appendices B-D) it was not possible to check
against the original data provided by CEC.

Response: The reviewer miscounted the number of samples in Table 3-3a; the table clearly
indicates that samples at the North Side outfall and waterway segment were collecled on 5
different dates (events): 7/28/05; 8/4/05; 8/18/03; 8/25/05; 9/01/05. During event, 2
upstream (surface and 1-meter depth) and 2 downstream samples c’surface and 1-meter depth,)
were collected. Therefore, a total of 10 upstream and 10 downstream samples were collected
at each waterway. The reviewer’s statement/question: “Presumably there was data collected
for dry weather in addition, to 2005 data reported in Table 3-3?” isfalse. All data collected was
reported.

Mr. Louis Kollias, Director of Research and Development of the Metropolitan Water
Reclamation District of Greater chicago, provided a copy of the April 2008 Geosyntec report,
entitled: “Dry and Wet Weather Risk Assessment of Human Health Impacts of Disinfection
Vs. Non-Disinfection of tile Chicago Area Waterways System,” to Mr. Allen Melcer, Water
Quality Branch, EPA Region 5. In his transmittal letter, Mr. Koiias specWcally
acknowledged litat the raw data can be made available upon request. To this date, MWRDGC
has itot received a requestfrom EPA for the raw data.

Nonetheless, seqondary-treated sewage effluent will always have some Giardia and
Crypiasporidium in it, and based on the 20-liter samples being processed it in unlikely to
have non-detects if recoveries were >50%; this raises a major concern in that no recovery
nor corrections for recoveries were reported when estimating pathogen risks. Similarly, for
the environmental waters assayed for parasitic protozoa (typically 18.9 liters assayed
according to Section 3), no recovery data is presented nor corrected for.
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Response: Section 2.4.3 of the report presents the quality control (QC) data of all microbial
results, including ryptosporidium and Giardia QC data. The following QC samples were
analyzed for Cryptosporidlum and Giardla: Matrix Spike, ongoing precision and recovery
(OPR), and method blanks.

The reviewer’s assertion thai no recovery data is presented nor correctedfor is inaccurate and
false. Section 2.4.3 of the report summarizes the recovery rates of the MS and OPR samples.
MS results were within the acceptance criteria specfled in EPA Method 1623. In addition, all
recoveries were well within the acceptance criteria specfledfor OPR samples in Method 1623.
No oocysts or cysts were detected in method blanks analyzed indicating no contamination in
the spiking or sample processing procedures.

EPA Method 1623 does not require or allow the use of MS recovery results to adjust the
samples. Text in Section 2.4.3 of the report states iiiat the MS sample results were not used to
adjust C’ryptosporidium and Giurdia recoveries at any sampling location.

Again, in the absejice of the original data it is hard to make any more of a comment on the
‘viability’ testing of oocysts, other than to say that if only a few oocysts were examined, as
indicated by the dry weather positive counts, it would not be appropriate to report two
significant figures for the precision of the viability statistic reported, such as 21 % or 26 %
when the error in such estimates is likely to be at least 50%. Also, with only three of 125
crypiosporidium samples (75 dry weather and 50 wet weather) testing ‘viable’ (2.4 % as
presented on page xxiv) it calls into question how sensitive the viability assay is with so
few occysts being assayed - another uncertainty not discussed.

Response: The reviewer inischaracterlzes and misinterprets the results. Overall, this comment
is inaccurate and incoherent. The report does not report the precision of viability. It reports
the percentage of total cysts that are viable, based on propidium iodide (P1) staining. Section
3.2.3 ofthe report discusses the Giardia viability results.

Also, the reviewer mlscharacterizes the Cryptosporidium results and refers to 3 of 125 samples
testing ‘viable.’ In fact, the text on page xriv refers to ‘infectious foci’ not ‘viable’
Cryptosporidium. Section 3.2.2 of the report discusses “Detection of Infectious
Cryptosporidium Oocysts Using Cell Culture.” The infectivity test for Cryptosporidium is
completely djfferent than the ‘viability’ test.

In summary, with poor accuracy. (and unreported) in parasitic protozoan viability and no
reporting of recoveries, there is considerable uncertainty introduced into the datasets used
which has not been expressed when using and reporting risks from these data.

Response: The reviewer’s assertion that the accuracy Is poor and unreported Ls inaccurate and
false. Section 2.4.3 of the report summarizes the recovery rates of the MS and OPR samples.
MS results were within the acceptance criteria specjfled in EPA Method 1623. In addition, all
recoveries were well within the acceptance criteria specjfledfor OPR samples in Method 1623.

Enteric viruses

In the executive summary (p xxiv) under virus results, the terms ‘enteric viruses,
adenovirus and Calicivirus’ are used, presumably ‘enteric viruses’ should read
enteroviruses’ here and elsewhere in the report when enteroviruses were indeed the target
group (noting concerns if only cytopathicity was the endpoint in cell line assays).

Based on Tables 3-4, enteric viruses were assayed from 1 00-L samples, but no protocol was



given. It is unclear if the full I 00-L concentrate was used for each of the three virus groups
assayed (i.e., 300-L collected for all virus assays), or if l00-L was split, so in essence a
lesser volume equivalent of the concentrate was assayed for the three different virus groups?
Given the way the data are presented, for example in Table 3-5, a <1 MPN/l 00 L implies
that all 100 liters were assayed for each. However, since there is no protocol provided in the
report (and Appendix I) was not available), one cannot determine how the sample analysis
was performed. The concern here is data correction bias that occurs when smaller volumes
are assayed than what is reported, also no uncertainties were presented with the MPN
values given in Table 3-5. This concern is a major Issue for the Norovirus data, where the
PCR assay claims (Tables 3-7, 3-8) to only have utilized some 0.2 liters of the original
water sample, but is reported on a I O0-L basis. The MPN in various tables (e.g. 3-6, 3-7)
present results with three significant figures, far too many than what the assay can justify.

Response: Section 2.3.2.1 of the report discusses virus sampling. Text In. Section 2.3.2.1
states that. approximately 300-L of upstream and downstream samples were filtered at each
location during (by and wet weather sampling. In addition, approximately 100-L samples
were filtered at the outfall. The actual volumes collected were recorded in the sample
collection forms in Appendices A-I andA-2 of the report. Also, Appendices B-i and .8-2 and
D-i and D-2 of the report include the laboratory bench-scale forms that indicate the sample
volumes analyzed for virus samples. Appendices B-i and .8-2 include the total culturable
enteric virus results by Hoosier Microbiological Laboratory. Appendices D-1 and D-2 include
the adenovirus and norovirus results by the University ofArizona. The reviewer’s assertion
that Appendix D was not available is incorrect. Mr. Louis Kollias, Director ofResearch and
Development of the Metropolitan Water Reclamation District of Greater Chicago, provided a
copy of the April 2008 Geosyntec report, entitled: “Dry and Wet Weather Risk Assessment of
Human Health Impacts of Disinfection Vs. Non-Disinfection of the Chicago Area Waterways
System,” to Mr. Allen Melcer, Water Quality Branch, EPA Region 5. In. his transmittal letter,
Mr. Kollias speqflcally acknowledged that the raw data can be made available upon request.
To this date, MWRDGC has not received a reques,Jrom EPA for the raw data.

In addition, the reviewer’s concern that only 0.2 Liters of sample was utilizedfor norovirus
analysis is unjustified. The volume of 0.2 Liters of sample analyzed is sigi4flcanily greater
titan EPA ‘s estimated water ingestion volumefor swimmers of 3Oinl and signjflcantly greater
of the incidental ingestion volumes for the recreational uses considered in this microbial risk
assessment including, boating, canoeing andfishing (see Section 5.2.2 of the report, Exposure
Inputs.

In the PCR assays used, as no method data was available, it is unknown what level of
amplicon confirmation was used, e.g. was sequence confmnation undertaken, probing or
none? For cell lines showing a cytopathic effect (e.g. PCL/PRF/5 for adenoviruses) on
Table 3-6, footnote I states that only 31 of the 42 virus infected cell line samples were
confirmed as adenoviruses by PCR. Hence, was the adenovirus MPN/100L adjusted on that
percentage? it appears that the total MPN value was simply translated into adenovirus MPN
without any adjustment given the same values presented in Tables 3-6 and 3-8 (and only
42/50 PCR confirmed in Table 3-8).

Response: The reviewer’s comment is incorrect. First, there was no adjustmeni on the
adenovirus Concentration based on the ratio (31/42) of samples that were confirmed as
adenoviruses by PCR. For the samples with PCR confirmation, of adenoviruses, the total
concentration of sample was assumed to be adenovirus, which is a conservative assumption
for the risk assessment.



The summary enteric viruses data Tables 3-9 & 3-10 ha.’e far too many significant figures
given the lack of precision in the assays used along with the data management issues
associated with the actual volumes assayed versus the 1 0O-L reported volume (sometimes
four significant figures are reported, when 1-2 are all that can likely be justified). Overall,
the outfall concentrations of enteric viruses reported appear low, particularly for a non
disinfected wastewater, compared to what has been published in the literature. Based on the
E. coil & fecal coilform concentration data (Table 3-1), the wastewater seems to have only
lost about 2 logs through treatment as expected from normal raw sewage. Hence, virus
numbers seem to be some orders of magnitude less than expected for undisinfected
effluents, which has potential significant ramifications for disinfection studies and risk
assessments using this data.

Response: The virus analytical results under both dry and vet weather results andfrom two
dVferent laboratories (IIML and (IA) indicate that the virus concentrations are very
low. The occurrence and concentration ofprotozoa, crdturab!e viruses, adenoviruses
and norovi.rus were generally equal to or lower than observed in other studies by Dr.
Gerba and others on wastewater discharges and surface waters in general during dry
weather conditions (Gerba, 2008; Rodriquez et al., 2008; Rose et a!., 1988, 1991,1996).
These studies involved both disinfecred and non-disinfected treated wastewater, and
streams into which they were discharged. Some of these studies were conducted in
Europe where disinfection of treated wastewater discharges is usually not practiced.
The culturable viruses were also lower than observed iii a study of a recreational
stream in Arizona conducted by Dr. Gerba’s laboratory in which bathers were the only
source (Rose at al., 1987). The Geosyntec Team, including Dr. Gerba, believes that
the results are representative ofthe CA WS.

References to tills response:

Gerba, C. P. 2008. Virus occurrence and survival iii the envlronmentgl waters. 1n Human
Viruses in Water. A. Bosch, ed. pp. 91-108. Elsevier, Amsterdam.

Rodriquez, R. A., P. M. Gundy ant! C. P. Gerba. 2008. Comparison of BGM and PL/PR/5
cell lines for total culturable viral assay of treated sewage. Appl. Environ. Microbloh
74:2583-2587.

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

Rose, J.B., C’.P. Gerba and W. Jakubowski. 1991. Survey of potable water supplies for
L,yptosporidium and Giardia. Environ. Sci. Technol. 25:1393-1400.

Rose, J. B., L J. Dickson, S. R. Farrt’th and R. P. Carnahan. 1996. Removal ofpathogenic
and indicator microoganisms by full-scale water reclamation facility. Water Res.
30:2785-2797.

Smith, H. V. and A. M. Grimason. 2003. Giardia and C’ryptosporidium. The Handbook of
Water and Wastewafer Microbiology. D. Mant and N. Horan. pp. 695-756. Elsevier,
London.
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Disinfection

The potential disinfection effects of ozonation, UV and chlorination given in Table ES-i are
generally lacking any ranges - so again minimal uncertainty has been assigned to these
data. Furthermore, actual efficacy under operating conditions would be expected to increase
the range in performances of these unit operations.

In summary, the disinfection chapter does not actually present operational data nor
performance ranges required to undertake a sensitivity analysis or thorough risk assessment
- hence it adds little to the document.

Response: The reviewer’s comment Is Incorrect and provides an unjustified and unfair
criticism of the disinfrction section (Section 4) of the report. Section 4 is a summary of an
exhaustive literature search and provides information presented in peer review literature
regarding disinfection of pathogens in wastewater samples. Disinfection efficiency data is
summarized and available pertinent information Is presented in the text and table footnotes.
Such information Includes the types of tests (bench- or piiof-scaie) or reagents, and reagent
dosages. The information was used to derive a range of expected pathogen disinfection
effectiveness using UV, chlorination/dechlorination and ozonation. No treatability studies
were conducted as part of the QMR4 study to determine site-specific disinfection effectiveness.

Microbial Risk Assessment

Given the above comments, it is clear that the intended microbial risk assessment was
largely focused at what would be called a screening level largely using point mean
estimates in a deterministic manner.

Response: The reviewer’s comment is grossly inaccurate. The QMRA did not use mean
estimates. Text in Section 5.4.1 ofthe report discusses the bootstrapping method that was used
in the QMRA. Also a probabilistic, not a deterministic methodology using distributions of
exposure parameters was used in thç QMRA. Section 5.2 dIscusses the methodology used.

Yet there are some surprising attempts to incorporate some elements of a stochastic
assessment, such as in the PDF describing ingestion rates’ (Table 5-4). No reference is
provided to justify either the values presented in Table 5-4 nor the precision implied by the’
number of significant figures presented (generally three, sometimes four).

Response: The reviewers comment Isfalse. The reviewer reluctantly acknowledges that QMPA
has elements of a stochastic assessment, but calls them “surprising.” It is not clear what that
cha,acterization refers too. The reviewer claims that there are no references for the
information presented on Table 5-4. This statement is incorrect. Table 5-4 summarizes the
information discussed in detail in Section 5.2.2, where multiple references are presented.

it is stated (bottom of page 130) that a one-dimensional probabilistic risk assessment was
undertaken (i.e., taking on board variability, but not also uncertainty). However, as stated
above, PDFs do not appear to have been utilized in describing pathogen concentration
variations; indeed, it is unclear tothis reviewer what all the assumptions are as they appear
not to be listed. For example, (1) were median values or averages used? (2) what standard
deviations and assumed distributional forms were used or each PDF or how were
parameters fitted for each PDF? (3) how were viability estimates incorporated into the
results? (4) if ‘normaP pathogen loads in raw sewge were used and their dilution/removal
was based on E. ccli or other indicators in stream waters - how would that change the



estimated pathogen ranges? (5) what ranges were assessed in the sensitivity analyses and
on what basis were they selected? and (6) how many iterations were undertaken in the
Monte Carlo simulations? The only PDFs for input parameters appear to be ingestion
volume (from Figure 5-2, which has no source identified as to where these numbers come
from) and canoeist duration activity (Figure 5-3).

Response: The reviewer’s comment is inaccurate. The QMRA did not use mean estimates.
Text In SectIon 5.4.1 of the report discusses the bootstrapping method that was used in Ike
MRA. Also a probabilistic, not a deterministic methodology using distributions of exposure
parameters was used in the Q1kIRA. Section 5.2 discusses the methodology used. Table 5-4
summarizes the information discussed In detail in Section 5.2.2, where multiple references are
provided. Also, the reviewer is asking the number of iterations used. Section 5.4.5 ofthe report
discusses the number of simulations used. Speqfically, text on page 126, f’ Paragraph
indicates that 1,000,000 Iterations were peiformed.

Furthermore, there are various key questions not addressed in this assessment, such as:

What were the risks during wet weather alone (to take a worst case scenario)
given it was not noted how long it takes to return to ‘baseline1 conditions? Rather
than using some mix (Figure 5-4) to estimate pathogen concentrations between
wet and dry conditions, and not even using any variability of that in the
assessment.

Response: Table 5-9 clearly presents the wet weather risks

• If method recovery was included for each of the pathogen groups, what would be
the implications to the estimated risks?

Response: Method recovery correctIon Is not required or allowed in the EPA-approved
methods used for the analysis. Therefore, it is not scieittflcaUy defensible to derive
speculative estimates that are not based on proven, validated methods.

• “What about sediment load of pathogens and resuspension ofthose to added risk?

Response: The sampliuig accountedfor sedim.eni’ re-suspension ofpathogens. Section 2.3.1 ofthe
report discusses sediment re-suspension due to barge traffic and sampling when these conditions
occurred.

What levels of indicators could be predictive of ‘safe’ recreational waters.

Response: This assessment was outside the scope of the QMRA. The CHEERS (Chicago
Health Environmental Exposure & Recreation Study) being conducted by the Disfrict will
answer this comment.
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? Allen Melcer.
United States Th virournental Prctecrion Agency

Region V, Waler Quality Branch
77 West 3*cbon Boulevard
Mall Codc WQ-163
Chicago. IL 60604-3507

Dear Mr. Melcer:

Subject Final Report .Enti4ed “Dry and Wet W.eatber Risk Assessuent of

Human Resith Impacts of Diainftction vs. No Disinfection of the

- Chicago Area WaLeways Systcrn, and Response to Comments on

leteiim Draft Report

The Metropolitan Water Reclamation District of Greatx Chicago (District) Is pleased to’

provide you the final report entitled Dry nd Wet Weather Risk cssment of Tmnan Reaith

Trnpaets of Disinfection vs. No Disinfection of the ChIca Area Waterways System (CAWS)”

The report was prepated by the Oeosyntec team width includes Geosyntec Consultants; Cecil

Lue41ng & Mandates; Dr. Charles Qerba of the University of Arizona; Hoosier Mlêobiology

Laboratory and Dr. Jennifer Clancy of the Clancy Environmental Consultants Trio. The District

is confident that the microbial risk assessment perfonned by the Gecsyntec team roreecnts the

beat effort the cutent state of science n p ovide. The Teport 1rnrwledgca uncertainlics

that e inherent In any risk asse11ient methodology. To address these uncertaintics and to

‘validate the microbial risk assessment report, the District has exobazd on a companion

epidcmiologca] study to certain health imp50ts of r crcational use of the CAWS.

One peper copy of the repoit is enclosed. The raw data are not included in the final report

and ca be made available npon request. In addon, a copy of the final report Is posted an the

District website (www.mwrd.cza) and for convenient access1click on “UAA Sbrdy’1 listed under

‘Public luat” and then click on the dgtLth bnflet. Also attathed to this letter Is a copy of the

iterntz’4 responses to your cowriuts dated March 20, 2007 on the Jntndm Draft Report The

comments Were reviewed by the Ocosyntec team and the responsca to the coniments presented

inflect the changes m to the final documenL We very much appreciate the reviewers’ time

anefforts andhave found their comments useful in içroving the quality of the anal report.

Metropolitan Wites R.elama&n District of Orut.r Chicago

100 A8T SRJ€ STReET CHJCAQQ1$J,1)Øf$ 505j1454 312751.
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Mr. Allen Melccr 2 y28.2008

Subject: anaL Report titIed wD.y and Wet Weather Risk Aessnient of

Ruzuan gesbh Impacts of Disinfection vs. No Disinfecdon of the

Chicago Area Watczways Systern,uJ apd Response to Comments on

mDraftRepoxt,

We would like to thank you all for your valuable contbutJons to this report. If there e

any questions please feel free to cctitact Dr. Thomas Oranato, Assistant Dlrectr of Research

and DeveIopment iwuuenta1 Momtodng and Research DIVtSIoii, at (708) 588-4059 or

e-msil Thomas.Granat&mwrd.cra.

Vciy tzuly yoirs

L.ouis Kolilsa
Dctor
Research and Development

LTOGRmg
• Attachments

cc: R. I.anyon.
P.Fcldmn

• W,Stuba
• T. Oranato
G.Rijal



Geosyntec° Sc

consultants PH 312453-0500
rx 3I2.i8.O576

www.gecsynwc.com

Via E-Mail and U.S. Mall

23 May 2008

Dr. Thomas C. Granato
Assistant Director ofResearch & Development
Metropolitan Water Reclamation District ofGreater Chicago
6001 W. Pershing Road
Cicero, Illinois 608044112

Subject: Responses to EPA’s Technical Review Comments Regarding the
Interim Phase I 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. Granato:

Geosyntec Consultants (Geosyntec) is enclosing responses to EPA’s technical review
comments regarding the subject report. Geosynteo’s responses refer to the April 2008
Final Report entitled, “Dry and Wet Weather Risk Assessment ofHuman Health 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 please call me at
(312) 658-0500.

Very truly yours,

. -

Chriso Petropoulou, PhD., P.E., BCEE
Associate

Enclosure

W)5IIICVT5 1 I ,vnar



ENCLOSURE

Responses to EPAs Technical Review Comments Regarding the Interim Phase I
Report, dated November 2007, “Dry Weather Risk Assessment of Human flealth
Impacts of Disinfection Vs. No Disinfection of the Chicago Area Waterways System”



Dry Weather Risk Assesme.nt of Human Health Impacts of Disinfection vs. No
Disinfection of the Chicago Area Waterways System

Review conducted for: US EPA Region 5, Office of Water,
Review conducted by: US EPA Office of Water1Office of Science and Technology

NOTE: In an effort to avoid uplication,.these points are Inaddition to comments sent by ORD
already. OST/HECD agrees with ORD’s comments.

Sisnmarj

A Quantitative Microbial Risk Assessment (QMRA) of the Chicago Area Waterways (CAW) was
conducted to evaluate therisk of illness posed to recreational users ofthe CAW with the curent
practice of not disinfecting the effluent atthine wastewater treannent plants with discharges into
ØieCAW. Using monitoring data for pathogenic microorganisms and integrating over dose
response functions, exposure times-and lnsdon rates, the conclusion Was madC that. therisk for
gastrointestinal illness was well under the 8-1O/lOOOcummdyieemed “acceptable” by the US
EPA 1986 Ambient WaLe Quality Criteria, and thatthere was cheref cc no need foradditional
disinfection to adequately protect public hea1lW

This QMRA was only done for the Phase I”dry” weatheracason, and does not present results foe
the wet season. So presumably any conclusions would be-only appilcable to the dry season until
the wet season analysis is completed.

Response.’ We concur with the. reWewW.s commanL Th- interim Repprt swnmarizes the thy
weather microbial thk assesgmçni results qudany con l.iuions era onjy applicable to the thy
sEasón however, the April 2008 FInal Repo,t .nEW4 a, wtd; Wet Weather Risk
Assessment ofHuman ileaW, impacts of•DisbtJeotlim Vs. No DIsInfectIon of the Chicago Area
Waterways System,” FhralRepo) integrates bads the thy and wet weather microbial risk
a.uessnwntruulis iiia comprehensIve oukoms.

Health and Ecolosical Critesia Division

• Introductory material biases risk assessment

A few statements made in the Introduction were either opinion or unsupported fact (e.g.,
page 2, paragraph 2: The year-round implementation of chionnan ). There is no need to
focus on chlorination, since there are alternatives available. No citations were given to support
these upfront conclusions. Additionally, there is no mention of the benefits of disinfection of
human sewage effluents, chlorinated or otherwise. Mentioning this in the introduction as it is
serves only to bias the reader.

Response: Th. report includes Ikefollowing citatIonfor the staiements made:

“Metropolitan Sanitary District of Greater Chicago (MSDOC); 1984, Wastewater
Disinfectiom A RevIew of Technical and Legal Aspects in flUnois. Department of
Research and Development. Report No. 84-47. !uly.”

\. ( 11



However the abve-mentione pasugraph has beau removed from the Induction a! the
Final Rwpoi In adgildow, a section has been added (Section 4) in the Final Report that
provides a comprehensIv, overview of disinfection technologies, including: (1)
ckinaJioWdeM4’4uatiou, (2) ozonaUon, and (3)(JV Advantages and disadvantages of each
technology are disetusud, including isIn,f.cUon .W4veusess, nd disinfection by-product
formasian.

Another example:page 3, paragraph 3, The CWS is. not a coastal recreation water. This
statement follows evidence for increased and encouraged use of the waterways for recreational
activities. Wliilethe CWS is not, bydefinition, a coastal recret1on water, it Is a ‘water of the
United States’ as defined by the Clean Water Act.

Response: We concur with the reviewWe comment The subject sentence baa been removed
from theFi. Report

• Data pznsented are fhrdry weather only

The risk assessmeiits main conclusion that the risk for GI illnesswas well under EPA’s
recommcndød l986 recreational AWQC is a bit prematuregivea that no wet weather data was
available arthetinie this report was published. Rain 6vents can b a maj& driver forinflux of

microbesmtoa surface water body, so until the wet weather data is analyzed, any broad sweeping
conclusions jfl thls:repoit should be taken in context.

Respóuie: We concur with the reviewer’s comment The Interim Report summarizes the thy
VWSQth# da*s o,z However, the Fiflal Report integrates both th. thy and wet weather data in

• acomprehensive outcome in ikemicroblal risk assessment V

• Bngetococcus enumeration method: most appropriate?
V

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

Response: At the time of the planning and ImplementatIon of the study, EPA Method 1106.2
was the EPA-approved methodfor Enten,cocCus.

• Risk assessment lacks necessary components

While this report contains a fair amount of ‘upfront’ material, there is a concern over the
lack of a coherent problem formulation. This would includes listing of parameters evaluated in
the assessment and why each parameter was chosen. A range of estimates with the rationale for

picking one deterministic point over another would be helpful.

Response: The 2006 Interim Phase I Diy Weather Report has the information mentioned in
th. reviewer’s comment This h,fmnration Is also Included in SectionS, of the Final Report.
More spe4ftcally, S€ction 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 Input,. The rationale forparameter selection Is also provided.
Also, the exposure input parametert used werebasen’ on distributionfuncilbus and not single
detenulaistic point valus. Section 5.2.3 of theFiusal Report discusses in detail the types of
exposure input distributions that were used to develop estimates for the following pwwmetera.
(1)iirddentai water ingestion rates and (2) exposure dwntion. In addition, Section 5,3 of the

(3e



Final Repast pnwldes the basis and rationale for the selection of dose response parameters
used in the microbial risk assessment analysis for each ofthepalkogens ofconcern, including:
Entei* Virus, Callclvlntg, Adenovirus, pathogenic & colt (etimated), Pseudomonas
aeruginosa, Sabuonella, Oyptosporidlam and Glardla.

Also, this Impacts the lack of a sensitivity analysis irientioned by Tim Wade. In order for this
report to impart confidence in its conclusions1an effort to spell out each parameter and the
rationale behind that chulce would be Welco e (e.g., why choose the pathogens they did). Given
the propensity for choosing assumptions that minlitilze riák.at each step of the risk assessment,
mora credibility would be gained by ‘also stating why those assumptions were chosen.

Respoitres Section £47 ofthe FhrslReptvt includes a de led discuslion regwg$eiwiilvily— Lii atAnalysle. Thesensidrity anaijyste was perfoernad to idsn4fy the contribdon
of each Input dLs#tbution to the variance of the resulting *k estimates in addition,
uncelintyfaciari and thUr hupact inthe rWs estimates are&arly Wentiftdasid discussed.

Also, for the sakeof claiity fecal colifornis, E. coil and Enterococci are NOT pathogens. All
three are fecaj pçllutlon indicator organisms. Theygie no direct evidenceof the presence of
pathogens. While there are pathogenic strains of coJi,-thee strains are not enumerated by the
method used.

Respont.. We agtE with the 1vtewer’s comment about peal coliforms, E call and
Ent.rococcL The analy&aK results of these bacteria were oflly used W characterize the
mitrobial qualityof the waterway. The microbial risks of the waterway were estimated based
on bacte apathogsns, viruses, andprotozoa., Although sbalirs ofpathçgenlc E coil weienot
determined during this study, we relied an results published ía the :tCchnlcal literature., and
made conservative assumptions to estimate the percent the pathogenic B. coil as a percentage
of the totaLB. cell detested. S8ctlon 5.3.4 ofEke Final R.poi includes a detailed distusslon
regasdi$g the dose response of pathogenk B. coil (estimated), Fseudoçzonas aeruginosa,
Salmonella,,Enteiic Virus, Calk aAdinovirus, Ciyptosjoridlwn and Glar4ia.

• Indicator correlations are not appropriate

The authors stale that they attempted to Identify a correlation between fecal colifortns and
other pathogen concentrations (page 33, paragraph 3). If this correlation could be discerned, then
the historic fecal coliform concentration data could be extrapolated to generate concentration
statistics for other pathogens. This is highly inappropriate and takes up a fair amount of the
report. Penal indicator bacteria, such as the fecal colifoini group, only indicate the presence of
fecalpoihition. They do not indicate the presence of patbogens; that has always been an
inference. Additionally, fecalindicator bacteria do not correlate with pathogen loads, only fecal
pollution loads. Given the myriad of potential fecal pollution sources listed in the report each
with a different spatial and temporal Influx to the waterways, the indicator to pathogen ratio
would be quite variable and would be difficult to elicit based on five sample points over a six-
week period.

One would expect a correlation between B. coli (as measured in this report) and fecal coliforms,
since B. coli isa subset of the fecal coliform group. This would be differentf one were
enumerating the toxin-producing strains like & coil 0157:H7, which are not necessarily
enumerated by the method usedin this report. Also, the correlation of Enterococci and focal
coliforms would also be expected sinceboth are of fecai origin and excreted by warm-bloøded



animals. Given the source of these organinns here, ft is no surprise that as the concentration of
one increases, so does the other.

Response: We agree with the reviewer’s comments that during thy weather there is poor
correlation between Indicator bacteria and pathogEns. However, the uWmats prupose of the
analysis wet to detErmine correlations between pathogena and Indicators under bath thy and
wet weather conditions in order to ascertain (fthe weather or any oilierfactor can effete such
comlailons. The statistical correlations between bacffiiq pothogesa and indicators have been
removedfrom the body of the report and are hwlud.ed hi AIIaCkm.IU A of the Fb, RuporL
The itatislical analyds In Appendix A indicates that the correlation ofbacteria in wet weather
samples Ii statisticaliy more significant compared to di:y weather samples.

• GUllnessasthesoienndpointofrisk

This isa major weakness in the risk assessment. On page 90, paragraph 1. the athors
state that 01 illness is the principal ad.verse outcome associated with exposure to
rnogIcallycontaminated-water. This is not necessarily tree. As noted byORD in their
epidemiological studies, the greatest correlations are noted between fecal indicator concentrations
and 01 Illness rates, but that does not mean that othet endpoints and Other.metrics are not juSt as
viable. Inhalation Is another major route of infection, but Is somewhat pocd correiaeedlofecal
indicators (which are of 01 orIgin). Pseudomonas and adenovirus were found, so the authors
should baté explored the inhalation route to propeiiy examine the risk associatedwith recreating
on this water. ltthere. was a problem formulatiOn, then the various routesofexposure could have
been discussed and conipartmented.foc riSk analysis. CanoeistS, boaters, jet skiers, eIc all are
affected by this mute ofexposure. Mae, respiratory Illnesses can he easily transmitted, to othEr
persons.

Response: SectIon 5.1 of the Final Report des&6’ In detail the HatznI Idesitifkation
component of the microbial risk assessment study. As stated in this section, exposure
to microbial contaminated water ‘may telult in both gastrointestInal rind nOn
gaslroliUesiInal IlinelL IIowevez, there are no known dose response nsodeLs for th
non-gastrointestinal exposute routes. The rickofgastrolatesthroi illness was selected
as the sentinel effect for conducting the quantitative risk assessment. However, non.
gastrointestinal Illnesses were addressed quallto4vely. Section 5.46 of the Final Report
presents a qrwlilative assessment of the non-OX rIsks associated with Psádornonas
aeruginosa.

While I have no data at hand to properly discuss this point, there is a notable lack of
discussion of the food intake route of exposure. Given the levels of fecal pollution i this
waterbody and the fact the authors discuss increased fishing on the waterways, I wonder what the
fish intake route would add to the overall risk, Li there evidence for pathogen concentration in
fish tissuesjiere? If this were a chemical contamination issue, these additional exposure pathways
would be inclUded in the toxicological analysis.

Response: Fish consumption was not past of this microbial risk assessment stady. Pathogen,
present In the fish ‘wouW most likely be destroyed during the .cooingracess. .Also fish
consumption is ypIcally regulated withfish advisories.



Overall, this risk assessment does not do an effective jth at presenting theactual risk of exposure
to undisiafected sewage effluetit present in the CAWs. More nanspwency would aid the reader In
the confidence of the conclusions.

Response: We believe thÉS we have conducted a veiy comprehensive systmadc study to
chcuncterlze the microbial quality and associatEd risks ofthe CWS, under both dry and
wet weather condWa,u The samples were collected and analyzed during the
recreational seaSon, over a two-yearperiod by weather sampits were collected during
the 2005 recreational season and wet weather samples were collected during the 2006
recreational season. This study focused on the detection of m1croo,anisms typically
present in thefece, ofhumans and other warm-blooded anhuab a, indicators offecol
pollution. I1ence, a groupofPA-appvvedindtcator microorganisms, suchas E. call,
entarococci, andfeccA co4form was selectedfor this s*s4 ii, addition là the indicator
mtcn7osganisms, pathogeiss representative of those present lnthe.wastewatr that are
also ofpublic health concern were selctliL Ovend1 one hund,ei and twenty five
azS) samples were collectedundanalyzed during the thy and wet weather events.

Rhk assessment Inputs were drawn extensively from site-specific data and were
developed using stateeofthasclence methodologj to accurotely represent recreational
USer exposure Eoñdldöns Wrd thks. Re&’eaioWolEurvey studies were used to provide
insight on the types andfrequency ofrecreational exposure expected In th. waterway.
For quantitative stk analysis, the .VAA study wEt used as the primary sowe for
exposure use datafor the tJWS. Exposure paiwneters were deselopedas distributional
pa?amete1c for each recepor scenaiio l Inpuk to theY e.po1ure modeL These
parameters Include incidental Ingestiàw roles and exposure durst1on. Selection of
Input dbtrllszttlons relied on literature derivEd sources, site.speóiflc use information
and professional Judgment using conservative asswnptlonL Dowresponse data was
developed from regulato.y documents, Indsisüy white papers and peer reviewed
Utenzture. Concentradofls of pathogen, In the waterway were selEcted for eath
simulation from the entire dataset thy and wet weather., samples toilEcted. The
proportion of thy and wet weather samples utilized were weighted to account for the
propoition ofdry and wet weather days bra typical Chicago recreational season.

S



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

Review conducted for US EPA Region 5, Office of Water,
Review conducted by US EPA Office of Research and Development

Swnmwy:

A Quantitative Microbial Risk Assessment (QMRA) of the Chicago Area Waterways (CAW) was
conducted to evaluate the nak of illness posed to recreational usersof the CAW with the current
practice of not disinfecting th effluent at three Wastewater kealment plants with discharges into
the CAW: Using monitoring data for pathogenic microorganisms and Integrating over dose
response functions, exposure times and ingestion rates, the conclusion wasmade that the risk for
astrointesdnal Ithiess was well under the 840/I000cunently deemed “acceptable” bythe US
EPA L986 Ambient Waternality (Driteria, and that there was therefore no need for additional

• disinfection to adequately protect public health

This QMRAwas:only•done for the Phase I “city” weather season,.and does not presentresu1ts.for
the wet season. So presumably any conclusions would be only applicable to the dry season until
the wet season analysis is cortpletei

Response: We concur with the reviewer’s cornmeaL The Interim Report summarzzds the diy
weather mlcrobi02 thkassusment result, and any conclusions are only app&abl. to the dry
season. Howevei the AprIl 2008 Final Report enliule4 “Diy and Wet Weather Risk
AimensofHumiznHealthImpacte ofDIsljacJion Vs. No Disinfection ofthe Chicago Area
WciterWayiSystefli” (Final Report) ntegratu both the thy and wet weathei mIcrobial risk
aneisment resulti In acamprehensive outcome.

National Health and Environmental Effects Research Laboratory (NNEERL’
Note: This lab’s review doesnot assess in detail the adequacy of the microbial methodsQA
procedurerand sampling techniques.

Comments:

The QMRA was conducted by a consulting group1GeoSyntec Consukants, based in Chicago
with analytical assistance from Dr. Charles Gerba at University of Arizona. and Dr. Jennifer
Clancey of Clancey Environmental, among others.

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

The general approach described for the QMRA also seems appropriate. The authors do a
thorough job ofexplaining and justifying their selections Of dose-response functions and their
parameters. Generally, citations from peer reviewed literature are provided to support their
decisiOns.

However, them are some fundamental problems in the application, presentation and interpretation
of the results of the QMRA. These are detailed below:



• No justification was provided for the organisms measured or pathogens
considered in the QMRA

a The risks presented are only for a few gastrointestinal pathogena. Risks were not
presented for Hepatitis A, Shigalla, Carnplyobacter, to name a few. Therefore
risks presented will be biased low.

Response: Section 2.1 of the Final Report presents the rationale for indicator and
pathogenic mlcroo,gan1m selecitãn This 1u4y did not accountfor allpathogens that
may be present in CV.’S recreational waler. This study focused on thà detection of
ntIcrooianLcms yplcally presint In the feces of hwnans and athir warm4ioodad
animals, as indicators offecgtpolluuIaw. Hence, a group of EPA-approved indicator
nzkroo,anlsm,, steth as E. colt, enteh and fecal colifonn Was ulecteS bs
addition, pathogens represntativ. of those present In the wastewater that are also of
public health concern Were esTheteS Thblg;2-1 In Seettön2.1 of the Final Report
presents a summaly of the microorganisms selectedfor this microbial risk atiessneent
study and rationale for their s.lecUon The rationale for selecting the pathogens fAw
1hIsmicroblal dskassem.ntaiudySnclud.dth.followlng•crltedar

The pathogens selEcted areassociated with documented outbreaks of disease,
including gastroiniesthwi andresplratoiydlseases and infections

• There are EPA-approved method, or Iabonzto,y standard opeiiatingprocedures
(SOh) availablefor the measurement ofthe selectedpathogeas.

• Only gastrointestinal illness was considered

Since Pseudonionas and adenovirus were found, descriptions of non GI Illness should
also be provided to present a clear picture of the actual risk associated with recreating in
the (2AW

Response: SectIon 5.1 oftheFinal Report describes In detail the Hazard Identification
component ofthe aticrobtal risk assess,nent study. As stated in this section, exposure to
microbial contaminated water may result in both gastrointestinal and non
gastroIntestinal illness. Howeves the,. are no known dose response models for the
non-gasinAntestinal exposure mutes. The risk ofgastrointiztinoJ flings wa& selected
as the sentinel effect Jbr conducting the quantitative risk assessment. However, non
gastrointestinal illnesses were addtessed qualirovely. Section S.3S of the report
discusses the dennal risks and eye and ear infections cauwi by ‘seudomonoz
aeruginosa. Although Psendernonas aeruginosa Is not a pathogen that is linked to
gasuvintestliw) illness, this pathogen has been linked to recreational illness outbreaks
involving d.rmitl (follculitisA eye, and ear (otitis extensla) Infections. For this reason,
the levels ofPseudomonas aeruginosa were evaluated under the sampling program for
this risk astcssment Howevei quantitative evaluvdiow ofthe risk for this pathogen Is
problematic. There are no published dose-response relationships for Pseudomonas
aerugksosa. Without a clear dose-response relationship there is no way to establish the
expected illnes, level assOciated with any particular waterway concentration. The



dermal pathway ftir estimating exposure to Pseudomonas aeruginosa is also
problema& Ear and eye Infections associated with contact by Pseudomona,
aeruginosa contaminated water are typically associated with ftdl immersion alivities.
Since these types of activities are not permitted or designated uses of the CWS the
incidence of ear and eye exposures are expected to be low and as the result of
accidental or intentional misuse of the waterway Pseudomonas related folicuiluls
commonly requires a break In the skin from a preexisting cut open sore or scrape as
an enhy point for Infection. basminocompetent individuals without skin abrasions
rarely develop fo We by exposure to Intact skin. For these reasons, a quantitative
evaluation of risks Isnotfeasthis.

StetSon £4.6 ofthe .Finçl Reportpresents a quailtntive assessment of the non-OX risks
associated with Pwutowtonas aeruginosa. -

• Cóhservative assumptions wez not.nmde•

In neariyeverycase when simplifications and assumptions wet nude in such a way to
ufinIy.mnimthefimated.ñsk • -

Reponw We betjeve that consevadve assumptions wre ,nadi In esdinacing the microbial
risks in the. CW& Section 54.7 the Final Rep.distuuea In detail the Seneltivl and
L’ncedabtyAnalpIs ofthe Microbial RiskAssessm.ntandpro Ides thefoUoWng examples:

• Secondai transmission rates usedarc.generaUy at the high end -f those
reported to the tecJudcal lit*rature. Therefore, tke assumptions Ots
secondary tns#smLision are conservative and the resulting secondary Illness
rater may be biased high.

• The measured pathogen concentrations under diy weUther conditions are
limited to sampling locations near She WRPs and they were used as
representative concenbatlons of the entire Waterway downstream of th..
WRP. tinder dsy weather conditions thesø coiwentradont wlIibebis.d
high relatiye to concentrations at locations more distantfrom the WRP.

• The measured concentrations of B. call ate assumed to represent the most
virulent .sfraln the percentage of pathogenic E. coil was ronservEUv4y
assumed to represent 2.7% of the total measured concàfralions- FOr other
organisms, such as adenovirus, all the organisms are assumed to represent
the pathogenicefrain leading to gastrointestinal illness. This assumption
may overestimate the illness associated with exposure to these organisms.

• Virus concentozulona measured by the assay systems may ovesIimate viral
risk. Viral assays are not epecific to th, pathogenic virus In question and
may detect less pathogenic viral strains.

• Recreational use may be mversely correIated With wet weather. CWS
recreational use was assumed to occur randomly over the course of the
recreational season. The majority of the iilness.s were associated with wet



weather events. If the frequency of exposure on wet weather days Is lower
than m’eruge then the resulting risk estimate may be biased high

• Some receptors with frequent use ofthe CW may have lower sensitivity to
some‘pathogens due to acquired immuni Repeated exposure topathogeis
in water Is known to produce Wlsnzace In indivlduols through immune
related cka,L,nw. Dre-rnpons. parameters used In th. assessment are
generally derived from “naive” Individuals and represent upper-end
esilmoJAs fedvityfor the genertdpopulation. Since repeated exposure
to th. waterway is likely for a significant subset of the rereadonal
pOjfliladon, th# risk of Illness’ for these individuals is pmbaiiy over
estlmateØ by this risk aes.ssmenl

PocexatnpIe, high Cailcivirus neasuret were diamisse4 as an artifact and an oud1er

Response: Section 3.3.3 of the Final Report tlisczisses all Ctzllcivlrrts results In deteiL
During dy weather, norovirus was only detected In Ssanjptsa or about 7% of the 75
arnjlls: DW SheiVàith Sldà thiwe Wp1io’oatv aMuVa W(F4!25
samplesj4%1) had adatectabi. nwvvlrus concentration of35,000 PCRJIPN/100L (see
Tables 3-7 and 3-9 in the Final Report) The greater concentration of Calicli4rut or
norovirus observed In this sampl. could be awlbuted to the fact that. only duplicates
per dilution hi the. MPN assay could be performed because of reassay d47cuWes
reducing the prec ion ofthis afl’isis. In addition, of theiv. noivvlnss sampfrs with
MPN assays, lid, sampl. was tbA:pniv ()fl that had a positive resitit in the highest
dilv4on ‘The combirsatton of these factors could have resulted In the rsla$veliy high
MPN value of this sampin. As etated inthe sepm% the high Calidvirus’ concentration
in the subject sample is likely an artifact of‘thesefactors and itappears to be an out&r.

High infectivity parameters for adenovIru were dismissed because they usually cause
respiratory Illness.

Response: The review.r’s..comment rnlscharacterizes, how adenovirus microbial risks
were esthnat.L SectiOn 3.1 of the Final Report clearly states that some adenovirus
stralni are primarily associated with resplratoiy illness. However, fecal-oral
transmission associated with gastrointestinal ilh,esi Is the .prImai’ effect valuaied In
this sttsd As a conservative asswnptLon all detected adenovirus was assumed to
contribute to gasarobitesthial illness.

The Lower infectivity of eciiovirus was considered instead of rotavirus.

Response: The reviewer’s comment misckaracte,*es the selection ofthe echovirus dose
response as a surrogat. for adenowrus. Section i3.3 of the Final Report states that
several doseesponse relationships are reported foradenovwus but none of these are
specifically for Ad40 or Ad41, subtypes primarily associated wWs gastrointestinal
illness. This will lead to an overestimate of th. true risks frr gactrointestinal illness.
Therefore, the dose-respons. for eckovlrus 12 was, selected as a surrogate for

c7.



enteric viruses. This approach was recommended by Dr. Charles Gerba of the
University ofArizona.

The notable 4xcepdon to this Is secondary transmission where some apparent
conservativeassunptlons were made, but since it is not clear how secondary transmission
was medeled and since there was no sensitivity analysis conducted it is impossible to
evaluate how these assumptions ultimately affected the results.

Response: Section 5.42 ofthe Final Report presents a detailed discussion on Disease
Thussmiulon ?od4 bwhidbrg seeondar. attack resa As stated In thereport the
secondary attack ratesfor various orgoidnut depend on the virsiknce of the organism
ifl question, the. wnowst of organisms an Infected individual sheds, and the
envirosmental stability of the orgnlsms. Table S- of the Final Report presents a
sunnnaiy of secOndây aack ryjtus used. in thIs analysis. Footiwes to Table 54
indicate that thecon ytmsmlssiot rates used In the rnlcr Idat risk estimates are
generally at the itljh end Of those reported In the technical literature. Therefore, the
assumptions on secondaryfrtmsmisslon are canservatIv and the resulting secondaiy

4Uramayhgk

There is also some question abcçt the activities considered. Why was&t full body jet

skiing considered? Or other fulJ. body exposures even if they area rare and ohibited,
would still result in risk of illness.

Response.’ A. staled in the Introduction of the flnal Report (see first paragraph on
page 5), the IJAA Sthkeholde,s esnlruwing the CWS have agreed that swimming and
other primary contact recreation should not be considered as a viable designated use
for the CWS because of physical limitations due to the configuration of the

hankmenls and safety hazards, It was not within the scope of work ofthe microbial
risk assessment to evaluate health risks originating from undesignatsd uses 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 microbial pathogen densities were estimated. Were distribution functions
estimated based on the observed resuhs or were the potential values sampled from the
actual results? Were only viable Cryptosporidium results considered? A table should be
provided listing the details of all parameters and their ranges in used In the risk
sssessmenL Furthermore, it is not clear how activities were randomly assigned, were they
assigned based on their frequency of occurrence, or were they completely random? ft is
also not clear how secondary illness was modeled or incorporated into the estimate

Response: Section £0 ofthe FinaiRepoit (pager P4140) dLscuses the data used; assumptions
made and detailed procedures involved in the risk assessment cakulalioss, includIng: (1)
hazard identificatiOn, (2) exposure assessment, 3).. dosE response assessment, and (4) risk

()



characterlzati& In addition, Tables 5-1 to 5.17 and FIgures 5-1 to 5.4 provIde pertinent
Wormation thi# adthw.ss.s th reviewer’s comments.

Seedon 3.0 of Ike Final Repur presents all the analytical jesuits that were used in the
microbial risk estimates In accordance with the proc.4saes discusud In Section 5.4.3 of the
repcr1. $ection 5.4.2 of the repirt discusses th. disease bnnsmission mod4 Including
secondary illness.

For ciyptosporldiuns the Infectious conce,ifradons determined by the EPA-approved method
n’ere used In the microbial risk asseumeuL

• Interval estimates were not reported

This Is a major fatling since osily one estimate of the risk was reported. With the
significantamount of assuniptionrand uncertainty1bbünd* on these estimates nmst be
provided (95% bounds). Complete detaiLs of the Monte Carlo analysis should be provide
so the distribution of risk can be visualized.

.0 No sensitivity analysis was provided

A sensitivity analysis should describe which assumptions most affected the risk estimates
and how they afibeted the risk estimates. Since so many assuniptiona that were made
were not necessarily conservative this is a vital aspect to a risk assessment

Respohte Section 5.4.7 -of the-Final Report presents a sensltvit analysis of the
conbibution of each microbial risk Inpui distribution to the variance of the resulting
riskesfinudes.

Variability and uncertainty were not discussed, evaluated or quantified

Bath step of the risk assessment contains variability and uncertainty. Uncertainty could
be considered in the dose’response parameters or in the microbial densities.

Response: Section £4.7 of the Final Report presents a sensldvüya,uzlysis of the
confribuUon of each microbial risk Input distribution Wthe variance of-the resulting
risk estimates. hi addition, uncertainties associated with the risk estimates are also
discussed in this section.

• Limitations were not discussed

One clear limitation is that only a few pathogens were considered and this methodology
does not characterize the cumulative risk associated with all pathogens potentially present
in an enviroiment. Another clear limitation is the failure to discuss sensitive or
susceptible liniltations. illnesses other than Gland the potential for long term sequelae
resulting from infection.

Response: Section 5.4.7 of the Final Report presents a discussion of all above
inenjionçd limitations. As stated in the te4 this study did not account for all



pathogens that may be present in the CWS recreational water. However, the
microorgasdsms that were selected for inclusion in the study Include regulato,y
indicators and those that could be measured by EPA-approved methods that were
Judged most likely to produce gasbvintestiflal illness. In ezddWon, Section 2.1 of the
report includes a more complete rationale on pathogen selection.

Section 5.1 ofthe Final Report decr1bee In detail the Hu.ard Identification component
of the microbial risk assessment slu4 As stotedia this section, exposwto ,nicrvbial
contaminated water may result In both gastrointestinal and non-gasiwintestlnol illness
However, there are no knovrn dose response models for the non-gaikolfltesdnql
exposUre routes. The risk ofgastrolsiestlnol illness was setectedas the seflhlnel effect
for conducting the quantitative risk assessm.nL However, .non-gasfrointesdnal
Jilneises wei only addressed qualitativEly Sectlon5.4.6 ofthe Final Repon’ presents a
qualitative assessment ofthenon-Girisks associated with Ps.udonronaraeruginasa.

In summary, while the QMRA methodology is appropriate, many assumptions are
questionable, impottant details are left out, there is no evaluation of the potentlairange of

àdTs iiiii1iThéf& d&idi
information to support the assertion that-there is minimal risk with the current 8tate of no
disinfection. These details should either be provided to support the claims made, or
another, independent risk assessment should be conducted.

Response: Tke reviewer’s comment makes a lot ofassertions, but does notprovid, any
spec$cs. Section .5a47 of the Final Repoi presents a sen vllyz;analjiIs of the
contribution of each microbial risk input distribution to the variance ofike iesziltIng
risk estimates. In nddklon, uncertainties associated with ike risk esthnates are also
discussed in this section.

AddLtional specific comments:

Introduction:

Did all the consultants listed contribute? While Drs. Gerba and Claucy role was clear, that of Dr.
Jack Colfçrd was not. If Dr. Colford contributed specifically to this study, his role should be
clearly defined.

Response: Dr. Colford was a member of our team and his role was to provide peer review of
the final Diy and Wet Weather risk assessment report. However, due to other professional
commibnents he informed us In December 2007 that lie was not awiliable to provide these
servicesfor oar report.

Page 2:

..,,, ..lxaceaoie to treated wastewater..

Statement is misleading because outbreaks are not a reliable health indicator due to problems with
consistent and reliable detection. Furthermore, statements such as these require citation from pear
reviewed literature or other outside sources to avoid the perception of bias.



Response: The report Includes thefollowing ciiolinfor the statements made:

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

However, this statemsnt was removedfiam the Final Report.

vThe year round implementation of chkxination to disinfect the sewage treatment effluents has
been reported to have adverse environmental effects”

The purpose of statements such as-these is micfear and their presence in the introduction of a
presumably unbiased risk assessment Is concermng While this may be true, citations from peer
reviewed literature are necesSsiy following CtatCmenta such as these to avoid the perception of
bias. Furthermore, benefltsofchlcdnatlon should also be-discussed if the downsldes are going to
bepresensed

RetpoAts: The report iflcludEs th8 fob wing citationfor the slatemefltS made:

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

fLowerer, this statement was removedftvm the F1ásalRepon

In addition, a sctfon has been added (Sçcti, 4) 4’s Eke Final Report that provides a
cmprehenslve overview of disinfection technologies, includIng: (1)
chliwiaaden/dechlormnatlon, (2) ozonalion, and (3) LIV. Advantages and disadvantages ofeach
technology are discusre4 Including disinfection effectIveness, and dislnf cdon by-product
fosmadon.

Page 32:

If censoring is greater than 80%, all data are statistically Insignificant? Even though there was
20% detectIon?

As discussed in SectIon 3.1.3 of the Final Report, semUog box plots were created to
graphkaly demonstrate the central tendencies and variability of the various bacteria
datasets The text slates that no box plots were preparedfor diy weather Salmonella
results as most of these datasels were statistically insignificant (i.e., nondetecE
frequency >80%). As elalned In the text these results were not exclude4 but the
geometric mean values (generated using the maximum likelihood method) ore better
indicaton of this trend for igniflcan4y censored datasets. However, box plots of
bacteriq, including Salmonella were prepared for wei weather data that had a more
robust data base ofdetectable results.

I:



Page 33:

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

REipan$12 his uWinate purpose of the analysis was to determine correlatiOns between
.bà’hogens and hsdlealor, und.rboth diy and wet weather conditions in order to ascertalss4fthe
weather or any otherfactor can affect suck correlations. To address th. reviewer’s comment
the stads&al co,raJailoas between bacteria pathogeas and h’dicators have been removedfrom
tire body of the report and ore included L’, Ailaclimsat A of the Final R.pofl The statistical
analysis in Appendix A lfte& es that the correlation of bacteria In wet weather samples Is
6JisIlcaUy more sign cant comparEdta the th7 weather samples.

age36:

Although the BC/PC dif&isences in upstream vs. downatresm samples were not statistically
significant this coUld be a function of sample sire—there Is a consistent dierence and there
couJbresopMsdcatdarertoassess thls Thvaieuldbted,n&sijnply
stated as >0.05.

The difference in the BC:FC ratios with what the District obtained calls into question the
representadveness of the data for the risk assessment.

Response: The lower EC/FC estimates Sn this sisSy could be attributed to the fact that the
Digfrict’. analyils it based o a mach larger database EJUSi tad several)ears ofsamplIng
oftkø teneay.

Page4h

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

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

Resj’onw This statement was taken verbatim from the CAmcy Environmental Consultants,
Inc. (CEC) analytical labtWatoiy repoil. CRC was our espert labonstoryforprotozoa analytfis.
Aacordhig to CRC this is a factual statement that is Leipow4utt to nOtL All CEC analytical
reports are Included In Appendices C.1 and C-2 ofthe Final ReporL

Page 42:

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

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

Response: “Relative” refers to th. total number ofsamples.



Page 44:

Ciadonsneedtobeprnvidedforstatenientsto theeffect of thaiblc theR’L’PCRdoes notprovide
infectivity information it impedes meaningM health risk evaluation. Certainly it puts bounds on
the levels of potential risk (0% viable, to 100% vIable). Other sources could be evaluated for
viability of norovirus in wastewatei

Page9I:

Inhalation not considered lmportain..-ueed citationsto support this and-conservative
simplification and assumption.

For canoeists kayakers, this could be an important pathway

Response: Seedo* 5.2 of tire Fihal Report th ,C sea exposure assessment pathways.
The text kariy states that the most important exposure pathway Is via Incidental
rngesthrn but othes routes can also be unpoi*mt fr seine microorganisms, like
PQ3_ mtü

coniribidiol, to totalIntdke by sevil pathways’hi.tden$al watt btgestibn, ltthttlallan
aflddii*iUl cohaa4) lb detEn7iiWth. thbUtIo*of. Each pdthwiiy to totot
exposure to rnkrobioiogkal organisms in siuface water while recreating.

Page 92:

Activities such as water siding. etc. were excluded because they are not allowed, but do they
occur? Is the prohibition enforced? An accurate risk assessment would consider these activities if
they occureed especially when evaluating the potential benefit ofdisinfection.

JetSldsclassifledas pleasure boating with minimal contact. This is problematic-also “the RA
does not considerjet skis that result in immersion.

Response: As ,stoJed in the lnbvducdon of the Final Report (see First Paragraph era
page 5), the UAA Stakeholders evahro4ng the CWS have agreed that swimming and
other primary contact recreation should not be considered as a viabl, designated use
for the CWS because of pyslcal limitations due to the conflgwyuion of the
embankmentt and st4ty hazards. It was not within the scope of work ofthe microbial
risk assessment to evaluate health riski origitiati g from undesignated user of theews.
Page 100:

Using echovirus (less infectious) instead of rotavirus (the most infectious) for the dose response
relation, results in less conservative (fewer illness) estimates.

Response: Section 5.3.3 of the report discusses the Dose Response Assessment of
Adenovfrrw. A.s stated in the report, several dose-response relationships are reportedfor
adenovirus bitt none of these are specflc4Uy for Ad40 or Ad41, subtypes primarily
associated with gastrointestinal ilbiers. This will lead to an overestimate of the bite
risks for gaslrointestinal ilbzers. Therefore the dose.response for echovirus 12 was



selected as a surrogate for total enteric vjruses This approach was recommended by
Di Charles Gerba ofthe University ofAilxona.

Page 101;

Was geiietic immanitylsusceptibility to norovirus infection considered?

Response: No special distribution was applied to accoigut for genetic poiymoiphlsvas
related to susceptibility. Similarly no a4frsstosent was made to accowstfor acqidred or
natural bnmunlty. We do not believe that the additional uncertednty trddc4 by
including theSe factors LI warranted by the Increase In accuracy of the results (fthae
factors were eanskiereL For example, we do not have data to indicate what
percentage of the recreational population are repeat viSitors and potentially more
resistant byacquirid immn1ty. Our analysis cmrslders all receptors izaYve and equall)
susceptiblèd.

Page 102:

By uang the morp conservative 01 model for adenoviru total health effects are underestimated.
Should also evaluate respiratory risks with the more infectious model. What Is the justification for
using the less infectious parameter?

Response: Section 53.3 ofthe Final Report discusses the Dose Respons.Assssment of
Aviras.As stated in the report several dose.responie r.ladonsh4,s are reportedfor
a’denOvisus but none of these are specifically far A440 or AJAl, subtypes primaily
associated with gastrointestinal illness. This will lead to an overesdmat of the truE
risks flit gastrointeslfswl Illness. Therefore the dose-response for ethovlrits 12 was
selected as a surrogatefor total enteric viruses. This approach was recommended by
Dr. Charles Gerba ofthe University ofArizona.

Page 105:

Again the focus on 01 results in a conservative esdmate of overall risk

Response: Section 5.1 ofthe Final Report describes irs 4etail the Hwwnl Identification
component ofthe mieroblal risk assessment sw4y. As stated in this section, 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 gasttolntestlnoi illness was selected
as the sentinel effect for conducting the quantitative risk assessmenL However, non
gastrolntestinoi illnesses were addressed qualitatively.

Section 5.4.6 of the Final Report presents a qualitative assessment of the non-GI risks
associated wuis Pseisdommas aeruginosa.

i.



Page 111:

Since Monte Carlo analysis was used, why wasn’t a risk disUibution (e.g., 50th pcentile, 90a
percentile, etc generated?

Respons. Th sksplify thE presentation of11w ies, the final exposure dlstrlbulknw
were realizedfor a set ofrecreathmal receptorsand tire proportion ofthatpopidadon Lr
reported. Spec(flcqlIy for each of the one millkm individuals evaluated in the Mont.
Code analysis an exposure dose was cOmputed and the probability of infection
computed. At that point a random number was generated and compared to the
probability of infecthm. If the random number was len thati the pnbability thcn the
indIvidual was assumed tobe infected and subsequent evaluation of the probability of
Illness givaninfedlon and secondtqy infection was computed. The advantage of this
technique Is the eaS,V inthn of theproportion of reci’eaUbnal userein the CWS
that may becçme Wthulng recreatkmoJ SXpOSUN.:

Details on how secondary spread was modeled are not clear.

Response. Section 54.2 of the Final Report4lscaues the Disease transmission modsi,
including xeeonda,y transmission. As stated lfl the report, to account for secondary
transmission, a dynamic risk model was developed that considerr secondary exposure
through contact with CWS retreadonal users. Estimates of the infectivity and
transmission ratO as bgub fir lii. dynamic model were derived from the primary
literature for each of the mlcroorgardaaas of lñteresL Because the number of
individuals exposed thivugh recreation on the CWS Is a relatively small proportion of
the total popula1so of the Chicago metropolitan aree, population levels of acquired
Immunity and illness by secondary transmissiOn were not impacted. Therefore, the
proposed dynamic model considere a steady-state level of ,inmun#y and estimates
disease incidence only in th. recreational receptor population and their immediate
family. This appracb addresses the bnportantdynamlc aspects ofdisease transmission
Jivm CWS exposure in thepopulation most at risk

Page 117:

How was recreation type selected in the simulation? Were they in proportion to the actual utage?

Response: SectiOn 5.2.1 ofthe Final Report discusses Wateravay lire Summasy and
Receptor Group Cat.gorizathrn. Arstated in the report, several sources ofInformation
were reviewed to estimate recreational use Ond e.i sure to the CWS. Each of these
studies provides insight on the (ipes andfrequency of recreational exposure expected
in the waterway. For quantitative risk analysis, the Use Attainability Analysis (UAA)
study was used as the primary sourcefor exposure use datafor the CW& The pwpose
of the (fAA is to “ewil”ate existing conditions, Including wate1way use practices and
anticipated fimsre uses to determine f use classification revisions are warranted”
(Source: Camp Dresser and Mckee, Inc. (CDM), 2007, Us. Attainability Analysis of
the Chicago Area Waterway System. August). Tire UAA surveys were conducted to
evaluate the types ofrecreational use thatate currently being exhibited on each of the



waterway segmentL Bused on the (1A4 several recreational exposure scenarios were
selectedfor evakwtion inthe thk assessment.

Pa 134:

Risk assessment was only conductedf limited number of GI pathogens.

Responw This study d oa.ccowstfor allpathogens Lust may beprewst In the CWS
recreational woiør. Section 2.1 ofthe Final Report includes a more complete rationale
on pathogen selection. However, the pathogens that were selectedfor inclusion In the
study Include regsdakny Indicators and those that could be nseasured by EPA approved
methods that were judged mos# Il4p to produce gastrointestinal illness, in addWon,

- 3ciJog Li of ilwFbwJ Thy and Wet Weather Repor4 dated April 2008 describes In
dstaWtkiHuzutdlden4flcatfon component of the microbial risk assewnent study. As
stated in this. lectiOn, exposure to microbial c iuámlnated water may resUlt In both.
gastrointestinul and nowgosfroint.sUlwJ illness However, there are no known dose
response models for the non-gastroIntestinal exposure routes. The risk of.
gasfrointesthzaiilbsese was Eelsctad as tht sentinel effect for conducUng’-#w’
quantltatfre risk assusment. However, non-gc4robztesslnal illnesses were addressed
—V.

Section 5.4.6 ofthe Final Report presents a qualitative assessment of the non-GI risks
asroeiatdwIth Feendomonas wuginow..

National Center for Envhviunental Assessment (NCEA’):
Note: this lab’s comments are based on a cursory review only.

Commenis

There are some serious surrogacy issues — e.g., using rotavirus data for a nos-ovirus dose-response
is implausible.

Response: Section 5.3.3 ofthe FinalReport discusse, the Dose Response Assessment of
Adenopfrut. As stated in the report, several dose-response relationships are reportedfor
adenovirus but none of these ar speciftcally for Ar149 or Ad41, subtypes primarily
assocteled with gasMslntesthsal illness. This will lEad to an overestimate of the true
lsks for gasbvintestmnal Illness. Therefore, the dose-responee for ethovfrus 12 was

selected as a swnigate for total enteric viruses. This approach was recommended by
Di Charles GCrba ofthe University ofArizona.

Page 133:

Table 4.6 presents a summary of thC secondary attack rates that appear quite high. Additional
investigation of the original refetences are needed to get a better Idea ofwhether or not the values
posted are reasonable.



Recponse Secondtuy transmissloa roles used are generally at the high end ofthose reported
In the technical literature. The,efi,rs the auv.mptlons on s.conda,y transmission are
coizeervative width. resuWag secoudwy Uhze.rs rates may be biased high.

Page 115-116:

The discussion of the “disease transmission mtide1 and secondary attack rates is very sketchy...
The authors vaguely mention “dynamic modeLs” (which do not seem to he provided anywhere in
the document) and appear to be rather naive about the difficulty of pammeteriring such models.
They state that secondary attack rates depend on virulence, shedding rate, and environmental
stability of the erganisms. But probably human contact patterns, characteristics, and age groups
are more important.

Itdoes appear that this risk assessment has weaknesses that could potentially be meaningful

Response: SeetlonM.2 ofthe Final Report discusses the Disease Transmission Mod4
-

cone -

4’mwgh contuct with CWS recrtadonal users. Estimates of th.’Infecth*y and
hansiflission role as inpuLv for the dynamic model were derived from the primasy
literature for each of the mlc,vo,anLcms of Interest. Because the number of
lndMdzsa(s exposed‘through recreation on tkeCWS is a relatively smail proportion of
the total population of the Chicago metropolitan area population levels of acquired
immunity ané illness by seconda,y transmLTslon were nat lmpactetL Therefore, the.
proposed dynamic model considers a sternly-state level of Immunity and estimates
disease ncWence wily In the- recreation A receptor population and their Immediate
fam This appivach addresses the important dynamic aspects ofdisease fransmisslon
f,vm OWS exposure in the population most atrisL

Natiopal Exposure Research Laboratocv (NERL):

Comments

Since the overall goal of the study is,to determine whether or not to disinfect the effluent why the
protoaoans 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.

The number of Gianlis cysts is lower than some other reports for sewage; however, this may
because there are only dry weather events in this portion ofthe study.

It should be more clearly emphasized that the number of Cryptospoxidium occysts from the
samples were below the cell culture detection limit and even if all tif the oocysts applied were
infectious it is unlikely that a foci would develop.

The documents treatment of the parasite issue was really not adequate.



Regponss: We believe tharth Final Reportprovides a comprehensive evaluation ofthe
protozoa us the CWS. Thefollowing aspeats ofprotozoa ers discussedin the rpofl.

1. Seatkrn 3.2 dlscurges P,ptooa Analytical Results including, i4feetious
Cyptospodd1um and 37able Gidrdia Cysts under both thy and wet weathrconditions

2. Section L52 discusses woztewaterprotozoa disinfection effectiveness using UI’,
chiorliwlian and ozont1on

3. Sections 53.7andSJ.8pment doze-response nwdslsfor crjptosporldlum andgiardla

The risk assessnwnt appears to be a-standard boiler pIate which is only as good as the data used
to-formil

Response: Th. use ofpsvbabilhiile microblalthk assewnentfor estimation ofW)wss là
recreatisnial users

s

the state-of4he-si*nce approachfor esiiraating.rlsk. Inclusion of
seconda,y*fectfois risks within a limited recre aol population joint risk estimation
for nmWjil. pathógsns, and ,*dlzailon ofrisks to esthnat. the proportion of usm that
.A!A!Qbec9me ill are novel technigues and represe,,t the latest thinking on risk
evaluation. The methods and results from this study have been the szdjeci of4papir,
presEnted at NatiónäUconferences aãd 3peâmaswscii,€isiáisrent ly bpctpandlön
forpeer review stemmingfrom this work

l’hlsassessment uses Input data that represent thehighest quality and most extensive
contemponnuous bacteria, virus and protozoa data for recreational water cwentiy
available. The fact that sampling was cotiducied over mu1i4léyearsfivm numerous
locations along the waterway In iondidong that encompasses a range of weather
tendWon. provides some assurance that support Information on census figures,
meteorological data,, and recreational use are developed from highly reliable sources.
While it is bite that the results ofa risk assessment are only as good as the fvgput data
usE4 the inputs for this study are arguably thø best recreation use micsvbial rIsk
databases ever assembled.
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