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

100 West Randolph Street
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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 Plaines River:
Proposed Amendments to 35 Ill. Adm. Code 301, 302, 303, and 304 (Disinfection
Necessary to Meet Use Designations?)

Dear llinois 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.

eA 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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eThe 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.

eNo meaningful attempt was made to estimate the possible improvement by disinfecting
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.

Tinka G. Hyde
Director, Water Division

Sincerely,

Enclosure

cc: Marcia Willhite, IEPA
Rob Sulski, IEPA
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REPLY TO THE ATTENTION OF: WQ'16J

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:

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

e 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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o 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.
e 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,

ﬂ[/ﬁfb

/" Tinka G. Hyde
Director, Water Division

Enclosures

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

Cont. (pg. 6-7)

EPA initial comment — ... [T]he stated main objective of the MWRDGC ‘was to evaluate the
human health impact of continuing the current practice of not disinfecting the effluents’... this
risk assessment appears compromised in its function and purpose and the report’s conclusions
appear suspect.”

Geosyntec 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 Geosyntec 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 Geosyntec Response — This response does not address the comment. Problem
formulation (PF) is a comprehensive process that is clearly outlined in the NAS chemical
risk assessment and 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. (pg. 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.”




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 (pg. 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 Geosyntec 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




been addressed, and responses to comments above and below supply justification for this
perspective.

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

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

Purpose of Disinfection Chapter (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 waterborne
pathogens or a medium in which the microbes occur.”

Geosyntec 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
MWRDGGC 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




.issue. Furthermore, the discussion does not appear to present a balanced perspective on the
potential benefits and drawbacks of disinfection.

Purpose of Disinfection Chapter cont. (pg. 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, 2008, 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 Geosyntec Response — This response is appreciated. However, this perspective
is not brought out in the report. The disinfection chapter should put the issue of DBPs into
clearer perspective and explain that DBP risk is typically discussed within the context of
drinking water and ecologic risk assessment, not incidental human ingestion-type
exposures. The emphasis of the potential formation of DBPs is out of place without a
commensurate discussion on exposure, 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 (pg. 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 Geosyntec Response — The comment refers to the statement in the report that
“risk assessment for exposure to chemical constituents, including DBPs, is far more
complex than the MRA.” This statement in the report is incorrect and misleading.
Furthermore, issue of balancing chemical and microbial risks necessarily must address the
issue of exposure, which is lacking in this section of the report.

Purpose of Disinfection Chapter cont (pg. 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).”




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 Geosyntec 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 (pg. 10)

EPA initial comment - “The use of an outdated risk assessment model... further hampers
transparency and confidence in this report's conclusions....”

Geosyntec 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 Geosyntec 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
WEREF 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 Chapter 5 cont (pg. 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-




oral transmission associated with gastrointestinal illness is the primary effect evaluated in this
study.”

Comment on Geosyntec Response — The original comment has not been addressed — that is,
there are numerous statements that are not sufficiently justified. Several specific examples
follow: 1) use of rotavirus as a surrogate will overestimate risks — this may or may not be
true, as noroviruses are a predominant pathogen in undisinfected sewage, are highly
infectious, and the most common cause of GI illness among known gastrointestinal
pathogens in the US; 2) all of the secondary attack rates used in this report attributed to
the WERF 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 Chapter S cont (pg. 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 reviewer'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 Geosyntec Response — The comment is not substantively addressed. The point
was: given “30% of the average annual inputs into the waterways can be from non-POTW
sources, more results and discussion is needed on this topic. The authors indicate that the
results of the analysis demonstrate that the expected illness rates are well below the 1986
AWQC illness rates for primary contract recreation. This is not a main point, as the level
of acceptable public health protection for secondary contact may or may not be the same as
that for primary contact recreation. The results do seem to indicate that CSOs and other
wet weather inputs do substantially contribute to the risk from recreation in CAWs. More
discussion of the results related to this point and inclusion in the PF is needed for proper
interpretation of the results.

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'



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

Stylistic Comments (pg. 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 (pg. 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.

Geosyntec 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 Geosyntec Response — It is not clear why Bootstrapping was selected over
fitting of distributions. Given the potential risk implications associated with the upper tails
of the true underlying distributions, it is not clear if the Bootstrapping approach results in
a conservative or non-conservative approach relative to the true (but unknown) pathogen
distributions. Discussion on this point to clarify and justify the approach is needed. It is
highly unlikely that the variability in the empirical data captures the true variability, given



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

Technical Comments cont (pg. 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 (pg. 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.”

Geosyntec 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 wet/CSO events (based on data presented in
section 5.4.3, after 72 hours concentrations approximate dry weather). Given this
information, it is not clear how this approach impacts risks associated with recreation
events that occur shortly after rainfall events. Discussion is needed to clarify this point
and/or justify this approach.

Technical Comments cont (pg. 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



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 (pg. 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 final 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 and/or sample representativeness). Clearly this is an important
issue and the disparity should be discussed and explained in the report and contrasted to
the peer reviewed data that are available.

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

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

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?”

Geosyntec 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 Geosyntec 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 (pg. 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 Geosyntec 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 Calumet outfall = 5 samples/1
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 (pg. 17

EPA initial comment — “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.”

Geosyntec 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 résults 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 (pg. 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 ‘baseline’
conditions? This raises the question as to how dry and wet weather samples periods were defined
— 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 (pg. 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
QMRA 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 Geosyntec Response — EPA reviewers understand the approach that was
taken, but as indicated above are concerned that the number of samples available for each
location/condition evaluated is not sufficient to capture the true variability of the pathogen
concentrations in the waters of interest. No justification is given to support the use of 5 (or
less in many cases) observations in the bootstrapping procedure. Moreover, the report
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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 (pg. 18
EPA initial comment — “Some of the low positive rates for pathogens were (from page xxi):

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 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.”

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

Parasitic Protozoa Comments cont (pg. 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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Geosyntec 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 Geosyntec Response - The response correctly indicates that recovery rates
are reported in Section 2.4.3. However, several salient issues emerge from the response.
First, the reported concentrations of Giardia and Cryptosporidium ococysts 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 (pg. 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 'viable'... 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 (PI) 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 Geosyntec Response — The main thrust of this comment has not been
addressed. The report correctly indicates that the method for determination of Giardia
viability has not been validated. Yet the data are presented and subsequently used in a
manner as if the results are exact. The comment raises the issue of the precision and
robustness of the reported values (“viability = 26 %’’). Since these data are used in the
QMRA analyses to reduce the observed Giardia concentrations, the relative level of
precision and confidence in these data should be discussed.
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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 Geosyntec Response — The salient aspect of this comment has not been
addressed. Specifically, there is considerable uncertainty introduced into the used datasets
which has not been expressed when using and reporting risks from these data. As indicated
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-1 and A-2 of the report. Also, Appendices B-1 and B-2 and D-1 and D-2
of the report include the laboratory bench-scale forms that indicate the sample volumes analyzed
for virus samples. Appendices B-1 and B-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 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 30ml 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 Geosyntec Response — The response to this comment is inadequate.
Regarding the Appendices, refer to our previous response. The second paragraph of the
response (“in addition...”) is illogical. The volume ingested by a swimmer has no bearing
on the appropriate volume to be analyzed by a microbiological method. The issue of
inappropriate number of significant digits for the MPN assay has not been addressed.
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Enteric Viruses Comments cont (pg. 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 (pg. 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.”
Geosyntec 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 occurrence 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 (pg. 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.” '

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

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

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

| Microbial Risk Comments cont (pg. 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...”

Geosyntec 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 Geosyntec Response — This comment and response highlight the importance
of conceptual models and transparency. Several limitations of the QMRA component of
this report have been identified above. In addition, the lack of clarity in the documentation
is an essential issue with this report.
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Other Comments (pg. 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 (pg. 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
scientifically 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 of comments

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....”

Geosyntec 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 Geosyntec 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 Geosyntec 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 Fmal Report includes a detailed discussion
regarding Sensitivity and Uncertainty Analysis...

Comment on Geosyntec 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. coli 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 coli, these strains are not
enumerated by the method used.”

Geosyntec Response — “We agree with the reviewer's comment about fecal coliforms, E. coli 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 Geosyntec 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 prov1de 1n51ght 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.”




Geosyntec Response — “Section 2.1 of the Final Report presents the rationale for indicator and
pathogenic microorganism selection. ..

Comment on Geosyntec 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 (pg. 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 (pg. 37

EPA initial comment — ““...High Calicivirus measures were dismissed as an artifact and an
outlier.”

Geosyntec Response — “Section 3.3.3 of the Final Report discusses all Calicivirus results in
detail....” '

Comment on Geosyntec 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 (pg. 37) ~

EPA initial cornment — “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 illness] 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 (pg. 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




the true risks for gastrointestinal illness. Therefore, 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 specifically adenoviruses. This comment is correct and was not addressed in the final
report.

Secondary Transmission (pg. 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 (pg. 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 Geosyntec Response — This comment was not adequately addressed in the
final report. A much clearer presentation with conceptual models and tables of parameter
and parameter values (or ranges or distributions) would have eased review of this
document, which was very difficult to understand.

Interval estimates and sensitivity analysis (pg. 39

EPA initial comment — “Interval estimates were not reported... No sensitivity analysis was

provided...”

Geosyntec 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 Geosyntec Response — The essence of this comment was not addressed in the

final report. Part of the issue is that the risk characterization method employed does not

appear to allow for development of confidence intervals or cumulative distribution curves.

The results of each of the 1,000,000 simulations result in an outcome that is illness or no-

illness; and those results are summed and scaled (to a metric of per 1000 individuals
exposed). This is an unconventional approach that has little (if any) peer-reviewed



precedent in the field of QMRA. No justification is provided for use of this method over
other more common approaches.

Variability and uncertainty (pg. 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 Geosynte 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 (pg. 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...” A
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.

Questionable 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,




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

Specific comments (pg. 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 Geosyntec Response — This comment was not substantively addressed in the
final report. The response does not seem to be reflected in the report, and the response is
the first mention of a larger database. It is not clear if or how this larger database was used
in this report.

Specific comments (pg. 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 (pg. 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.




Specific comments (pg. 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 Geosyntec Response — This comment was not substantively addressed in the
final report.

Specific comments (pg. 44

EPA initial comment — “Again the focus on GI results in a conservative estimate of overall risk.”
Geosyntec 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-
Gl risks associated with Pseudomonas aeruginosa.”

Comment on Geosyntec Response — This comment was not substantively addressed in the
final report.

Specific comments (pg. 45

EPA initial comment — “Since Monte Carlo analysis was used, why wasn’t a risk distribution
(e.g., 50™ percentile, 90 percentile, etc) generated?”’

Geosyntec Response — “To simplify the presentation of the results, the final 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 (pg. 45

EPA initial comment — “Details on how secondary spread was modeled are not clear.”
Geosyntec Response — “Section 5.4.2 of the Flnal 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 final report.



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.

Specific comments (pg. 46)

EPA initial comment — “There are some serious surrogacy issues — e.g., using rotavirus data for a
norovirus dose-response is implausible”

Geosyntec 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.

Sgeéific 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..




Risk Assessment (pg. 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.”

Geosyntec 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 Geosyntec 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
(wet/dry) were evaluated. In many cases, five or fewer data points were used to
characterize the pathogen concentrations in the water. The QMRA portion of this
investigation has serious issues as indicated above. Based on the consensus of the EPA
reviewers, the results of the QMRA analysis are not credible.
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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.




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,

Yot Xollias
Louis Kollias,

Director
Monitoring and Research

LK:GR:ss
Enclosure
cc w/enc.: Marcia Willhite, Illinois EPA
Ephraim King, USEPA Office of Water Washington D.C.
cc w/o enc.: Chriso Petropoulou, Geosyntec Consultants Chicago
Lanyon/Feldman/Hill/Granato/O’ Connor/Rijal/Glymph
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Mr. Louis Kollias e
V' Director of Research and Development

Metropolitan Water Reclamation District of Greater Chicago
100 East Erie Street

-J Chicago, lllinois 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:

Aigtuss witeDr & ram

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

3  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
4 O\ current approaches to problem formulation and exposure into the risk assessment.

rey e,

=
LY 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 Headquarters and the Office of Research and Development
to participate. Please call me at (312) 886-6136 if you would like to discuss these comments
further or arrange logistics for the meeting.

—%g :”é, Sincerely,
o
£d o3

pe

Dv, G’Vmai‘g_

Andrew Tschampa,cting Chief Fov \rw'l ew
Water Quality Branch
s '*esr on$e,

fgsure wk

Marcia Willhite, Iilinois EPA S
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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, [llinois 60804-4112

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,

/%ﬂo Fotosn fia
Chriso Petropoulou, Ph.D., P.E., BCEE
Associate

Enclosure

engineers | scientists | 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 praiss 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
to help MWRDGC improve the report so that it can achieve those goals and would like to offer to
discuss and answer any questions you may lave regarding our comments.

“This Agency review is summearized 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 getting

This report confuses the purposes of risk assessment with risk management and policy setting (e.g.,
see p. xiv, "Microbial Risk Assessment Objectives” pp. xxix - xxx, "Wastewater Disinfection” and
“Microbial Risk Assessment"). The lack of clear delineation between these various functions
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 ILSI
Revised Framework for Microbial Risk Assessment (1LS], 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 text in the last sentence of the above paragraph infers that the 2008 Geosyntec
report does not meet the ILSI requirements regarding transparency: "methods and assumptions
should be clearly stated and understandable to the intended audience...” and the "qudience should be
able to evaluate the adequacy of the data and methods from 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 described for the OMRA also seems appropriate. The
authors do a thorough job of explaining and justifying their selections of dose-response
Sunctions and their parameters. Generally, citations from peer reviewed literature are
provided to support their decisions.”

Therefore, 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.

However, the stated main objective of the MWRDGC dry and wet'weather risk assessment “was to
evaluate the human health impact of continuing the current practice of not disinfecting the effluents
from the’ District's" wastewater treatiment plants (p. xiv, Executive Summary). This objective is
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clearly a policy and/or risk management decision that should be informed by the risk assessment.
While the risk assessment process should be iterative in nature and requires input from risk
managers even in the initial problem formulation phase, it‘should 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 with and without effluent disinfection. The
same objective was stated in the 2007 Interimy Dry Weather Report and the EPA reviewers of
the subject report did not express any concern.about the objective (see Attachment A).

Need for Clear Problem Formulation

Another major 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: The reviewer’s assertion that the QMRA lacks a transparent conceptual model and
a thorough. uncertainty/variability analysis is incorrect. Section 5.2 of the report presents the
conceptual exposure model of the recreational use of the waterway. Section 5.4.7 of the report
discusses Sensitivity and Uncertainty analysis. Tables 5-16 and 5-17 present pertinent results.
The iterative problem formulation process was not within the scope of work of the Geosyntec
OMRA.

Additionally, a sampling schematic would be helpful 1o 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 2-1 presents a summary
of the pathogenic microorganisms selected for the microblal risk assessment and rationale for
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. Furthermore,
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 (CSOs) on the microbial
quality of the Chicago Area Waterway System (CAWS). The purpose of microbial sampling
during botl dry and wet weather was to measure the microbial concentrations in the CAWS,
where recreational activities take place. During wet weather, the CAWS receives microbial
loads due to surface runoff, storm drains, overland runoff, land use activities (such as
agriculture and construction), erosion, and habitat destruction and CSOs, including
discharges from three major pumping stations (North Branch, near the North Side WRP;
Racine Avenue, near the Stickney WRP; and 1 25" Street, near the Calumet WRP). During wet
weather sampling, samples were collected very near the pumping stations at locations
determined by the sampling boat captain to be safe. Because of the turbulent flow conditions
induced from the pumping station discharges, it was not possible to sample at the exact point
of discharge. 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.

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 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. :

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 OQMRA, The
reviewers further commented that the general approach described for the QMRA was
appropriate and the authors did a thorough job of explaining and justifying the selections of
dose-response functions and their parameters with citations from, 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 the Attachment A. MWRDGC is pursuing peer review of the
Sfindings of the study by publishing the results in peer-reviewed scientific journals.

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 of their contribution to the report should be provided.

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
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of each team member were defined at the proposal stage of the project. Also, these roles are
described 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 and for performing tlhe 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 of EPA-approved methods. The laboratories analyzed the microbial
samples and submitted laboratory reports summarizing the analytical results that were included
in the Final Report Appendices and formed the database for the QMRA. CEC analyzed the
Cryptosporidium and Giardia samples and provided pertinent laboratory reports. HML
analyzed the bacteria and culturable virus samples and provided pertinent analytical reports.
The Environmental Virology Laboratory, Departiment of Soii, Water and Environmental
Science at the University of Arizona that performed the analysis of adenovirus and norovirus for
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 senior scientific
advisory committee for the project and provided direction and peer review on every aspect of the
work performed.

Purpose of Disinfection Chapter

The “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 waterborne pathogens or a
medium in which the microbes occur.

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. This objective was formulated in the
MWRDGC Request for Proposal (RFP) for this study. Therefore, the Geosyntec Team
performed a desk-top 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 chlorination/dechlorination, ultraviolet oxidation amd 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 -
Jor 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
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, 2008, J. Clin.
Pathol 61:43-48).

Response: This study addresses microbial risks only and it does not address chemical risks
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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 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 heaith 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
of the 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 Jacked
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).

Response: The reviewers comment makes unsubstantiated assertions about what the authors
felt. Geosyntec does not feel 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 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 resulls.

General Issues in Chaﬁter 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 tle 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 ILS1 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 contaminaled (ie.,
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 ilinesses 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 iflness. Text in Section 5.1 also states that
fecal-oral transmission associated with gastrointestinal illness Is the primary 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, 1977 Microbes in
Urbun Stormwater; Pitt, 2002, Stormwater 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 Psendomonas occurring in urban
runoff 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 study accounted for the
effect of wet weather by collecting and analyzing samples from the CAWS 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 contact 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 'canocing’ 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
OMRA. The OQMRA 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. :

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, having 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 of the report follows a typical Geosyntec format. The same style was used
Jor the Interim Dry Weather Report and the EPA reviewers of that report did not have any
concerns about the style of the report.

Technical Comments
Synopsis of major 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 5.4.1 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. This teclhnique 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.

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

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

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, To represent. risks from recreational exposure across tle 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 rainfull records. The input
distribution used in the simulations for selecting weather specific pathogen concentrations is
shown in Table 5-8. A conservative assunmption 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 all microbial results, including
Cryptosporidium and Giardia QC data. The following QC samples were analyzed for
Cryptosporidium and Giardia: Matrix spike (MS), ongoing precision and recovery (OPR), and
method blanks.

The reviewer’s assertion that no recovery data is presented nor corrected. for is inaccurate,
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.
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 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.

PDFs were not used for viability because a very small percentage of samples had viable Giardia
cysts. The average viability was used to adjust the detactable concentrations of Giardia in the
samples.

« 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,
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what is the time to return to 'background' conditions versus when recreation may
resume?

Response: Table 2-3 in the OQMRA 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
OMRA. The 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: 1t 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 s
unsubstantiated and false. The QMRA microbial concentrations are based on an extensive
microbial characterization of the District’s final 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 Metropolitar
Water Reclamation District of Greater Chicago, provided a copy of the April 2008 Geosyntec
report, enlitled: “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.

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 possiblé 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 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. The rate of acceptable swimming-associated gastroenteritis of
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14 illnesses per 1,000 swimmers was a limit that EPA proposed in May 2002. 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.

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 evaluation.

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
ftom 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: Geosyntec agrees with the reviewer’s comment that whether the waters are natural
or not is not considered relevant when determining human exposure from recreation. In fact,
Jor the QMRA study, dry and wet weather surfuce 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. Therefore, the QMRA study accounted for the issues discussed in the
reviewer’s comment. w

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 used to include the entire stretch of
each waterway segment in the sampling program 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 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.

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
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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 pathogeiss 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. This technique
is useful in Monte Carlo analysis wihen 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 bootsrupping technigue captured the variability in
the concentration of pathogens.

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 illuesses under dry, wet and combined dry and wet weather
events. Therefore, dry and wet weather risks were estimated and reported in the QMRA 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 and 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 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 (April through November) was developed
Srom historical records of CSO and rainfall records. The input distribution used in the
simulations for selecting weatler specific pathogen concentrations is shown in Table 5-8 of
the report. A conservative assunption 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.

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

1. Evaluation of wet weather impact on outfall microbial quality
2. Evaluation of CSOs impact on CWS

3. Health 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 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 (le., datasets containing below detection
results) were computed using a maximum likelilood 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.

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 question 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. 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.

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 of extreme values in the empirical data.
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Section 4 is a summary of information presented in peer review literature regarding
disinfection of pathogens in wastewater samples. Disinfectlon 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.

Parasitic Protozoa

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

North Side: Giardia outfall (5/5), upstream (4/10), downstream (? /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 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 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 (surfuce and 1-meter depth) and 2 downstream samples (surface and I1-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
Jor dry weather in addition.to 2005 data reported in Table 3-3?” is false. 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 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.

Nonetheless, secondary-treated sewage effluent will always have some Giardia and
Cryptosporidium 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 ail 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.

The reviewer’s assertion that no recovery data is presented nor corrected for is inaccurate and
Jalse. 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,
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 that the MS sample results were not used to
adjust Cryptosporidium and Giardia recoveries at any sampling location.

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 (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 oocysts being assayed - another uncertainty not discussed.

Response: The reviewer mischaracterizes 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 (PI) 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 Cryptosporidinm is
completely different 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 is inaccurate gnd
Salse. 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.

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 100-L samples, but no protocol was
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given. It is unclear if the full 100-L concentrate was used for each of the three virus groups
assayed (i.e., 300-L collected for all virus assays), or if 100-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 <l MPN/100 L implies
that all 100 liters were assayed for each. However, 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, 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 100-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 dry and wet weather sampling. In additlon, approximately 100-L samples
were filtered at the outfall. The actual volumes collected were recorded in the sample
collection forms in Appendices A-1 and A-2 of the report. Also, Appendices B-1 and B-2 and
D-1 and D-2 of the report include the laboratory bench-scale forms that indicate the sample
volumes analyzed for virus samples. Appendices B-1 and B-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 of Arizona. The reviewer’s assertion
that Appendix D was not available is incorrect. 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.

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 30ml 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).

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 confirmation undertaken, probing or
none? For cell lines showing a cytopathic effect (e.g. PCL/PRF/5 for adenoviruses) 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 (and only
42/50 PCR confirmed in Table 3-8).

Response: The reviewer’s comment is incorrect. 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, whicl is a conservative assumption

Sor the risk assessment,
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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 (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. 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.

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 occurrence 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).
These studies involved both disinfected 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 in a study of a recreational
stream in Arizona conducted by Dr. Gerba’s laboratory in whicl bathers were the only
source (Rose at al., 1987). The Geosyntec Team, including Dr. Gerba, believes that
the results are representative of the CAWS.

References to this response:

Gerba, C. P. 2008. Virus occurrence and survival in the environmental waters. In: Human
Viruses in Water. A. Boscl, ed. pp. 91-108. Elsevier, Amsterdam.

Rodriquez, R. A.,, P. M. Gundy and C. P. Gerba. 2008. Comparison of BGM and PLC/PRC/5
cell lines for total culturable viral assay of treated sewage. Appl. Environ. Microbiol.
74:2583-2587.
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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
Cryptosporidium and Giardia. Environ. Sci. Technol. 25:1393-1400.

Rose, J. B., L. J. Dickson, S. R. Farrah and R. P. Carnahan. 1996. Removal of pathogenic
and indicator microoganisms by full-scale water reclamation facility. Water Res.
30:2785-2797.
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Disinfection

The potential disinfection effects of ozonation, UV and chlorination given in Table ES-1 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 summai'y, 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 disinfection 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 pilot-scale) 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 QMRA 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
estiiates 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 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.

Yet there are some sweprising 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 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 preseitted 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 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
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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 the
MRA. Also a probabilistic, not a deterministic metlhodology 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, I' Paragraph
indicates that 1,000,000 iterations were performed. .

- Furthermore, there are various key questions not addressed in this assessiment, 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 '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.

Response: Table 5-9 clearly preseunts 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 scientifically defensible to derive
speculative estimates that are not based on proven, validated methods.

e "What about sediment load of pathogens and resuspension of those to added risk?

Response: The sampling accounted for sediment re-suspension of pathogens. Section 2.3.1 of the
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 District will
answer this comment.
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Dear Mr, Melcer:

Subject: F’mal Report Entifled “Dry and Wet Wca.ﬂxcr Risk Assessmoent of

. Human Health Jmpacts of Disinfection vs. No Disinfection of the

~  Chicago Arca Waletways System,” and Response ta Comments on
Interim Draft Repart

The Mstropolitan Water Reclaraation Distriet of Greater Chicago (District) is pleased to
provide you the final report entitled “Dry and Wet Weather Risk Assessment ofHummHealth
Tmpacts of Disinfection vs. No Disinfection of the Chicago Area Waterways System (CAW
The report was prepated by the Geosyntec team which includes Geosyntec Consultants; Cecil

" Lue-Hing & Associates; Dr, Charles Gerbu of the University of Arizona; Hoosiex Microhiology
Laboratary; and Dr. Jennifer Clancy of the Clancy Environmental Consultants Inc, The District
is confidsmt that the microbial risk asseasment perfarmed by the Gccsynmc team represents the
best effort the current state of the science can provide. The report acknowledges uncertaintics
that are inherent in any risk asscssment methodology. To address these uncertainties and to
'vahdateﬂmrmmhalnskassemmtmwﬁ.th&Dm&ictluscmbarkadon a companiod
. qﬂdumolog:ﬂ study to ascertain health fmpacts of recreational vse of the CAWS.

One paper copy of the report is enclosed. The raw data &re not included in the final report
and can be made aveilable upon request. m:ﬂdbw,ampyofmeﬁnﬂreponispomdmma
District website (www.mwrd.org) and for convenient access, click on “UAA Study” listed under
“Public Interest,” and then click on the eighth bullet, Also atiached to this letter is a copy of the
ftemized responses to your commments dated March 20, 2007 on the Interim Draft Repost. The
comments were reviewed by '(he Geosynieé team and the responses to the comments presented
.reflect the changes made to the final document. 'We very ruch appreciate the reviewers’ time
apd efforts and have foumd theix cormments veeful in improving the quality of the final report.
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Dr. Thomas C. Granato

Assistant Director of Research & Development
Metropolitan Water Reclametion District of Greater Chicago
6001 W, Pershing Road

Cicero, Illinois 60804-4112

" Subject: Responses to EPA’s Technical Review Comments Regarding the
Interim Phaso I Report, dated November 2006, “Dry Weather Risk
Assessment of Human Health Impacts of Disinfection Vs. No
Disinfection of the Chicago Arca Waterways System”

Dear Dr. Granato:

Geosyntec Consultants (Geosyntec) is enclosing responses to EPA’s technical review
comments regarding the subject report. Geosyntec’s responses refer to the April 2008
Final Report entitled, “Dry and Wet Weather Risk Assessment of Human 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,

_ Lorio /% bor.

Chriso Petropoulon, Ph1 ., P.E., BCEE
Associate
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ENCLOSURE

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




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

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

NOTE: In an effort to avoid duplication, these points are in‘addition to comments sent by QRD
already. OST/HECD agrees witli ORD’s comments,

Summary:

A-Quantitative Microbial Risk Asmsment (QMRA)of the Chicago Area Waterways (CAW) was
conducted to evaluate therisk of illness:posed to recreational users of the CAW with the current
practice of not disinfecting the effluent at:three wastewater treatment plams with discharges into
the CAW. Using monitoring data for pathogenic microorganisins and integrating over dose
response functions, exposure times and ingestion rates, the conclusion was madé that the risk for
gastrointestinal illness was well under the 8-10/1000 currently deemed “acceptable” by the US
EPA 1986 Ambient Water Quality Criteria, and thatthera was therefqre no need for' addmonal
disinfection to adequately protect public health

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

Response: We-concur with the reviewer’s comment. The Interim Report summarizes the dry .
weather microbial risk assessment results and-any concliisions are only applicable to the diy
season. However, the April 2008 Final Report entitled; “Dry and: Wet. Weather Risk
Assessment of Human Health Impacts of . Disinfection Vs: No Di:infccliou af the Chicago Area
Waterways System,” (Final Report) integrates both the dry and wet weather microbial risk
assessment results in a comprehensive outcome.

Health and Ecological Criteria Divisi
e 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 chiorination.....). There is no need to -
focus on chiorination, since thers are alternatives available. No citations were given to suppost
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 s it is
serves only to bias the reader.

Response: The report includes the following citation for ﬂ_u staternents made:
“Metropolitan Sanitary District of Greater Chicago (MSPGC), 1984, Wastewater

Disinfection: A Review of Technical and Legal Aspects in Illinois. Department of
Research and Development. Report No. 84-17. July.”
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However, the above-mentioned paragraph has been removed from the Introduction of the
Final Report. In addition, a section has beem added (Sectior 4) in the Final Report that
provides a comprekensive overview of disinfection technologies, including: (1)
cilorination/dechlorination, (2) ozonation, and (3)-UV. Advantages and disadvantages of each

fcbnolog are discussetl, including disinfection effectiveness, and disinfsction by-product
formation.

Another example: page 3, paragreph 3, The CWS is.niot a coastal recreation water. This
statement follows evidence for increased and encouraged use of the waterways for recreational
activities. While the CWS is not, by definition, a coastal recreation water, itis a ‘water of the
United States® es defined by the Clean Water Act,

Response: We concur with the reviewer’s comment; The subject sentence has been removed
. Jrom the Final Report.

‘¢ Data presented-are for-dry weather only

The risk assessment’s main canclusion that the risk for GI illness-was well under EPA’s
_ recommended 1986 recreational AWQC is & bit premature. given that no wet weather data was
available at the tifne this report was published. ‘Rain events can be a major driver for.influx of
microbes.into a sufface water-body, so until the wet weather data is analyzed, any broad sweeping -
conclustons in this report should be taken in context.

Response: We conrgur with the reviewer’s comment. The Interim Report summarizes. the dry
weatkeér data only. However, the Fifial Report tntegrates both the dry and wet weather data in
* a-comprefiensive outcome in thie microblal risk assessment. .

° Bntemcoccus enumeration method: most appropriate?

Theauthm-'s used EPA method 1106.2 to enumerate Enterococcus. Method 1600 is the
recommended method to nse for this purpose.

Respmuc At the time of the plamning and implemsntation of the study, EPA Method 1106.2
was the EPA-approved mﬁwd for Enterococéus.

e Risk assessment lacks necessary components

While this report contains a fair amoubt 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 wes chosen. A range of estimates with the rationale for
pickirig one determindstic point over another would be helpful.

Response: The 2006 Interim Phase I Dry Weather Report has the information mentioned in
the reviewer’s comment. This information is also inchuded in Section 5, of the Final Report,
More specifically, Section 5.2 of the Final Report discusses in detail the parameters evaluated
as part of the exposure assessment, including: (1) waterway use and receptor: group
categorization and (2) exposure inputs. The rationals for parameter selection is also provided.
Also, the exposure input parameters used were based on distribution functions and not single
deterministic point values. Section 5.2.2 of the Final Report discusses in detail the iypes of
exposure input distributions that were used to develop estimates for the following parameters:
(1) .incidental water ingestion rates and (2) exposure duration. In addition, Section 5.3 of the
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Final Report provides the basis and rationals for the selection of dose response parameters
used in the microbial risk assessment analysis for each of the pathogens of concern, including:
Enteric Virus, Callcivirus, Adenovirus, pathogemic E. coli (estimated), Pseudomonas

aeruginosa, Salmonslia, Cryptosporidinm and Glardia.

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 (e.3., why choose the pathogens they did). Given
the propensity for choosing assumptions that minifriize rigk at each step of the risk agsessment,
more credibility would be gained by also stating why those assumptions were chosen. .

Response: Sectior 5.4.7 of the Final Report includes a detailed discussion regarding Sensitivity
and Uncertainty Analysis. The sensitivity analysis was performed to identify the consribution
of each input distribution ‘to- the variante of the resulting -risk estimates, In .addition,
uncertainty factors and thelr impact inthe risk estimaites ave clearly identified and discussed,

Also, for the sake.of clarity: fecal coliforms, E. col! and Enterococci are NOT pathogens. All
three are fecal pollution indicator organisms. They-give no direct evidence. of the preserice of
pathogens. While there are pathogenic strains of E coli; these strains-are not enamerated by the
method used. )

Response: We agiée with the reviewer's comment about fecal coliforms, E. ‘coli 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, virgses, and protozoa., Although stralns of pathogenic E. coll were-not
determined during this study, we relied on results published in the téchnical literature. and
made conservative assumptions to estimate the percent the pathogenic E. coli-as a percentage
. of the total.E. coll detected. Ssction 5.3.4 of the Finachpart includes a detailed discussion”
regarding the dose response of pathogenic B. coli (sstimated), Pseudomonas aeruginosa,
Salmonella, Enterie Virus, Calicivirus, Adsnovirus, Cryptosporidium and Giardia.

© Indicator correlations are not appropriate '

The authors state that they attempted to identify a correlation between fecal coliforms 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
repoit. Fecal indicator bacteria, such as the fecal coliform group, only indicate the presence of
fecal pollution. They do not indicate the presence of pathogens; 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 veriable and would be difficult to elicit based on five sample points over a six-
week period.

One would expect a correlation between E. coli {(as measured in this report) and fecal coliforms,
since E. ¢oli i3 a subset of the fecal coliform group. This would be different if one were
enumerating the toxin-producing strains like E. coli ©157:H7, which are not necessarily
enumerated by the method used.in this report. Also, the correlation of Enterococei and fecal
coliforms would also be expected since.both are of fecal crigin and excreted by warm-blooded




animals. Given the source of these organisma here, it is no surprise that as the concentration of
one increases, so does the othes.

Response:: We agres with the reviewer’s comments that during dry weather thers is poor
corvelation between indicator bacteria ard pathogens, However, the ultimate purpose of the
analysis was to determine correlations betwsen pathogens and indicators under both dry and
wet weather conditions ins order to ascertain {f the weather or any other factor can affest such
correlations. The statistical correlations between bacteria pathogens and indicators have been
removed from the body of the report and are included in Attackment A of the Final Report,
Thes statistical analysis in Appendix A indicates that the correlatipn of bacteria in wet wenther
samples is statistically.-more significant compared to dry weathsr samples.

s (Gl illness as the sole endpoint of risk

This is'a major weakness in the risk assessment. Ori'page 90, paragraph 1, the anthors
state.that GI illness is the principal adverse outcoms associated with exposure to
microbiclogicaily contaminated water. This is not necessarily true. As noted by.ORD in their
epidemiological studies, the greatest cormrelations are noted between fecal indicator concentrations
and GI illness rates, but that does not mean that othet endpoints and other. metrics are not just as
vieble. Inbalation is another major route of infection, but is somewhat poorly correlated to. fecal
indicators (which are of GI origin). Pseudomonas and adenovitus were found, so the authors
should ligve explored the inhalation routé to properly exanting the rigk associated with recreating
on this water, If there.was a problem formulation, then the various routes of exposure could have
been discussed and compartmented.for risk analysis. Canoeists, boaters jet:skiers, etc. all are
affected by this ronte of exposure. Also, respiratory illnesses can be easily transmitted to other

persons.

Response: Section 5.1 of the Final Report describes in detail the Hazard Identification
component of the microbial risk-assessment study. As stated in this section, exposure
to microblal contuminated water may result in both gastrointestinal and non-

gastrointessinal illness. However, there are no known dose response models for.the -

non-gastrointestinal exposuie routes. The risk: of gastrointestinal illness waz selected
as the sentinel effecs for conducting the quantitative risk assessment. However, non-
gastrointestinal illnesses were addressed quatitatively. Section 5.4.6 of the Final Report

presenis a qpalitative assessment of the nou-GI risks associated with Pseudomonas -

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 in 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. I3 there evidence for pathogen concentration in
fish tissues here? If this were a chemical contamination issue, these additional exposure pathways
wotild be inclided in the toxicological analysis. _

Response: Fish consumption was not part of this microbial risk assessment study. Pathogens
present in the fish would most likely be destroyed during the cooking process. -Also, fish
cansumption is typically regulated with fish advisorles.




Overall, this risk assessment does not do an effective job at presenting the.actual risk of exposare
to undisinfected sewage effluerit present in the CAWs. More transparency would aid the reader in
the confidence of the conclusions.

Response: We bellevs that we have conducted a very comprehensive systematic study to
characterize the microbial quuality and associatéd risks of the CWS, under both dry and
wet weather conditions. The samples wers collected ond 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. This study focused or the detection -of niicroorganisms typically
present in the feces of humans and other warm-blooded animals as indicators of fecal
pollution. Hencs, a group of EPA-approved-indicator microorganisms, such as E. col,
enterococel, and fecal coliform was selected for this study. In addition to the indicator
microorganisms, pathogens representative of those present in-the-wastewater that are
also of public health concern were selected, Overall, one hundred.and twenty five
(125) samples were collected and analyzed during the dry and wet weather events.

Risk assessment inputs were drawn extsnsively from site-specific dota and were
developed using stais-ofthe-science methodology to accurately represent recreational
user éiposure conflitions apd risks. Reécreationdl survey studigs were used to provide
insight on the types and frequency of recreational exposure expected in the walerway.
For quantitative risk analysis, the UAA study was used-us the primary source for
exposure use data for the CWS. Exposure parameters were developed as distributional
pmwnctmformhreceptorsccmrioasiupuatoﬂuexyoswsmhb These
parameters Includs incidenial ingestion rates and exposure duration. Selection of
input distributions relied on. literature derivéd sources, site-specific use information
and professional judgment using conservative assumptions; Doce-respoma data. was
developed from regulatory documents, industry white papers ‘and peer reviewed
litérature. Concentrativiis of pathogens in the walerway were selected for each
simulation from the entire dataset of dry and wet weather samples collécted. The
proportion of dry and wet weather samples utilized were weighted to account for the
propoition of dry and wet weather days:in a typical Chicago recreational season,
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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

Summary:

A Quantitative Microbial Risk Assessment (QMRA) of the Chicago Area Waterways (CAW) was
conducted to evaluate the risk of illness posed to recrestional users-of the CAW with the current
practice of not diginfecting the effluent at three wastewater treatment plants with discharges into *
the CAW. Using monitoring data for pathogenic microotganisms and integrating over dese
response functions, exposure times and ingestion rates, the conclusion was-made that the risk for
pgastrointestinal itiness was well under the 8-10/1000 currently deemed “acceptable” by the US
EPA 1986 Ambient Water Quality Criteria, and that there was therefore no nezd for additional
disinfection to adequately protect public heaith

This- QMRA was-only done for the Phase 1 “dry” weather season,.and does not present:results.for .
the wet s2ason. So presumably any conclusions would be only applicable to the dry season-until
the wet season analysis is cornpleted.

Response: We coneur with the reviewer’s comment. The Interim Report summarizes the dry
weather microbial risk assessment results and any conclusions are only applicable to the dry
séason. However, the April 2008 Firal Report entitled, “Dry and Wet Weather Risk
Assezsment.of Husmin Héalth Impucts of Disinfection Vs, No Disinfection of the Chicago'Area
Wateriways' Systein,” (Firal Report) integrates both the dry and wet weather microbial risk
assessment results in a comprehensive-outcome.

Note Th:s lab's ravmw does not assm in dm:l l:he adequacy of the m:crobml methods, QA
procedures-and sampling techniques.

Comments:

The QMRA was conducted by a consulting group, GeoSyntec Consultanits, 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
expests were consulted and retained to conduct the analyses for pathogenic microorganisms and
details of the sampling scheme, rationale and methods are well described.

The general approach described for the QMRA also seems appropriate. The authers 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.

However, there are soms fundamental problems in the application, presentation and interpretation
of the results of the QMRA., These are detailed below:
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¢ No justification was provided for the organisms measured or pathogens
considered in the QMRA

¢ The risks presented are only for a few gastrointestinal pathogens. Risks were not
presented for Hepatitis A, Shigella, Camplyobacter, to name a few. Thesefore
risks presented will be biased low.

Response: Section 2.1 of the Final Report presenis the rationale for indicator and
Dbuathogenic microorganism selection. This study did not account for all pathogens that

may be present in CWS recreational water. This study focused on iths detection of
mlcmoxganm typically present in the feces of humans and othér warm-blooded
animals, as indicators of fecql pollution. Hence, a group of EPA-approvedl indicator
mitroorganisms, such as E. coll, enteioedeel, and fecal coliform was selected. In
addition, pathogens representative of those present in the wastewater that ave also of
public health concern wers salected. Table:2-1 in Section:2.1 of the Fisal Report
presents a suinmary of the microorganioms selscted for this microblal risk assessment
study and rutionale for their selection. The rationale for selecting the patiwgms for
-this.microbial risk assessmerit study: l:u'ludan‘ the Sollowing criteria:-

® The pathogens selectsd are “associated with documented outbreaks of diseass,
including gastrointestinal and respiratory diseases and infections

® There are EPA-approved methods or laboratory standard operating procedures
(SOPs) available for the measurement of the selected pathogens.

e _ Only gastrointestinal illness was considered

Since Pseudomonas and adenavirus were found, descriptions of non GI Iliness shonld
also be provided to present a clear picture of the actual risk associated with recreating in
‘the CAW

Response: Section 5.1 of the Final Report describes in detail the Hazard Identification
component of the microblal risk assessment study. 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

ron-gastrointestinal exposurs routes. The risk of gastrointéstinal illness was. selected
as the sentinel effect for conducting the quauatatin risk assessment. However, non-
gastrointestinal illnesses were addressed qualitatively. Section 5.3.5. of the report
discusses the dermal risks and eye and ear infections caused by Pseudomonas
aeruginosa. Although Pseudomonas aeruginosa is not a pathogen that is linked to
gastrointestinal lllness, this pathogen has been Knked to recreational illness outbreaks
involving dermal (foliculitis), eye, and ear (otitis externia) infections. For this reason,
the levels of Pseudomonas aeruginosa were evaluated under the sampling program for
this risk assessment. However, quantitative evaluation of the risk for this pathogen is
problematic. There are no published dose-response relationships for Psendomonas
aeruginosa. Without a clear dose-response relationship there is no way to establish the
expected illness level associated with any particular waterway concentration. The




dermal pathway for estimating exposure to Pseudomonas aeruginosa is also
pmbhmaﬁc. Ear and eye infsctions associgted with contact by Pseudomonas
aeruginosa contaminated water are typically assoclated with full imnersion activities.
Since these types of activities are not permitied or designated uses of the CWS the -
incidence of ear and eye exposures are expected o be low and as the result of
accidental or intentional misuse of the waterway., Pseudomonas related foliculifis
commondy requires a break in the skin from a preexisting cut, open sore or scrape as
an entry point for infection. Immunocompetent individuals without skin abrasions
rarely develop foliculitis by exposure to intact skin. For these reasons, a quantitative
evaluation of risks is not feasible.

Section 5.4.6 of the Fingl Report presents a qualitative assessment of the non-GI risks
associated with Pseudormonas aeruginosa. -

¢ Cohsgervative assumptions were not.made -

In nearly every.case, when sxmphﬁeanons and assumpuons were xmde ingucha way o
ultimately. minimize the estimatedrisk. -

Response: We belisve that conservative assumptions were made In estiimating the microbial
rigks in the. CWS. Section 54.7 of the Final Report.discusses in detall the Sensitivity and:
Uncertainty Analysis of the Mwmbial Risk Assessment and provides the following mptu

¢ ‘Secondary transmission rates used-are. genemay at the high end- of those
reported i the technical’ lteragure. Therefore, the' assumptions on-
secondary transmissiors are conservative and the remla‘ag secondary illness
rates may be biased high,

e The measured paﬂmgcn concentratiors under dry weuther conditions are
: Emited to sampling locations near the WRPs and they were used as
representative concentrations of the entire waterway downstredm of the,
WRP. Under dry weathér conditions, these concentrations will be bigsed

high relative to concentrations at lecations more distant from the WRP.

®» The measured concentrations of E. cali are assumned 10 represent the most
virulent strain; the percentage of pathogenic E. coll was conservatively
assumed to represent 2.7% of the total measured concentrations: For other
organisms, such as adenovirus, all the organisms are assumed to represent
the pathogenic strain leading (o gastrointestinal iliness. This assumption
may oversstimate the illness associated with exposure fo these organisms.

e Virus concentrations measured by the assay systems may overestimats viral
risk. Viral assays are not specific to the pathogenic virus in question and
‘may detect less pathogenic viral strains. :

® Recreational use may be inversely .corvelated: with wet weather. CWS
‘recreational use was -assumed 10 occur randomly over the course of the
recreational season. The majority of the ilinesses were ussociated with wet
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weather events. If the frequency of exposure on wet weather days is lower
than average then the resulting risk estimate may be biased high.

e Some receptors with frequent use of the CWS may have lower sensitivity to
some pathogens due to acquired immunity, Repeated exposurs to pathogens
in water i known to produce tolsrance in individuals through imsune
related mechanisms. Dose-response parameters used in the assessment are
generally derived from ‘naive” individuale and represent upper-end
estimates of infectivity for the general population. Since repeated exposure
to the waterway is likely for a significant subset of the recreational
population, the risk of illness® for thess individuals is probably over-
estimated by this risk assessment.

For.example, high Calicivirus measures were "dismissed as an artifact and an outlier,

Response: Section 3.3.3.of the Final Report discusses ali-Callcivirus results in detail.
- During dry weailier, norovirus was.only detecied in 5 samples or about 7% of the 75
samplis: During the North Sidis dry weuthsr sampithg, only oné ouyfall sumple (I of 25
samples [4%]) had a detectabls norovirus concentration of 35,000 PCR-MPN/100L (see
Tables 3-7 and 3-9 in the Final Repors). The gréater concentration of Cakicivirug or
norovirus observed in this sample could be attributed to the. fact that.only duplicates
per dilution in the MPN assay could be performed because ‘of reassay difficulties
reducing the precision of this analysis. In addition, of the five norovirus samplss with
MPN assays, this sample was the only ong that had a positive residlt in the highest
dilution. The combination. of these factors could havs resulted in the rslatively high -+
MPN value of this sample. As stated in-the report, the high Calicivirus concentration
in the subject sample is likely asi artifact of ﬂm'afacwrs and it appears to be an outher.

High infectivity parameters for adenovirus were dismissed because they usually cause
mspintory illness.

Response: The reviewer’s-comment mischaracterizes how adenovirus microbial risks
were estimated, Section 5.1 of the Final Report clearly statés that soms adenovirus
straing are primarily associated with respiratory illness. However, fecal-oral
transmission associated with gastrointestinal iliness is the primary effect gvaluated in
this study. As a conservative assunption all detected adenovirus was assumed to
-contribute to gastrointestinal iliness.

The lower infectivity of echovirus was considered instead of rotavirus.

Response: The reviewer’s comment mischaracterizes the selection of the echovirus dose
response as a surrogate for adenovirus. 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 Ad4l, sibtypes primarily associated ‘with gastrointestinal
illness. This will lead tp an overestimate of the true risks for gastrointestinal illness.

Therefore, the dosa-mpomc Jor echovirus 12 was.selected as a surrogaté for total
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enteric viruses, Thisapproaclt was recommended by Dr. Charles Gerba of the
University of Arizona.

The notable sxception to this is secondary transmission where some apparent
conservative assimptions 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 resuits,

Responsg: Section 5.4.2 of the Final Report presents a detailed discussion on Disease
Transmission Model, including seéondary. attack rates: As stated in the.report the
secondary attack rates:for various organisms depend on the viruilencs of the organism
in ‘question, the amount of orgamisms an infected individual sheds, and the
environmenial stability of the organisms. Table 5-6 of the Final Report presents a
summary of seconddry attack rates used in ihis analysis, Footnotes to Table 5-6
indicate that the.secondary transmission rates used in the microbial risk estimates are
generally at the high.end of those reported in the technical literature. THerefors, the

T illnmmmmaywblawi high:

assumptions on secondary msmission are comemﬂve and ﬂu multing m:ondmy

There is also some qitestion about the activities considered. Why wasn’t full body jet
skiing considered? Or other full body exposures even if they area rare and prohibited,
would still result in risk of illness,

Reaponse.- As stawd in-the Introduction of the Final chort (see first paragraph on
page 5), the UAA ‘Stakeholders evaluating the CWS have agreed that swimming and
other primary conlact recreation ‘should not be considered as ¢ viable designated use
for the CWS because of physical limitations die io the configuration of ths
embankments and safety hazards, It was not within the scope of work of the microbial
risk assessmens to evaluate health risks originating from undesignated- uses of ths
CWS.

® Inadequate reporting of risk assessment results and methods

The actual nsk assessinent is brief and contains no graphs and few brief tables. It is
uncléar how microbial pathogen densities were estimated. Were distribution functions
estimated based on the observed results, 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 inthe risk
assessment. Furthermore, it is ot clear how activities were randomly assigned, were they
assigned based on their frequency of occurrence, or were they completely random? It is
also not clear how secondary illness was modeled or incorporated into the estimate:

Response: Section 5.0 of the Final Report (pages 94-140) discusxes the data used; assumptions

made and detailed procedures involved in the risk assessment calculations, including: (I)

hazard -identification, (2) exposure assessment, (3).dosé response assessment, and (4) visk
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characterization. In addition, Tables 5-1 to 5-17 and Figures 5-1 to 5-4 provide pertinent
information that addresses the reviswer’s commaents.

Seaion3.00fmﬂimlﬂcpm1pm¢n8aath¢mmlydca!muhthatmuudinthc
mmicrobial risk estimates in accordance with the procedures discussed ir Section 5.4.3 of the
report. Section 5.4.2 of the report discusses the diseass iransmission model, including
secondary illness.
For cryptosporidium, the Inféctlous concentrations determined by the EPA-approved method
were used in the microbial risk assessment,

® Interval estimates were not reported

This is & major failing gince only one estimate of the risk was reported. With the
significant amount of assumptions and uncertainty, bounds on thege estimates must be
provided (95% bounds). Complete details of the Monte Carlo analysis should be provide
so the distribution of risk can be visualized,

2 v - e i i = o ey e e g 2 b 1 e R

L No aemxtiv:ty analys:s was provxded

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

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 vesulting
risk estimates,

# Variability and uncertainty were not discussed, evaluaped or quantified

Each 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 5.4.7 of the Final Report presents a sensitivity analysis of the
contribution of eack microbial risk input distribution to-the variance of the resulting
risk estimates. In addition, nncertainties associated with the risk estimates are also
discussed in this section.

e Limitations were not discussed

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

Response: Section 5.4.7 ‘of the Final Report presents a discussion of all above-
mentiongd limitations. As stated in the text, this study did net account for all
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pathogens that may be presemt in the CWS recreational water. However, ths
microorganisms 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 gastrointestinal illness. In addition, Section 2.1 of the
report includes a more complete rationale on pathogen selection.

Section 5.1 of the Final Rgport describes in detail the Hazard Identification component
of the microbial risk assessment study. As stated in this section, exposure 1o microbial
contaminated water may result in both gastrointestinal and non-gastrointestinal illness.
However, there are no known dose response models for the non-gaitrointestingl
exposure routes. The risk of gastrointestinal illness was selected as the sentinel effect
Jor conducting the quantitative risk assessment. However, -non-gastrointestinal
Mlnesses were only addressed qualitatively. Section 5.4.6 of the Finul Report presents a
qualitative assessment of the non-Gl risks associpted with Pseudomonas aeruginosa.

In summary, while the QMRA methodology i8 appropriate, many assumptions are
questionable; important details are left out, there is no evaluation of the potential range of
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“iigks, and o -sensitivity analysis: Thérefors: the~ OMERA" does iot-provide sufficient -
information to support the assertion that-there-is minimal risk with the current state of no
disinfection. These details should either be provided to support the claims made, or
another, independent risk assessment should be conducted.

Response: The reviswer’s comment makes a lot of assertions, but does not provide any
specifics. Section 5.4.7 of the Final Report presents a sensitiviy..analysis of the
contribution of each microbial risk input distribution to the variance of the resulting
risk estimates. In addifion, uncertainties associated with the risk estimates.are also
discussed in this section.

! !A!h . ! .E .
Introduction:
Did all the consultants listed contribute? While Drs. Gerba and Clancy role Qas clear, that of Dr.
Jack Colford was not. If Dr. Colford contributed specifically to this stady, his role should be:
clearly defined.
Response: Dr. Colford was a member of our team ard hk role was to provide peer review of
the final Dry and Wet Weather risk assessment report. However, due (0 othsr professional
commitments he informed us in December 2007 that he was not available ip provide thess
services for our report.
Page 2:
“..no outbreaks..traceable to treated waslewater...”
Statement i misleading becanse outbreaks are not a reliable health indicator due to problems with

consistent and reliable detection. Fusthermore, statements such as these require citation from peer
reviewed literature or other outside sources to avoid the perception of bias.
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Response: The report includes the following citation for the statements made:

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

However, this statement was rmondﬁ'oﬁ the Final Report.

“The year round implemeatation of chlorination to disinfect the sewage treatment effluents has
been reported to have adverse environmental effects”

The purpose of statements such as-¢hese is unclear and their presence in the introduction of a
presumably unbiased risk asgessrnént s concerning. While this may be true, citations from peer
reviewed literature are necessary following statéments such as thése to avoid the perception of
bias. Furthermore, benefits of chlorination should also be-discussed if the downsides are going to

be presented.

Resporise: The report includes ﬂ{a Jollowing cifation for the steemeinti made:

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

However, this statement wak;emandﬁ-om the Final Report.

In addition, a section has bemadded(Secﬁaud)intk:Finalmportthatpmviduu
comprehensive  overview  of  disinfecion  technologiss,  including: (1)
chlorination/dechlorination, (2) ozonation, and (3) UV, Advantages and disadvantages of sach
technology are discussed, including disinfection . ¢j}‘ectlvcum, ‘and xhstufsclian dy-product
fomzatian.

Page 32:

If censoring is greater than 80% all dara arestansucally insignificant? Even though there was
20% detection?

As discussed in 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
resulls as most of these dataseis were statistically insignificant (i.e., non-detect
frequency >80%). As explained in the text these results were not excluded, but the
geometric mean valyes (generated using the maximum likelihood method) are better
indicators of thizs trend for significantly censored datasets. However, box plots of
bacteria, including Salmonella were prepared for wet weather data that had a morg
robust data base of detectable resulis.
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Page 33:

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

Résponse: The ultimate purposs of the analysis wes to determins correlations betwesn
pathogens and indicators under-both dry and wei weather conditions in order to ascertain if the
weather or anry other factor can gffect such correlations. To address the reviewer’s commen,
the statistical correlations between bacteria pathogens and indicators have been removed from
ﬂubodyofthcnponandarﬁnchdcdumhmmuoftkcmmm The stayistical
analysis in Appendix A indicates that the correlation of bacteria in wet weather samples is
mmmmammmwmmmmmpm.

Page 36:

Although the EC/FC differences in upstream vs. downstream samples were not statistically
significant this could be a function of sample size—there is a consistent difference and there

- ermzcoulttbe more.sophisticated Tsasares torasssss this: The p-valiie should be:reported; not:simply -

. stated as >0.05.

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

Response: The lower EC/FC estimatss in this study could be attributed 1o the fact that the
District’s analysis i§-based on a much larger database thit iucludu several years of sampling

of the waterway.
Page 41:

“While levels of potentially viable Giardia cysts may pose public health dsk, 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.

Response: Thiz statement was laken verbutim from the Clancy Environmental Consultant,

Ine. (CEC) analytical labotatory report. CEC was our expert labomtory Jor:protozoa am;bvsis

According to CEC this is a factual statement that is important to note. Al CEC analyﬂcal
reports are included in Appendices C-1 and C-2 of the Final Report.

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 contribition to pathogen exposure. but no
information is provided to support the assertion that it is “relatively” small

Raesponse: “Relative® refers to the total number of samples.
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Page 44:

Citations need to be provided for statements to the effect of that b/c the RT PCR does not provide
infectivity information it impedes meaningful 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 wastewater.

Page 91:

Inhalation not considered important—nesd citationsto support this anti-consesvative
simplification and assumption.

For canoeists, kayakers, this could be ar important pathway

Response: Section 5.2 .of the Fifial Report discusses exposure assessiment pathways.
The text clearly states that the inost important exposure pathway is via incidental
ingestion but other routes can also be imporiant for some microorganisms, like
. exposure_via inhalation, eye.

malcanm:f. The text also di.rcmse: thc relagive

" contriblition Lo total tiitike by
and déymil contact) 1o detérniine the relative contribution of each pathvay to etal’
exposurs to microbiological organisms in surface water whils recreating.

Page 92:
Activities such as water skiing, etc. were excluded because they are not allowed, but do they

occur? Is the prohibition enforced? An accurate rigk assessment would consider these dctivities |f
they occurred especially when evaluating the potential be.neﬁt of disinfection.

Jet Skis-classified as pléasure boating with minimal contact. Thm is problematic-also “the RA
does not consider jet skis that result in immersion.

-

Reiponse: As ‘stated in the Introduction of the Final Report (see First Paragraph on
page 5), the UAA Stakeholders evaluating 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 configyration of the
embankments and safety hazards. It was not within the scope of work of the microbial
risk assessment to evaluate health risks’ originating from undesignated uses of the
CWS.

Page 100:

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

Response: Section 5.3.3 of the 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 Ad4l, subtypes primarily
associated with gastrointestinal iflness. This will lead to an overestimate of the true
risks for gastrointestinal illness. Therefore, the dose-response for echovirus 12 was
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selected as a surrogate for Mm_vmg. This approach was recommended by
Dr. Charles Gerba of the University of Arizona.

Page 101;
Was genetic immaunity/sasceptibility to norovirus infection considered?

Response: No special distribution was applied to account for genetic polymorphisms
related to suscepiibility. Similarly no adjustment was made to account Jor acquired or
natural immunity. We do not believe thas the additional uncertainty aidded by
including these factors is warvanted by the increase in accuracy of the resulis if these
Jactors were congidered. For exampls, we do not have data to' indicate what
percéntage of the recreational population are repeat visitors and potentially more
resistant by acquired immunity. Our analysis considers all receplors naive s and.equally
susceptible.:

By usmg the mom consm'vauve GI model for adenov:rus; total tb"effects are underesﬂmamd.

Should also evaluate respiratory risks with the more infectious model, What is thejustiﬁcanon for
using the less infectious parameter?

Response: Section 5.3.3 of the Final Report discusses tké Dose Response Asséssment of

Adenovirus. As stated in the report, several dose-response relationships are reported for .

adenbvirus but none of these are specifically for Ad40 or Ad4l, subtypes primadly
assaciuted with gastrointestinal illness. This will lead to an overestimate of the true
risks for gastrointestinal illness. Thersfore, the dose-response for echovirus 12 was
selected as a surrogate:for total enteric viruses. This approach was recommended by
Dr. Charles Gerba of the University of Arizona.

Page105:
Again the focus on GI results in a conservative estimate of overall risk

Response: Section 5.1 of the Final Report describes in detail the Hazard Identification
component of the microbial risk assessment study. As siated in this section, exposure to
microbial contaminated water may result in both gastrointestingl and non-
gastrointestinal illness. However, there ave ro krown dose response models for the
non-gastrointestinal exposure routes. The risk of gastrointestinal illness was selectéd
as the sentinel sffect for conducting the quantitative risk assessment. However, non-
gastmintesﬁnal ilinesses were addressed qualitatively.

Section 5.4.6 of the Final Report presents a qualitative assessment of the non-GI risks

assoclared with Pseudomonas aeruginosa.
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Page 111:

Since Monte Carlo analysis was used, why wasn’t a risk distribution (e.g., 50” percentile, 90°
percentile, etc) gensrated?

Response: To simplify the presemtation of the results, the findl exposure distributions
were realized for a set of recreational receptors and the proportion of that population is
reported. Specifically; for each of the one miltion individuals evaluated in the Monte
Carlo analysis. an” exposure dose was computed and the probability of infsction

" computed. At thai point a random number was genevated and compared to the

probability of infection. If the random number was less than the probability then the

- individual was assumed fa be infected and subsequent evaluation of the probability of
illness given-infection and secondary inféction was.computed. The advantage of this

technique is the easy coripitation. of the proportion of recreatipnal users in the CWS
that may become ill during recreational exposure..

Demls on how secondary spread was modeled are not clear.

Responsa Smion 5 4.2 oftlu Fimd chmfﬁacwm tha Dimm tmuxmis,sion model, h

including secondary transmission. As stated in the report, o account for secondary
transmission, a dynamic risk model was develpped that considers secondary exposure
through contact with CWS recrentional users. Estimates of the infectivity and
transmission rate as inputs for the dynamic modél were derived from the primary
litsratare. for each of the microorganisms of interest. Becuuse the number of
individuals exposed through recreatioh on the' C’WS I8 & relatively. small: proportipn of
the total papulaabn of the Chicago metropolitan area, populittion levels. of acquired
immunity and illness by secondary transmission wére not impacted. Therefore, the
proposed dynamic model considers a steady-state lgvel of immunity and estimates
disease incidence only in the recreational receptor population and thelr immediate
Jamily. This approach addresses the important dynamic aspects of disease transmission
Jrom CWS exposure in the population most af risk.

Page 117:
How was recreation type selected in the simulation? Were they in proportion to the actual usage?

Response: Section 5.2.1 of the Final Report discusses Waterway Use Summary and
Receptor Group Categorization. As stated in the report, several sources of information
were revidwed Yo estimate recreational use and éxposure to the CWS. Each of these
studies provides insight on the types and frequency of recreational exposure expected
in the waterway. For quantitative risk analysis, the Use Attainability Analysis (UAA)
study was used as the primary source for sxposure use data for the CWS. The purpose
of the UAA is to “gvaluate existing conditions, including waterway use practices and
anticipated future uses to determiine if use classification revisions are warranted”
(Source: Camp Dresser and McKes, Inc. (CDM), 2007, Use Attainability Analysis of
the Chicago Area Waterway System. August). Ths UAA surveys were conducted o
evaluate the types of recreational use that-are currently being exhibited on each of the
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waterway segments, Based on the UAA, several recreational exposure scenarios were
selected for evaluation in the risk assessment.

Page 134:
Risk assessment was only conducted for limited number of GI pathogens.

Response: This study did not account for all pathogens that may be present in the A
recreational water. Section 2.1 of the Final Report includes a more complete rationale
on pathogen ssleetion. 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 gastrointestinal illness. In addition,

. Section 5.1-of the-Final Dy and Wet Weather Report, dated April 2008 describes in
detail the Hazord Identification component of the microblal risk assessment study, ‘As
stated in this. section, exposure o microbial contaminated water may result in both,
gastrointestingl and non-gastrointestinal illness. Howsver, there are po known dose
response models for the non-gastrointestingl exposure routes. The risk of .

' -gastrointestinal ~illness ‘wdas selected ‘as the sentinel effect for- conducting—the- - --

quantitative risk assessment. However; non-gastrointestinal illnesses were. addressed
gualitatively.

Section 54.6 of the Final Report presents a qualitasive assessment of the non-GI risks’
associated with Pseudomonas asruginosa.

Note this lab* comments are based ona. cursory review only
Comments

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

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 nome of -these are specifically for Ad40 or Ad4l, subtypes primarily
associpted with gastrointestinal llness. This will lead to an overestimate of the true
risks for gastrointestinal illness. Therefore, the dose-response for echovirus 12 was
selected as a survogate for total enteric viruses. This approach was recommended by
Dr. Charles Gerba of the University of Arizona.

Page 133:
Table 4-6 presents a summary of the secondary attack rates that appear quite high. Additional

investigation of the original references are needed to get a better idea of whether or not the values
posted are reasonable.
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Response: Secondary transmission rates used are generally at the high end of those reported
in the technical lterature. Therefore, the assumptions on secomdayy transmission ave
conservative and the resulting secondary illness rates may be biased high.

Page 115-116:

‘The discusgion of the "disease transmission model” and secondary attack rates is very sketchy, .

" The authors vaguely mention "dynamic models” (which do not seem to be provided anywhere in

the document) and appear to be rather naive about the difficulty of parameterizing such models.
They state that secondary attack rates depend on virulences, shedding rate, and environmental
stability of the organisms. But probably buman contact patterns, characteristics, and age groups
are more important.

Tt-does appesr that this risk assessment has weaknesses that could potentially be meaningful

Response: Section 542 of the Final Report distusses the Disease Transmission Model,

. dncluding secondary fransmission, As stated in the repory, to dccount for secondary .
i

smission, v ayﬁamu ‘Misk miodel was developed thaf Considérs secondary exposure
through contact with CWS ‘recreational users. Estimates of theinfectivity ‘and
transmission rate as.inpuis for the dynamic model were derived from the primary
literature for each of the microorganisms of interest. Because the number of
individuals exposed through recreation on the CWS is a relatively small proportion of
the total population of the Chicago metropolitan area, population levels of acquired
immunily and. illness by secomdary fransmission were not impacted. Therefore, the:
proposed dynamic modsl considers a steady-state level of immunily and estimates
disease incidence only in the recreational receptor population and their immediaie
JSamily. This approach addresses the imporiant dynamic aspects of disease transmission
Jrom CWS exposure in the population most at risk.

Comments

Since the overall goal of the study is to determine whether or not to d:smfect the effluent why the
protozoans were included in this study?

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

“The number of Giardia cysts is lower than some other reports for sewage: however, this may

because there are only dry weather events in this portion of the study.

It should be more clearly emphasized that the number of Cryptosporidium oocysts from the
saraples-were below the cell culture detection limit and even lt' dll of the oocysts applied were
infectious it is uniikely that a foci would develop.

The documents treatment of the parasite issue was really not adequate.
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Response: We beligve that the Final Report provides a comprehensive evaluation of the
protozea in the CWS. The following aspects of profozoa ars discussed in the report:

1. Section 3.2 discusses Protozoa Analytical Results including, infectious
Cryptosporidium and Viable Giardia Cysts nnder both dry and wet weather conditions

2. Section 4.5.2 discusses wastewater protozoa disinfection effectiveness using UV
chlorination and ozongtion

3. Sectlons 5.3.7 and 5.3.8 present doss-response models for cryptosporidinm and glardia

The risk assessment appears to be a-standard boiler plate, which is only as good as the data used
to form:it.

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. Inclusion of
secondary infection risks within a imited recreational populition, joint risk estination
Jor muliiple pathogens, and realization of risks to estimats the proportion of users that

. ... are bikely 3o become ill are novel teckniques and represent the latest thinking on risk-

) n. n. The methods and mulufrom this study have becu the subject a4 papérs
presented at Naftorial conferences and 3 peer-manuscripts aré currénily Ui preparedion
Jor peer review stemming from this work.

This assessment uses input data that represent the highest quality and most extensive
contemporansous bacteria, virus and protoioi data for recreational water currently
available. The fact that sampling was conducted over multiple years from numerous
locations ‘along the waterway in conditions that encompasses a range of weather
conditions provides some-assurance that support information op census figures,
meteorological data, and recreational use are developed from highly rellable sources.
“While it is true that the resulss of a risk assessment are only as good as thé input data
used,the Inputs for this study are arguably the best recreation ‘use microbial risk
databases ever assembled, ,
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