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My name is Charles P. Gerba. 1 carned a Bachelor of Science degree from Arizona State
University in 1969, and a Ph.D. from the University of Miami, Florida in 1973. Both of my
degrees are in Microbiology. I was a postdoctoral research fellow and Assistant Professor of
Environmental Virology at Baylor College of Medicine in the Department of Virology and
Epidemiology from 1973 through 1981. I am currently Professor of Environmental Microbiology
in the Departments of Microbiology and Immunology; Soil, Water, and Environmental Science;
and Epidemiology and Biostatistics at the University of Arizona in Tucson, Arizona. { have
authored more than 500 articles including several books in environmental microbiology and
pollution science. | actively conduct research on the development of new disinfectants, new
methods for the detection of enteric pathogens in the environment, occurrence and fate of
pathogens in the environment, fate of pathogens during wastewater reuse and land application of
biosolids, microbiology of domestic environments and microbial risk assessment.

For the last three years, [ have participated in the District’s Microbial Risk Assessment
(MRA) Study as a member of the Geosyntec Team Senior Advisory Committee. In that role, 1
have worked closely with the project team providing direction and peer review in all aspects of
the MRA Study, which evaluated the human health impacts of disinfection versus non

disinfection at the District’s three largest water reclamation plants all of which discharge into the



Chicago Areca Waterway System (CAWS). In addition, at the onset of the study I provided on-
site training to the District personnel on sample collection procedures.

The MRA study focused on microorganisms typically present in the feces of humans and
other warm-blooded animals as indicators of fecal pollution. including the following indicators
and pathogens:

o Lnieric viruses: i} total culturable viruses, (ii) viable adenovirus; and (iii)
nOrovirus

o Infectious Cryptosporidium and viable Giardia lamblia

o Salmonella spp.

o Pseudomonas aeruginosa

o Fecal coliforms

o I coli

o Interococcl

This list was taken to be representatives of the likely universe of disease causing
organisms and indicators that are used to assess fecal contamination. The indicators selected are
those which have been traditionally used and those recommended by the United States
Environmental Protection Agency and the World Health Organization for assessment of
recreational water quality (NRC, 2004). Salmonella was also selected as it is one of the more
hardy enteric bacterial pathogens and can always be found in wastewater and would be expected
to be representative of the risks from other enteric bacterial pathogens. Pseudomonas aeruginosa
was sclected because it can be commonly isolated from sewage and causes recreationally
associated eye, skin and ear infections (Hunter, 1997). Fecal coliforms, I, coli, enlerococc

were included in the list of organisms studied because of its use as an indicator recreational water



quality (NRC, 2004}, The test did not detect pathogenic £, coli. Non-pathogenic forms of £. coli
oceur in much greater concentration than pathogenic forms in wastewater and their behavior
would be expected to be similar to the pathogenic strains of £. coli (Nwachuku and Gerba,
2008). Cryptosporidium is the protozoan pathogen most commonly associated with recreational
waterborne disease outbreaks in the United States today (Dziuban et al., 2000). Giardia is also
associated with recreational water borne discase outbreaks (Dziuban et al., 20006). Total
culturable virus assays have been used by the U. S. Environmental Protection Agency in the
Information Collection to assess risks from enteric viruses in water and will largely detect the
enteroviruses (Coxsackie, echo,), one is of the most common groups of enteric viruses found in
wastewater. Norovirus and adenovirus are the viruses most commonly associated with
recreational waterborne disease accounting for more than 90% of all reported outbreaks of
viruses associated with recreational water. Norovirus is the most common cause of viral diarrhea
in the United States. Adenoviruses are a cause of ear, nose throat and respiratory infections
associated with recreational waters. They are also the second leading cause of viral diarrhea in
children. Adenoviruses have been detected in greater concentration in wastewater than any other
enteric virus, thus they may pose the greatest risk of infection in recreational waters of any of
enteric pathogen (Gerba, 2008). Enteric viruses and the protozoan parasites were included in this
study because they have a much lower infectious dose than the bacteria (i.e. takes fewer to cause
infection) and they survive much longer in surface waters than the enteric bacteria pathogens.

I direct the operation of the Environmental Virology Laboratory, Department of Soil,
Water and Environmental Science at the University of Arizona that performed the analysis of
adenovirus and norovirus for this study using University of Arizona Standard Operating

Procedures (SOPs). There are no U.S. EPA-approved methods for norovirus. The University of



Arizona method estimates the virus concentration, but does not determine or confirm viability or
infectivity. Thus, this method is a conservative estimate of the number of infectious virus
present in the water 1.e. it detects both non-infectious (dead) and infectious viruses (live).
Adenoviruses are believed to be more common in sewage than enteroviruses, and have been a
cause of recreational waterborne illness (Gerba, 2007). There are no U.S.EPA-approved
methods for adenovirus. A University of Arizona SOP was used for the analysis of adenovirus
that includes cell culture and DNA confirmation.

The occurrence and concentration of profozoan parasites, total culturable viruses,
adenoviruses and norovirus were generally equal to or lower than observed in other studies by
me 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 concentration of Cryptosporidium was lower
than observed in studies in which I have been involved in previously and other studies reported
in the scieniific literature in which there where no known sewage discharges (Rose et al.,
1988;1991) This is because cattle and other animals can be greater source of Cryptosporidium in
surface waters than sewage discharges. The Giardia was also generally lower than that observed
in several other sewage discharges from previous studies conducted by me and reported in the
literature by others (Rose et al., 1996; Smith and Grimason, 2003). These studies were
conducted in various locations across the United States. The total culturable viruses were also
lower than observed in a study of a recreational stream in Arizona conducted by my laboratory

in which bathers were the only source (Rose at al., 1987).



It is my expert opinion that decisions regarding the need for effluent disinfection must be
made on a site-specific basis. Disinfection is warranted in situations where direct human contact
in the immediate vicinity of an outfall is possible or where effluent is discharged to areas
involving the production of human food. Disinfection is warranted in situations where its
application leads to a reduction in the risk of disease fransmission. As illustrated by post-
disinfection regrowth of bacteria, relatively poor virucidal behavior, and generation of persistent
disinfection by-products (DBPs), it 1s not clear that wastewater disinfection always yields
improved effluent or receiving water quality.

There is a great variability in the performance and uncertainty in the efficacy of
disinfection. There are many unanswered questions with respect to disinfection efficiency data
for microbial indicators and pathogens. The available data for the evaluation of disinfection
technologies are bench-scale or pilot-scale experiments and not full-scale operations. Theretore,
it is uncertain if disinfection designed to remove indicators can be effective in the removal of
pathogens and in the reduction of pathogen risks. In applying any disinfectant, it is important to
strike a balance between risks associated with microbial pathogens and those associated with
DBPs. DBPs are persistent chemicals, some of which have relevant toxicological characteristics,
The inventory of DBPs that have the potential to cause adverse health effects is large and highly
variable among Publicly Owned Treatment Works (POTW) effluents. The human health effects
associated with chemical contaminants that are influenced or produced as a result of disinfection
operations tend 1o be chronic in nature. Therefore, the development of a risk assessment for
exposure to chemical constituents, including DBPs, is far more complex than the microbial risk
assessment. Risk assessments of wastewater disinfection should consider microbial and

chemical quality.
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CHARLES PETER GERBA

EDUCATION AND DEGREES

Arizona State University, Tempe, Arizona
B. S., Microbiology

University of Miami, Coral Gables, Florida
Ph.D., Microbiology

POSITIONS

Postdoctoral Fellow, Department of Virology and Epidemiology,
Baylor College of Medicine, Houston, Texas 77030

Assistant Professor of Environmental Virology, Department of
Virology and Epidemiology, Baylor College of Medicine,
Houston, Texas 77030

Adjunct Assistant Professor of Environmental
Health, University of Texas School of
Public Health, Houston, Texas 77030

Associate Professor and Professor, Department of Nutrition
and Food Science and University Department
of Microbiology and Immunology, University
of Arizona, Tucson, Arizona 85721

Professor, Department of Soil, Water and Environmental Science
The University of Arizona, Tucson, Arizona
Phone (602) 621-69006

Adjunct Professor, Department of Nutritional Sciences
The University of Arizona, Tucson, Arizona

Adjunct Professor, Department of Microbiology
and Immunology, The University of Arizona,
Tucson, Arizona

Adjunct Professor, Department of Epidemiology and Biostatistics,
The University of Arizona, Tucson, Arizona

June 1969

January 1973

1973

1976-1983
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1990-

1990-
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HONORS

Beta Beta Beta (biology scholastic honorary)
Epsilon Tau Lambda (adult scholastic honorary:
University of Miami)
National Institutes of Health Postdoctoral
Traineeship
Member, American Academy of Microbiology
Waksman Lectureship Fellow, American Society for Microbiology

Listed in Who's Who in Technology Today, 1984, 1986, 1989, eds.

Listed in International Who's Who in American Education, 1992-1993, 1995, 1996-1997, eds.

Listed in Who's Who in the West, 1987-present

Listed in Who's Who in Emerging Leaders in America, 1989-1990, 1991-1992, eds.

Listed in Who's Who in the World, 1989-1995-present

Listed in American Men & Women of Science, 18th edition, 1992-1993, 1996-1997-present
Listed in Who's Who in Science and Engineering, 1992-1993, 1996-1997, eds.

Listed in Who's Who in America, 1994 - present

Listed in Who’s Who in Medicine and Healtheare, 1997-1998-present

AWARDS

Qutstanding Research Scientist Award,
College of Agriculture, The University of Arizona
Environmental Science and Engineering Fellow,
American Association for the Advancement of Science
Tribute of Appreciation, Criteria and Standards
Division, Office of Drinking Water, U.S.
Environmental Protection Agency
Service Award for Public Health, Pima County
Health Department
Outstanding Team Resecarch Award, College of Agriculture,
The University of Arizona
Co-Recipient of Mckee Award (for outstanding contribution to groundwater protection),
Water Environmental Federation
Recipient of the A.P. Black Research Award for outstanding contributions
to Water Science, American Water Works Association
Honorary Lifetime Membership Award for dedicated service to the water treatment
industry, Water Quality Association
Award of Excellence in Environmental Health for outstanding and innovative
rescarch program, The National Association of Country and City Health Officials
Selected as one of the 21 most influential people in the water industry in the 21 century
by Water Technology Magazine
Best Paper Published in the Journal of the American Water Works Association,
Water Resources Division
Best Paper Published in the Journal of the American Water Works Association.
Water Science and Research Division
Shah Distinguished Lectureship in Risk Assessment, Stanford University
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Quentin Mees Research Award for outstanding research in applied water science

Arizona Water Pollution Control Association

PROFESSIONAL ORGANIZATIONS

American Society for Microbiology

American Association for the Advancement of Science
Sigma Xi

International Water Association

American Water Works Association

Society for Applied Microbiology

Society for Risk Analysis

International Association for Food Protection

ELECTED POSITIONS IN PROFESSIONAL ORGANIZATIONS

Chairman-clect and Chairman, Applied and Environmental Division

of the American Society for Microbiology
President-elect and President, Arizona Branch

of the American Society for Microbiology
Councilor, Arizona Branch of the American Society

for Microbiology

Chairman-elect and Chairman, Applied and Environmental Division

of the American Society for Microbiology

EDITORIAL BOARD MEMBERSHIPS

Applied and Environmental Microbiology

CRC Critical Reviews in Environmental Control

Journal of Food Protection

Journal of Industrial Microbiology

Journal of Applied Microbiology

Letters in Applied Microbiology

Regional Editor — Journal of Water and Health

Reviews in Environmental Toxicology and Contamination

PROFESSIONALLY RELATED PUBLIC SERVICE

Member - U, S. Environmental Protection Agency Work-
shop on "Protocol Development: Criteria and
Standards for Potable Reuse and Feasible Alterna-
tives", Commitiee on Groundwater Criteria

Member - U.S. Environmental Protection Agency Work-

shop on "Monitoring for Viruses in the Environment"

Member - U.S. Environmental Protection Agency Work-

shop on "Microbial Contaminants in Drinking Water"

Member - U.S. Environmental Protection Agency Work-

shop on "Land Application of Municipal Wastewater

and Sludge", Denver
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1983-1984

1985-1986

1986-1988

1979-1985
1984-
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2000-2003
2000-2005
2002-
20006-

1980

1980

1981
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Member - University Technical Advisory Committee to

the Pima County Board of Health 1982-1984
Member - Demonstration Recharge Advisory Committee,

Tucson Water, City of Tucson 1984-1987
Member - Technical Advisory Board to the Pima

County Water Hyacinth Wastewater Treatment Project 1984

Member - U.S. Environmental Protection Agency,

Oftice of Drinking Water, Workshop on Revised

Drinking Water Regulations 1985
Member - Task Force for Microbiological Water

Purifier Guide Standards and Testing, Office of

Drinking Water, U.S. Environmental Protection Agency

Member - Pima County Board of Health 1986-1992
Member - Grant Review Panel, Office of Research and
Development, U.S. Environmental Protection Agency 1986-1988

Member - Drinking Water Committee, Science Advisory

Board, U.S. Environmental Protection Agency
Member - Task Group on Copper/Silver lon Generators,

National Sanitation Foundation 1989-1991
Member - Technical Advisory Committee,

Soil Aquifer Treatment Facility,

Santa Ana Watershed Project Authority 1990-1992
Member Ad Hoc - FIFRA Scientific Advisory Panel,

Antimicrobial Test Methodology,

Office of Pesticides, U.S. 1991-1997
Member - Task Group on Drinking Water Treatment Units

for Bacteriostatic Testing and Cyst Reduction,

National Sanitation Foundation 1991
Member - "Workshop on Drinking Water and Health in the Year 2000",

U.S. Environmental Protection Agency and American Water Works

Research Foundation 1991
Member - "Workshop on Virology for the Water Supply in the Nineties",

National Institute of Public Health and Environmental Protection, The Netherlands 1991
Member - "Expert Panel on Hazards of Municipal Solid Waste Recycling,”

U.S. Environmental Protection Agency 1991-1992
Member - "Workshop of Research Needs in Drinking Water Microbiology", American Water Works

Foundation 1992

Member - "Workshop on the Methodology for Deriving National Water Ambient Water Quality Criteria
for the Protection of Human Health", U. S. Environmental Protection Agency,

Office of Science and Technology 1992
Member - "Blue Ribbon Panel on Research needs for Ultraviolet Disinfection”, State of California,

Dept. of Health Services 1993
Member - "Blue Ribbon Panel on Assessment and Acceptability of Risk", State of Calif., Dept. of Health

Services. 1993
Member - Workshop on "Research Needs in Microbial Risk Asscssment”, National Institute of

Public Health and Environmental Protection, The Netherlands 1992
Chairman - Microbiology Working Group "Workshop for Revision of National Guidelines for

Deriving Human Health Criteria for Surface Water", U.S. Environmental Protection Agency 1992

Member - Technical Advisory Committee, Water Campus Wastewater Reuse Project,
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City of Scottsdale 1992-1994
Member - Science Advisory Board, Committee on Drinking Water and Committee on Research Strategies,

U.S. Environmental Protection Agency 1994-1999
Member - Working Group on Microbial Risk Assessment, International Life Science Institute and

U.S. Environmental Protection Agency 1995-
Member - Project Advisory Committee, UV Disinfection of Groundwater, American Water Works

Rescarch Foundation 1994-1996

Member - Project Advisory Committee

National Survey of Viruses in Groundwater,

American Water Works Association

Research Foundation 1995-1999
Member - Working Group on Microbial Risk

Assessment. International Life

Science Institute, and the United States

Environmental Protection Agency 1996-2000
Member - Workshop on Managing Microbial

Risks of Potable Water in Space NASA 1997
Member - Workshop on New Microbial Indicators for

Water, U.S. Environmental Protection Agency 1998

Member - Workshop on Water and Food Pathogen

Risk Assessment, U.S. Envirommental

Protection Agency, and the International

Life Science Institute 1999
Member - Workshop on Groundwater

Indicator Evaluation, U.S.

Environmental Protection Agency 1999
Member - Early Warning Monitoring to Detect

Hazardous Events in Water Supply Systems

U.S. Geological Survey, U.S. Environmental

Protection Agency, Dept. of Defense 1999
Member — Susceptibility and Microbial Risk Assessment

Workshop G.W. University and the

Environmental Protection Agency 1999
Member - Mars Sample Handling Workshop, NASA 2000
Member -~ Research Needs for On-Site Wastewater Treatment Systems Workshop,

U. S. Environmental Protection Agency 2001
Member — Recreational Water Quality Standards for Tropical Waters Workshop,

U. S. Environmental Protection Agency 2001
Member — Research Needs for Biosolids and Animal Wastes, U.S. Department of Agriculture and

U. S. Environmental Protection Agency 2001
Member ~Workshop on Indicators for Pathogens in Wastewater, Biosolids and Stormwater,

Water Environment Research Foundation 2003

Member — Expert Panel to Review Centers for Disease Control



Environmental Microbiology Program

Member ~ Selecting Criteria for the Candidate Contaminate List,

U. S. Environmental Protecfion Agency

SERVICE TO THE PROFESSION

Rapporteur - International Conference on Viruses
in Water, Mexico City

Vice-Chairman - Workshop on "Viral Pollution in the
Environment”, Fourth International Congress for
Virology, The Hague, Netherlands

Member - American Society for Testing Material,
subsection committee on standard methods for
detecting virus on solids and soils

Member - American Society for Testing Material,
subsection committee on standard methods for
detecting viruses in fresh and marine waters

Subcommittee on Virological Methods,
"Examination of Seawater and Shellfish", pub-
lished by the American Public Health Association

Chairman - Workshop on "Ecology of Viruses in
Water", Second International Symposium on Micro-
bial Ecology, University of Warwick, England

Session Chairman - "Distribution and Development of
Pathogens”, Second International Symposium on
Microbial Ecology, University of Warwick, England

Session Chairman - International Conference on Viruses
and Wastewater Treatment, University of Surrey,
England

Co-Chairman - Workshop on "Environmental Aspects of
Viral Hepatitis Transmission”, International
Symposium on Viral Hepatitis, New York

Member - Session Committee, Institute of Food
Technologists

Member - Committee on Environmental Microbiology,
American Society for Microbiology

Member - Microbial Problems in Drinking Water
Commitice, American Water Works Association

Co-Chairman - Reund Table - Fate of Genetically
Engineered Organisms in the Environment,
American Society for Microbiology, Las Vegas

Senior Delegate - U.S. Committee of the Inter-
national Association for Water Pollution
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Control and Research for the American Society

for Microbiology 1985-1991]
Member - Planning Committee for Symposium on

"Microbial Aspects of Surface Water Quality”,

Water Pollution Control Federation. 1988-1989
Co-Chairman - Organizing Committee of the

2nd International Symposium on Contamination

of the Environment by Viruses and Methods of

Control. Vienna, Austria 1987-1989
Chairman - Enteric Virus Committee, Joint Editorial Board,

17th edition supplement and 18th edition, Standard Methods

for the Examination of Water and Wastewater 1989-1997
Member - Project Advisory Committee, National Groundwater Virus Survey, American Water Works

Rescarch Foundation 1991-2000
Member - Research Commiitee, American Water Works Association 1992-1994
Member - Workshop on "Microbial and Disinfection By-products Research Needs",

American Water Works Research Foundation 1993

Member - International Scientific Committee,

" Assessing and Managing Health Risks

from Drinking Water Contamination:

Approaches and Application”. 1993-1994
Member - Organizing Committee, "Second

International Symposium on

Wastewater Reclamation and Reuse" 1993-1995
Member - Organizing Committee "Global Issues

in Microbiological Water Quality for

the next Century". Sponsored by

UNESCO, U.S. Environmental Protection

Agency, and the American

Academy for Microbiology 1994-1995
Member - American Soc. for Microbiology delegate.

United States National Committee of the

International Water Quality Association (now International Water Association) 1992-1999
Member - Public and Scientific Committee of the

American Soc. Microbiology 1996-2000
Member- Organizing committee for Workshop on Acceptable Microbial Risks in Water,

American Academy for Microbiology 2000
Member — Workshop on Select Criteria for Drinking Water Candidate Contaminate List,

Office of Water, United States Environmental Protection Agency 20006
Member — Scientific Review of the Proposed Risk Assessment Bulletin from the Oftice of

Management and Budget, National Rescarch Council 2006
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PATENTS

Enhanced Disinfection of Microorganisms in Water, Issued 1993,

GRANT FUNDING

Effect of particulate matter on the survival of viruses in seawater, Research Corporation, Recipient, 1972.

Quantitative estuarine and shellfish virus enumeration, NOAA Seagrant, Dept. of Commerce, through
Institutional Grant to Texas A&M University, Co-Investigator, 1974.

New and improved methods for quantitative detection of enteric viruses in potable, reclaimed and natural
waters, Environmental Protection Agency, Co-Investigator, 1974-1979, $420,000.

Photodynamic inactivation of infectious agents in wastewater, FMC Corporation, Central Engineering
Laboratories, Santa Clara, CA, Co-Investigator, 1974-1975, $100,000.

Virus removal from wastewater by land treatment, USDA, ARS, U.S. Water Conservation Laboratory Contract,
Phoenix, AZ, Co-Investigator, 1974-1975,

The role of sediments in the distribution and survival of enteric viruses in the estuarine environment, NOAA
Sea Grant, Dept. of Commerce, through Institutional Grant to Texas A&M University, Associate Project Leader,
1976-1979, $90,000.

Virus analysis of drinking water in Mexico, Eco-Ingeniera, Mexico, Principal Investigator, 1980, $2,800.

Movement and fate of viruses and organic pollutants in ground water during the land treatment of wastewater,
Environmental Protection Agency, Principal Investigator, 1977-1980, $481,372.

Hepatitis A and gastroenteritis viruses in water and shellfish, National Institutes of Health, Principal
Investigator, 1978-1981, $178,514.

Research i applied and environmental virology, AMF/CUNO, Meriden, CT, Principal Investigator, 1980-1982,
$340,000.

Development of management strategies for the assessment and control of viral pollution of coastal waters,
NOAA, Long Term Pollution Effects Program, Dept. of Commerce, Principal Investigator, 1980-1981, $71,522.
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Utilization of silver and bighead carp for water quality improvement: virological and bacterial aspects,
Environmental Protection Agency (Subcontract from Arkansas Fish & Wildlife), Principal Investigator, 1980,
$26,000.

Virus studies of the subsurface, Environmental Protection Agency through Institutional Grant from Rice
University, Principal Investigator, 1980-1981, §51,000.

Development of standard methods for the detection of enteric viruses in raw and treated potable water,
Environmental Protection Agency, Co-Investigator, 1980-1981, $71,000.

Services to screen halogens for viricidal properties, U.S. Dept. of Defense, Army, Associate Investigator, 1979-
1981, §96,000.

Assessment and control of viral pollution of marine resources, NOAA Seagrant, Dept. of Commerce through an
Institutional Grant from Texas A&M University, Associate Project Leader, 1980-1981, 548,000.

Impact of sewage sludge disposal and dredging on the distribution and cycling of pathogenic human enteric
viruses in shallow coastal waters, NOAA, Ocean Dumping Program, Dept. of Commerce, Associate
Investigator, 1979-1980, $95,775.

Detection of potential viral contaminates in food and water, Dept. of Nutrition and Food Science, Hatch Project,
1981-1984, $30,460.

Virus removal during conventional drinking water treatments, Environmental Protection Agency, Principal
Investigator, 1981-1983, $93,724.

Development of an ELISA test for the detection for fish antibodies directed against human pathogens,
International Development Research Center, Principal Investigator, 1981-1982, $10,800 (Canadian).

Insoluble polymeric contact disinfectants for small water treatment systems, Environmental Protection Agency
through subcontract from State University of New York Research Foundation, Principal Investigator, 1981-

1983, $28,919.

Viral studies of the subsurface, Environmental Protection Agency through subcontract from Rice University,
Principal Investigator, 1982, §13,476.

Renovated water quality from two projects: Dan and Flushing Meadows, United States Binational Science
Foundation, Co-Investigator, 1980-1983, travel of Dr. Gerba to Israel, $2,500.

Rotavirus detection, The University of Arizona Biomedical Research Support, Principal Investigator, 1981-
1982, $9,300.
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Detection of rotavirus and hepatitis A in water, Environmental Protection Agency, Principal Investigator, 1982-
1984, $117,000.

Development of a model for viral survival and transport in groundwater, Environmental Protection Agency
through subcontract from the University of Oklahoma, Principal Investigator, 1982-1983, $99,733.

Training program in ground water microbiology, Jessie Smith Noyes Foundation, Inc., Principal Investigator,
1982-1985, $69,300.

Occurrence of viruses in water in Colombia, Tinker Foundation, Principal Investigator, 1983, $1,200.

A predictive mode] for virus transport, Environmental Protection Agency, Principal Investigator, 1983-1986,
$333,058.

Removal of microorganisms by filtration, Tucson Water Reuse Project, Rubel and Hager, Inc., Principal
Investigator, 1983, $10,382.

Virus analysis of groundwater, Arizona Dept. of Health Services, Principal Investigator, 1984, $3,000.

Prediction of virus persistence in Arizona groundwater, The University of Arizona Water Resources Center, Co-
Principal Investigator, 1984-1985, $9,982.

Virus analysis of drinking water in Puerto Rico, Environmental Protection Agency, Principal Investigator, 1984,
$24,421.

Insoluble polymeric contact disinfectants for point-of-use potable water disinfection, Environmental Protection
Agency, Co-Investigator, 1984-1986, $175,000.

Detection of potential viral contaminates in food and water, Dept. of Nutrition and Food Science, Hatch Project,
Principal Investigator, 1984-1987, $46,164.

Analysis of sludge and composted sludge for microorganisms, Erco Division, Ensco Companies, Principal
Investigator, 1985, $23,760.

Casa del Agua: A community water conservation demonstration and evaluation project, Tucson Water and
Pima County, Co-Investigator, 1985-1989, $74,000.

Studies on microbial contamination of groundwater, IBM Corporation, Principal Investigator, 1985-19806,
$23,395.

Viability of parasitic enteric infections in Arizona: Giardia and Cryplosporidiosis, Co-Investigator, Arizona
Disease Control Research Commission, 1986-1987, $79,281.
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Water disinfection by material surface contact, U.S. Aid Program in Science and Technology, Principal
[nvestigator, 1986-1989, $149,878.

Development of gene probes for rapid detection of enteric viruses in water and sewage, U.S. Aid Program in
Science and Technology, Principal Investigator, 1986-1989, $149,651.

Salary support for Dr. Susan Stramer, Centers for Disease Control, Principal Investigator, 1985-1987, $31,958.

Detection and isolation of Cryplosporidium, Giardia, and Entamoeba from waters throughout the United States
U.S. Environmental Protection Agency, Co-Investigator, 1986-1989, $160,000.

b4

Rotavirus survival and transport in the subsurface, U.S. Environmental Protection Agency, Principal
Investigator, 1986-1988, $199,946.

Gene probes for enteric virus detection, The University of Arizona Biomedical Rescarch Support Grant,
Principal Investigator, 1986-1987, $6,995,

Surface-chemical factors affecting transport of bio-colloids in subsurface porous media, U.S. Geological
Survey, Co-Principal Investigator, 1987-1989, $257,748.

Development of ultrasensitive gene probes for the rapid detection of enteric viruses in water and food, Arizona
Technology Development Corporation, Co-Principal Investigator, 1988-1989, $150,000.

Development of methodology for detection of enteric viruses in food and water, Dept. of Nutrition and Food
Science, Hatch Project, Principal Investigator, 1988-1991, §41,929.

Rapid detection of enteric viruses in water using gene probes, Arizona Disease Control Research Commission,
Co-Investigator, 1987-1988, $24,442.

The effect of liquid smoke on Listeria monocytogenes, Bar S Foods, Co-Principal Investigator, 1987-1988,
$10,000.

Use of metal 1ons for water disinfection, Tarn-Pure, U.S.A., Principal Investigator, 1987-1989, $42,500.

Effectiveness of hand washing for the removal of contaminating enteric viruses and Giardia, Dial Corp., Co-
Investigator, 1987-1989, $19,285.

lonic purification of water, Sigma Products, Inc., Principal Investigator, 1988-1989, $5,750.

Evaluation of a copper-silver electrolytic unit with chlorine under swimming pool conditions, U.S. Army,
Principal Investigator, 1988, $9,950.
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Evaluation of a thermal-activated carbon microbiological water purifier, Regal Ware. Principal Investigator,
1988, $7,200.

Determination of bacteriophage in deep soil samples and their ecological significance, DuPont de Nemours and
Company, Principal Investigator, 1988-1989, §19,943.

Efficiency of copper, polyvinylchloride, chlorinated-polyvinylchloride and galvanized pipes on the removal of
MS-2 coliphage, International Copper Research Association, Co-Investigator, 1988-1989, $49,142,

Efficiency of reverse osmosis membranes in virus removal, Shaklee Corporation, Principal Investigator, 1988,
$5,000.

Agricultural sludge reclamation, Pima County, Co-Investigator, 1988-1990, $23,000.

Principal Investigator, 1988, $3,150.

Evaluation of gene probe technology for the detection of human immunodeficiency virus in hospital wastewater
concentrates, National Science Foundation, Co-Investigator, 1989-1990, $29,994,

Gene Probe detection of pathogens in shudge-amended soils, U.S. Geological Survey, Co-Principal Investigator,
1989-1991, $174,693.

Demonstrations of nanofilter method for treating Colorado River water, Consolidated Utilities, Co-Investigator,
1989-1990, $33,575.

Microbiological evaluation of diapers, solid waste, and leachate from the Fresh Kill landfill, Proctor and
Gamble Co., Co-Principal Investigator, 1989-1990, $85,268.

Determination of the inactivation kinetics of poliovirus after exposure to potassium permanganate, Carus
Chemical Co., Principal Investigator, 19891990, $18,600.

Assessment of model equations for predicting survival and transport of microorganisms in groundwater in
Arizona, Water Resources Center, Co-Principal Investigator, 1989-1990, $8,770.

Inactivation of MS-2 coliphage and Legionella by potassium permanganate, Carus Chemical Co., Principal
Investigator, 1989, §10,950.

Virus removal by a wastewater treatment and recyeling system, Thetford Systems, Inc., Principal Investigator,
1989, $15,000.

Microbiological characterization of hotel bathrooms, Brushguard, Inc., Principal Investigator, 1989, $6,950.
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Microbiological evaluation of compost containing disposable diapers, Co-Principal Investigator, Proctor and
Gamble Co., 1989-1990, $32,985.

Investigations into the invasive properties of Campylobacter, Arizona Discase Research Commission,
Co-investigator, 1989-1991, $57.000.

Evaluation of the microbial efficacy of a porcelain cleaner, Musson Associates, Principal Investigator, 1989,
$6,950.

The role of soil aquifer treatment in wastewater reclamation/reuse: hydrological, chemical and microbiological
considerations, Salt River Project and Tucson Water, Co-Principal Investigator, 1990-1991, $283,665.

Subsurface transport of biocolloids, National Institute of Health, Principal Investigator, 1990-1992, $124,340.

Molecular methods for evaluation of microbial quality of groundwater, USDA Cooperative State Research
Service, 1990-1992, $79,516.

Underground fate and transport of microorganisms, Water Resource Research Center. Co-Principal Investigator,
1990-1991, 333,637,

Human enteric viral contamination of groundwater, Dept. of Environmental Protection, State of New Jersey,
Principal Investigator, 1990-1991, $48,325.

Health risks associated with bacterial and viral pathogens in groundwater, Arizona Disease Research
Commission, Co-principal Investigator, 1990-1993, $85,600.

Research support for studies on solid waste, Procter and Gamble Co., Principal Investigator, 1990, $3,000.

Development of non-halogen disinfectants for swimming pools, 1990, Olin Corporation, Principal Investigator
1990-1991, $43,650.

>

Underground fate and transport of microorganisms, Water Resources Research Center, Co-principal
Investigator, 1991-1992, $40,531.

Evaluation of the hydraulic, chemical, and microbiclogical aspects of soil-aquifer treatment (SAT) during
wastewater reclamation/reuse: laboratory and field studies, Tucson Water and the Salt River Project, Co-

principal Investigator, 1992-1993, $137,951.

Detection of viable Giardia cysts in water by polymerase chain reaction, Metropolitan Water District of
Southern California, Co-principal Investigator, 1991-1992, $52,809,

Transport of subsurface bacteria in porous media, Dept. of Energy, Co-Investigator, 1991-1993, $300,100.
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Microbial contaminate removal/inactivation by Asian point-of-use treatment system, Amway Corporation,
Principal Investigator, 1991-1992, $104,000.

Studies on viruses and parasites 1n reclaimed water, Microbial Analytical Laboratory, Principal Investigator,
1985-1993, $972,809.

Delineation of wellhead protection zones: considerations of virus transport, U.S. Environmental Protection
Agency, Principal Investigator, 1991-1994, $200,000.

Determination of the mactivation kinetics of hepatitis A virus and Giardia cysts after exposure to potassium
permanganate, Carus Chemical Company, Principal Investigator, 1992, $52,000.

Transport of biocolloids in the subsurface, National Institute of Environmental Heailth Science, Co-principal
Investigator, 1992-1995, §425,000.

Agricultural sludge reclamation, Pima County Wastewater Division, Co-investigator, 1991-1992, $83,793.

Multi-laboratory evaluation of the guide standard and protocol for testing microbiological water purifiers, U. S.
Environmental Protection Agency, Principal Investigator, 1992-1994, §164,964.

In use antibacterial dish detergent efficacy study, L and F Products, Principal Investigator, 1992-1993, $35,716.

Characterization of the microflora of households and estimation of the impact of disease transmission by
surfaces, Co-Principal Investigator L and F Products, 1992-1993, $66,270.

Stability of HIV viral RNA under environmental conditions, Co-investigator, National Science Foundation,
1992-1993, §50,000.

Incidence of pathogens in Mamala Bay: molecular and risk assessment, Co-Principal Investigator, Mamala Bay
Commission, 1993-1995, $350,000

Physical, chemical, and biological properties of the Schmutzdecke, Co-Investigator, U. S. Department of
Agriculture, 1993-1996,
$180,000.

Microbial risk assessment for drinking water, Co-investigator, American Water Works Research Foundation,
1993-1995, $200,000,

Studies on the inactivation of Giardia by pH, pressure, and disinfection, Principal Investigator, CDM
Engineering, 1993, $59,000.

Solas Water System Testing, Solas Corporation, Principal Investigator, 1993-1994, $12,000.

60



SC Johnson Wax R&D Fellowship Grant, Johnson Wax, Principal Investigator, 1993-1994, $20,000.

Biocolloid Transport in Groundwater. United States-Israel Binational Agricultural Research and Development
Fund. Co-Principal Investigator. 1993-1995, $250,000.

Application of PCR Technologies for virus detection in groundwater. American Water Works Research
Foundation. Co-Principal Investigator. 1993-1997, $400,000.

Soil treatability pilot studies to design and model a soil aquifer treatment system. American Water Works
Research Foundation. Co-investigator, 1994-1995, $224,000.

Field Tracer Experiments at Oak Ridge National Laboratory. University of Tennessee. Co-investigator. 1994,
58,000.

Evaluation of a potable POU. Sweetwater Inc., Principal Investigator, 1994, $19,000.
Risk Assessment of a Distillation Water Treatment System, In-sink-erator, 1994, $57,000.
Microsporidium Reduction Testing. Amway Corp., Principal Investigator, 1995, $13,000.

Efficacy of chlorine bleach disinfection on surfaces against Giardia, Principal Investigator, Clorox Corp., 1995,
$13,250.

Rapid PCR based monitoring of infectious enteroviruses in drinking water. Co-investigator, Amer. Water
Works Research Foundation, 1995-1997, $191,896.

Comparison of POU devices for microbial removal, Principal Investigator, Sweetwater Inc., 1995, §$53,000,
Evaluation of point-of-use water treatment devices for outdoor use, 1.1, Bean, Inc. Principal Investigator, 1995,
$5,000. Evaluation of tablet formulations for water disinfection, Principal Investigator, Sweetwater, Inc,, 1995,

$10,000.

Optimal Secondary Wastewater Reuse with Minimal Environmental Risks. United States-Israel Binational
Agricultural Research Development Fund, Co-Principal Investigator, 1996-1999, $339,000.

Enter Pathogen Reduction by Artificial Wetlands. Wyoming Water Resources Research Center, Principal
Investigator, 1996-1998, $126,350.

Quantitative microbial risk assessment of foods. Co-investigator. $23, 206. Infernational Life Science Institute,
1997-1998.

Development of low cost indicators of viruses and parasites on foods, Principal Investigator, $18,500, USDA,
1996-1998.
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Investigation of Soil Aquifer Treatment, Co-investigator, $400,000, Amer. Water Works Research Foundation,
and ctties of Phoenix and Tucson, 1997-1998,

Evaluation of the economics and public health benefits from water chlorination for cholera using risk
assessment, Co-Principal Investigator, $90,000, Chlorine Chemistry Council, 1996-1997.

Inactivation efficiencies of emerging waterborne pathogens by chemical disinfection process, Co-investigator,
Amer. Water Works Res. Foundation, 1998-2000, $250,000.

Investigation of soil aquifer treatment, Co-investigator, EPA, $1,500,000, 1998-2002.
Residential graywater systems, Co-investigator, CASA, $16,413, 1998-2000.

Molecular detection of pathogens in irrigation water and their significance, Principal investigator, USDA,
$275,000, 1999-2001.

Impact of wildlife on enteric pathogens in a constructed wetland, Co-investigator, City of Phoenix, 2000-2001,
$48,651.

Microbial risk analysis of 1ceberg lettuce due to manure application. Co-investigator. Arizona lceberg Lettuce
Research Council. $40,978. 2000-2002.

Effect of hetrotrophic plate count bacterial populations in drinking water. Co-investigator. NSF Water Quality
Center. $50,000. 2000-2002.

Use of risk modeling to determine the benefit of topical antimicrobial products. Soap and Detergent
Association. Co-investigator. $20,000. 2000-2002.

Virus transport through soil. U.S. Dept. of Interior. Co-investigator. §12,000. 2000-2002.

Measurement of Hormonal Activity and Volume Contribution of Treated Wastewater in Water from Wells
along the Santa Cruz. U.8. Dept. of Interior. Co-investigator. $12,700. 2001-2002.

Microbial risk analysis of water in the production of produce in Arizona, Co-P1. USDA. §525,000. 2000-2003.
Assessment of bacterial contamination of oysters. Co-PL. USDA. $1,200,000. 2001-2004.
Role of irrigation methods on microbial food safety. Co-P1. FDA. $525,000. 2001-2004.

Giardial Cryptosporidium transport and fate during subsurface infiltration: integrated laboratory and field study.
Co-PL. EPA. $519,725. 2001-2004.
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Bioaerosol generation from biosolids. Co-PI. NSF Water Quality Center. $60,000. 2001-2004,

Occurrence of emerging pathogens in the waters of Arizona. P.I. NSF Water Quality Center and State of
Arizona, $200,000. 2003-2005

Survival of the SARS virus in water and wastewater. P.I. NSF Water Quality Center. $10,000. 2003-2004.

Development of an infectivity assay for norovirus in cells. Co-P1. American Water Works Research Foundation.
$400,000. 2004-2007.

Occurrence of viruses on fomiles in work environments. P1. Clorox Company. $52,000. 2004-2005.

Microbial quality in individual and small water systems in Arizona. PI. NSF Center for Water Quality and the
State of Arizona. $200,000. 2004-2006.

Development of a Ct for chlorine for enteroviruses. PL U.S. Environmental Protection Agency. $20,000. 2005.
Adenovirus and norovirus oceurrence in sewage discharges. Pl. Geosyntec, $38,000. 2005.

Virus removal from Combined Sewage overflows. PL CH2M Hill. $20,000. 2005.

Occurrence of viruses on fomites in public facilities. PI. Clorox Company. $35,000. 2005.

Assessment of a thermal point of use device for microbial treatment of water. P1. Johnson Research. $28,000.

Center for Advancing Microbial Risk Assessment . Co-investigator. U. S. Environmental Protection
Agency/Department of Homeland Security. $1,100,000. 2005-2010.

Disinfectants m disease reduction in public schools. P.L. Clorox Company. $224,000. 2005-2006.
Occurrence of bacteria in liquid soap. P.I. GOJO Industries. $28,000, 2006.

Conlrol of Naegleria fowleri in ground water in Arizona. P.I. NSF Water Quality Center and the State of
Arizona. $185,000. 2006-2008.

Development of a universal microbial concentrator. Co-PL. U. S. Environmental Protection Agency, STAR
Grant Program. $450,000. 2006-2009.

Survival of prions in biosolids. P1. NSF Water Quality Center. $140,000. 2006-20009,

Development of an ozone/UV light disinfection system. P.I. NSF Water Quality Center/Vortex Technologies.
£78,000. 2006-2007.
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Development of new disinfectant technologies. P.I. The Clorox Company $84,000. 2006.
Microbiology of home vs. work offices. P.I. The Clorox Company $59,000. 2007-2008.

Evaluating proposed operational practices for control of Naegleria fowleri in Arizona’s Public Drinking Water
systems. Co-investigator. Arizona Water Institute/City of Peoria $58,028. 2008.

A new generation of anti-micriobial materials. Nexra. $20,000. 2007

Microbial contamination of hospital scrubs. P. 1. Molnlycke Health Care, Inc. $9,000. 2007.
New Generation of water treatment for the developing world. P. I. Vestgaard. $104,000. 2007.
Assessment of Lumilife Systems. P. 1. Lumilife. $8,000, 2007.

Evaluation of a foaming hand product formulation in preventing the transfer of rhinovirus. P. . Procter and
Gamble Company. $31,000. 2007.

Environmental microbial assessment of fomites. P.I. Microban. $14,000. 2007

Assessment of the microbial contamination of vacuum cleaners. Oreck. $14,500. 2007.

INSTRUCTION

FORMAL COURSES TAUGHT AT BAYLOR COLLEGE OF MEDICINE

Environmental Virology (3 units) (1978-1980)

FORMAL COURSES TAUGHT AT THE UNIVERSITY OF ARIZONA
Food Microbiology (3 units) (1981-1990) (100% effort)

Food Microbiology Laboratory (1 unit) (1981-1990) (100% effort)

Food Safety (2 units) (1981-1988) (10-50% effort)

Advanced Food Science (3 units) (1988-1991) (10% cffort)

Groundwater Pollution Microbiology (3 units) (1982) (90% effort)

Introduction to Virology (3 units) (1986-1987) (10% cffort)
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Environmental Microbiology (3 units) (1992-1997) (15-20% cffort)
Environmental Microbiology Laboratory (2 units) (1992-  } (50% effort)
Environmental Biotechnology (2 units) (1993- 2001 } (40% effort)
Pollution Science (3 units) (1994- ) (40% effort)

Risk Assessment (3 units) (2005- ) (25% effort)

SHORT COURSES TAUGHT AT OTHER UNIVERSITIES
(These courses are usually 1-2 weeks in [ength)

Virus and Parasite Detection in Reclaimed Water. Mexico City, 1988 (Sponsored by the World Bank and Pan
American Health Association)

Methods for the Detection of Viruses in the Environment. Cochabamba, Bolivia, 1989, (Sponsored by the
University of San Simon)

Application of Biotechnotogy to the Detection of Viruses, Parasites, and Bacteria in the Environment. Culiacan,
Mexico, 1990. {Sponsored by the University of Sinaloa)

Detection of Parasites, Viruses and Bacteria in Water and Wastewater. Santiago, Chile, 1991. (Sponsored by
the University of Chile and the American Society for Microbiology)

Applications of Biotechnology to the Detection of Enteric Microorganisms in the Environment. Panama City,
Panamna, 1992 (Sponsored by the University of Panama and the United States Agency for International

Development)

Advances in the Detection of Enteric Bacteria, Viruses, and Parasites in Water and Wastewater, Maracaibo,
Venezuela, Sept., 1992, (Sponsored by the University of Zulia).

Virus and Parasite Detection in water and Wastewater. Buenos Aires, Argentina, July, 1993 (Sponsored by the
University of Buenos Aires and the International Life Sciences Institute).

Molecular methods for the Detection of Microorganisms in water, San Paulo, Brazil, August, 1994, University
of San Paulo.

Detection of Microorganisms in Water and Food. University of Panama, Panama City, Panama, May, 1997.
(Sponsored by the University of Panama)
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Microbial Detection in Water and Environmental Microbiology. Univerdidad del Valle, Guatemala City,
Guatemala. Feb. 25-28, 2000. (Sponsored by USDA, USAID, Merck, Procter and Gamble, and Universidad
del Valle).

Environmental Microbiology. University of Panama. Panama City, Panama. February, 2005, (Sponsored by the
American Society for Microbiology Latin American Lectureship Program).

Quantitative Microbial Risk Assessment, University of Sao Paulo, Brazil. June 14-16, 2005,

Transmission of Pathogens through the Environment. November 29-December 1, 2005, University of Sonora.
Hermosillo, Mexico.

PREPARATION OF INSTRUCTIONAL MATERIALS

Prepared the first training manual in Spanish on methods for the detection of viruses in water "Mamual de
Vigilancia de Virus Entericos en el Agua" (R.C. Deleon, C.P. Gerba and J.B. Rose) under the sponsorship of
the World Bank and Pan American Health Association. This has since been used in numerous training courses
i South America at various universities.

Preparation of a laboratory manual with I. Pepper entitled "Environmental Microbiology Laboratory”.
Published 1n 1995 by Academic Press.

Aided in preparation of manual for training course in "Water Microbiology for the 21st Century” which has
been used in training courses at Macquarre University (Sydney, Australia, Sept., 1993), the University of
Washington (Seattle, March, 1994) and the University of York (York, England, Sept., 1994),

Designed and prepared wall posters for laboratory training in Environmental Microbiology "Procedure for the
Concentration and Detection of Enteric Viruses in Water", "Detection of Enteroviruses by the Polymerase Chain
Reaction”, and "Procedure for the Concentration and Detection of Giardia and Cryptosporidium Qocysts".
Preparation of textbook with I. Pepper, and M. Brusseau, entitled "Pollution Science". Published in 1996 by
Academic Press. Preparation of textbook Environmental Microbiology with R. Mier and I.L. Pepper, published
2000 by Academic Press.

INSTRUCTIONAL VIDEOS

Prepared instructional video "Environmental Microbiology Laboratory” tor training in methods for the detection
of enteric viruses and parasites in water. 1991,

Participated in preparation of instructional video "Cleaning Products....In Our Homes, In Qur Environment"
under sponsorship of The Soap and Detergent Association and the University of Ohio. 1992,
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Participated in preparation of instructional video "The World's Largest Landfill: A multidisciplinary
Investigation”. Sponsored by Proctor and Gamble and the Council for Solid Waste Solutions.

OTHER

NFS (Micr) 470, Food Microbiology selected by Arizona Ambassadors, a student volunteer organization that
assists the Office of Admissions to provide prospective students a positive teaching experience. 1989.

Participated in College of Agriculture "Horizons Unlimited” Program 1989-1995. A one-week course to
provide high school students with an introduction to college level instruction.

Participated 1989-present in the Undergraduate Biology Research Program, The University of Arizona. This
program is designed to provide undergraduates with an interest in research to work in the laboratories of faculty.

LIST OF THESES AND DISSERTATIONS DIRECTED

l. LaBelle, Raymond. Ph.D., 1979. The role of sediment in the ecology of enteric viruses in the marine
environment. Systems Analyst. Honeywell Corp., Houston, TX

2. Smith, Eric. Ph.D., 1980. Development of a method for detection of rotavirus in water.  Professor of
Microbiology, University of Texas Medical School at Galveston, TX.

3. Hurst, Christian. Ph.D., 1980. Viral detection and persistence during the land treatment of sludge and
wastewater. Environmental Virologist, Risk Reduction Laboratory, U.S. Environmental Protection
Agency, Cincinnati, OH. Retired.

4. Zerda, Katherin 8. Ph.D., 1982, Adsorption of viruses to charge-modified silica. University of
Housston, Houston, TX.

5. Hurst, Pei-Fung Liew. Ph.D., 1982. Development and evaluation of an enzyme-linked immuno-sorbent
assay for the detection of viruses from wastewater. Senior Group Leader, Dames and Moore,

Environmental Consulting Engineers. Cincinnati, OH.

6. Soria, Gary A. Toranzos. M.S., 1983, Development of a microporous filter method for concentration of
rotavirus from tap water, Professor, Dept. of Biology, University of Puerto Rico, Rio Piadras, PR.

7. Bassous, Marfene. M.S., 1983, Use of dyes and proteins as indicators of virus adsorption to soils.
Clinical Laboratory Supervisor, VA.

8. Yates, Marylynn V. Ph.D., 1984. Virus persistence in groundwater. Professor and Chairperson,
Department of Environmental Science, Univ. of Calif.,, Riverside, CA.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Toranzos, Gary A. Ph.D., 1985, Occurrence of enteric viruses in drinking water in South America.
Professor, Dept. of Biology, University of Puerto Rico, Rio Piadras, PR.

Musial, Coral A. Ph.D., 1985. Development of a method for the detection of Cryptosporidium in water
and selected studies on hepatitis A virus. Physician, Dept. of Infectious Disease, George Washington

University, St. Louis.

Mullinax, Rebecca L. M.S., 1985, Isolation of enteric viruses {rom the recreational waters of Oak
Creek. Research Associate, University of Calif. at Davis, CA.

Rose, Joan B. Ph.D., 1985, Virus removal during conventional drinking water treatment. Professor,
Dept. Fisheries and Wildlife, Michigan State University, East Lansing

Payne, Holly. M.S., 1985. Development of methods for enteric virus detection in freshwater clams.
Quality Control Supervisor, Soufer Foods, NC.

Margolin, Aaron B. Ph.D., 1986. Use of cDNA-blot hybridization techniques for detection of enteric
viruses in water, Professor and Head, Dept. of Microbiology, University of New Hampshire, Durham,

NH.

Badaway, Amin S. Ph.D. Survival and detection of enteric viruses on vegetables. Professor, Mosul,
Iraq.

Thurman, Robert. Ph.D., 1987, Mechanisms of virus inactivation on modified soil surfaces. Associate
Professor, Australian Catholic University Ballorat, Victoria.

Sun, Gwoshing. M.S., 1986. Gray water reuse for irigation.
Madore, Mary. M.S., 1986. Resistance to Cryptosporidium to chlorine disinfection.

Grondin, Gerry. M.S., 1987. (Co-advisor). Modeling virus transport in ground water. National
Groundwater Modeling Center, OH.

Kayed, Dima. M.S., 1986. Methods for the isolation of oocysts of Cryptosporidium from sludge and
Giardia cysts from stool. Ph.D. Research Microbiologist. Phoenix, AZ.

Bradford, Alan. M.S,, 1987, (Co-advisor) Transport of MS-2 virus through saturated soil columns.
Working for a bioremediation company in Irvine, CA.

Messina, Maria Cipolla. M.S., 1989, The effect of liquid smoke on Listeria Monocytogenes. Working
for a biotechnology company in New Jersey.
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23.

24.

25.

20.

27.

28.

30.

31

32

33.

34.

33.

36.

Landeen, Lee Kevin. M.S., 1989. Inactivation of Legionella pneumophila by copper, silver ions and
free chlorine. Working for a biotechnology company in San Diego, CA.

Manthriratna, Gothami Anoma. M.S., 1989. Efficacy of handwashing as an aid in the control of
rotavirus and Giardia transmission.

Kroeger, Thomas William. M.S., 1989. (Co-advisor) Hydrophobic partitioning of the bacteriophage
MS-2. Dept. of Water Resources, State of Wisconsin.

Stocking, Kristin. M.S., 1989. (Co-advisor) Adsorption of MS-2 bacteriophage to silica. Hydrologist,
City of Tucson, AZ.

Richardson, Kenneth James. Ph.D., 1989, Use of nucleic acid probes on a nonradioactive labeling
system for the detection of enteroviruses in water. Lawyer,

Deleon, Ricardo. Ph.D., 1989. Use of gene probes and an application method for the detection of
rotaviruses in water. Head, Microbiology, Metropolitan Water District, LaVerne, CA.

Hinkle, Stephen. M.S., 1990. (Co-Advisor) Modeling colloid transport in saturated porous media: an
assessment of the importance of pH and kinetics in virus transport.

Cassels, Jenna Marie. M.S., 1990. Inactivation of Naegleria fowleri amoebas by copper, silver and
chlorine. Research Microbiologist, MBX Corporation, Tucson, AZ

Luedeman, Rene Annette. M.S., 1990. (Co-advisor) Development of in vitro primary cell cultures
from the penaeid shrimp, penaeus stylirostris and penaeus vannamei and evaluation of a potential
application. Research Associate, University. of Arizona, Tucson, AZ.

Soares, Ana Cristina Fermino. M.S., 1990. Occurrence of enteroviruses and Giardia cysts in sewage
sludge before and after anaerobic digestion.

Zhou, Xia. M.S,, 1991. Inactivation of Escherichia coli and coliphage MS-2 by chloramine and copper.
Working for a biotechnology company in Los Angeles, CA.

Kinoshita, Takashi. M.S., 1991, Effects of pH and hydrophobicity on the transport of viruses and
bacteria in saturated media. Consulting Engineering Firm in Japan.

Chiou, Ipeng. M.S., 1991, (Co-advisor) Inactivation of Listeria monocytogenes by copper, silver ions
and free chlorine. Microbiologist, Hunts Foods, Los Angeles, CA.

Straub, Timothy Mark. M.S., 1991. Inactivation of bacteriophages MS-2 and PRD1 and poliovirus

type 1 in Pima clay loam and Brazito sandy loam soils amended with anaerobically digested sewage
sludge. Research Scientist, Battelle Labs Northwest. Richmond, WA.
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37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48,

49,

Abbaszadegan, Morteza, Ph.D., 1991, Detection of Giardia cysts by cDNA probe and application to
water samples.  Professor, Dept. of Environmental Engineering, Arizona State University, Tempe, AZ.

Huber, Mary Susan. M.S., 1992, Occurrence of enteric viruses in disposable diapers from three
landfills.

Lenczewski, Melisa E. M.S., 1993, Comparative transport of bacteriophage and microspheres in an
aquifer under forced-gradient conditions. Associate Professor, Dept. of Geology, University of Northern
lllinois.

Straub, Timothy Mark. Ph.D., 1993, (Co-advisor). Detection of enteroviruses and hepatitis A virus in
sludge and sludge amended soil using the polymerase chain reaction. Research Seientist, Battelle Labs
Northwest, Richmond, WA.

Hasan, M.N., M.S. 1994, Evaluation of a microbial water purifier for inactivation/removal of viruscs,
Giardia lambla cysts, and Crypiosporidium oocysts, Project Officer, American Water Works Research

Foundation, Denver, CO.

Enriquez, Carlos. Ph.D., 1994. Detection and Survival of Selected Viruses in Water. Research
Scientist, Clorox Company, Pleasanton, CA.

Ma, Ju-Fang. Ph.D., 1995. Development of methods for concentration and detection of enteroviruses in
water. Physician, NY.

Reynolds, Kelly A, Ph.D., 1995, Detection of enteroviruses in marine waters using RT-PCR. Resecarch
Assistant Scientist, The University of Arizona, Dept. of Soil, Water and Environmental Science.

Meng. Q.S. 1995, Comparative inactivation of enteric adenovirus, poliovirus, and coliphages by
ultraviolet irradiation.

Johnson, Dana C. Ph.D., 1996, The fate of Giardia and Cryptosporidivm in marine water.
Microbiologist. Austin, TX

Crabfree, Kristina D. Ph.D,, 1996, Risk assessment of virus in water. Assistant Professor. College of
Public Health, University of Texas, El Paso, TX.

Asthana, Seema, M.S. 1996. Influence of hydrocarbons on the virulence factors associated with
Pudomonas aeruginosa, Senior Rescarch Assistant, Gen-Probe, San Francisco, CA.

Carroll, Sean M. M.S., 1996. Evaluations of virus removal by sandy soils during soil-aquifer treatment
using indigenous bacteriophage as indicator organisms. Consulting Engineering Firm, Boulder, CO.
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50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Falabi, Jeanne A. M.S., 1996. Pathogen removal by duckweed (Lemna gibba L.) - covered pond.
Vinlvan, Edlin Artruz. M.S., 1996. Survival of microbial indicators in a constructed wetland.

Panelli, Manuela. M.S., 1996. Concentration and detection of Seprata intestinalis in water. Instructor
at a junior college, Dallas, TX.

Thurston, Jeanette Ann. M.S., 1997, Fate of pathogenic and indicator microorganisms in two
subsurface multispecies constructed wetlands. Research Scientist, Agricultural Research Service,
USDA, Lincoln, NI,

Kamper, Matthew Frederic. M.S., 1997, The occurrence of microsporidia in environmental waters.

Nokes, Rita Lynn, M.S,, 1998. Reduction of enteric viruses in small scale, subsurface flow constructed
wetlands. Graduate Student, Northwestern University, Chicago, 1.

Papp, Julie Dawn. M.S., 1998. The concentration of animal waste to the microbial load of municipal
solid waste. Reserved Technician, City of Hope, Los Angeles, CA.

Sabalos, Constantine Marc. M.S., 1998. Detection of enteric viruses in treated wastewater sludge using
cell culture and molecular methods. Microbiologist. Biotechnology Company, Tucson, AZ.

Manshadi, Faezeh Dehghan. M.S., 1998, Occurrence of indicator and pathogenic enteric
microorganisms in natural wetlands. Research Associate, Arizona State University.

Watson, Suzanne Michelle. M.S., 1999, Bactertal Survival during laundering with and without
disinfectants. Microbiologist East Bay Municipal District, Oakland, CA.

Mahalahabis, Madhumita. M.S., 1999. Detection of infectious poliovirus by multiple passage ICC-PCR
and cell culture. Graduate student, University of Washington, Seattle, WA,

Chaidez, Quiroz Cristobal. Ph.D., 1999, Risk assessment of selected opportunistic pathogens in
drinking water: Microbiologist, Centro de Investigacion en Alimentacion y Desarrollo, Culican, Mexico.

Quinonez-Diaz, Martade J. Ph.D., 1999, Removal of pathogens and indicator organisms by natural
wetlands. Microbiologist. Centro de Investigacion en Alimentacion y Desarrollo, Culiacan, Mexico.

Karim, Mohammad R. Ph.D., 1999. Survival of indicator bacteria and enteric pathogens in wetlands.
Research Microbiologist, U. S. Environmental Protection Agency. Cincinnati, OH.

Waltt, Pamela. M.S., 1999, Rescarch Specialist, Agricultural Research Service, USDA, Salinity Labs,
Riverside, CA.
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

Sanchez, Luis R., Ph.D. 1999, Pathogen removal in diary wastewater using a wastewater constructed
treatment system with wetland cells. Quality Control Supervisor, produce company, Los Angeles, CA.

Gramos, Dawn M. M.S. 2000. Inactivation of selected enteric viruses using ultraviolet light.
Hazardous Waste Risk Manager. U.S. Dept. of Defense. Kwajalein Atoll, Marshall Islands.

John, David. M.S. 2000. Inactivation of Encephalitozoon intestinalis by chlorine and ultraviolet light.
Rescarch Associate, University of South Florida,

Vladich, Frank, M.S. 2000. Development of a method for concentration of microsporidia from water,
Research Specialist, University of Arizona, Tucson, AZ,

Vidales, Juan A. Ph.D. 2001. Removal of viruses and pollution indicators in constructed wetlands.
Professor, Univ. of Monterrey, Mexico.

Alum, Absar, Ph.D. 2001. Control of viral contamination of reclaimed irrigated vegetables by drip
irrigation. Research Associate, Arizona State University, Tempe, AZ.

Thurston, Jeanette A. Ph.D., 2001. Occurrence of human pathogens microsporidia in irrigation water
and ultraviolet light and chlorine inactivation of enteric adenovirus type 40 and feline calicivirus.
Resecarch Scientist, Agricultural Research Service, Lincoln, NE,

Orosz-Coghlan, Patricia. A., M.S. 2001. Impact of wildlife on Escherichia coli in a constructed wetland.
Senior Research Specialist, Universily of Arizona, Tucson, AZ.

Crenshaw, Tristen. N. M.S., 2002. Survival of enteric bacteria in chicken manure utilized as vegetable
crop fertilizer. Research Specialist, University of Arizona.

Carreon, Joesph. D. M.S.; 2003 Risk of infection by Campylobacter, Salmonella, and Norwalk virus in
commercially grown oysters: a novel application of quantitative microbial risk assessment. Research
Assistant, George Washington University, Washington.

Seidel, Georgetta Ph.D., 2003 Detection on non-CPE producing enteroviruses via ICC-PCR at
wastetewater fand application sites in Arizona and California; Endocrine disruption activity after
wetland, pond, and soil aquifer treatment of wastewater. Senior Epidemiologist, Tucson Medical Center,
Tucson, AZ.

Manshadi, Fashi. D. Ph.D., 2003. Occurrence of pathogenic and indicator microorganisms on produce
irrigated with dairy wastewater. Rescarch Assistant. Arizona State University. Phoenix, AZ.

Kayed, D. Ph.D. 2003. Microbial quality of irrigation water used in the production of fresh produce in
Arizona. Microbiologist. Phoenix, AZ.
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78.

79.

80Q.

81.

82.

83.

84.

85.

80.

87.

88.

89.

90.

91.

Bright, K. Ph.D. 2003. Reduction of pathogenic bacterial populations on stainless steel by silver and zinc
ions: potential use in preventing cross contamination of environmental surfaces. Assistant Research
Scientist, Unmiversity of Arizona. Tucson, AZ.

Woo, H. M.S. 2004. Bacteriophage surrogate for human enteric viruses in the testing of point-of-use
(POU) devices. Microbiologist. Analytical Associates, VT.

Balkhyour, M. Ph.D. 2004. Factors that affect respirator fit- testing programs. Professor, Saudi Arabia.

Tanner, B. D. Ph.D. 2004. Acrosolization of microorganisms and risk of infection from reuse of
wastewater residuals. Research Scientist, Clorox Company. Pleasanton, CA.

Stine, S. W. Ph.D. 2004. Survival of enteric pathogens on the surface of fresh produce and intake of
heterotrophic bacteria in the United States. U. S. Environmental Protection Agency. Dallas, TX.

Sutton, S. J. M.S. 2004. Inactivation of Encephalitozoon intestinals by chlorine dioxide, Microbiologist.
Aecrotech Labs,. Phoenix, AZ,

Law, B. F. Ph.D. 2005. Assessment of the pathogenicity of Campylobacter trom broiler chickens.
Research Scientist, University of Arizona.

Boone, S. 2005. Occurrence and persistence of viruses on fomites. Research Scientist, Agricultural
Research Service, United States Department of Agriculture, New Orleans, LA..
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EXECUTIVE SUMMARY

The Metropolitan Water Reclamation District of Greater Chicago (MWRDGC or
District) has retained 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 Miciobiological Laboratory, Inc. (HML); and Clancy Environmental
Consultants, Inc. (CEC) to perform a Risk Assessment of Human Health Impacts of

Disinfection Vs. No Disinfection of the Chicago Arca Waterways System (CWS).

The CWS consists of 78 miles of canals, which serve the Chicago area for two principal
purposes: (1) the drainage of urban storm water runoff and treated municipal wastewater
effluents from the District’s three major water reclamation plants {WRP) (North Side,
Stickney and Calumet), and (2) the support of conunercial navigation (See Figure ES-1).
Approximately 75 percent of the fength of the CWS includes manmade canals where no
waterway existed previously, and the remainder tnclades natural streams that have been
decpened, straightened and/or widened to such an extent that reversion to the natural state
is not possible. About 70 percent of the annual flows in the CWS are from the discharge
of treated municipal wastewater effluent from the District’s WRPs (MWRDGC, 2004).

Over time, there have been major improvements in water quality, altered fand use and
additional public access along the CWS. Such improvements and conditions have
produced both greater opportunity and heightened public interest in environmental and
recreational uses within and along the waterways. Currently, the waterways are used for
recreational boatling, canoeing, fishing and other streamside recreational activities. These

waterways also provide aquatic habitat for wildlife.

The lllinois Environmental Protection Agency (IEPA) has conducted a Use Attainability
Analysis (UAA) of the CWS in accordance with 40 CFR 131.10(d). The IEPA and UAA
stakeholders have agreed that swimming and other primary contact recreation should not
be considered as a viable designated use of the CWS. The IEPA initially attempted to
develop water quality standards for the CWS based on the Ambient Water Quality
Criteria for Bacteria-1986 (EPA, 1986) and EPA guidance (EPA, 2003). In order to
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assist [EPA in evaluating the proposed baclerial water quality standards, the District
commissioned qualified consultants (research scientists and water quality experts) to
conduct a peer review of the EPA’s Water Quality Criteria for Bacteria ~ 1986, and the
November 2003 draft implementation guidance document (EPA, 1986 and 2003). The
findings of the expert review panel indicated that these EPA documents provide no
scientific basis for developing protective bacteria standards for the designated CWS
recreational uses. One of the recommendations from the expert review panel report was
that more science is needed before bactleria criteria can be established for effluent
dominated urban waterways. To address this recommendation, the District has conducted
a microbial risk assessment study to determine health impacts of recreational use of the
CWS.

Microbial Risk Assessment Objectives

The main objective of this risk assessment study was to evaluate the human health impact
of continuing the current practice of not disinfecting the effluents from the District’s
Calumet, North Side, and Stickney WRPs versus initiating disinfection of the effluent at
these three WRPs. The study includes dry and wet weather microbial sampling data. The
dry weather risk assessment sampling was completed during the 2005 recreational season
when the climatic conditions were not suitable for wet weather sampling. The wet
weather sampling took place during the 2006 recreational season. Dry and wet weather
microbial sampling results of the surface water in the CWS and the WRP cffluents
formed the basis for the risk assessment. The dry and wet weather microbial results were
integrated to enable an evaluation of the potential impacts of disinfection on overali risks

associated with the recreational use of the waterway.

This study focused on the detection of microorganisms typically present in the feces of
humans and other warm-blooded animals as indicators of fecal pollution. Hence, a group
of EPA-approved indicator microorganisms, such as E. coli, enterococci, 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
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concern were selected, The rationale for selecting the pathogens for this microbial risk

assessment study included the following criteria:

The pathogens sclected are associated with documented outbreaks of disease,
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.

Based on the rationale and selection criteria outlined above, the objective of the dry and

wet weather microbial risk assessment sampling was to determine the concentrations of

the following indicators and pathogens:

Enteric viruses: i) total culturable viruses, (ii) viable adenovirus; and (iii)
Calicivirus

Infectious Cryptosporidivm parvum and viable Giardia lamblia
Salmonella spp.

Pseudomonas aeruginosa

Fecal coliforms

Is. coli

Enterococel

Dry Weather Microbial Risk Assessment Objectives

During dry weather, the District’s North Side, Stickney and Calumet WRPs contribute

the majority of the flow in the CWS, The specific objectives of 2005 dry weather

sampling were as follows:

1.

Evaluate the impact of the treated effluent from the District’s three major WRPs

(North Side, Stickney, and Calumet) on the microbial quality of the CWS.

2. Estimate health risks to recreational users of the CWS due to incidental contact

3.

pathogen exposure under dry weather conditions.

Quantify any reduction of risk that would result from disinfection of WRP

cffluents during dry weather.
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Wet Weather Microbial Risk Assessment Objectives

During wet weather, in addition to the WRP effluents, several sources coniribute to the
microbial load in the CWS, including: CSOs, discharges from storm drains, overland
runoff, land-use activities such as agriculture and construction, erosion, and habitat

destruction. The specific objectives of 2006 wet weather sampling were as follows:

. Evaluate the impact of the WRP wet weather flow on the microbial quality of the
WRP outfalls.

2. Evaluate the impact of combined sewer overflows (CSOs) on the microbial
quality of the CWS.

3. Estimate health risks to recreational users of the CWS due to incidental contact
pathogen exposure under wet weather conditions.

4. Quantify any reduction of risk that would result from disinfecting WRP effluents
during wet weather.

Microbial Sampling and Analysis

Sampling and Analysis Plans (SAPs) and Quality Assurance Plans (QAPs) were
developed that provided a detailed sampling strategy, including sampling locations, the
number of samples and sampling frequency. A subset of the Ambient Water Quality
Monitoring (AWQM) sampling stations employed by the MWRDGC along the 78 miles
of the CWS, was used for this study. Figures ES-1 and ES-2 show the dry and wet

weather sampling locations, respectively.

One of the components of the microbial risk assessment was to conduct water sampling
and analysis of the CWS. Dry weather sampling was conducted between July and
September 2005. Seventy five (75) dry weather water samples were coliected at the
North Side, Stickney and Calumet waterways, including upstream, downstream and
outfall samples. Wet weather sampling was conducted between June and October 2006,
Fifty (50) wet weather samples were collected at the North Side, Stickney and Calumet
waterways, including upstream, downstream and outfall samples. The wet weather
locations were spaced at significantly larger distances away from the WRPs compared to
the dry weather locations to account for the contributions of storm water runoff, CSO

outfalls, and pumping stations (see Figures ES-1 and ES-2). At the North Side, wet
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weather samples were also collected near the North Branch Pumping Station (NBPS) and
at Stickney, wet weather samples were collected near the Racine Avenue Pumping Station
(RAPS). Overall, one hundred and twenty five (125) samples were collected and

analyzed during the dry and wet weather events.

Samplirg and analysis of microbial samples were conducted in accordance with the
procedures described at hitp://epa.gov/microbes and in Standard Methods for the
Examination of Water and Wastewater (Standard Methods, 1998). The samples werc
analyzed for three major groups of indicator and pathogenic microorganisms including

bacteria, protozoa, and viruses. The microbial methods of analysis include the following:

¢ Interic viruses: i) (total culturable viruses) using the methods described in the
ICR Microbial Laboratory Manual, EPA 60(0/R-95/178 (EPA, 1996); i) viable
adenovirus; and iii) Calicivirus. The samples for total culturable viruses were
analyzed by HML and the samples for adenovirus and Calicivirus were
analyzed by the UA Laboratory using the UA SOPs. There are no EPA-
approved methods for viable Calicivirus. The method used involves a
Polymerase Chain Reaction (PCR) method that offers an estitnate of the virus
coacentration, but does not determine or confirm viability, Calicivirus is a
family of human and animal viruses. For this risk assessment study
Calicivirus vefers to human Caliciviruses, specifically the genus norovirus.

o Infectious Cryptosporidion parvum and viable Giardia lamblia were
determined using EPA Method 1623 (EPA, 2001) in conjunction with ceil
culture infectivity for the Cryptosporidium and viability staining (DAPIL-PI)
for the Giardia. The samples for protozoa wete analyzed by CEC.

o Salmonella spp. using Standard Method 9260D (Standard Methods, 1998)

o Pseudomonas aeruginosa using Standard Method 9213E (Standard Methods,
1998)

¢ Fecal coliforms using Standard Method 9222D (Standard Methods, 1998)
e L colivsing EPA Method 1103.1 (EPA, 2002)
e Enterococci using EPA Method 1106.2 (EPA, 2001a)
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Microbial Results and Conclusions

The microbial analytical results generated during this study were evaluated and
interpreted within the framework of dry and wet weather conditions. However, for the
microbial risk assessment estimates, the dry and wet weather microbial results were
integrated in a comprehensive datasct representative of all weather conditions in the
waterway. The following sections discuss the dry and wet weather analytical results of

bacteria, protozoa and viruses.

Bacteria Results

Bacteria were the most abundant microbial species delected in the waterway compared to
viruses and protozoa during both dry and wet weather events. The results were analyzed
and evaluated statistically using the Minitab computing software and the procedures in
Helsel and Hirsch (2002) and Helsel (2005). Analysis of Variance (ANOVA) ANOVA
tests were performed for the dry and wet weather bacteria results to determine differences
of bacteria concentrations by site (i.e., North Side, Stickney, and Calumet), by location
(i.c., upstream, downstream, and outfall), and by depth (for dry weather only) (ie.,

surface and 1-m depth).

Also, the geomelric mean values of the bacteria concentrations were calculated as a
measure of the central tendency of the bacteria data sets under both dry and wet weather
conditions. In addition, semi-log box plots, indicating the 25", 50", and 75™ percentile
values of the data were created to graphically demonstrate the central tendencies and
variability of the various bacteria datasets. For the dry weather results, the spatial
(upstream, downstream, outfall) percentile box plots were created. An examination of
the spatial variability of the wet weather data did not reveal any discernable trends,
Therefore, for the wet weather results, the box plots were used to evaluate any temporal
trends that may be attributable to the different weather conditions and the occurrence or

non-occurrence of discharges from the pumping stations.
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Dry Weather Bacteria Results

For dry weather, ANOVA analysis was ‘only conducted on E. coli, fecal coliform, and
Enterococcus data as these groups had the most statistically significant (by percent
detect) datasets. E. coli, fecal coliform, and Enterococcus were detected at a frequency
ranging from 99 to 100%, while Pseudomonas aeruginosa was detected in 75% of the

samples and Salmonella spp. in only 13% of the samples.

The dry weather results are consistent for all bacteria groups in that there is a significant
difference between concentrations by site (North Side, Stickney and Calumet), ard by
location (upstream and downstream). This finding is consistent with a physical
understanding of the waterway system, that different sites have varying loading and
dilution conditions which results in varying concentrations, and that bacteria
concentrations will generally increase downstream of the WRP outfalls compared to the
upstream locations. Dry weather downstream concentrations at North Side are generally
greater than Stickney, which are greater than Calumet. Also, downstream concentrations
are consistently greater than upstream. All bacteria groups in dry weather samples

showed no statistically significant difference in concentration by depth.

The dry weather geometric mean results confirm that the dry weather microbial
concentrations tead to increase immediately downstream of the WRPs. For dry weather
results, the semilog box plots show concentraticns increasing downstream, except for P.
aeruginosq at Stickney and Calumet, and Enterococcus at Calumet. P. aeruginosa
percentile results are highly influenced by non-detect results, therefore downstream
increases can not be seen in these box plots. Geometric mean values (generated using the
maximum likelihood method) are better indicators of this trend for significantly censored
datasets. The fecal coliform dry weather concentrations upstream of the North Side and
Stickney WRPs were greater than the IEPA proposed effluent limit of 400 colony
forming units (CFU)/100 mL.
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For dry weather results, the box plots demonstrate a modest spread of the concentration
data around the median (around 1 log between the 19 and 3 quartiles), as well as the
occasionally significant skewedness (in log space) of these results. Moreover, all the box
plots consistently show that downstream concentrations cxhibit less variability than

upstream concentrations.
Wei Weather Bacteria Resulis

The results of the wet weather data ANOVA analysis indicate that the wet weather E.
coli, and Enterococcus data are significantly different by site (i.e. North Side, Stickney
and Calumet waterway) only. Fecal coliform, P. aeruginosa and Salmonella spp. do not

differ by site or any other factor.

The wet weather geometric means at cach sampling location (upstream, downstrean,
outfall} at the North Side and Stickney WRPs indicate that most of the North Side and
Stickney geometric mean bacteria concentrations upstream and downstream of the WRPs
are higher than the outfall concentrations. Also, the wet weather upstrcam and
downstream geometric mean concentrations at Stickney and North Side are greater than
Calumet. Fecal coliform and E. coli wet weather concentrations are greater than the other
bacteria geometric means at each sampling location at all WRPs. The results also
indicate that the wet weather fecal coliform concentrations upstream of the North Side,
Stickney and Calumet WRPs wete above the IEPA proposed effluent limit of 400
CFU/100 ml..

The outfall samples show lower levels of Pseudomonas aeruginosa than the
corresponding upstream and downstrecam wet weather samples. This suggests that the
major inputs for Pseudomonas aeruginosa in the waterways are sources other than the
WRYP effluents.

The wet weather results indicate that the occurrence of pumping station discharges
resulted in elevated concentrations of bacteria in the Stickney and Calumet waterways,
except for Salmonella spp. The large variability of the North Side bacteria results is

probably masking the effect of the NBPS discharge.
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Comparison of Dry and Wet Weather Bacteria Results

The results of the dry and wet weather ANOVA analysis indicate that dry and wet
weather combined bacteria data (E. coli, Enterococcus, P. aeruginosa) are significantly
different by site (i.e. North Side, Stickney and Calumet waterway) and weather (dry and
wet).  Fecal coliform differs by weather only {not by site}. 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.

The wet weather bacteria concentrations are significantly greater than the dry weather
concentrations at each WRP waterway. The most significant differences are observed at
the North Side and Stickney waterways. The geometric mean concentrations of
Salmonella spp. were low in both dry and wet weather conditions. The Salmonella spp.
concentrations in the upstream and downstream samples were similar during wet weather
conditions at the North Side, Stickney, and Calumet segments of the waterway. The
enterococct coucentrations were lower than E. coli and fecal coliform concentrations
under wet weather conditions.  Pseudomonas aeruginosa wet weather concentrations
were slightly higher than the dry weather levels. However, the efffuent samples show
lower levels of Pseudomonas aeruginosa than the corresponding upstream and

downstream wet weather samples.

Cryptosporidium and Giardia Results

The following sections discuss the Cryprosporidium and Giardia results under dry and

wet weather conditions.
Dry Weather Cryptosporidium and Giardia Results

At North Side, dry weather enumeration results indicate that Giardia cysts (cysts) were
detected in all outfall samples and in all downstream samples except two (2). Cysts were
also detected in four (4) of 10 upstream samples. Cryprosporidium oocysts (oocysts)
were detected in three (3) of five (5) outfall samples, one (1) of 10 upstream samples and

six {6) of 10 downstream samples.
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At Stickney, dry weather results show Giardia cysts detected in all outfall samples.
Cysts were detected in the upstream samples collected during the last four dry weather
sampling events. Cysts were not detected in two (2) of 10 downstream samples analyzed.
Cryptosporidium oocysts were detected in three (3) of five (5) outfall samples analyzed,

in one (1) of 10 upstream samples, and in three (3) of 10 downstream samples.

At Calumet, dry weather Giardia cysts were detected in four (4) of five (5) outfall and in
four (4) of 10 downstream samples. Cysts were not detected in any of the sampies
upstream of the Calumet WRP. Cryprosporidium oocysts were detected in one (1) of five
{5} outfall and in four (4) of 10 downstream samples at the Calumet waterway. Only one

upstream sample had detectable Cryptosporidiunt occysts at the Calumet waterway.

For dry weather samples, no infectious Cryptosporidium oocysts were detected. Also, for
dry weather, most Giardia cysts were non-viable. The average dry weather percentage of
viable Giardia cysts found in each waterway segment, inciuding outfall and in-stream
concentrations, are provided below:

o Calumet: Giardia viability=10%

o Stickney: Giardia viability=21%

e North Side: Giardia viability=26%
QOutfall samples at the North Side and Stickney WRPs contained higher levels of viable
cysts compared to Calumet. The average dry weather percentage of viable Giardia cysis
found in the outfall only of each WRP is provided below:

o Calumet Outfall: Giardia viability=10%

o Stickney Outfall: Giardia viability=47%

¢ North Side Outfall: Giardia viability=51%

Final Wetdry-April 2008 XXil



Geosyntec®

consultants

Wet Weather Crypfosporidium and Giardia Results

Overall, the concentrations and frequency of detection of Cryptosporidium oocysts and
Giardia cysts were greater during wet weather compared to dry weather sampling. Wet
weather enumeration results from samples collected at the North Side designated
locations indicate that Cryptosporidium oocysts were detected in one of three upstream
samples, in 10 of 12 downstream samples, and in the one (1) outfall sample collected.

Giardia cysts were detected in all samples analyzed at the North Side.

Wet weather enumeration results from samples collected at the Stickney designated
locations indicate that four (4) of six (6) upstream samples, four (4) of six (6)
downstream samples and two (2) of three (3) RAPS samples had detectable
concentrations of Cryptosporidium oocysts.  All Stickney samples, except one (1)

upstream sample, had detectable concentrations of Giardia cysts.

Wet weather enumeration results from samples collected at the Calumet designated
locations indicate that two (2) of the three (3) outfall samples had detectable
concentrations of Cryptosporidium oocysts. None of the wet weather samples collected
upstream of the Calumet WRP had detectable concentrations of Cryprosporidium oocysts
and Giardia cysts. Two (2) of the three (3) Calumet outfall samples had detectable
concentrations of Cryptosporidium oocysts. Seven (7) of 12 downstream samples had
detectable concentrations of Cryptosporidium oocysts. All outfall sampies at the Calumet
WRP had Giardia cysts, However, only four (4) of 12 downstream samples had

detectable Giardia cysts.

For wet weather samples, no infectious Cryptosporidium oocysts were detected with one
exception, The average wet weather percentage of viable Giardia cysts found in each
waterway segment, including outfall and in-stream concentrations, are provided below:

o Calumet: Glardia viability=10%

o Stickney: Giardia viability=47%

» North Side: Giardia viability=49%
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The average wet weather percentage of viable Giardia cysts found in the outfall only of

each WRP is provided below:
¢ Calumet Outfall: Giardia viability=10%
» Stickney Outfall: Giardia viability=50%

o North Side Outfall: Giardia viability=42%
Comparison of Dry and Wet Weather Cryptosporidinm and Giardia Results

For dry weather samples, no infectious Cryptosporidium oocysts were detected.
Similarly, for wet weather samples, no infectious Cryptosporidium oocysts were detected
with one exception. Also, two (2) subsamples of the wet weather matrix spike sample of
the North Side waterway had infectious foci, Overall, the combined wet and dry weather
percentage of infectious foci is estimated to be approximately 2.4% (3 of 125 samples {75

dry weather and 50 wet weather samples]).

The Calumet waterway under both dry and wet weather contained the smallest percentage
(10%) of viable Giardia cysts compared to Stickney and North Side. The viability of
Giardia cysts increased at the Stickney and North Side waterways during wet weather.

The WRP outfalls had similar Giardia viability under wet and dry weather conditions.
Virus Results

The following sections summarize the analytical results for enteric viruses, adenovirus
and Calicivirus (norovirus) under dry and wet weather conditions.

Enteric Viruses

Dry Weather Enteric Virus Results
The dry weather results indicate that a relatively small number of samples (17 of 73
samples or 23%) had detectable concentrations of enteric viruses. Eight (8) of 25 dry

weather samples (20%) upstream, downstream and at the outfali of the North Side WRP

had detectable enteric virus concentrations. Six (6) of 25 dry weather samples (24%)
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upstream and downstream of the Stickney WRP had detectable virus concentrations.
There were no detectabie enteric virus concentrations at the Stickney WRP outfall. Only
three (3) of 25 dry weather samples (12%), one at each upstream, downstream and outfail

location of the Calumet WRP had detectable concentrations of enteric vituses.
Wet Weather Enteric Virus Results

During the North Side wet weather sampling, 11 of 16 samples (69%) had detectable
enteric virus concentrations. Only one (1) wet weather outfail sample was collected at
the North Side WRP; that samiple had a detectable enteric virus concentration. Due to
safety concerns, the discharge of the NBPS was sampled at the nearest downstream
location and only one (1} of the three (3) samples collected had detectable virus

concentrations.

During the Stickney wet weather sampling, 14 of 16 samples (88%) had detectable
enteric virus concentrations. Only one (1) wet weather outfall sample was collected at
the Stickney WRP; that sample had a detectable enteric virus concentration. All three (3)

RAPS samples had detectable concentrations of total enteric viruses

During the Calumet wet weather sampling, 14 of 18 samples (77%) had detectable enteric
virus concentrations. Two (2) of the three {3) wet weather outfall samples collected at

the Calumet WRP had detectable enteric virus concentrations.
Comparison of Dry and Wet Weather Enteric Virus Results

The percentage of enteric virus detections during wet weather were greater than the diy
weather detections. The percentage of enteric virus detections at the North Side
waterway segment increased from 29% during dry weather to 69% during wet weather.
The percentage of virus detections at the Stickney waterway segment increased from 24%
during dry weather to 88% during wet weather. The percentage of enteric virus
detections at the Catlumet waterway segment increased from 2% during dry weather to
77% during wet weather. In addition, the concentrations detected during wet weather

sampling are generally greater than the dry weather concentrations.
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Adenovirus

Dry Weather Adenovirus Results

Of 75 dry weather samples, 42 or 56% demonstrated the presence of detectable virus by
assay in the PCL/PRE/S cell line. Of 42 samples that were cell culture positive,
adenoviruses were detected in 31 or about 74% of the samples by PCR. During the Noith
Side dry weather sampling, 12 of 25 samples (48%) had detectable adenovirus virus
concentrations. During the Stickney dry weather sampling, 13 of 25 samples (52%) had
detectable adenovirus concentrations. During the Calumet dry weather sampling, six (6)
of 25 samples (24%) had detectable adenovirus concentrations. There were no detectable

concentrations upstream of the Calumet WRP during dry weather sampling,
Wet Weather Adenovirus Results

Of 50 wet weather samples, 42 or 84% demonstrated the presence of infectious virus by
assay in the PCL/PRF/S cell line and had adenoviruses detected by PCR. During the
North Side wet weather sampling, 14 of 16 samples (88%) had detectable adenovirus
concentrations, Several of the upstream and downstream locations had concentrations
greater than the outfall. Due to safety concerns, the discharge of the NBPS was sampled
at the nearest downstream location and all three (3) samples collected had detectable

adenovirus concentrations.

During the Stickney wet weather sampling, 15 of 16 samples (94%) had detectable
adenovirus concentrations. Ounly one (1) wet weather outfall sample was collected at the
Stickney WRP; that sample had a detectable adenovirus concentration.  All three (3)

RAPS samples had detectable concentrations of adenovirus

During the Calumet wet weather sampling, 13 of [8 samples (72%) had detectable
adenovirus concentrations.  Only one (1) out of three (3) upstream samples at the
Calumet WRP had detectable adenovirus concentrations. Nine (9) of the 12 downstream
samples had detectable adenovirus concentrations.  All three (3) wet weather outfall

samples collected at the Calumel WRP had detectable adenovirus concentrations.
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Comparison of Wet and Dry Weather Adenovirus Results

The percentage of adenovirus detections during wet weather were greater than the dry
weather detections, The percentage of adenovirus detections at the North Side waterway
segment increased from 48% during dry weather to 88% during wet weather. The
percentage of adenovirus detections at the Stickney waterway segment increased from
52% during dry weather to 94% during wet weather. The percentage of adenovirus
detections at the Calumet waterway segment increased from 24% during dry weather to
72% during wet weather. In addition, the concentrations detected during wet weather

sampling are generally greater than the dry weather concentrations.

Calicivirus (Norovirus)

Dry Weather Calicivirus (Norovirus) Results

During dry weather, norovirus was only detected in five (5) samples or about 7% of the
75 samples. At North Side, only one (1} outfall sample (one {1] of 25 samples [4%]) had
a detectable norovirus concentration. During the Stickney dry weather sampling, three (3)
of 25 samples (12%) had detectable norovirus concentrations, During the dry weather
sampling the Stickney WRP outfall did not have any detectable norovirus concentrations.
During the Calumet wet weather sampling, only one (1) outfall sample (one [1] of 25
samples [4%]) had a detectable norovirus concentration. Norovirus infection is most
common in the winter and that may explain the low concentration of norovirug observed

in this study (Gerba, 2006).
Wet Weather Calicivirus (Norovirus) Results

During wet weather, Calicivirus or norovirus were only detected in 20 samples or 40% of
the 50 samples. The greatest concentration of norovirus was observed at RAPS, which is

located upstream of the Stickney WRP.

During the North Side wet weather sampling, seven (7) of 16 samples (44%) had
detectable norovirus concenirations. There were no detectable concentrations of

norovirus upstream of the North Side WRP. Only one (1) wet weather outfall sample
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was collected at the North Side WRP and it did not have a detectable norovirus
concentration. Due to safety concerns, the discharge of the NBPS was sampled at the
nearest downstream location. One (1) of three (3) NBPS samples had detectable

norovirus concentration,

During the Stickney wel weather sampling, 10 of 16 samples (63%) had detectable
norovirus concentrations. Two (2) upstream and five (3) downstream samples had
detectable norovirus concenfrations. Only one (1) wet weather outfall sample was
collected at the Stickney WRP; this sample had a detectable norovirus concentration.

Two (2 of the three (3) RAPS samples had detectable concentrations of norovirus

Puring the Calumet wet weather sampling, three (3) of 18 samples (17%} had detectable
norovirus concentrations. There were no detectable norovirus concentrations upstream of
the Calumet WRP. There was only one (1) detectable concentration downstream of the
Calumet WRP. Two (2) of the three (3) wet weather outfall samples collected at the

Calumet WRP had detectable norovirus concentrations.
Comparison of Dry and Wet Weather Calicivirus (Norovirus) Results

The results indicate that the percentage of norovirus detections during wet weather were
greater than the dry weather detections. The percentage of adenovirus detections at the
North Side waterway segment increased from 4% during dry weather to 44% during wet
weather. The percentage of adenovirus detections at the Stickney waterway segment
increased from 12% during dry weather to 63% during wet weather. The percentage of
norovirus detections at the Calumet waterway segment increased from 4% during dry
weather to 17% during wet weather. In addition, the concentrations detected during wet

weather sampling are generally greater than the dry weather concentrations,
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Wastewater Disinfection

According to WERF (2005), disinfection is warranted in sitwations where direct human
contact in the immediate vicinity of an outfall is possible or where effluent is discharged
to areas involving the production of human food. Disinfection is warranted in situations
where its application leads lo a reduction in the risk of discase transmission.  As
illustrated by post-disinfection re-growth of bacteria, relatively poor virucidal
performance, and generation of persistent disinfection by products (DBPs), it is not clear
that wastewater disinfection always yields improved effluent or receiving water quality
(WERF, 2005). The cffectiveness of the following disinfection technologies were

evaluated for the risk assessment study:

o  Ultra Violet (UV)

e (zonation

» Chliorination/Dechlorination
The effectiveness of disinfection is a complex function of several variables including type
and dose of disinfectant, type and concentration of microorganisms, contact time, and
water quality characteristics. In most cases, pilot-studies and other considerations guide
the selection process. If available, published data regarding pathogen inactivation
achieved by disinfection are typically used to estimate the concentration of pathogens in

disinfected wastewater.

There is great variability in the performance and uncertainty in the efficacy of
disinfection (see Table ES-1). There are many unanswered questions with respect to
disinfection efficiency data for microbial indicators and pathogens. Therefore, it is
uncertain if disinfection designed to remove indicators can be effective in the removal of

pathogens and in the reduction of pathogen risks.

In applying any disinfectant, it is important to strike a balance between risks associated
with microbial pathogens and those associated with DBPs. DBPs are persistent
chemicals, some of which have relevant toxicological characteristics. The inventory of
DBPs that have the potential to cause adverse health effects is large and highly variable

among publicly owned treatment works (POTW) effluents.
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The human health effects associated with chemical contaminants that are influenced or
produced as a result of disinfection operations tend to be chronic in nature. Therefore,
the development of a risk assessment for exposure to chemical constituents, including
DBPs, is far more complex than the microbial risk assessment. 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 (WERF, 20035).
Microbial Risk Assessment

Microbial risk assessment techniques were used to quantitatively assess the health risks
for the use of recreational waters that receive effiuent discharges. The goal of the study
was to determine the expected number of illnesses associated with designated usage of
the waterways both with and without disinfection of WRP effluent. A probabilistic
analysis was employed that used input assumptions drawn from site-specific and
scientific literature sources. Risks were estimated for recreational users parlicipating in
activities involving different levels of exposure in dry, wet, or a combination of weather

events over the course of a recreational year.
Microbial Risk Methodology

Risk assessment inputs were drawn extensively from site-specific data and were
developed using state-of-the-science methodology to accurately represent recreational
user exposure conditions and risks. Recreational survey studies were used to provide
insight on the types and frequency of recreational exposure expected in the waterway.
For guantitative risk analysis, the UAA study was used as the primary source for
exposure use data for the CWS. As a part of the UAA, the CWS was divided into three
major waterway scgments cach associated with a single WRP. Recreational use was
divided into high (canoeing), medium (fishing) and low (pleasure boating) exposure
activities. UAA survey data was used 1o estimate the proportion of recreational users

participating in each receptor scenario along each waterway segment.
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Exposure parameters were developed as distributional parameters for each receptor
scenario as inputs to the exposure model. These parameters include incidental ingestion
rates and exposure duration. Selection of input distributions relied on literature derived

sources, site~specific use information and professional judgment.

Dose-response patameters define the mathematical relationship between the dose of a
pathogenic organism and the probability of infection or illness in exposed persons. Dose-
response data are typically derived from either controlied human feeding studies or
reconstruction of doses from outbreak incidences. In human feeding trials volunteers are
fed pathogens in different doses and the percentage of subjects experiencing the effect
(either illness or infection) are calculated. While feeding trials can provide useful dose-
response analysis data, studies are usuaily performed in healthy individuals given high
levels of a single strain. Epidemiological outbreak studies provide responses on a larger
cross-section of the population but dose reconstruction is often problematic. Dose-
response data was developed from regulatory documents, industry white papers and peer

reviewed literature.,

Concentrations of pathogens in the waterway were selected for each simuiation from the
entire dataset of dry and wet weather samples collected. The proportion of dry and wet
weather samples utilized were weighted to account for the proportion of dry and wet

weather days in a typical Chicago recreational season.,
Microbial Risk Results

Results of the risk assessment demonstrate that risks to recreational users under various
weather and use scenarios is low and within the EPA recommended risk limits for
primary contact exposure. The highest rates of illness were associated with recreational
use on the Stickney and North Side waterway segments and the lowest illness rate on the
Calumet watcrway segment, Ilness rates were higher under wet weather conditions than
under dry weather conditions (sec Table ES-2). The results demonstrate that the expected
illness rates for receptors were all below the proposed EPA limit of 14 illnesses per 1006
cxposure events for freshwater recrcational use including immersion/swimming

activities.
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Risks were also calculated individually for each of the three different classes of
recreational use that span the range of exposures reported in the UAA survey in
proportion to the frequency of use for each waterway segment. The recreational activily
with the highest potential for illness was fishing while that with the lowest potential for
iliness was pleasure boating. Which recreational activity results in the greatest number of
affected users, however, depends on both the proportion of users engaged in that activity
and the pathogen load in that walerway segment. For example, in the North Side
segment, 33.7% of the gastrointestinal illnesses are predicted to result from canoeing, but
canoeing accounts for only 20% of the users of the North Side waterway. In the Stickney
and Calumet segments, the predicted illnesses were predominantly from fishing and
boating due to the low frequency of canoeists in these waterway segments. To further
evaluate the risk stratified by the recreational use activity, risk per 1000 exposure events
were computed scparately for canoeing, boating, and fishing recreational uses (see Table
ES-3). As expected, the highest risks were associated with recreational use by the highest
exposure group (i.e. canoeing). However, for cach waterway the risks associated with the
highest exposure use are below the proposed EPA limit of 14 ilinesses per 1000 exposure

events for freshwater recreational use including immersion/swimming activities.

I‘or the North Side and Stickney waterway segments, the majority of predicted illnesses
were the result of concentrations of viruses, E. coli and Giardia. For the Calumet
waterway the risks are generally lower with multiple organisms contributing to overall
risk. Secondary transmission for these pathogens resulted in an approximately two-fold
increase in population illness associated with the primary recrcational user illnesses.
However, secondary transmission rates are higher for the North Side and Stickney
waterway segments where the highly communicable norovirus is a dominant pathogen.
Secondary transmission considers spread from individuals who may become infected but

not ill, a common condition for a number of these pathogens.
Effect of Efftuent Disinfection on Pathogen Microbial Risks

The results of this study demonstrate that disinfection of WRP effluents will have a

negligible effect on risk for recreational users of the waterway. The effects of various
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disinfection techniques on risk reduction were estimated for combined wet and dry
weather days. Dry weather sampling data was used to estimate the waterway load that
would be affected by disinfection, Wet weather sampling data was assumed fo
encompass both effluent ioading (attenuated by disinfection) and non-point discharges to
the waterway {e.g. CSO, pumping stations, stormwater outfalls). Disinfection of the
effluent outfall was predicted to result in a decrease in effluent pathogen loads but have a
much lower effect on overall pathogen concentrations in the waterway (see Table ES-4).
This is because the sampling data shows that a large proportion of the pathogen load
results from sources other than the WRP cffluent. Disinfection results in effluent
pathogen risk decrcasing from a low level to essentially zero but has little impact in
waterway pathogen concentrations affected by current or past wet weather conditions.
These results suggest that disinfection of effluent has little impact on the overall iliness

rates from recreational use of the CWS.
Non-Gastrointestinal Microbial Risks

Although Pseudomonas aeruginosa is not a pathogen that is linked to gastrointestinal
illness, this pathogen has been linked to recreational illness outbreaks involving dermal
(foliculitis), eye, and ear (otitis externia) infections. For this reason, the levels of
Pseudomonas aeruginosa were ¢valuated 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 Pseudomonas
aeruginosa. Without a clear dose-response relationship there is no way to establish the
expected illness level associated with any pasticular waterway concentration. The dermal
pathway for estimating exposure to Pseudomonas aeruginosa is also problematic. Ear
and eye infections associated with contact by Pseudomonas aeruginosa contaminated
water are typically associated with full immersion activities. Since these types of
activities are not permitted or designated uses of the CAW the incidence of car and eye
exposures are expected to be low and as the result of accidental or intentional misuse of
the waterway, Pseudomonas related foliculitis commonly 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
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exposure to intact skin. For these reasons, a quantitative evalualion of risks is not

feasible,

A qualitative review of the wet and dry weather data, however, may provide some insight
on the relative risk from Pseundomonas exposure. Comparison of the waterway level {o
the outfall levels may also provide an indication on the effectiveness that a disinfection
step may have on Pseudomonas levels in the waterway. Wet weather levels are higher
than dry weather conditions, Perhaps more importantly, the outfall samples show lower
levels of Pseudomonas than the corresponding wet weather samples. This suggests that
the major inputs for Pseudomonas in the waterways are sources other than the WRP
effluent. Therefore, disinfection of the WRP effluent would have minor effects on the
overall loading of Pseudomonas in the waterway and risks associated with recreational

exposure to this pathogen.
Sensitivity Analysis

A sensitivity analysis was conducted to idenlify the contiibution of each input
distribution to the variance of the resulting risk estimates, The actual pathogen dose
levels from the combined wet and dry weather assessment were used. Results from the
sensitivity analysis indicate that the incidental ingestion rates and weather are the largest
contributors 1o the North Side waterway segment. Recreational user type followed by
incidental ingestion rate, exposure duration and weather contributes the most to the

variance for the Stickney and Calumet waterway segments.
Conclusions

The results from this study indicate that, despite clevated levels of fecal indicator
bacteria, the concentrations of actual pathogenic organisms in the waterway are low.
Given the low pathogen levels in the waterway, there is a low probability of developing
gastrointestinal illness even in areas of the CWS in close proximity to the District's non-
disinfected WRP effluents. For the designated recreational uses cvaluated, the risks of
developing illness, both with and without disinfection for each waterway segments, are

below the EPA guideline of 14 illnesses per 1,000 exposures for fresh water recreation
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including immersion and swimming, The pathogen concentrations within the waterway
are largely a result of non-WRP derived wet weather inputs. Disinfection of the WRP
effluent would have marginal impact on CWS pathogen concentrations. These results
confirm that current health risks to CWS recreators are low and disinfection of treated

wastewaler effluent would have little impact on the overall gastrointestinal iliness rates.
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Table ES-1. Summary of Pathogen Disinfection Efficiencies

hlotination/Dechlorination:

Pseudomonas aeruginosd > 4 log (Note 8)

Salmonell aila

More resmtanf than F. coli
(Note 8)

Enterococci

Crypiosporidium 0.57 log-2.67 log (Note 2) 3 Jog (Note 3) 0.2log-3 log (Note 1)

ardi

Calicivirus 2 log (Note 5) 4 log (Note 7) 2 log (Note 5)

Notes:
48] EPA (1999 i) Thurston-Enriguez et al. (2005); resulis obtained in
(2) Paraskeva and Graham (2002) buffered disinfectant demand free water a1 5°C and pH 7.
3) Clancy (2004) These conditions may not be representative of wastewater.
(4) Nelson et al. {undated) (10} Chang et al, {1985}
5) Health Canada {2004) (11) Thurston-Enriquez et al. (2003a)

{6 Gerba et al. (2002}
(7} Thurston-Enriguez et al. (2003}
(8} WERF {2005}



Table ES-2
Total Expected Primary Ilinesses per 1,000 Exposures under Combined Dry and
Wet Weather Using Different Effluent Disinfection Techniques

Exposure Input Waterway
North Side Stickney Calumet

Dry Weather (.36 1.28 0.10
Wet Weather 2.78 2.34 (.36
Combined

1.55 1.77 0.21
Weather Samples
Nole;

Includes all primary gastrointestinal illnesses from K eoli, Salmonella, toal enteric viruses,
adenoviruses, Giardia, and Cryprosporidium expected from the waterway exposurcs.  Waterway
concentration inputs for the simulations were randomly selected (bootstrap sampled) from datasets that
include the indicated sample sets.




Table ES-3
Estimated Illness Rates Assuming Single Recreational Use with No Effluent

Disinfection
Hlnesses per 1,600 Exposures for Combined Wet
and Dry Weather Samples
Recreational Use North Side Stickney Calumet
Canoeing 2.45 3.19 0.52
Fishing 1.42 1.90 0.31
Pleasure Boating 0.66 1.05 0.14

Note:
Includes all primary gaswointestinal flinesses from E coli, Salmonella, total enteric viruses,
adenoviruses, Giardia, and Cryptosporidium expected from the walerway exposures.



Table IES-4
Liffect of Disinfection on Lxpected Recreational Hlnesses per 1000 Exposures

Waterway
North Side Stickney Calumet
No Disinfection 1.53 1.74 0.20
UV Irradiation 1.32 1.48 0.17
Ozone 1.45 1.65 0.19
Chlorination 1.43 1.63 0.19

Note:

Hstimates based on goometric mean pathogen concentrations and central tendency estimates for exposure
assumptions. Walerway pathogen concentrations were developed by the difference in wet and dry
disinfected concentraiions. Includes alf primary gastrointestinal ilinesses from E. coli, Salmonella, total
enteric viruses, adenoviruses, Giardia, and Cryptosporidium expected from the waterway exposures.
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FIGURE ES-1
CHICAGO WATERWAY SYSTEM - DRY WEATHER SAMPLING LOCATIONS
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FIGURE ES-2
CHICAGO WATERWAY SYSTEM - WET WEATHER SAMPLING LOCATIONS
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1. INTRODUCTION

The Metropolitan Water Reclamation District of Greater Chicage (MWRDGC or
District) has retained 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) to perform a Risk Assessment of Human Health Impacts of

Disinfection Vs. No Disinfection of the Chicago Area Waterways Svstem {CWS),

The CWS consists of 78 miles of canals, which serve the Chicago area for two principal
purposes: the drainage of urban storm water runoff and treated municipal wastewater
effluents from the District’s three major water reclamation plants (WRP) (North Side,
Stickney and Calumet), and the support of commercial navigation (sce Figure 1-1).
Approximately 75 percent of the length of the CWS includes manmade canals where no
waterway existed previously, and the remainder includes naturat streams that have been
deepened, straightened and/or widened to such an extent that reversion to the natural state

is not possible (MWRDGC, 2004).

‘The CWS has two river systems: the Calumet River System and the Chicago River
System. The Calumet River System is 23.1 miles in length and includes the Calumet-Sag
Channel (CSC) and the Little Calumet River (I.CR). The Chicago River System consists
of 55.1 miles of waterways and includes the Chicago River, Chicago Sanitary and Ship
Canal (CSSC), North Branch, Novth Branch Canal (NBC), North Shore Channel (NSC),
South Branch and South Fork (MWRDGC, 2004),

By 1972, most states had adopted bacterial water quality standards, and beginning with
the early enforcement of the National Pollutant Discharge Elimination System (NPDES)
most municipal sewage treatment facilities were required to meet effluent bacterial
standards.  These effluent bacterial standards were generally met through cffluent
disinfection by chlorination. In 1972, the Illinois Pollution Control Board (IPCB)

adopted year-round effluent and water quality bacterial standards of 400 {effluent) and
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200 (water quality) fecal coliform colony forming units {CEU) per 100 ml., respectively
(MSDGC, 1984).

In 1973, the U.S. Environmental Protection Agency (EPA) incorporated a 400 CFU per
100 ml. fecal coliform secondary effluent standard for ali municipal wastewater
treatment facilities. The fecal coliform standards in both the effluents and receiving
water bodies were clearly intended to prevent or minimize the transmission of pathogens
to persons ingesting or coming in contact with waters which receive the treated
wastewater (MSDGC, 1984). In 1976, EPA deleted the fecal coliform standard from its
definition of secondary wreatment, stating that the benefits achieved by disinfection

should be weighed against the environmental risks and costs (MSDGC, 1984).

In 1977, the Hllinois Environmental Protection Agency (IEPA) propoesed revisions to the
existing IPCB fecal coliform effluent and water quality standards. The IEPA submitted
these changes to the IPCB for approval. The IPCB held administrative public hearings
{designated R77-12D) to gather testimony regarding these proposed revisions. In 1984,
the Illinois Appeliate Court affirmed the IPCB in its revised regulations, which
eliminated chlorination of effluents discharged to secondary contact waters (MSDGC,
1984).

In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986. This
document contains EPA’s recommended water guality criteria for bacteria to protect
bathers in recreational waters. The EPA (1986) document identifies the maximum
concentrations of Escherichia coli (E. coli} and enterococci allowable in fresh and marine
recreational waters. In 1997, EPA established the Beaches Environmental Assessment
and Coastal Health (BEACH) Program to reduce risks to human heaith caused by
exposure 10 pathogens in recreational waters. The BEACH Act of 2000 amended the
Clean Water Act (CWA) by adding Section 303(1)(1)(A), which requires that:

Not later than [April 10, 2004], each State having coastal recreation waters shall
adopt and submift to the Administrator water quality criteria and standards for the
coastal recreation waters of the State for those pathogens and pathogen indicators
Jor which the Administrator has published criteria under §304(a).
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Furthermore, the BEACH Act added Section 502(21) to the CWA, which defines “coastal
recreation waters” to include the Great Lakes and marine coastal estuaries that are
designated by States under CWA Section 303(c) for swimming, bathing, surfing, or
similar water contact activities. The requirements of the BEACH Act do not apply to
the CWS.

The IEPA has conducted a Use Attainability Analysis (UAA) of the CWS in accordance
with 40 CFR 131.10(d). The UAA report has proposed water quality standards for the
CWS based on the Ambient Water Quality Criteria for Bacteria-1986 (EPA, 1986) and
EPA guidance (EPA, 2003). In order to assist IEPA in evaluating the proposed bacterial
water quality standards, the District commissioned qualified consultants (research
scientists and water quality experts) to conduct a peer review of the EPA’s Water Quality
Criteria for Bacteria — 1986 and the November 2003 draft implementation guidance
document (EPA, 1986 and 2003). The findings of the expert review panel indicated that
there is no scientific basis for developing protective bacteria standards for the designated
recreational uses of the CWS (MWRDGC, 2006). One of the recommendations from the
expert review panel report was that more science is needed before bacteria criteria can be
established for effluent dominated urban waterways (MWRDGC, 2006). To address this
recommendation, the District proposed a microbial risk assessment study to determine
health impacts of recreational use of the CWS assuming disinfected and non-disinfected

effluents from the North Side, Stickney, and Calumet WRPs.

The results of this microbial risk assessment will be evaluated and compared against the
YEPA-proposed bacteria standards for the CWS, The following bacteria standards were
proposed by the UAA report to protect identified uses of the CWS effective 1 March
2010:

¢ The incidental contact recreational waters shall not exceed a 30-day
geometric mean for £. coli of 1,030 CFU/100 mL, which is applicable
to the CSSC from its junction with the South Branch of the Chicago

River to California Avenue, and North Side and Calumet waterways.

Final Wetdry-Apri} 2008 3



Geosyntec®
consultants
e The non-contact recreational waters shali not exceed a 30-day
geometric mean for E. coli of 2,740 CFU/100 mL, which is applicable
to the Calumet River and Lower Des Plaines River from its confluence

with the CSSC locations.

e Currently, there are no bacteria standards for the non-recreational
waters applicable to the CSSC from California Avenue to the

confluence of the Des Plaines River location.

The IEPA rejected these proposed standards and instead proposed WRP effluent fecal
coliform standards of 400 CFU/100 mi.. The IEPA also required effluent disinfection in
order to achieve this standard. Over time, there have been major improvements in water
quality, altered land use and additional public access along the CWS.  Such
improvements and conditions have produced both greater opportunity and heightened
public interest in environmental and recreational uses within and along the waterways.
Currently, the waterways are used for recreational boating, canoeing, fishing and other
streamside recreational activities. These waterways also provide aquatic habitat for
wildlife. About 70 percent of the annual flows in the CWS are from the discharge of
treated municipal wastewater effluent from the District’s WRPs (MWRDGC, 2004).

The IEPA along with other federal, state and local agencies has initiated a multi-year,
comprehensive evaluation of the waterways known as the UAA, to identify future uses of
the waterways for commercial and recreational activities. Treated, but non-disinfected
wastewater effluent is one of several sources that contribute to the presence of indicator
bacteria and pathogens in the waterways. Other pathogen sources include the following

(hitp://www.ChicagoAreaW aterways.orgh:

¢ Faulty sewage disposal systems

¢ Combined and sanitary sewer overflows
s  Wild and domestic animal waste

o [llegal discharges to drains and sewers

*  Storm water runoff
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» Treated, but non-disinfected wastewater effluent

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 configuration of the embankments and
safety hazards. The Geosyntec Team has relied on UAA existing recreational use survey
data for the CWS. Where possible, The Geosyntec Team supplemented the data with

information presented in the technical literature.

1.1 Project Objective and Project Tasks

The main objective of this risk assessment study was to evaluate the human health impact
of continuing the current practice of not disinfecting the effluents fromy the District’s
Calumet, North Side, and Stickney WRPs versus initiating disinfection of the effluent at
these three WRPs. This Risk Assessment Study includes two phases: Phase 1 dry weather
risk assessment and Phase II wet weather risk assessment. The dry weather risk
assessment sampling was completed in the summer of 2005, The climatic conditions
during the 2005 sampling period were not suitable for conducting wet weather sampling.
The wet weather sampling tock place between June and October of 2006. Dry and wet
weather microbial sampling results of the surface water in the CWS and the WRP
effluents formed the basis for the risk assessment. The dry and wet weather microbial
results were integrated 1o enable an evaluation of the potential impacts of disinfecticn on

overall risks associaled with the recreational use of the waterway.

To accomplish the main project objective, The Geosyntec Team completed the following

project tasks:

I. Prepared Dry and Wet Weather Sampling and Analysis Plans (SAPs) and Quality
Assurance Project Plans (QAPPs) to generate microbial analytical results that
formed the basis of the microbial risk assessment

2. Provided field training to the District’s sampling personnel
3. Completed a Microbial Risk Assessment, including:

a. Literature review of pathogen disinfection effectiveness
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b. Microbial exposure assessment by literature review
Microbial infection dose-response analysis by literature review
d. Microbial risk characterization of three waterway segments: North Side,
Stickney and Calurmet
Geosyntec prepared Dry and Wet Weather SAPs and QAPPs in collaboration with the
District and the Geosyntec tcam of experts. The SAP documented the sampling
locations, procedures and acceptable wet weather sampling criteria and triggers,
including but not limited to rainfall depth, duration, intensity and antecedent dry period.
The dry weather QAPP was applicable o the samples collected during wet weather,
because the same pathogens were analyzed by the same laboratories both for dry and wet
weather. However, the wet weather QAPP specified additional requirements for pathogen

samples regarding sample dilution, filtration volume, and reporting requirements.

1,2 Report Organization

This report summarizes the results of the microbial risk assessment based on dry and wet
weather sampling and analytical results. Section 2 discusses microbial sampling and
analysis. Section 3 presents microbial analytical results. Section 4 discusses wastewater
disinfection. Section 5 presents the dry and wet weather microbial risk assessment

results,

1.3 References

EPA, 1986, Bactericlogical Ambient Water Quality Criteria for Marine and Fresh
Recreational Waters, EPA 440/5-84-002. January.

EPA, 2003, Implementation Guidance for Ambient Water Quality Criteria for Bacteria.
EPA-823-B-03-xxx. November. DRAFT.

Hiinois Pollution Contrel Board (IPCB) Proceedings, Rule 77-12D, Docket D, Exhibit
15, Letter of G.F. Mallison, Dated January 20, 1977,

Metropolitan  Sanitary District of Greater Chicago (MSDGC), 1984, Wastewater

Disinfection: A Review of Technical and Legal Aspects in Illinois. Department
of Research and Development. Report No. 84-17. July.
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Metropolitan Water Reclamation District of Greater Chicago (MWRDGC), 2004,
Description of the Chicago Waterway System, Use Attainability Analysis Study,
December.

Metropolitan Water Reclamation District of Greater Chicago (MWRDGC), 2006, Expert
Review Report Regarding United States Environmental Protection Agency’s
Water Qualily Criteria for Bacteria ~ 1986: Application to Secondary Contact
Recreation. July,
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2. MICROBIAL SAMPLING AND ANALYSIS

One of the components of the risk assessment was tol conduct sampling and analysis of
the CWS. This section discusses the field sampling procedures used (o ensure the
collection of representative data during dry and wet weather sampling. Dry weather
sampling was conducted between July and September 2005 in accordance with the
procedures in the SAP and QAPP for the CWS (Geosyntec, 2005). Wet weather sampling
was conducted between June and October 2006 in accordance with the procedures in the
Wet Weather SAP and QAPP for the CWS (Geosyntec, 2006).

Dr. Charles Gerba of the University of Arizona provided on-site training to the District
personnel on sample collection procedures. MWRDGC personnel collected the samples
using the District’s boats at the designated sampling locations using the procedures in the

SAP and QAPP.

2.1 Rationale for Indicator and Pathogenic Microorganism Selection

The primary objective of the microbial examination of the CWS was the detection of
fecal pollution that may be excreted in the feces of humans and animals. The direct
detection of pathogenic bacteria, viruses, and protozoa requires costly and time-
consuming procedures and well-trained technicians. In addition, there are no standard

methods available to detect each pathogen possibly present in the CWS.

This study focused on the detection of microorganisms typically present in the feces of
humans and other warm-blocded animals, as indicators of fecal poliution. Hence, a
group of EPA-approved indicator microorganisms, such as E. coli, enterococct, and fecal
coliform was selected. In addition, pathogens representative of those present in the
wastewater that are also of public health concern were selected. Some of these

microorganisms were identified by Mead et al. (1999} and WERF (2004).

Table 2-1 presents a summary of the microorganisms selected for this microbial risk
assessment study. The rationale for selecting the pathogens for this microbial risk

assessment study included the following criteria:
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¢ The pathogens selected are associated with documented outbreaks of discase,
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.

2.2 Sampling Objectives
The objective of the sampling was to determine the concentrations of the following
indicators and pathogens during the 2005 (dry weather) and 2006 (wet weather)
recreational seasons!

s Enteric viruses: i) total culturable viruses, (ii) viable adenovirus; and (iii)

Calicivirus

o Infectious Cryptosporidium parvum and viable Giardia lamblia

¢ Salmonellu spp.

*  Pseudomonas aeruginosa

» Fecal coliforms

s E coli

s FEnlerococc

2.2.1 Dry Weather Sampling Objectives

The specific objectives of dry weather sampling were as follows:

1. Evaluate the impact of the treated effluent from the District’s three major WRPs
(North Side, Stickney, and Calumet) on the microbial quality of the CWS.

2. Estimate health risks to recreational users of the CWS due to incidental contact
pathogen exposure under dry weather conditions,

3. Quantify any reduction of risk that would result from disinfection of WRP
effluents during dry weather.

During the 2005 dry weather sampling, samples were taken at locations upstream,
downstream and at the outfalls of the Stickney, Calumet and North Side WRPs (see
Figure 2-1). The sampling plan provided a detailed sampling strategy, including

sampling locations, the number of samples and sampling frequency. Five dry weather
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sampling events took place over a 5-week period, which began the week of 26 July 2005.
Seventy five (75} samples were collected (five events at each of the three [3] WRPs; 5
samples per event at cach WRP)., The number of samples collected during dry weather

sampling at each location is summarized in Table 2-2.

2.2.2  Wet Weather Sampling Objectives

The specific objectives of wet weather sampling were as follows:

1. Evaluate the impact of wet weather flow on the microbial quality of the WRP
outfatls.

2. Evaluate the impact of combined sewer overflows (CS50s) on the microbial
quality of the CWS.

3, Estimate health risks to recreational users of the CWS due to incidental contact
pathogen exposure under wet weather conditions.

4. Quantify any reduction of risk that would result from disinfecting WRP effluents
during wet weather.

It has been eslablished in the technical literature that wet weather contributes
significantly to the microbial load in surface water duc to surface runoff and CSOs.
Several sources contribute to the microbial load in the waterway during wet weather:
CSOs, discharges from storm drains, overland runoff, land use activities (such as

agriculture and construction), erosion, and habitat destruction.

A total of nine (9) sampling events took place during the 2006 wet weather recreationai
season between the months of June and October 2006. Three (3) sampling events took
place at each of the North Side, Stickney and Calumet WRPs. The sampling plan
provided a detailed sampling strategy, including sampling locations, the number of
samples and sampling frequency. Based on the sampling locations outlined in Section
2.2.1, the number of samples collected during wet weather sampling at each location arc
summarized in Table 2-2. The wet weather sampling program included fifty (50)

samples for each of the pathogens discussed above.
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Sampling protocols and methods of analysis were specified according to EPA-approved
methods where possible. When EPA-approved methods were not available, laboratory

SOPs were used.

2.3 Field Sampling Procedures

This section discusses: (1) microbial sampling locations; (2) sample collection
equipment, material and procedures; (3) sample identification; (4) sample custody; (5)
sample packaging, shiprment and tracking; (6) waste management; and (7) health and

safety procedures.

2.3.1 Microbial Sampling Locations

Samples were taken at locations upstream, downstream, and at the outfalls of the
Stickney, Calumet, and North Side WRPs. In selecting the sampling locations the
following factors were also considered: 1) locations of pumping stations for combined
sewer outflows; 2) recreational navigation; and 3) commercial navigation (barge traffic).
Boat traffic, especially commercial barge traffic, can have a significant effect on the
water quality in the CWS through re-suspension of sediment containing attached
microorganisms. In accordance with MWRDGC sampling procedures, when there was
barge traffic during the sampling events the sampling stopped and commenced 30
minutes after the barge passed. The sampling personnel recorded traffic of recreational

boats and barges during sampling.

The Stickney WRP discharges to the CSSC; the Calumet WRP discharges to the LCR
that in turn discharges to CSC, and the North Side WRP discharges to the NSC (see
Figure 2-1). The following sections present the physical description of the above-

mentioned waterways and the sampling locations.

Physical Description of the CSSC

This 31.1 mile long man-made chanonel has many different shapes and sizes. Its
alignment is straight throughout its length, except for four bends near Harlem Avenue,

LaGrange and Romeoville Roads, and in Lockport (see Figure 2-1). Downstream of the
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Lockport Powerhouse and Lock (LP&L), a reach of 1.1 miles, the depth is 10 feet and the
width is 200 feet. Upstream of the LP&L, the depth varies from 20 to 27 feet. The reach
immediately upstream of the LP&L, 2.4 miles in length, varies in width from 160 to 300
feet. The east bank of this reach is a vertical concrete wall. The west bank varies from a
vertical rock wall to a steep rock hill embankment. The next 14.6 miles of the CSSC
have vertical concrete or rock walls 160 feet apart. The last 13.0 miles have a trapezoidal
shape, 220 feet wide, with sicep earth or rock side slopes. There are several areas with

vertical rock walls in this last reach.

Physical Description of the CSC and LCR

The Calumet WRP discharges to the LCR. The LCR, 6.9 miles in length, has been
deepened and widened from its original natural condition. It has few vertical rock walls
and most of the banks are earthen side slopes. There are several changes in alignment,
with one full 180-degree bend west of Indiana Avenue. LCR’s width varies from 230 to
750 feet and its depth is generally 12 feet in the center part of the channel. The width of
LCR at the point of the Calumet WRP outfall discharge was measured by the District to
be 750 feet, but it diminishes rapidly to 375 feet.

A man-made channel, the CSC is 16.2 miles long with a generally trapezoidal shape, 223
feet wide and approximately 10 feet deep. In some sections, the north bank is a vertical
wall. The alignment is generaily straight with three bends near Crawford, Ridgeland and

Western Avenues (see Figure 2-13.

Physical Description of the NSC

This man-made channel is 7.7 miles in length and is straight throughout except for four
bends in alignment near Devon and Central Avenues and Emerson and Linden Streets
(see Figure 2-1). It has steep earthen side slopes and a width of 90 feet. The depth varies

from 5 to 10 feet.

2.3.1.1  Dry Weather Sampling Locations

A subset of the District’s Ambient Water Quality Monitoring (AWQM) sampling stations
employed by the MWRDGC along the 78 miles of the CWS was used for this study.
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Three monitoring stations were chosen for each of the WRPs, one upstream of the outfall,
one downstream, and the WRP outfall itself. The sampling Jocations were surveyed by

MWRDGC sampling personnel using the GPS system available on the District’s boat.

Upstream Sampling Locations

The upstream locations at each WRP were situated at the nearest AWQM sampling

station upstream of the WRP. These locations are as follows:

I, NSC-Oakton Avenue, also known as WW-102 (see Sampling Location 3 on
Figure 2-1) — 8,200 feet or 1.6 miles {ron the WRP.

2. CSSC-Cicero Avenue, also known as WW-75 (see Sampling l.ocation 21 on
Figure 2-1) — 6,300 feet or 1.2 miles from the WRP.
3. CSC-Indiana Avenue, also known as WW-36 (see Sampling Location 29 on
Figure 2-1) — 2,800 feet or 0.53 miles from the WRP.
Downstream Sampling Locations

The downstream locations were selected to be the nearest established District monitoring
station that are no Jess than 10 to 15 waterway widths from the outfall. For the CSSC, the
waterway width downstream of the outfall is 220 feet, resulting in 15 waterway widths of
3,300 feet or 0.625 miles. For the CSC, the waterway width downstream of the outfall
ranges from 750 feet at the point of discharge to LCR to 375 1. This results in 13
waterway widths ranging from 11,250 feet (~2 miles) to 5,625 feet (~1 mile). For the
NSC the waterway width downstream of the outfall is 90 feet, resulting in 15 waterway
widths of 1,350 feet or 0.225 miles. The approximate downstream locations were as

follows:

1. NSC-Touhy Avenue, aiso known as WW-36 (see Sampling Location 3 on
Figure 2-1) - 2,800 feet or 0.53 miles from the WRP.

2. CSSC-Harlem Avenue, also known as WW-41 (see Sampling Location 22
on Figure 2-1) - 9,500 feet or 1.8 miles from the WRP,

3. CSC-Halsted Street, also known as WW-76 (see Sampling Locatien 32 on
Figure 2-1) — 5,800 feet or 11 miles from the WRP.
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2.3.1.2  Wet Weather Sampling Locations

A subset of the District’s AWQM stations employed by the MWRDGC along the 78 miles
of the CWS was used for wet weather sampiing. Nine wet weather sampling events
(three at each of the North Side, Stickney and Calumet WRPs) were conducted during the
recreational period between 6 June and 17 October 2006. During each sampling event,
samples were collected by District personnel at several locations upstream and
downstream of the Stickney, Calumet and North Side WRPs (see Figure 2-2). Outfall
samples were also collected during each sampling event at the Calumet WRP.  One
sample was also collected at the outfalls of North Side and Stickney WRPs during the last
sampling event at each of these WRPs. The sampling locations were situated at the
nearest MWRDGC AWQM sampling station. At the North Side, samples were also
collected near each of the North Branch Pumping Station (NBPS) or Wilson Avenue
sampling station, depending on the level of turbulence near the NBPS. In addition, at
Stickney, samples were collected near the Racine Avenue Pumping Station (RAPS). The
exact sampling location proximal to the pumping stations was decided by the boat captain

based on the leve! of wirbulence and other logistical and safety considerations.

A larger number of sampling locations was used during wet weather sampling. The wet
weather locations were spaced at significantly larger distances away from the WRPs to
account for the contributions of storm water runoff, CSO outfalls, and pumping stations.

In summary, wet weather samples were collected at the following locations:

Upstream of Stickney WRP af the CSSC

1. CSSC-Damen Avenue, also known as WW-40 (see Sampling Location 20 on
Figure 2-2)-29,400 feet or 5.6 miles from the WRP

2. CSSC-Cicero Avenue, also known as WW-75 (see Sampling Location 21 on
Figure 2-2)-8,200 feet or 1.6 miles from the WRP

3. RAPS outfall (the sampie was collected from Bubbly Creek at 35th Street)-32,800
feet or 6.2 miles from the WRP
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Downstream of Stickney WRP at the CSSC

1. CSSC-Harlem Avenue, also known as WW-41 (see Sampling Location 22 on
Figure 2-2}-9,500 feet or [.8 miles from the WRP.

2. CSSC-Route 83, also known as WW-42 (sce Sampling Location 25 on Figure 2-
2)-61,500 feet or 11.7 miles from the WRP.

Upstream of the Calumet WRP at the LCR

. Liule Calumet-Indiana Avenue, also known as WW-56 (see Sampling Location
29 on Figure 2-2}-6,300 feet or 1.2 miles from the WRP.

Downstream of the Calumet WRP at the LCR and CSC

i. Little Calumet-Halsted Street, also known as WW-76 (see Sampling Location 30
on Figure 2-2)-5,800 feet or 1.1 miles from the WRP

2. CSC-Ashland Avenue, also known as WW-58 (see Sampling Location 32 on
Figare 2-2)-11,400 feet or 2.2 miles from the WRP

3. CSC-Cicero Avenue, also known as WW-59 (see Sampling Location 33 on Figure
2-2)-33,800 feet or 6.4 miles from the WRP

4, CSC-Route 83, also known as WW-43 (see Sampling Location 35 on Figure 2-2),
37,500 feet or 7.1 miles from the WRP,

Upstream of the North Side WRP at the NSC

1. NSC-Ozkton Avenue, also known as WW-102 {see Sampling Location 3 on
Figure 2-2)-2,800 feet or 0.53 miles from the WRP

Downstream of the North Side WRP at the NSC and Chicago River

1. NSC-Touhy Avenue, also known as WW-36 (see Sampling Location 5 on Figure
2-2)-2,800 feet or 0.53 miles from the WRP

2. NBPS or North Branch-Wilson Avenue, also known as WW-37 (see Sampling
Location 8 on Figure 2-2)-21,600 feet or 4.09 miles from the WRP

3. North Branch-Diversey Parkway, also known as WW-73 (see Sampling Location
10 on Figure 2-2)-36,400 feet or 6.9 miles from the WRP.

4, South Branch-Madison Street, also known as WW-39 (see Sampling Location 17
on Figure 2-2)-52,600 feet or 9.96 miles from the WRP,

2.3.2  Sample Coliection Equipment, Materials and Procedures

At each location during both dry and wet weather sampling, field parameters such as pH

and temperature were measured and recorded in the field sample collection forms, which
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are included in Appendix A-1 (dry weather sampling forms) and Appendix A-2 (wet
weather sampling forms). In addition, the following information was recorded on the

sample collection form (sec Appendices A-1 and A-2):

» WRP name

*  WRP address

e Sampler name

s Sample ID

» Sample focation ID

¢ Sample location name

* Sample collection date/time
s  Sample volume

* Requested analysis

¢ Observations

The District used disinfected and sterilized sampling equipment at each sampling location
and for each sampling event. The equipment was sterilized by scrubbing with warm
detergent solution and exposing Lo bleach (minimum of a 0.5% solution of bleach and
water) for at least 30 minutes at ambient temperature. The equipment was rinsed with
sterilized deionized water and placed in an area free of potential pathogen contamination

until dry. Deionized water was sterilized by autoclaving at 121°C.
The details of dry and wet weather sampling are discussed in the following sections.

Dry Weather Sample Collection Equipment, Materials and Procedures

At each sampling station a total of six samples were taken at three locations across the
width of the waterway. Sampling was conducted upstream of the boat (at the bow). At
cach location a sample was taken at the surface and another al one-meter depth. The
samples from the three locations at the surface were combined to make a composite
sample. Also, the samples from the three locations at one-metet depth were combined 10
make a composite sample. For virus and protozoa samples that require filtration, the
following procedure was followed: At each location upstream and downstream of the
WRP, the three samples at the surface were composited by filtering 1/3 of the required

volume at each location. Similarly, at each location upstream and downstream of the
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WRP, the three samples at 1-meter depth were composited by filtering 1/3 of the required

volume at each location,

The exception to this protocol is the outfall samples. Four grab samples were taken over
a period of six hours at the WRP outfall. These four grab samples were combined (0
make one composite sample. The composite sample was used as the source of samples
for bacteria by pouring the collected water into the appropriate sample containers. For
protozoa and virus samples, the composite sample was filtered using the procedures

described below.

During cach sampling event, 15 samples were collected. Each sample was analyzed for
bacteria, viruses and protozoa. For the five sampling events a total of 75 samples were

collected.

Wet Weather Sample Collection Equipment, Materials and Procedures

The District and Geosyntec developed a strategy for determining which rain events were
appropriate for wet weather sampling. Samples were collected during the wet weather
event or immediately after. The following criteria were evaluated to develop the strategy
(EPA, 1999):

1. Minimum amount of precipitation
2. Duration of precipitation

3. Antecedent Period (minimum 72 hours of dry weather)

The District monitored pending wet weather using the internet, public media and the
District’'s Waterway Control Center (WCC). Each business day that wet weather was in
the forecast, at approximately 10:00 a.m., the designated District personnel conferred by
conference call regarding the potential for significant wet weather (SWW) over the
following 24-hour period. SWW wag defined as a forecast with 0.5 inch or greater
rainfall. In addition to discussing the forecast, the location, status and work schedule of
the two boats required for sampling was reviewed. District notified Geosyntec of the

potential for sampling following the daily conference calls when appropriate.
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When there was the potential for SWW, the District contacted the WCC for wet weather
updates. When rainfall of more than 0.1 inch had fallen at any WCC rain gauge within
the CSO service area and the 0.5 inch or greater expectation remained, the boat crew
supervisor was notified of the situation by the designated District person. When 0.3
inches of rainfall had fallen at any WCC rain gauge in the CSO service area, the
designated District person contacted the appropriate treatment plant operator (o determine
if any CSO outfall tide gate alarms had ocenrred or if there had been pumping to the river

at either the 125" Street Pumping Station, NBPS or Racine Avenue RAPS.

After the decision was made (o call out the boat crew, the District’s laboratory sampling

manager contacted Geosyntec to inform them that a sampling event had been initiated.

Grab wet weather samples were collected at the center of the channel because during the
2005 dry weather sampling good mixing conditions were visually observed across the
relatively narrow channel. Therefore, no significant differences were expected across the
channel during wet weather. Wet weather samples were coliected only at the surface of
the CWS. There was no statistical difference between samples collected at the surface
and at l-meter depth as shown by the 2005 dry weather sampling results (see Section 3

for details).

In addition, effluent (outfall} samples were collected during wet weather sampling to
evaluate whether the increased flow through the WRPs during wet weather may affect the
pathogen congenirations in the effluent of the District’s North Side, Stickney, and
Calumet WRPs. Four grab samples wete taken over a period of six hours at each WRP
outfail. These four grab samples were combined to make onc composite sample, The
composite sample was used as the source of samples for bacteria by pouring the collected
water into the appropriate sample containers. For protozoa and virus samples, a

composite filtered sample was cotlected using the procedures described below.

Table 2-3 summarizes the dry and wet weather WRY flows (million gallons per day
[MGD]) duting the 2005 and 2006 sampling events. The table also summarizes the
pumping station discharge volumes (mitlion gallons [MG]) during the wet weather

sampling cvents., The data in Table 2-3 indicate that the effluent discharge tlows are
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significantly higher during wet weather at each WRP. The data also indicate that the
CSO volumes are significantly higher at the RAPS (near the Stickney WRP) than the
NBPS (near the Nouth Side WRP) and the 125" Street Pumping Station {near the Calumet
WRP). In addition, the data indicate that during the 2006 wet weather sampling, the
NBPS and the RAPS discharged CSOs during two of the three sampling events at each
WRP. At the Calumet WRP the 125" Street Pumping Station discharged during one of
the three sampling events, which i3 a very unusual occurrence. Based on the District’s

experience, the 125™ Street Pumping Station discharges about once every ten years.

The following sections discuss (1) virus sampling in accordance to EPA (1996); (ii)
bacteria sampling according to EPA (1986; 2002; 2003; 2003a) and the Standard
Methods for the Examination of Water and Wastewater (1998); and protozoa sampling
according to EPA (2001, 2003).

2.3.2.1  Virus Sampling

Sampling for viruses was conducted according to BPA (1996) using the virus adsorption-
elution (VIRADEL) method for recovering human enteric viruses from water matrices.
Positively charged cartridge filters (Virosorb® IMDS cartridge, Cuno Inc. Meriden, CT)
were used to concentrate viruses from water. Figure 2-3 presents a typical filter
apparatus (EPA, 1996). Gloves were changed if they touched human skin or handled
components that may be contaminated (i.e. boat surfaces). Procedures for sample

packaging and shipment are discussed in Section 2.3.5.

During the 2005 dry weather sampling, at each location upstream and downstream of the
WRP, the three samples at the surface were composited by filtering /3 of the required
volume at each location. Similarly, the I-meter depth samples were composited by
filtering /2 of the required volume at each location. 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
outfall samples were composited over a six hour period by filtering % of the required

volume every 1.5 hours.
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During the 2006 wet weather sampling at each location upstream and downstream of the
WRP, virus samples were coliected by filtering the required volume near the center of the
channel. Because of the relatively high turbidity of the surface water, pre-filter modules

were used routinely during wet weather sampling.

2.3.2.2  Bacteria Sampling

During dry weather sampling, at each location upstream and downstream of the WRP, the
three samples at the surface were composited by coliecting ‘13 of the required volume at
each location. Similarly, the samples at 1-meter depth were composited by collecting s
of the required volume at each location. The samples were collected using a sampling
pump and attaching a weight to the sampling tubing to lower it 10 the surface and ]-meter
depth, respectively. The sample container was filled using an aseptic technique and
leaving at least 1 inch of head space to atlow for mixing of the sample before analysis.

The container was closed immediately after the sample was collected.

During wet weather sampling, two sample containers were used for bacteria samples. A
10-L cubitainer was used for Salmonella spp. and one 10-L cubitainer was used for the
other bacteria analyzed. The sample container was filled using an aseptic technique and
leaving al least 1 inch of head space. The container was closed immediately after the

sample was collected.

Immediately following sample collection, the sample container lid was tightened, labeled
with water-proof ink and clear tape was placed over the sample label. The sample
container was then placed in a ziplock bag, wrapped with bubble wrap or paper towels (to
prevent freezing) and placed upright in the cooler with ice. Fresh ice was placed in the
cooler immediately prior to shipment. Procedures for sample packaging and shipment

are discussed in Section 2.3.5.

2.3.2.3  Cryptosporidium and Giardia Sampling

Cryptosporidium and Giardia sampling was performed by EPA Method 1623 using field
filtration,. Method 1623 has been validated only for laboratory filtration. However,

recent guidance in EPA (2003), entitled “Source Water Monitoring Guidance Manual for
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Public Water Systems for the Long Term 2 Enhanced Surface Water Treatment Rule.
EPA 815-D-03-005. June,” indicates that field filtration is acceptable. Field filtration
was performed using Pall Gelman Envirochek ™ HV capsule filters, which are acceptable
filtration systems, During the first dry weather sampling event at the Calumet Waterway
System, 10-L samples were ficld filtered for protozoa analysis. During the remaining dry

and wet weather events, 20-L sampies were field filtered for protozoa analysis.

During dry weather, four bulk water matrix spike (MS) samples were collected for
Cryptosporidium and Giardia, which were spiked in the laboratory and analyzed. The
matrix spike (MS) test in EPA method 1623 entails analysis of a separate sample aliquot
spiked with 100 to 500 oocysts to determine the cffect of the matrix on the method’s
oocyst recovery. One MS sample was analyzed for every 20 samples (or 5% of the total
samples) as required by the method. The MS results were used collectively to assess
overall recovery and variability for EPA Method 1623, The MS sampie results were not

used to adjust Cryptosporidium and Giardia recoveries at any sampling location.

During wet weather, two bulk water MS samples for Cryprosporidium and Giardia were
collected, spiked in the laboratory and analyzed. MS samples were collected near the
NBPS at Wilson Avenue and at RAPS. During dry weather sampling, four MS samples
were collected: one at each of the WRPs and one downstream of the Calumet WRP.
Belore collection of the bulk MS sample, temperature and pH were measured. Turbidity
and specific conductance or conductivity (SC) of field samples were also measured at the
District’s laboratory. The MS samples were collected immediately after the field-filtered

samples by filling two 10-L. cubitainers directly from the pump tubing.

The cubitainer cap was tightened, labeled (see Section 2.3.3) and placed in the shipping
cooler with ice. The ice was replaced with fresh ice before shipping. Sample packaging,

shipment and tracking procedures are discussed in Section 2.3.5,
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2.3.3 Sample Identification

Samples were identified on the sample conlainer with a separate identification label. All

labeling was done in indelible/waterproof ink. Each securely affixed label included the

following information:

¢ Sample ID, which included:

]

o

o}

o}

WRP identification (Stickney, North Side, Calumet)
Sampling location (upstream, downstream, outfall)
Sampling depth (surface or 1-meter)

Date of sample collection

In addition, the sampie label included the following:

» Time of sample collection

¢ Sampler's name or initials

¢ Required analytical method

¢ Sample type (1.e., composite, grab)

s Preservation requirement (i.e. ice)

2.3.4 Sample Custody

After collection and identification, samples were maintained under chain-of-custody

procedures. Proper sample custody procedures were used to ensure that samples were

obtained from the Jocations stated and that they reached the laboratory without alteration.

A sample was considered to be in a person's custody if the sample was:

« in aperson's actual possession;

* in view after being in a person's possession;

s locked so that no one can tamper with it after having been in physical custody;

or

* inasecured area, restricted to authorized personnel.
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The District sampling personnel were the field sample custodians and were responsible
for ensuring sample custody until the samples were transferred to a courier or to the
laboratory.  All samples were accompanied by a Chain-of-Custody Record. When
transferring samples, the individuals relinguishing and receiving the samples signed and
dated the record. Shipping bills were kept as receipt of shipment. Airbills were retained
as part of the permanent documentation. Before shipping the samples, one of the three

Chain-of -Custody carbon copies was kept as part of the permanent documentation,

When the samples were received by the laboratory, a designated laboratory person
checked all incoming samples for integrity and noted any observations on the original
Chain-of-Custody Record. Fach sample was logged into the laboratory system by
assigning it a unique laboratory sample number. This number and the field sample

identification number were recorded on the laboratory report.

The laboratory maintained a file of all the documents (e.g., Chain-of-Custody forms)
pertinent to sample custody and sample analysis protocols. For Chain-of-Custody forms,
the laboratory maintained a file copy, and the completed original was returned to the

project manager as a part of the final analytical report.

2.3.5 Sample Packaging, Shipment, and Tracking

After labeling, all samples were stored in ice-filled coolers until shipment to the

laboratory. At the end of each day the samples were packed for shipment.

2.3.5.1 Sample Packaging

Two large plastic trash bags were inserted into the shipping cooler to create a double
liner. Immediately before packing the cooler, fresh ice was put into several Ziploc bags.
The Ziploc bags were sealed by expelling as much air as possible and securing the top
with tape. The samples were placed into the shipping container with ice around the
sample bag. A lemperature sample was also placed in the cooler (e.g., extra sample
bottle) for measuring sample temperature upor receipt at the laboratory. The liner bags

were closed by twisting the top of each bag and tying it in a knot.
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The chain of custody form was completed, signed and dated, before being placed and
sealed inside a Ziploc bag, which was taped under the cooler lid. A copy of the sample
coliection form was faxed to the laboratory the day after sample collection. The cooler
lid near the horizontal joints was sealed with duct tape. The lid was also secured by
taping the cooler at each end, perpendicular to the seal. The coolers were also affixed

with security labels taped over opposite ends of the lid.

2,3.5.2 Shipping and Tracking

The protozoa samples were shipped to CEC on the day of collection or on the morning of
the following day using United Parcel Service. The bacteria and virus samples were
hand-delivered to HML. Due to the relatively short holding time of bacteria samples it
was decided to hand-deliver the samples to ensure that they would be analyzed within the

holding time requirements.

The District Field Sampling Managers kept track of the CEC sample shipment by using
the airbill number on the shippet’s copy of the airbill, using the shipping company’s web

page, or by contacting the shipping company over the phone.

2.3.6 Waste Management

Each laboratory was responsible for complying with all federal, state and local
regulations governing waste management, particuiarly the biohazard and hazardous waste
identification rules and land disposal restrictions, and (o protect the air, water, and land
by minimizing and controlling the releases from fume hoods and bench operations.
Compliance with all sewage discharge permits and regulations was also required.
Samples, reference materials, and equipment known or suspected to have viable

pathogens attached or contained were sterilized prior to disposal.

2.3.7 Health and Safety

The sampling was performed in accordance with MWRDGC health and safety

procedures,
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2.4 Quality Assurance/ Quality Confrol Procedures

This section discusses the guality assurance/quality control (QA/QC) procedures that
were used for the analysis of surface water and outfall samples. The QA/QC procedures
discussed are in accordance with the requirernents of the analytical methods specified 1n

Section 2.4.1,

2.4.1 Microbial Methods of Analyses

Sampling and analysis of microbial samples were conducted in accordance with the

procedures described at hup:/fepa.gov/microbes and in Standard Methods for the

Examination of Water and Wastewater (Standard Methods, 1998}, The microbial

methods of analysis inciude the following:

¢ Enteric viruses: 1) (total culturable viruses) using the methods described in the
ICR Microbial Laboratory Manual, EPA 600/R-95/178 (EPA, 1996); i)
adenovirus; and iil) Calicivirus. The samples for total culturablie viruses were
analyzed by HML and the samples for adenovirus and Calicivirus were
analyzed by the UA Laboratory. Adenovirus and Calicivirus were determined
using the UA SOPs. There are no EPA-approved methods for viable
Calicivirus. The method used involves a Polymerase Chain Reaction {PCR)
method that offers an estimate of the virus concentration, but does not
determine or confirm viability. Calicivirus is a family of human and animal
viruses.  For this risk assessment study Calicivirus refers to human
Caliciviruses, specifically the genus norovirus.

o Infectious Cryptosporidium parvien and viable Gilardia lamblia were
determined using EPA Method 1623 (EPA, 2001) in conjunction with cell
culture infectivity for the Cryprosporidium and viability staining (DAPL-PI}
for the Giardia. The samples for protozoa were analyzed by CEC.

s Salmonella spp. using Standard Method 9260D (Standard Methods, 1998)

o Pseudomonas aeruginosa using Standard Method 9213E (Standard Methods,
1998)

» Fecal coliforms using Standard Method 9222D (Standard Methods, 1998)
s FE coliusing EPA Method 1103.1 (EPA, 2002)
o [Interococci using EPA Method 1106.2 (EPA, 2001a)
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2.4.2 Data Quality Objectives

Data quality objectives (DQO) are qualitative statements that specify the quality of the
data required to generate valid data for the risk assessment calculations. DQOs are based
on the ultimate use of the data to be collected; therefore, different data uses may require
different levels of data quality (EPA, 1998; EPA, 2002a). Two analytical levels address
various data uses and the QA/QC effort and metheds required for this project to achieve

the desired level of quality. These two levels are discussed below:

13 DQO lLevel 2 (On-site Analyses): DQO Level 2 provides rapid resuits and a
better level of data quality than Level 1. This level is used for on-site analytical
measurement data using the District’s YST Datasonds Model 6600 and includes
pH and temperature.

2y DQO Level 3 (Off-site Analyses using EPA-approved Methods, Standard
Methods (1998) or laboratory SOPs)Y: DQO Level 3 provides dala that will be
used in the risk assessment calculations. Off-site analyses of viruses, bacteria,
and protozoa are subject to Level 3 DQOs.

The following sections discuss the QA/QC procedures of the analyses to be performed
off-site. The on-site analyses met Level 2 DQOs. On-site analyses were conducted in

accordance with the manufacturer’s operations and maintenance manual.

The overall QA objective was to implement procedures for sampling, chain-of-custody,
laboratory analysis, and reporting that would provide valid and complete data results,
The following sections discuss specific requirements for QA/QC procedures: laboratory
internal QC checks; equipment calibration; equipment maintenance; corrective actions;

data reduction, validation, and reporting; and archiving examination results,

2.43 QA/QC Procedures

Implementation of the QA/QC procedures was established through the following steps:

e The District Project Manager ensured that cach field team member was
familiar with the SAP and QAPP prior to implementation of field activities.
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» The District Project Manager and Geosyntec QA Manager regularly provided
a QA review of field activities, field notebooks and forms to ensure that all
procedures were followed,

» Both the Geosyniec Project Manager and QA Manager identified laboratories
with national certifications that routinely analyze for the pathogens specified
in the sampling plan.

s The Geosynlec Project Manager and QA Manager verified that the
laboratories have a written description of their QA activities, a QA plan
describing the QA management of day-to-day routine operations. In addition,
The Geosyntec Team conducted telephone interviews and on-site visits to
audit the laboratories for this project.

o The laboratories were required to adhere to defined quality assurance
procedures to ensure that generated analytical data are scientifically valid and
are of known and acceptable precision and specificity.

The latest BPA-approved methods and Standard Methods were used to perform the

analyses for this project.

2.4.3.1 Laboratory Internal QC

The laboratories performed all QC procedures that were required by the amalytical
methods. The dry and wet weather analytical reports of HML, CEC and UA are included
in Appendices: B-1 and B-2; C-1 and C-2; and D-1 and D-2, respectively. The
laboratorics were also required to comply with the requirements in EPA (1978) as
required by the analytical methods. In addition, the University of Arizona
Microbiological Laboratory was also required to comply with the requirements in EPA
(2004). The laboratories were also required to implement the corrective actions required
if the QC criteria were not met. Data that did not meet the internal QC criteria was
flagged and the laboratory documented the reason(s) for the nonconformance. All

samples were anatyzed within holding time requirements.

Bacteria QC

The dry and wet weather bacteria analytical results are included in Appendices B-1 and

B-2, respectively. Bacteria sample results met the QC specifications set forth in the
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approved methods described above. Each batch (or lot, if commercially prepared) of
dilution/rinse water was checked for sterility by adding 30 mL of water to 50 mL of a
double-strength non-selective broth (t;.g., fryptic soy, trypticase soy, or tryptose broth).
The water was incubated at 35°C + 0.5°C and checked for growth after 24 hours and 48

heours (or for the longest incubation time specified in the method).

To test sterility of newly prepared media prior to the analysis of field samples, one plate
per cach media batch was incubated at the appropriate temperature for 24 and 48 hours
{or for the longest incubation time specified in the method) and checked for growth. For
each new lot or batch of medium, the analytical procedures and integrity of the medium
was checked before use by testing with known positive and negative control cultures.
Preparation blanks were analyzed to detect potential contamination of dilution/rinse water
during the course of analyses. A membrane filtration (MF) preparation blank was
performed at the beginning and the end of each filtration series by filtering 20-30 mL of
dilution water through the membrane filter and testing for growth. For the most probable
number (MPN) technique, a volume of sterilized, buffered water was analyzed exactly
like a field sample each day samples were analyzed. The preparation blank was

incubated with the sample batch and observed for growth of the target organism,

Cryptosporidium and Giardia QC

The following QC samples were analyzed for Cryptosporidium and Giardia: MS,
ongoing precision and recovery (OPR), and method blanks; the results are presented in
Appendices C-1 and C-2. The method blank test in EPA Method 1623 consists of
analysis of an unspiked reagent water sample to test for contamination. The OPR in EPA
Method 1623 entails analysis of a reagent water sample spiked with 100 to 500 ococysts to
demonstrate ongoing acceptable performance, The MS test in EPA Method 1623 entails
analysis of a separate sample aliquot spiked with 100 to 500 oocysts to determine the

effect of the matrix on oocyst recovery.

For dry weather samples, four MS samples were analyzed for the 75 samples collected

(or 5% of the total samples). One MS sample was collected at each of the three WRP
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outfalls. One MS sample was collected downstream of the Calumet WRP that was

sampled during the first sampling event.

For wet weather samples, two MS samples were analyzed for the 50 samples collected
(or about 5% of the total sampics). One MS sample was collected near the NBPS at
Wilson Avenue. A second MS sample was collected at RAPS. MS results were within
the acceptance criteria specified in EPA Method 1623, The MS sample results were not

used to adjust Cryptosporidium and Giardia recoveries at any sampling location.

During dry weather, cyst and oocyst recoveries for the surface water MS samples were
52% and 61%, respectively. The Giardia cysts recovery for the outfall MS sample was

29.8% and the Cryptosporidium ococysts recovery was 27,7%.

During wet weather, the recovery rates of seeded Giardia and Cryptosporidium in the
Stickney RAPS MS sample (Stickney — RAPS-MS-080306) were 46.5% and 89.1%,
respectively, For the North Side MS sample (North Side ~DNS-WW-37 -~ (62606 ~
MS), the Giardia and Cryptosporidium recovery rates for the matrix spike were 151%

and 77.7%, respectively.

During dry weather, no oocysts or cysts were detected in method blanks analyzed
indicating no contamination in the spiking or sample processing procedures. Mean cyst
recovery for OPR samples was 51.0 £ 27% (n=5) with recoveries ranging from 24.6 to
96.4%. The mean oocyst recovery for OPR samples was 61.1 £ 17% with recoveries
ranging from 40.4 to 84.3%. All recoveries were well within the acceptance criteria
specified for OPR samples in Method 1623 (EPA, 2003).

During wet weather, no cocysts or cysts were detected in methed blanks analyzed
indicating no contamination in the spiking or sample processing procedures. The cyst
recoveties for OPR samples ranged from 33.5 to 84.4%. The oocyst recoveries for OPR
samples ranged from 33.2 to 89.1%. The lowest OPR recoveries for cysts (33.5%) and
oocysts (33.2%) were measured during the analysis of the 26 June 2006 North Side
sarnples. A calculation error when preparing the oocyst working suspension resulted in a

tenfold reduction in the conceatration of oocysts used in the spiking trials. While the

Final Wetdry-Aprii 2008 29



Geosyntec®

consultanis

OPR recoveries for the 26 June 2006 North Side analysis were relatively lower than the
ones typically obtained by CEC, they were still within acceptance criteria established by
EPA validation trials. Overall, all recoveries were well within the acceptance criteria

specified for OPR samples in Method 1623 (EPA, 2003).

Virus QC
The dry and wet weather analytical results for viruses are presented in Appendices B-1
and B-2, and D-1 and D-2, respectively. For the determination of total culturable viruses
the laboratories run a negative and positive assay control with every group of subsamples
inoculated into cell cultures. The laboratorics performed a negative assay controf (NAC})
by inoculating Blue Green Monkey Kidney (BGMK) cell culture with a volume of
sodium phosphate buffer (pH = 7 to 7.5) equal to the inoculation volume. This culture
served as a negative control. The laboratories performed a positive assay control {PAC)
by diluting attenuated poliovirus type 3 (from the high titered QC stock) in sodium
phosphate buffer (pH = 7 to 7.5) to give a concentration of 20 Plaque Forming Units
(PFU) per inoculation volurne. The laboratories inoculated a BGM culture with a volume
of diluted virus solution equal to the inoculation volume. This control provided a

measure for continued sensitivity of the cell cultures to virus infection.

University of Arizona QA/QC Physical Measures: Two PCR workstations, with non-
circulating air and ultraviolet (UV) light were used to ensure clean areas. All the areas
for the analysis were physically separate. All the reagents were prepared in a separate
room from the samples. Both rooms had positive pressure from the main taboratory to
reduce contamination. Each room has a workstation, the reagents were only opened in
the workstation, and the samples were opened only in their respective workstations, The
workstations were cleaned with 10% bleach solution and the UV light was turned on for
at least 30 minutes prior to sample handling. Different equipment was used in each room
and not used in other areas (e.g. pipets, pipet tips and lab coats were exclusively used for
each room). The PCR thermocyclers are contained in another room outside the main

laboratory. The PCR product was only open in the workstation designated for samples
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and in the electrophoresis room (negative pressure isolates this room from the main

lahoratory).

RNA free water was used as a negative control. The Reverse Transcriptase (RT) and
PCR reagent was mixed in the workstation in the room for reagents. The lab coat, pipet
tips, pipet aid, coolers and tubes used were exclusively for this room. The samples for
RNA extraction were opened in a biclogical type I hood. The tube with RNA extracted
from the samples was opened only in the workstation located in the sample RNA
extraction room. All the equipment for RNA extraction and for handling the samples was
used exclusively for this function. The samples were centrifuged before opening in order
to reduce the potential for aerosol formation. One negative control for each 5 samples

was performed for the RNA extraction; also one negative control was run for the PCR.

2.43.2 Equipment Calibration
Each instrument was calibrated following the specific manufacturer's recommendations.
Laboratory instruments were calibrated prior to each use or on a scheduled, periodic basis

as specified in the analytical methods.

2.4.3.3 Equipment Maintenance
Equipment maintenance and repair was performed as required for each instrument.
Preventive maintenance for all equipment included inspection before use, cleaning as

necessary during use, and thorough cleaning and inspection after use.

2.4.3.4 Cormrective Actions

Corrective actions for the analytical laboratories included the following:

¢ Re-analyses of Calicivirus and adenovirus samples to verify the results; the
relatively long holding times of the virus samples permitted the reanalysis.

s Re-sampling and re-analysis of samples took place for the second dry
sampling event because UPS failed to deliver the original samples on time.

s Evaluation and amendment of sampling procedures for protozoa samples after
the first dry sampling event Lo increase the sample volume to 20 L., instead of
10 L as originally planned.
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¢ The first wet weather MS sample collected at RAPS on 10 June 2006 was not
used because only 10 L of sample was collected. The correct volume of MS
sample (20 L) was collected at RAPS during the 3 August 2007 sampling
event.

¢ Flagging the results of certain bacteria samples as “estimated” because they
were based on a number of colonies outside the ideal or preferred range.
However, the uncertainty of the results in the risk assessment is acceptable
and the flagged results are usable.

Data Reduction, Validation, and Reporting

Reduction of analytical results was done by reviewing the calculations recorded on
analytical data sheets, The laboratory QA manager verified that the appropriate
analytical methods were followed and the data were calculated properly. The laboratory
QA Managers validated the data by comparing the raw data to the reported results. In
addition, the results of calibration and internal QA/QC checks were compared with the

project acceptance criteria to assess the usefulness of the data.

The dry and wel weather analytical reports of HML, CEC and University of Arizona for
both dry and wet weather sampling are included in Appendices: B-1, B-2; C-1, C-2; and
D-1 and D-2, respectively. The Jaboratory analytical reports contain the following

information:

e raw data, including results of calibration and internal QC checks;
s analytical data results;

* units of measurement;

» client and sample identification;

+ sample analysis dates;

+ summary of any problems encountered;

o  QC data (MS, blanks, OPRs); and

o QA reviewer's signature

2.5 References

Center for Disease Control (CDC), Microbial Contaminant Candidate List
(www.epa.gov/safewater/cel/cel2. html#microbial)
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EPA, 2001, Method 1623: Cryptosporidium and Giardia in Water Filtration/IMS/FA,
EPA-821-R-01-025. April.

EPA, 2001a, Method 1106.1: Enterococci in Water by Membrane Filtration Using
membrane-Enterococcus-Esculin Tron Agar (mE-EIA), EPA 821-R-02-021.
September.

EPA, 2002, Method 1103.1: Escherichia coli (E. coli) in Water Membrane Filtration
Using membrane-Thermotolerant Escherichia coli Agar (mTEC), EPA-821-R-2-
020. September.

EPA, 2002a, Guidance for the Data Quality Objectives Process (QA/G-4).

EPA, 2003, Source Waler Monitoring Guidance Manual for Public Water Systems for the
Long Term 2 Enhanced Surface Water Treatment Rule. EPA 815-D-03-005. June.

EPA, 2003a, Implementation Guidance for Ambient Water Quality Criteria for Bacteria,
EPA-823-B-03-xxx. November. Draft.

EPA, 2004, Quality Assurance/Quality Control Guidance for Laboratories Performing
PCR Analyses on Environmental Samples. October,
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Project Plan for the Chicago Area Waterway System, May.
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Table 2-1. Major Waterborne Pathogenic Microorganisms Selected for the Microbial Risk Assessment

Bacteria

E. coli Human/animal feces Gastroenteritis

Salmonella Human/animal feces Typhoid, Paratyphoid fever, Salmonellosis
Pseudomonas Water/wastewater/soil  Otitis externa and infections of open skin wounds
Yirus

Adenoviruses Human feces Gastroenteritis, pharyngitis, eve and nose infections
Enteroviruses Human feces Gastroenteritis, meningitis, rash, febrile illness, respiratory infections
Calicivirus Human feces Gastroenteritis

Protozoa

Glardia Human/animal feces Giardiasis

Cryptosporidium  Human/animal feces Cryptosporidiasis

Note:

The information presented in the table was obtained from the following sources:
Cenler for Disease Contwwol (CDC), Microbial Contarminant Candidate List

Mecad, P.S., Stutsker, L., Dictz, V., McCaig, L.F., Bresee, 1.S., Shapiro, C., Griffin, P.M., and Tauze, R.V. (1999). Food Related Hlaess and Death in
the U.S. Emerg. Infect. Dis. {5)5, 657-625.

World Health Organization (WHO), 1993. Guidelines for drinking Water Quatity, Second Edition, Volume 1 recommendalions



Table 2-2. Summary of Dry and Wet Weather Samples

Stickney 2 2 0 5 5 25
Calumet 2 2 0 5 5 25
North Side 2 2 0 5 5 25
Total Number Of Dry Weather Samples 75
WET WEATHER
Stickney 2 2 1 3 1 16
Calumet | 4 0 3 3 18
North Side H 3 I 3 1 16
Total Number Of Wetl Weather Samples 50




Table 2-3. Summary of Dry and Wet Weather WRP Flows (MGD) and Pumping Station Discharge

Volumes (MG) Provided by MWRDGC

North Side
712812005 210 612642006 33! 397
8/4/2003 226 8/3/2006 115° 386
8/18/2005 270 972372006 No Pumping Station Discharge 388
8/25/2005 219
9/1/2005 201
Stickney
8/1/2005 544 6/10/2006 238’ 1261
8/3/2005 627 8/3/2006 655 1160
8/17/2005 566 {0/11/2006 | No Pumping Station Discharge 939
8/24/2005 659
8/31/2005 447
Calumet
7/26/2005 221 8/24/2006 No Pumping Station Discharge 294
8/2/2005 157 8/29/2006 37 473
8/16/2005 159 10/17/2006 | No Pumping Station Discharge 461
8/23/2005 178
8/30/2005 164

Notes:

Lh B b —
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The pumping station discharged 33 MG in 2 hours and 45 mimgtes

The pumping statior: discharged 115 MG in 11 hours and 15 minutes (Detween 2 and 3 August 2006)
The pumping station: discharged 238 MG in 7 hours and 25 minutes

The pumping station discharged 655 MG in }4 hours and 55 minudes (between 2 and 3 August 2006)
The pumping stalion discharged 37 MG in 3 hours and 23 minutes
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CHICAGO WATERWAY SYSTEM - DRY WEATHER SAMPLING LOCATIONS
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Figure 2-3. Typical Filter Apparatus
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3. ANALYTICAL RESULTS

Five (5) dry weather samples were collected at each designated location upstrean,
downstream and at the outfall of each of the North Side, Stickney, and Calumet WRPs
between 28 July and 1 September 2005. Three (3) wet weather samples were collected at
each designated location upstream and downstream of each of the North Side, Stickney,
and Calumet WRPs between 10 June and 17 October 2006. In addition, three (3) wet
weather outfall samples were collected at the Calumet WRP and one (1) wet weather
sample was collected at each of the North Side and Stickney WRPs. Section 2 discusses

in detail the sampling locations at each WRP.

During dry weather, both surface and 1-meter depth samples were taken at the upstream
and downstream monitoring locations. During wet weather, all samples were collected
near the surface of the waterway. The samples were analyzed for three major groups of
indicator and pathogenic microorganisms including bacteria, protozoa, and viruses. The
dry and wet weather laboratory reports summarizing the analytical results are included in

the following Appendices:

e Appendices B-1 and B-2 include the HML reports documenting the results of
bacteria and total enteric viruses for dry and wet weather, respectively,

» Appendices C-1 and C-2 include the CEC reports documenting the results of
protozoa (Cryptosporidiwn and Gilardia) for dry and wet weather,
respectively.

e Appendices D-1 and D-2 include the UA reports documenting the results of
Calicivirus and adenovirus for dry and wet weather, respectively.

3.1 Bacteria Results

Bacteria samples were analyzed for the following microorganisms:

o FEnterococcl

e FEscherichia coli

* Fecal coliforms

s Pseudomonas aeruginosa
e Salmonella spp.
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Bacteria were the most abundant microbial species detected in the waterway compared to
viruses and protozoa during both dry and wet weather events. A summary of the dry
weather analytical results is presented in Tables 3-1a through 3-1c for the North Side,
Stickney, and Calumet WRPs, respectively. A summary of the wet weather analytical
results is presented in Tables 3-1d through 3-1f for the North Side, Stickney, and Calumet
WRPs, respectively., The results were analyzed and evaluated statistically using the
Minitab computing software and the procedures in Helsel and Hirsch (2002) and Helsel
(2005).

3.1.1 Analysis of Variance (ANOVA)

During dry weather, at each upstream (UPS) and downstream (DNS) monitoring location,
two samples were collected, one at the surface and another at 1-m depth. At cach effluent
location, only one composited sample per event was collected. The purpose of collecting
upstream and downstream sample data at two different depths was to determine if
pathogen concentrations varied significantly over the channel’s vertical cross-section, as
would be the case if the WRPs' effluent plumes did not achieve complete downstream
mixing. An Analysis of Variance {ANOVA) analysis was conducted to evaluate this

question.

For dry weather, histograms were developed for Enterococeus, E. coli and fecal coliform
only, since these parameters had the greatest frequency of detection. These histograms
are shown in Figures 3-1 through 3-3 for the North Side, Stickney, and Calumet WRPs
(note the log scale on the y-axis). Nine separate charts (three locations [UPS, DNS and
OUTFAILILY} and three bacteria parameters for cach location [E. coli, Enterococcus and
fecal coliform]) are provided for cach WRP. Each histogram shows the concentration of
bacteria vs. the sampling date. For each instream monitoring location, two sample

(surface and 1-m depth) results are shown for cach sample date.

ANOVA tests were performed for the dry weather results 1o determine differences of
bacteria concentrations by site (i.e., North Side, Stickney, and Calumet), by location (i.e.,
UPS and DNS), and by depth (i.e., surface and l-m depth). This analysis was only

conducted on E. coli, fecal coliform, and Enterococcus data as these groups had the most
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statistically significant (by percent detect) datasets. FE. coli, fecal coliform, and
Enterococcus were detected at a frequency ranging from 99 to 100%, while
Pseudomonas aeruginosa was detected in 75% of the samples and Salmonella spp. in
only 13% of the samples. Each factor (site, location, and depth) was tested to see if it
was a cause of statistically significant differences in bacteria concentrations, alone or in
combination with these factors. As such, a total of seven statistics were tested {or the null
hypothesis that pathogen concentrations are not statistically different at a significance
level of 5%. The results of the ANOVA analysis are shown on Figures 3-4 to 3-6 for dry

weather E. coli, fecal coliform, and Enterococcus, respectively.

The dry weather results obtained are consistent for all bacteria groups in that there is a
significant difference between concentrations by site (North Side, Stickney and Calumet),
and by location (UPS and DNS). This finding is consistent with a physical understanding
of the waterway system, that different sites have varying loading and dilution conditions
which results in varying concenirations, and thal bacteria concentrations will generally

increase downstream of the WRP outfalls compared to the upstream locations.

All bacteria groups in dry weather samples also showed no statistically significant
difference in concentration by depth. That is, based on the dry weather results for each
microbial group, depth does not appear to be a significant factor, either alone or in
combination with the other factors (site and location). This finding is consistent with the
understanding that upstream and downstream monitoring locations are well mixed
vertically. These conclusions are based on the high (i.e., >1} F (indicator of variability)
values and the low (i.e., <0.05) P (probability of statistical significance) values for the
site (WRP), location (UPS, DNS, OUTFALL), and site and location (in combination)

factors.

The charts of dry weather bacteria concentrations versus site, location, and depth (see
Figures 3-4 to 3-6) also graphically demonstrate the significance of the first two factors,
but not the last. For instance, downstrecam concentrations at North Side are generally
greater than Stickney, which are greater than Calumet. Also, downstream concentrations

are consistently greater than upstream {(consistent with our previous findings). However,
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surface concentrations are not consistently greater or lower than I-m depth

concentrations.

The results of the wet weather data ANOVA analysis are shown on Figures 3-7 to 3-11
for E. coli, fecal coliform, Emterococcus, P. aeruginose and Salmonella spp.,
respectively, During wet weather sampling no samples were collected at [-meter depth.
Wet weather E. coli and Enterococcus data are significantly different by site (i.e. North
Side, Stickney and Calumet waterway) only. Fecal coliform, P. aeruginosa and
Salmonella spp. do not differ by site or any other factor. Unlike the dry weather bacteria

data, the wet weather bacteria data do not differ by location (UPS vs, DNS),

The results of the dry and wet weather ANOVA analysis are shown on Figures 3-12 to 3-
15 for F. coli, fecal coliform, Enterococcus and, P. aeruginosa, respectively. Although
an ANOVA was not performed on the P. aeruginosa dry weather data due to the limited
number of detections, the additional data in the wet weather sampling allows us to pool
the data to evaluate the factors of interest (e.g. site, Weathez'). For this analysis the non-
detects were replaced with fixed detection limit values which may affect the variance
estimates. Statistical estimates may be biased in cases where an ANOVA is conducted
with highly censored datasets. Dry and wet weather combined bacteria data (%. coli,
Enterococcus, P. aeruginosa) are significantly different by site (i.e. North Side, Stickney
and Calumet waterway) and weather (dry and wet). Fecal coliform differs by weather
only (not by site). 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. In summary, Figures 3-12 through 3-15 illustrate that unlike the dry
weather data, the combined dry and wet weather bacteria do not differ by location (UPS
vs. DNS).

Autachment A summarizes correlations between indicator bacteria levels and pathogens
under dry weather and wet weather conditions at the CWS. Recent studies indicate that
there is a poor correlation between indicator bacteria levels and levels of human
pathogenic bacteria, viruses and protozoa (Noble er al., 2006; Noble and Fuhrman et al.,
2001; Hardwood et al., 2005; Jiang et al., 2001, and Horman et al, 2004). The
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Geosyntec Team is not aware of any published results in the technical review literature
that indicate statistically significant correlations between indicator bacteria and protozoa

or virus pathogens.

3.1.2 Geometric Means

Table 3-2a summarizes the dry weather bacteria geometric mean concentrations at
different locations. Figures 3-16, 3-17 and 3-18 show the geometric mean results
graphicaily for North Side, Stickney and Calumet, respectively. The geometric mean
vaiues for the censored datasets (i.c., datasets containing below detection results) were
computed using a maximum likelihood method. Bacteria concentration data with
censoring greater than 80% are considered statistically insignificant, and therefore no
geometric mean values were computed (see results for Salmonella spp.) (Helsel, 2005).
These tabulated results confirm that the dry weather microbial concentrations tend to
increase immediately downstream of the WRPs. The results in Table 3-2a also indicate
that the fecal coliform concentrations upstream of the North Side and Stickney WRPs

were greater than the IEPA proposed effluent limit of 400 CFU/100 mL,

Table 3-2b summarizes the wet weather bacteria geometric mean concentrations at
different locations. Figure 3-19 is a graphical presentation of the wet weather geomelric
means at each sampling location (UPS, DNS, OUTFALL) at the North Side, Stickney
and Calumet WRPs. The wet weather results indicate that most of the North Side and
Stickney geometric mean bacteria concentrations upstream and downstream of the WRPs
are higher than the outfall concentrations. Also, the wet weather concentrations at
Stickney and North Side are greater than Calumet. Fecal coliform and E. coli wet
weather concentrations are greater than the other bacteria geometric means at each
sampling location at all WRPs. The results in Table 3-2b also indicate that the wet
weather fecal coliform concentrations upstream of the North Side, Stickney and Calumet
WRPs were above the IEPA proposed effluent iimat of 400 CFU/100 mL.

Figure 3-20 presents a comparison between dry and wet weather geometric mean
concentrations (including OUTFALL, UPS and DNS locations) at cach WRP. The figure

indicates that the wet weather concentrations are significantly greater than the dry
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weather concentrations at cach WRP waterway. The most significant differences are
observed at the North Side and Stickmey waterways, In addition, the following

observations can be made regarding the geometric mean results in Figure 3-20:

¢ The geometric mean concentrations of Salmonella spp. were low in both dry
and wet weather conditions. The Salmonella spp. concentrations in the UPS
and DNS samples were similar during wet weather conditions at the North
Side, Stickney, and Calumet segments of the waterway.

e The enterccocci concentration was iower than E, coli and fecal coliform
concentrations under wel weather conditions.

e P aeruginosa wet weather concentrations were slightly higher than the dry
weather levels, However, the effluent samples show lower levels of P
aeruginosg than the corresponding upstream and downstream wet weather
samples.

3.1.3 Percentile Box Plots

Semi-log box plots were created to graphically demonstrate the central tendencies and
variability of the various bacteria datasets. Fach box indicates the 25", 50*, and 75"
peicentile values.  The spatial (UPS, DNS, Outfall) percentile box plots for the dry
weather resulls are shown in Figures 3-21 through 3-23. No box plots were prepared for
dry weather Salmonella results as most of these datasets were statistically insignificant
(i.e., non-detect frequency >80%). For dry weather results, the box plots again show
concentrations increasing downstream, except for P. geruginosa at Stickney and
Calumet, and Enrerococcus at Calumet. P, ceruginosa percentile results are highly
influenced by non-detect results, therefore downstream increases can not be seen in these
box plots; geometric mean values (generated using the maximum likelihood method) are

better indicators of this trend for significantly censored datasets.

For dry weather resulls, the box plots demonstrate a modest spread of the concentration
data around the median (around 1 log between the I* and 3™ quartiles), as well as the
occasionally significant skewedness (in log space) of these results (as indicated by the
refative box and whisker heights above and below the median values)., Moreover, all the
box plots consistently show that downstream concentrations exhibit less variability than

upstream concentrations.
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An examination of the spatial variability of the wet weather data did not reveal any
discernable trends. Therefore, the box plots were used to evaluate any temporal trends
that may be attributable to the different weather conditions and the occurrence or non-
occurrence of discharges from the pumping stations. The percentile temporal box plots
for the wet weather results are shown in Figures 3-24 through 3-26. These figures
illustrate the central tendencies and varisbilities at the various bacteria data sets as a
function of time. Each box indicates the 25", 50" and 75" percentile values of the
logarithmic bacteria concentrations at each WRP (including UPS, DNS, and Outfall

concentrations).

The plots indicate that the occurrence of pumping station: discharges resulted in elevated
concentrations of bacteria in the Stickney and Calumet waterway, except for Salmonella.
The occurrence of pumping station discharges took place on 10 June 2006 and 3 August
2006 at RAPS, near the Stickney WRP and on 29 August 2006 at the 125" Street
Pumping Station near the Calumet WRP. The NBPS discharged on 26 June 2006 and 3
August 2006, but not on 23 September 2006. The large variability of the North Side

bacteria results is probably masking the effect of the pumping station discharge.

3.2 Protozoa Analytical Results

Dry and wet weather samples were analyzed for the presence of Cryptfosporidium oocysts
and Giardia cysts using EPA Method 1623 or a modified version for wastewater samples.
In addition, a portion of cach sample was analyzed for the presence of infectious oocysts
and viable cysts using cell culture techniques and vital dyes, respectively. The following

sections discuss enumeration and viability results for Cryptosporidium and Giardia.

3.2.1 Enumeration Results

Dry weather enumeration results from samples collected at the North Side facility are
presented in Table 3-3a. Giardia cysts (cysts) were detected in all outfall samples with
concentrations ranging from 0.6 to 4.6/L. Cysts were detected in all downstream samples
with the exception of those collected 8/18/05. Cyst concentrations in the downstream

samples ranged from 0.3 to 3/L. Cysts were delected in four (4) of 10 upstream samples
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at concentrations ranging {rom 0.2 o 3.6/L. Cryptosporidium oocysts (0ocysts) were
detected in three (3) of five (5) outfall samples, one (1) of 10 upstream samples and six
(6) of 10 downstream samples. Oocyst concentrations ranged from 0.1 to 1.0/L in

downstream samples where they were detected.

Dry weather enumeration results for samples collected at the Stickney plant are presented
in Table 3-3b. Cysts were detected in all outfall samples analyzed from the Stickney
plant with concentrations ranging from 0.4 to 4.9/L. Cysts were not detected in the
upstream samples collected on 8/1/05. Cysts were detected in the upstream samples
collected in the last four sampling events at concentrations ranging from 0.1 to 0.3/L
when detected. Cyst concentrations in the downsticam samples ranged from 0.2 to 1.1/L
when detected, Cysts were not detected in two (2) of 10 downstream samples analyzed.
Cysts were detected in all samples (upstream, downstream and outfall) collected at the
Stickney plant on 8/24/05. Cryprosporidium oocysts were detected in three (3) of five (5)
outfall samples analyzed at concentrations ranging from 0.1 to 0.6/L. Oocysts were
detected in only one upstream sample (of 10 analyzed) at 0.3 cocysts/L, and in three (3)

of 10 downstream samples analyzed at concentrations ranging from 0.2 10 0.5 ococysts/L.

Dry weather enumeration results for samples collected at the Calumet waterway and
outfall are presented in Table 3-3¢. Giardia cysts were detected in four (4) of tive (5)
outfall samples collected at the Calumet WRP. Where cysts were deiected, the
concentrations ranged from 0.6 1o 2.2/L in the outfall samples. Cysts were not detected
in any of the upstream samples. In downstream samples cyst concentrations ranged from
0.3 to 0.6 cysts/L,, when detected. Cryprosporidium oocysts were detected in one (1) of
five (5) outfall samples at a concentration of 0.4 oocysts/L.. Oocysts were not detected in
any of the samples collected in the first three sampling rounds. No oocysts were detected
in the upstream samples collected on 8/23/05, but were present in the downstream
samples collected that day at a concentration of 0.2 ococysts/L. For samples collected on
8/30/05, oocysts were detected in the upstream surface and in both (surface and 1-meter
depth)y downstream samples. Qocyst concentrations in these samples ranged from 0.3 to
0.5 oocysts/l.. No oocysts or cysts were detected in the samples received that exhibited

signs of freezing (collected on &/2/03).
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Wet weather enumeration results from samples collected at the North Side designated
locations are presented in Table 3-3d. The results indicate that the concentrations of
Cryptosporidium oocysts ranged from <0.2 to 1.6 oocysts/L. The MS sample at this
location contained Cryptosporidium oocysts ranging from 0.8 to 3 oocysts/L. The
concentrations of Giardia cysts ranged from <0.3 t0 49.5 cysts/L. The MS sample at this
location contained Giardia cysts ranging from 5.3 to 48.9 cysts /L. Sections 2.3.2.3 and

2.4.3.1 provide details on the analysis of the MS samples.

Wet weather enumeration results from samples collected at the Stickney designated
locations are presented in Table 3-3e. The results indicate that the concentrations of
Cryptosporidium oocysts ranged from <0.2 to 0.8 oocysts/L. The MS sample at this
focation contained Cryptosporidium oocysts ranging from 3 to 25 oocysts/l.. The
concentrations of Giardia cysts ranged from <0.2 to 5.4 cysts/L. The MS sample at this
location contained Giardia cysts ranging from 7 to 53 cysts/L.  Sections 2.3.2.3 and

2.4.3.1 provide details on the analysis of the MS samples.

Wet weather enumeration results from samples collected at the Calumet designated
locations are presented in Table 3-3f. The results indicate that the concentrations of
Cryptosporidium oocysts ranged from <0.2 to 6.3 oocysts/L. No MS sample was
collected at the Calumet waterway. The concentrations of Giardia cysts ranged from
<0.2 to 8.5 cysts/L.

Overall, the concentrations of Cryptosporidium oocysts and Giardia cysts were greater
during wet weather compared to dry weather sampling. Also, the frequency of detection

was grealer.

3.2.2  Detection of Infectious Cryprosporidinm Oocysts Using Cell Culture

This section describes the procedure that was used to determine infectious
Cryptosporidium oocysts i the samples collected in this study. Control Cryptosporidium
p&rvum (C. parvum) oocysts obtained from Waterborne, Inc. were inoculated to confluent
monolayers of human ileocaecal adenocarcinoma (HCT-8) cells at concentrations ranging

from O to approximately 10° oocysts. The oocyst age at the time of inoculation ranged
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from 3 to 40 days old (post shedding) and demonstrated infection rates starting at 3.2%
and dropping to 0.6% as the oocysts aged in the positive controls analyzed. It has been
reported that freshly purified oocysts inoculated to monolayers of HCTE cells routinely
demonstrate infection rates of less than 10% when fresh (< 1 week) and decline rapidly
within 1 month of age (Rochelle et al., 2001), Method blanks and heat-inactivated
controls yielded no infections. One to two infectious foci were detected in three (3) of
four (4) seeded OPR samples and two (2) of four {4) seeded MS samples. The theoretical
number of Cryptosporidium oocysts applied to monolayers for these samples ranged {rom
160 to 172 oocysts, and based on infection rates obtained in these trials one would expect
to find O to 5 infectious foci, For dry weather samples, no infectious oocysts were

detected in the portions of cach unseeded sample analyzed.

Similarly, for wet weather samples, no infectious Cryprosporidium oocysts were detected
in the field samples analyzed with one exception: Calumet-DNS-WW-58-082406 had 1
infectious foci. Also, a total of 3 infectious foci were detected in the 26 June 2006 MS
sample from the North Side (North Side-DNS-WW-37-062606-MS).  Five (5)
subsamples of the MS sample were analyzed. Only two {2) of the five (5) subsamples
contained infectious oocysts; one subsample contained two (2) and the other contained
one (1) infectious oocyst. However, none of the samples collected at the North Side

waterway on the same date contained infectious oocysts.

Overall, the combined wet and dry weather percentage of infectious foct is estimated to
be approximately 2.4% (3 of 125 samples {75 dry weather and 50 wet weather samples]

contained foci).

3.2.3 Grardiz Viability Results

The inclusion, or exclusion, of the fluorogenic dyes in these protozoa may indicate the
integrity of the cell wall and therefore, its viability. Inclusion of propidium iodide (PI) in
Giardia muris cysts was reported by Schupp and Erlandsen (1987) to indicate non-viable
cysts. To demonstrate the cysts were not viable, 14 to 21 day old mice were infected with
P1 positive cysts at levels of § x 10° cysts per mouse and 5 x 10* cysts per mouse. After

11 days no infections were noted in the animals. Conversely, cysts that were fluorescein
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diacetate (FDA) positive were capable of causing Giardiasis in 100% of the mice
infected at seeding levels of 1 x 107 cysts per mouse. Smith and Smith (1989) reported
that the FDA consistently overestimated cyst viability in human isolates of Giardia
intestinalis while P! under-estimated non-viable cysts when compared to in vitro
excystation. One of the human isolates could not be stained with either FDA or PL. The
authors did conclude that PI could be used to determine the tower limit of non-viability in

environmental samples where low numbers of cysts are expected.

Thiriat et al. (1998) reported using 4°,6’-diamidino-2-phenylindole (DAPI/PI to assess
viability of cysts recovered in Giardia positive stool samples from humans and sewage.
When the authors compared FDA/PI, DAPI/PI and eosin exclusion, the FDA/PI and eosin
exclusion procedures seemed o over-estimate cyst viability. These findings are similar to
those reported by Smith and Smith (198%9) and Kasprzak and Majewska (1983),
respectively. CEC used the DAPI/PI method for determining cyst viability for these

environmental samples.

Giardia cysts were detected using FITC-mAb and were then examined for DAPI
characteristics and were scored as DAPI positive or negative {see the CEC repoits in
Appendices C-1 and C-2). DAPI positive Giardia cysts may contain 0 to 4 sky blue
nuclei or diffuse staining of the nuclei or cytoplasmic staining, while cysts exhibiting no
internal staining are scored as DAPI negative. Cysts were then examined for inclusion of
Pl and were scored as P1 positive or Pl negative. Internal morphology of each cyst was
examined using Normarski optics. Cysts exhibiting good morphology had a smooth
appearance and were refractive and the cytoplasm had not pulled away from the cell wall.
Internal features such as axonemes, median bodies, ventral disks or nuclei may be
discernable in these organisms. Cysts exhibiting poor morphology were slightly to very
grainy in appearance or the contents of the cell were shrunken and pulled away from the
cell wall. Internal structures were sometime evident in these organisms. Cysts scored as
empty exhibited excellent fluorescence with FITC-mAb, were DAPI negative, and had no
internal cell contents. However, the thickness of the cell wall was examined to make a
determination of identification. Most algal cells have much thicker ccll walls and are

easily ruled out as being Giardia cysts.
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Also, PI staining is not a consistent measure of cyst viability. Sauch ef al. (1991), state
that the PI procedure is not satisfactory for determining viability of Giardia muris cysts.
In addition, it must be noted that it is common to observe empty cysts that do not take up
the PI stain. The method for determination of viability of Giardia cysts has not been
validated, therefore the results must be considered as a further characterization of Giardia

by this staining method.

For dry weather, most Giardia cysts found in the samples at all sites were PI positive
indicating non-viability. Outfall samples at the North Side (see Table 3-4a) and Stickney
(see Table 3-4b) WRPs contained a higher level of viable cysts compared to Calumet (see
Table 3-4¢). Viable cysts were also found in downstream samples at the North Side (see
Table 3-4a) and Stickney (see Table 3-4b) waterways. While levels of potentially viable
Giardia cysts may pose a public health risk, it is important to note that not all viable

organisms are capable of causing infection,
The average dry weather percentage of viable Giardia cysts found in each waterway
segment, including outfall and in-stream concentrations, is provided below:

o Calumet: Giardia viability=10%

o Stickney: Giardia viability=21%

¢ North Side: Giardia viability=26%
The average dry weather percentage of viable Giardia cysts found in the outfall only of
cach WRP is provided below:

o Calumet Outfall: Giardia viability=10%

» Stickney Outfall: Giardia viability=47%

¢ North Side Outfall: Giardia viability=51%

Wet weather samples contained viable Giardia cysts at each waterway (see Tables 3-4d
through 3-4f). Viable cysts were also found in upstream samples at Nosth Side (see

Table 3-44) and Stickney (sce Table 3-4¢) WRPs,
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The average wet weather percentage of viable Giardia cysts found in each waterway
segment, including outfall and in-stteam concentrations, are provided below:

e Calumet: Giardia viability=10%

e Stickney: Giardia viability=47%

» North Side: Giardia viability=49%
The average wet weather percentage of viable Giardia cysts found in the outfall oniy of
cach WRP is provided below:

o Calumet Outfall: Giardia viability=10%

o Stickney Outfall: Giardia viability=50%

» North Side Outfall: Giardia viability=42%

These resuits indicate that the Calumet waterway under both dry and wet weather
contained the smallest percentage (10%) of viable Giardia cysts compared to Stickney
and North Side,

3.3 Virus Analytical Results

Enteric virus samples were analyzed for: i) total culturable viruses using the method
described in the ICR Microbial Laboratory Manual, EPA 600/R-95/178; and ii)
adenovirus and Calicivirus. Adenovirus and Calicivirus were determined using UA
SOPs. There are no published assays for viable Calicivirus. The method involves a PCR
assay that estimates the virus concentration, but does not determine or confirm viability.
The infectivity of the virus cannot be determined by the PCR method. Therefore, the
number of genomes in a volume of water was determined using the most probable
number (MPN) method, The virus concentration was estimated by recording the
presence of the viral genomes, but does not determine or confirm viability. Calicivirus is
a family of human and animal viruses. TFor this risk assessment it was assumed that

Cualicivirus refers to human Caliciviruses, specifically the genus norovirus.
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Adenovirus and norovirus samples were sent as concentrates to the Environmental
Virology Laboratory, Department of Soil, Water and Environmental Science at the UA

from HML and received by Pat Gundy, laboratory director of cell culture,

Assay on the PCL/PRF/S cell line was done because adenoviruses will grow in this cell
line. Adenoviruses are believed to be more comnion in sewage than enteroviruses, and
have been a causc of recreational waterborne iilness. Adenoviruses do not produce
cytopathogenic effects (CPE) in the BGM cell line, thus the need to use another cell line
to assess their occurrence. Since enleroviruses and other enteric virases can grow in
PCL/PRF/S cells, PCR was used to confirm the presence of adenoviruses in the cell

culture in which CPE was observed,

Norovirus detection was done by RT-PCR (reverse transcriptase polymerase chain
reaction) since it is an RNA virus. Adenovirus is a DNA virus so only PCR is needed for
its detection. While PCR cannot be used to determine the infectivity of the virus, the
number of genomes in a volume of water can be estimated by using the most probable
number (MPN) method. Generally, the ratio of genomes {virions) to cell culture

infectivity units is 1:100 to 1:46,000 (Ward et al. 1984; Gerba personal observations).

3.3.1 Enteric Virases

HML analyzed the culturable enteric virus samples using the EPA (1996) method in
EPA/600/4-84/013(014) (see Section 2.4). The laboratory analytical report is included in
Appendix B. Tables 3-5a through 3-5¢ present a summary of the dry weather total
enteric virus analytical results for the North Side, Stickney and Calumet WRPs. Tables
3-5d through 3-5f present a summary of the wet weather total enteric virus analytical
results for the North Side, Stickney and Calumet WRPs, respectively. Tables 3-9 and 3-
10 summarize the percentage of dry and wel weather samples, respectively with virus

detections and the range of concentrations detected.

The dry weather results indicate that a relatively small number of samples (17 of 75
samples or 23%) had detectable concentrations of enteric viruses (see Table 3-9). Eight

(8) of 25 dry weather samples (29%}) upstream, downstream and at the outfall of the
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North Side WRP had detectable enteric virus concentrations. The detectable
concentrations upstrecam ranged from (.04 to 3.25 MPN/IOOL., The detectable
concentrations downstream ranged from 2.12 to 16,07 MPN/100L. The outfall
concentrations ranged from 1.72 MPN/100L to 24.73 MPN/1C0L.

Six (6) of 25 dry weather samples (24%j) upstream and downstream of the Stickney WRP
had detectable virus concentrations (see Table 3-9). The detectable concentrations
upstream ranged from 1.03 to 3.25 MPN/i00L. The detectable concentrations
downstream ranged from 1.02 to 1.03 MPN/10OOL. There were no detectable viruses at

the outfall.

Only three (3) of 25 dry weather samples (12%), one at each upstream, downstream and
outfail location of the Calumet WRP had detectable concentrations of viruses (see Table
3-9). The upstream concentration was 1.04 MPN/100L; the downstream concentration
was 1.04 MPN/I00L; the outfall concentration was 1,28 MPN/10Q0L.

During the North Side wet weather sampling, 11 of 16 samples (65%) had detectable
enteric virus concentrations (see Table 3-10). The detectable concentrations upstream
ranged from 1 (o 12 MPN/100OL. The deteclable downstream concentrations ranged from
I to 28 MPN/100L. Only one (1) wet weather outfall concentration was collected at the
North Side WRP that had an enteric virus concentration 1MPN/I0OL. Due to safety
concerns, the discharge of the NBPS was sampled at the nearest downstream location:

North Side-DNS-WW-37 and had only one detection of 1| MPN/1001..

During the Stickney wet weather sampling, 14 of 16 samples (88%) had detectable
enteric virus concentrations (see Table 3-10). The detectable concentrations upstream
ranged from 2 to 28 MPN/100L., The detectable downstream concentrations ranged from
I to 9 MPN/10OL. Only one (1) wet weather outfall sample was collected at the Stickney
WRP that had an enteric virus concentration of 10 MPN/IOOL. Al three (3) RAPS
samples had detectable concentrations of total enteric viruses ranging between I and 63
MPN/I00L. The highest concentration of 63 MPN/IOOL was detected during the 3
August 2006 sampling event when RAPS discharged 655 MG in 14 hours and 35 minutes

of operation.
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During the Calumet wel weather sampling, 14 of 18 samples (77%) had detectable enteric
virus concentrations (see Table 3-10). The detectable concentrations upstream ranged
from | to 9 MPN/100L. The detectable downstream concentrations ranged from 1 to 85
MPN/100L. Two (2) of the three (3) wet weather outfall samples collected at the
Calumet WRP had detectable enteric virus concentrations ranging from 10 to 32
MPN/1C0L.

Table 3-11 presents a comparison between dry and wet weather percentage of virus
sample detections. The results indicate that the percentage of enteric virus detections
during wet weather were greater than the dry weather detections. The percentage of
enteric virus detections at the North Side waterway segment increased from 29% during
dry weather to 69% during wet weather. The percentage of virus detections at the
Stickney waterway segment increased from 24% during dry weather to 88% during wet
weather. The percentage of eateric virus detections at the Calumet waterway segment
increased from 12% during dry weather to 77% during wet weather. In addition, the
concentrations detected during wet weather sampling are generally greater than the dry

weather concentrations,

3.3.2 Adenovirus

Table 3-6 presents a summary of the culturable virus and adenovirus dry weather
analytical results. Table 3-8 summarizes the wet weather culturable virus and adenovirus

analytical results.

Of 75 dry weather samples, 42 or 56% demonstrated the presence of detectable virus by
assay in the PCL/PRF/5 cell line. Of 42 samples that were cell culture positive,
adenoviruses were detected in 31 or about 74% of the samples by PCR. Enteroviruses or
other enteric viruses were probably responsible for the observed CPE in the other
samples or the CPE of other viruses could have masked the presence of adenoviruses i.e.

the other enteric viruses were in higher concentrations,

During the North Side dry weather sampling, 12 of 25 samples (48%) had detectable

adenovirus viras concentrations (see Tables 3-6 and 3-9). The detectable concentrations
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upstrearn ranged from 1.5 to 2.94 MPN/100L. The detectable downstream concentrations
ranged from 5.03 to 27.6 MPN/100L. The outfall concentrations ranged from 45.1 to 256
MPN/100L..

During the Stickney dry weather sampling, 13 of 25 samples (52%) had detectable
adenovirus concentrations (see Tables 3-6 and 3-9). The detectable concentrations
upstream ranged from 11 to 117 MPN/IOOL. The detectable downstream concentrations
ranged from 1.39 to 112 MPN/10OL.. The detectable outfall concentrations ranged from
7.99 10 36.9 MPN/100L.

During the Calumet dry weather sampling, six (6) of 25 samples (24%) had detectable
adenovirus concentrations (see Tables 3-6 and 3-9). There were no detectable
concentrations upstrearn of the Calumet WRP. The detectable downstream
concentrations ranged from 1.31 MPN/100OL to 3.35 MPN/I00L. The outfall
concentrations ranged from 7.52 to 15.5 MPN/I0Q0L.

Of 50 wet weather samples, 42 or 84% demonstrated the presence of infectious virus by
assay in the PCL/PRF/S cell line and had adenoviruses confirmed by PCR. Enteroviruses
or other enteric viruses were probably responsible for the observed CPE in the other
samples or the CPE of other viruses could have masked the presence of adenoviruses i.e.

the other enteric viruses were in higher concentrations.

During the Nortk Side wet weather sampling, 14 of 16 samples (88%) had detectable
adenovirus concentrations {see Tables 3-8 and 3-10). The detectable concentrations
upstrcam  ranged from 207 to 2,890 MPN/100L. The deteclable downstream
concentrations ranged from 105 to 2,870 MPN/100L. Only one (1) wet weather outfall
sample was collected at the North Side WRP that had an adenovirus concentration of
12IMPN/100L. Several of the upstream and downstream locations had concentrations
greater than the outfall. Due to safety concerns, the discharge of NBPS was sampled at
the neatest downstream location: North Side-DNS-WW-37 that had concentrations
ranging from 66.7 to 199 MPN/1G0L.
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During the Stickney wet weather sampling, 15 of 16 samples (94%) had detectable
adenovirus concentrations (see Tables 3-8 and 3-10). The detectable concentrations
upstream ranged from 3.5 to 1,280 MPN/100L.. The detectable downstream
concentrations ranged from 4.37 to 1,180 MPN/100L. Oniy one wet weather outfall
sample was collected at the Stickney WRP that had an adenovirus concentration 1,308
MPN/100L. Al three (3) RAPS samples had detectable concentrations of adenovirus
ranging between 49.7 and 1,560 MPN/IOOL. The highest adenovirus concentration of
1,560 MPN/IOOL was detected during the 3 August 2006 sampling event when RAPS

discharged 655 MG in 14 hours and 55 minutes of operation.

During the Calumet wet weather sampling, 13 of 18 samples (72%) had detectable
adenovirus concentrations (see Tables 3-8 and 3-10). There was only one (1) detectable
concentration upstream of 14.7 MPN/10OL. The detectable downstream concentrations
ranged from 6.24 MPN/100L to >3,277 MPN/IOOL. All three (3) wel weather outfall
samples collected at the Calumet WRP had detectable adenovirus concentrations ranging
from 10 to 355 MPN/100L.,

Table 3-11 presents a comparison between dry and wet weather percentage of virus
sample deiections. The resulls indicate that the percentage of adenovirus detections
during wet weather were greater than the dry weather detections. The percentage of
adenovirus detections at the North Side waterway segment increased from 48% during
dry weather to 87.5% during wet weather. The percentage of adenovirus detections at the
Stickney waterway segment increased from 52% during dry weather to 94% during wet
weather., The percentage of adenovirus detections at the Calumet waterway segment
increased from 24% during dry weather to 72% during wet weather. In addition, the
concentrations detected during wet weather sampling are generally greater than the dry

weather concentrations.

3.3.3  Cadicivirus (Norovirusj

In the absence of cell culture methods, the norovirus concentrations were estimated by
the RT-PCR method. However, several limiting factors need to be considered in the use

of RT-PCR results. First, the detection of viral genomes in water by standard RT-PCR

Final Wetdry-April 2008 52



Geosyntec®

consultants
methods does not provide information about the infectivity of the viruses in question,
which mmpedes a meaningful health risk evaluation when high-virus concentrations are
obtained in samples. Second, the high sensitivity of RT-PCR for routine monitoring of
norovirus has not been validated and standardized to demonstrate the reliability,

sensitivity, and accuracy of the technigue.

Table 3-7 presents a summary of the dry weather Calicivirus or norovirus analytical
resuits. Table 3-8 summarizes the wet weather Calicivirus or norovirus analytical results.
During dry weather, norovirus was only detected in § samples or about 7% of the 75
samples. During the North Side dry weather sampling, only one outfall sample (1 of 25
samples [4%]) had a detectable norovirus concentration of 35,000 PCR MPN/LOOL (see
Tables 3-7 and 3-9). The greatest concentration was observed in an outfall sample at the
North Side WRP (North Side Outfall-80405). The greater concentration of Calicivirus or
norovirus observed in this sample may be due 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 sampies with MPN assays,
this sample was the only one that had a positive result in the highest dilution. The
combination of these factors could have resulted in the relatively high MPN value of this
sample. Therefore, the high Calicivirus concentration in the subject sample is likely an

artifact of these factors and it appears to be an outlier.

During the Stickney dry weather sampling, three (3) of 23 samples (12%) had detectable
norovirks concentrations (see Tables 3-7 and 3-9). The detectable concentrations
upstream ranged from 181 to 511 PCR MPN/100L. There was only one (1) detectable
downstream concentration of 176 PCR MPN/100L. During the dry weather sampling,

the Stickney WRP outfall did not have any detectable norovirus concentrations.

During the Calumet dry weather sampling, only one (1) outfall sample (one [1] of 25
samples [4%]) had a detectable norovirus concentration of 781 PCR MPN/100L (see
Tables 3-7 and 3-9). Norovirus infection is most commmon in the winter and that may

explain the low concentration of norovirus observed in this study (Gerba, 2006).

Final Wetdry-April 2008 33



Geosyntec®

consultants
During wet weather, Calicivirus or norovirus were only detected in 20 samples or 40% of
the 50 samples. The greatest concentration of norovirus was observed at RAPS upstream
of the Stickney WRP, During the North Side wet weather sampling, seven (7) of 16
samples (44%) had detectable norovirus concentrations (see Tables 3-8 and 3-10). There
were no detectable concentrations of norovirus upstream of the North Side WRP. The
detectable downstream concentrations ranged from 66.9 to 3,930 PCR MPN/100L. Only
one (1) wet weather outfall sample was collected at the North Side WRP; it did pot have
a detectable norovirus concentration, Therefore, the concentrations of norovirus
downstream of the WRP may be attributable to sources other than the outfall. Due to
safety concerns, the discharge of the North Branch Pumping Station was sampled at the
nearest downstream location: North Side-DNS-WW-.37 that had one detectable
concentration of 99.1 PCR MPN/100L, during the 3 August 2007 wet weather sampling
event. The pumping station discharged a large volume of wastewater of about 115 MG in

11 hours and 15 minutes, between 2 and 3 August 2006.

During the Stickney wet weather sampling, 10 of 16 samples (63%) had detectable
noxbvirus concentrations (see Tables 3-8 and 3-10). The detectable concentrations
upstream ranged from 582 to 1,150 PCR MPN/100L. The detectable downstream
concentrations ranged from 60 to 1,930 PCR MPN/IO0L. Only one (1) wet weather
outfall sample was collected at the Stickney WRP, which had a norovirus concentration
of 682 PCR MPN/IOOL. Two (2) of the three (3) RAPS samples had detectable
concentrations of norovirus ranging between 2,590 and 5,700 PCR MPN/100L. The
highest concentration of 5,700 PCR MPN/100L was detected during the 10 June 2006
sampling event when RAPS discharged 238 MG in 7 hours and 25 minutes.

During the Calumet wet weather sampling, three (3) of 18 samples (17%) had detectable
norovirus concentrations (see Tables 3-8 and 3-10). There were no detectable norovirus
concentrations upstream of the WRP. There was only one (1) detectable downstream
concentration of 85.3 PCRMPN/100L. during the 29 August 2006 sampling event. Two
(2) of the three (3) wet weather outfall samples collected at the Calumet WRP had

detectable norovirus concentrations ranging from 337 to 651 PCR MPN/100L.
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Table 3-11 presents a comparison between dry and wet weather percentage of virus
sample detections. The results indicate that the percentage of norovirus detections during
wet weather were greater than the dry weather detections. The percentage of adenovirus
detections at the North Side waterway segment increased from 4% during dry weather to
44% during wet weather, The percentage of adenovirus detections at the Stickney
waterway segment increased from 12% during dry weather to 63% during wet weather,
The percentage of norovirus detections at the Calumet waterway segment incieased from
4% during dry weather to 17% during wet weather. In addition, the concentrations
detected during wet weather sampling are gencrally greater than the dry weather

concentralions.
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Table 3-1b. Summary of the Dry Weather Stickney Bacteria Results-Continued

**Note of Deviation:

The dilutions for the Pseudomonas aeruginosa testing began at dilutions which did not yield desirable results; the minimum detection
- limit was too high or plates were overgrown with other competing bacteria and mold growth. Therefore, the dilutions were ultimately
changed to 100 mL, 10 mL, and 1 mL of sample to accommodate. These dilutions are implemented from this point forward for the
Stickney sampling location.

Stickney-82405

Test UPS-1Meter UPS-Susface DNS-1Meter DNS-Surface Cuifall
P.aeruginosa . 1,500cfi/100mL® 700 cfu/100mL® 600 cfu/100mL"® 270 cfu/100mL 14,600 cfu/100mL
E. coli 3,000 cf/I00mL ® 2,000 cfw100mL® 17,000 cfa/100mL ® 19,000 cfu/100mL *® 34,000 cfu/100mL
Enterocoeci 32 cfw/100mL F 44 cfu/100ml 490 cfu/10mL 550 ¢fu/100mL 1,010 cfu/100mL. ®
Salmonella <1 MPN/100ml. <] MPN/100OmL <] MPN/100mL. <1 MPN/100mL <1 MPN/100mi.
Fecal Coliform 2.000 cfu/100mL * 7,000 cfa/100mL ® 47,000 cfu/10GmL 42 000 cfu/100mi 33,000 cfu/T00mL
#*Note of Deviation:

The dilutions for the Salmonelia testing began at 100 mL, 10 mL, and 1 mL of sample in a series of five each. Changes to the
dilutions were made at the request of Geosyntec Consultants. The dilutions were changed to 1 L and 100 mL of sample in a series of
five each and are implemented from this point forward for the Stickney sampling location.

Stickney-83105

Test BPS-iMeter UPS-Surface DNS-1Meter DNS-Surface Qutfall

P. aeruginosa 140 cfu/100mL 10 cfu/100mL 200 cfu/100mE. " 100 cfu/100mL. * 3,700 ¢cfu/100mL*
E. coli 10 cfu/100mL * 40 c¢fu/100mL * 8.000 ch/100mL * 8,000 cfu/100mL * 21,000 cfu/100mL
Enterococci 2 cfu/100mL ® 4 cfu/100mL ® 480 cfu/100mL 280 cf/100mL 5,000 cfw/100mL *
Saimonella <1 MPN/IL <1 MPN/IL 0.62 MPN/IL <1 MPN/IL <1 MPN/IL

Fecal Coliform 2,000 cfu/100ml. * 196 cfu/100mL. * 23,000 cfu/100mL. 22,000 cfu/100mL 45,000 cfa/100mL

*E _ Indicates the reported value is an Estimated Count. The number of colonies counted did not fall into the recommended lmits of 20-80 cfu / filter
for E. coli and 20-60 cfu / filter for Fecal Coliform and Enterococci. For Pseudomonas aeruginosa it indicates mold interference, or one of the dilutions
did not confirm.



North Side-72805
Test

P. aeruginosa
E. coli
Enterococci
Salmonella
Fecal Coliform

North Side-80405
Test

P. aeruginosa
E. coli
Enterococct
Salmonefla
Fecal Coliform

North Side-81805
Test

P. aeruginosa
E. coli
Enterococci
Salmonella
Fecal Coliform

Table 3-1a. Summary of the Dry Weather North Side Bacteria Results

LPS-1Meter

200 cfu/100mL
200 ¢fu/100mL
80 cfu/100mL
<] MPN/100mL
910 cfu/100mL *

UPS-IMeter

<100 cfu/100mL
630 cfu/100mL

82 cf/100mL

<1 MPN/100mL
3,000 cfw/100mL ®

UPS-1Meter

600 cfu/100mL ®
20 cfe/1G0mL ®
104 cfu/100mL
<1 MPN/100mL
50 cfu/100mL &

UPS-Surface

300 cfu/100mL
70 cfu/100mL *
40 cfu/100mL

<1 MPN/100:mL
970 cfu/100mL &

LPS-Surface

40 cfw/100mL

40 efw/100mL *
28 cfu/100mL &
<1 MPN/100mL
30 cfu/100mL B

700 cfu/100mL ¥
710 cfa/100mL
126 cfu/100mL ®
<1 MPN/100mL
1,000 cfu/100mL ®

DNS-1Meter

1,600 cfu/100mlL
20,000 ¢fu/106mL
570 cfu/100mL.

< IMPN/100mE.
37,000 ¢fu/106mlL

DNS-1Meter

70 cfu/100mL E
26,000 cfu/100mL
1,000 cfu/100mL ®
<1 MPN/100mL
50,000 cfu/100mL.

DNS-1Meter

1,800 cfu/100mL &
6,000 cfu/100mL ©
4,000 cfu/100mL. &
<1 MPN/100mL
16,000 cfuw/100mL. *

DNS-Surface

3,000 cfu/100mL
14,000 cfu/100mL ®
640 cfa/100mL ®
<1 MPN/100mL
52,000 cfu/100mL

DNS-Surface

10 cfi/ 100mL
13,000 cfu/100mL &
1,680 cfu/100mL *
<1 MPN/100mL
37,000 cfu/100ml.

DNS-Surface

600 cfu/100mL ©
21,000 cfu/100mL
[,140 cfu/100mL F
0.9 MPN/100mL
41,000 cfa/100mL

Quifall

3,600 cfu/100mL
31,000 cfu/100mL
1,950 cfu/100mL B
<1 MPN/100mL
28 000 cf/100mL

Outfall

400 cfu/100mL E
16,000 cfu/100mL ©
1,000 cfu/100mL ®
<1 MPN/10OmL
53,000 cfu/100mL

Outfall

700 cfuf100mL &
30,000 cfu/100mL
6,000 cfu/100mL &
<1 MPN/100mL
45 000 cfi/ 100mL.



Table 3-1a. Summary of the Dry Weather North Side Bacteria Results-Continued

**Note of Deviation:

The dilutions for the Pserdomonas aeruginosa testing began at dilutions which did not yield desirable results; the minimum detection
Jimit was too high or plates were overgrown with other competing bacteria and mold growth. Therefore, the dilutions were ultimately
changed to 100 mL, 10 mL, and I mL of sample to accommodate. These dilutions are implemented from this point forward for the
North Side sampling iocation.

North Side-82505

Test UPS-1Meter UPS-Surface DNS-1Meter DNS-Surface Outfall

P. aeruginosa 500 cfu/100mL 5 2,500 cfu/100mL¥ 700 cfu/100mL 700 cfu/ 100 © 900 cfu/100mL *
E. coli 7,000 cfu/160mL* 220 cfu/100mL 8,000 cf/100mL * 50,000 cfu/100mL 32,000 cfu/100mL
Enterococci 146 cfa/100mL ® 62 cfu/100mL 1.010 cfu/100mL * 380 efu/ 100mL 740 cf/100mL ®
Salmonella <] MPN/10OmL <1 MPN/100rmL. 2.2 MPN/100mL 1.3 MPN/100mL <] MPN/100mL
Fecal Coliform 6,000 cfu/100mL. * 4010 cfu/100mL Y 26,000 cfu/100mL 45000 cfu/100mL 44,000 cfu/100mL

#*Note of Deviation:

The dilutions for the Salmonella testing began at 100 mL, 10 mL, and | mL of sample in a series of five each. Changes to the
dilutions were made at the request of Geosyntec Consultants. The dilutions were changed to 1 1. and 100 mL of sample in a series of
five each and are implemented from this point forward for the Northside sampling location.

North Sides-90105

Test UPS-1Meter UPS-Surface DNS-1Meter DNS-Surface QOutfall

P. aeruginosa 27,700 cfu/100mL ® 15,800 cfu/100mL ® 11,800 cfu/100mL*® 4,700 cfw/100mL ® 1,700 cfu/100mL. *
E. coli 2,000 cfu/100mb. * 150 cfu/100mL ® 32.000 cfu/100mL 6,000 cfu/100mL ® 27,000 cfu/100mL
Enterococci 24 cfa/100m1. ® 22 cfu/100mL © 810 cfw/100mL ® 810 cfu/100mL ® 920 cfu/100mL *
Salmonella <1 MPN/IL <1 MPN/IL <1 MPN/IL 2.1 MPN/IL 1.7 MPN/IL

Fecal Coliform 790 cfu/100mI. 450 cfu/100mi. 33,000 cfu/100mL 49,000 cfw/100mL 45,000 cfu/100mL

*E _ Indicates the reported value is an Estimated Count. The number of colonies counted did not fall into the recomimended limits of 20-80 cfu / filter
for E. coli and 20-60 cfu / filter for Fecal Coliform and Enterococci. For Pseudomonas aeruginosa it indicates mold interference or one of the ditutions
did not confirm.



Stickney-80105
Test

P. aeruginosa
E. coli
Enterococci
Saimonella
Fecal Coliform

Stickney-80303
Test

FP. aeruginosa
E_ coli
Enterococci
Salmonelila
Fecal Coliform

Stickney-81705
Test

P. aeruginosa
E. col
Enterococci
Salmonella
Fecal Coliform

Table 3-1b. Summary of the Dry Weather Stickney Bacteria Results

LPS-iMeter

<100 cfu/100mL
1,000 cfu/100mL *
36 cfu/100mL *

<1 MPN/100mL
430 cfu/100mL

UPS-1Meter

90 cfw/100mL
140 cfu/100mL ®
6 cfu/100mL ©
<1 MPN/100mL
550 ¢fu/100mL

DPS-1Meter

<10 cfu/100mL
1,000 cfu/100mL *
54 cfof100mL

<1 MPN/100mL
660 cfi/100mL *

UPS-Surface

100 cfu/ 160mL
550 cfu/100mi

40 cfuf100ml.

<] MPN/100mL
4,000 cfw/100mL ¥

UPS-Surface

580 cfu/100mL
<1,000 cfu/100mL ®
10 cfw/100mL B

<1 MPN/10OmL
790 cfu/100mL

UPS-Surface

<10 ofu/100ml
50 cfu/100mL E
6 cfu/100mL ®
<1 MPN/100mL
690 cfu/100mL *

DNS-1Meter

<100 cfu/100mE.
2.000 cfu/100mLE
28 cfu/100mL ¥

< IMPN/100mL
1.210 cfu/100mL ®

DNS-1Meter

<10 cfu/100mL
9,000 cfu/100mL &
68 cfu/100mL

1.38 MPN/100mL.
14,000 cfu/100mL ®

DNS-1Meter

<10 ¢fu/100mi.
36,000 cfu/100mL
204 cfu/100mL *
<] MPN/100OmL
32,000 cfu/100ml.

DNS-Surface

<100 cfa/100mL
3,000 cfu/100mL B
28 cfu/100mL &

<1 MPN/100mL
5,000 cfu/100mL *

20 efu/100mL
7,000 cfe/100mL ¥
34 cfu/100mL ©

<] MPN/100mL
22,000 cfu/100mL

DNS-Surface

<10 cfu/100mi.
13,000 cfu/100mL *
92 cfu/100mL

<1 MPN/100mL

45 000 cfu/100mL

Outfall

1,000 ofe/100mL.
14,000 cfu/100ml. B
2,530 ¢fu/100mL. ®
<1 MPN/100mb
32,000 cfu/100mL

Quifall

1,180 ¢fw/100mL
53,000 cfu/100mL
2,640 cfu/100mL &
<} MPN/100mL
50,000 cfu/100mL.

QOutfall

800 cfu/100mL. B
39,000 ¢fu100mL
980 cf/100mL ©
<1 MPN/100mL
240,000 cfu/160ml.



Calumet-72605
Test

P. aeruginosa
E. coli
Enterococct
Salmonella
Fecal Coliform

Calumet-80205
Yest

P. aeruginosa
E. coli
Enterococct
Salmonella
Fecal Coliform

Calumei-81605
Test

P.aeruginosa
E. coli
Enterococct
Salmonetla
Fecal Coliform

Table 3-1c. Summary of the Dry Weather Calumet Bacteria Results

LPS-1Meter

300 cfu/100mlL.
130 cfu/100mL ®
10 ofw/100mL &
<1 MPN/100mL
330 cfu/ 100ml

UPS-IMeter

<100 ¢fe/100mL
180 cfu/100mL *
32 ofw/100mL ¥
<1 MPN/1G0mL
210 cfu/100mL

30 ef/ 100mL
220 cfu/100mL
44 cfu/100mL
<1 MPN/100mL
50 cfw/100mL ®

UPS-Surface

200 cfu/100mL
110 cfu/100mL *
50 cfu/100mL ®
<1 MPN/100mL
60 cfuf/100mL ®

UPS-Surface

<100 cfu/100mL
170 cfu/100mL *
32 of/H00mL ®
<1 MPN/100ml.
320 cfu/100mL.

UPS-Surface

10 cfu/100mL

30 cfuw/100mL ®
160 cfu/100mL
<1 MPN/100mL
130 cfu/100mL ©

DNS-1Meter

<100 cfu/100mL.
1,000 ¢fu/100mL &
30 ¢fu/100mL ®

< IMPN/100mL
1,300 cfu/100mL *

DNS-1Meter

<100 cfu/100mL
1,600 cfu/100mL *
42 cfu/100miL.

< IMPN/100mL
890 cfu/100mL &

DNS-1Meter

160 cfu/100mL
1,680 cfu/100mE *
58 efu/160mi.
0.20 MPN/100mL
8,000 cfu/100mL ®

DNS-Surface

<100cfu/100mL
1,540 cfu/100mL ®
70 ofu/100mL ®
<1 MPN/100mL
4,000 cfu/100mL €

<100 cfu/100mL
£.480 cfu/100mL ®
42 cfu/100mL

<1 MPN/100mL
2,000 cfu/100mL *

DNS-Surface

440 cfa/100mL
1,000 cfu/100mL *
50 cfu/100mL

0.45 MPN/100mL

14,000 cfu/100mL ®

Quitfalt

<100 cfe/100mL
5,000 cfu/100mL ®
690 cfa/100mL ®
<1 MPN/100mL
22 000 cfu/100mL.

Outfall

<100 cfe/100mL
12,000 cfu/100mL *
1,700 cfu/100mL B
<1 MPN/100mL

45,000 cfu/100mL

Qutfall

300 cfu/100mL ®

29,000 cfu/100mL
1,470 cfu/100mL E
0.20 MPN/100mL.
41,000 cfu/100mL.



Table 3-Ic. Summary of the Dry Weather Calumet Bacteria Resuits-Continued

**Note of Deviation:

The dilutions for the Pseudomonas aeruginosa testing began at dilutions which did not yield desirable results; the minimura detection
limit was too high or plates were overgrown with other competing bacteria and mold growth. Therefore, the dilutions were ulitmately
changed to 100 mL, 10 mL, and [ mL of sample to accommodate. These dilutions are implemented from this point forward for the
Calumet sampling location.

Calumet-§2305

Test UPS-1Meter UPS-Surface DNS-1Meter DNS-Surface Outfall

P. aeruginosa <10 cfu/100mi. 90 cfw/100mL 20 cfu/100mL <10 cfu/100mL 9 cfu/100mb

E. coli 70 cfu/100mL 80 cfw/100mL * 4000 cf/100mL® 4,000 cfu/100mL* 3,000 cfe/100mL *
Enterococci 46 cfu/100mL 30 cfu/100mL ® 32 cfu/100mL ® 40 cfo/100mL 510 cfuf100mL
Salmonelia <1 MPN/100mL <] MPN/100mL <1 MPN/100mL <1 MPN/100mL <! MPN/100mL
Fecal Coliform 70 cfu/160mL ® 190 cfu/100mL & 10,000 cfw/100mL & 2,200 cfu/100mL E 48,000 ¢fu/100mL

**Note of Deviation:

The dilutions for the Salmonelia testing began at 100 mL, 10 mL, and 1 mL of sample in a serles of five each. Changes to the
dilutions were made at the request of Geosyntec Consultants. The dilutions were changed to 1 L and 100 ml. of sample in a series of
five each and are implemented from this point forward for the Calumet sampling location.

Calumet-83005

Test UPS-1Meter UPS-Surface DNS-1Meter DNS-Surface OQutfall

P. Aeruginosa 2,520 cfu/100mL 500 cfu/160mL. 2,050 ¢fu/100mL 1,030 cfu/100mL 5,300 cfw/100mL

E. coli 10 cfu/100mL * 20 efu/100mL © 610 cfu/100mL 390 cfu/100mL 100,000 cfu/100mL *
Enterococci 62 cfu/1G0mL 68 i/ 100mL 82 ¢fu/100mL 210 cfu/100mL. 1,440 cfe/100mL *
Salmoneila <] MPN/1L. <] MPN/IL <1 MPN/IL <1 MPN/IL <} MPN/IL

Fecal Coliform 330 cfu/100mL 200 cfu/100ml. 8,000 cfu/100mL £ 1,600 cfu/100mL & 290,000 cfu/100mL

*E _ Indicates the reported valoe is an Estimated Count. The number of colonies counted did not falf into the recommended limits of 20-80 cfu / filter
for E. coli and 20-60 cfu / filter for Fecal Coliform and Enterococci. For Pseudomonas aeruginosa it indicates mold interference, or one of the dilutions
did not confirm.



Nerth Side-62606

Table 3-1d. Summary of the Wet Weather North Side Bacteria Results

Test UPS-WW.162 DNS-WW.36 DNS-WW.37 DNS-WW.73 DNS-WW-39
P. aeruginosa 6,000 cfu/100mL 8,400 cfu/100mL" 2,600 cfu/100mL” 7.400 cfu/100mL 4,600 cfu/ 100mL
E. coll 18,000 cfu/100mL" | 12,000 cfu/100mL 33,000 cfu/100mL 27,000 cfu/100mi. 40,000 ¢cfu/100mL
Enterococci 9,400 cfu/100mL 8,400 cfu/100mL. | 13,000 cfw/100mL” | 14,000 cfu/100mLE | 12,000 cfu/100mL"
Salmonella 3.40 MPN/IL 111 MPN/IL 28.9 MPN/IL 33.4 MPN/1L 1.64 MPN/IL
Fecal Coliform 42 000 cfu/100mL | 54,000 ¢fu/100mL 53,000 cfu/100mL 44 000 cfu/100ml. 110,000 cfu/100mL"

North Side-80306

Test

UPS-WW-102

DNS-WW-36

DNS-WW-37

DNS-WW-73

DNS-WW-39

P. aeruginosa

6,200 cfu/100mL

4,000 cfu/100mL

5,000 cfu/100mL

6,300 cfu/ 1 00ml.

1,700 cfu/100mL"

E. coli

36,000 cfu/100mL

13,000 cfu/100mL"

27,000 cfu/100ml.

41,000 cfu/100mL

34.000 cfu/100mL*

Enterococci

18,000 cfu/100mLF

5,800 cfu/100mL

9,800 cfuf/100mL

7,400 cfu/100mL

5,400 cfu/100mL

Salmonella

0.77 MPN/IL

3.46 MPN/IL

481 MPN/IL

2.66 MPN/IL

16.22 MPN/1L

Fecal Coliform

580,000 cfu/100mlL

62.000 cf/100mL."

180,000 cfu/100mL"

280,000 cfuw/100mL

400,000 cfu/100mL

North Side-92306

Test

UPS-WW-1(2

DNS-WW-36

DNS-WW.37

DNS-WW.-73

DNS-WW-39

Outfall

P. aeruginosa

8,200 ¢fu/100mL

7,400 cfu/100mlL

4,800 ¢fu/100mL.

4,800 cfu/100mL

4,000 ¢fu/100mL.

806 cfu/100mL

E. coli

22,000 cfu/100mL.

17,000 cfu/100mL"

34,000 cfu/100mL

51,000 cfu/100mL

26,000 cfu/100mL

21,000 cfu/100mL

Enterococck

8,600 cfu/1060mL

3,400 cfu/100mLF

34,000 cfu/100mL

38,000 cfu/100miL.

2,000 cfu/100mL

3,000 cfu/100GmL

Salmonella

10.4 MPN/IL

1.00 MPN/IL

113 MPN/IL

1.92 MPN/IL

1.83 MPN/IL

0.54 MPN/IL

Fecal Coliform

66,000 cfu/100ml.

56,000 cfu/100mL

70,000 cfu/100mL

72,000 cfu/100mL

230,000 ¢fu/100mE

22,000 cfu/100mL




Table 3-14. Summary of the Wet Weather North Side Bacteria Results-Continued

*E — Indicates the reported value is an Estimated Count as foHows:
E. coli - the nurnber of colonies counted did not fall within the recommended limits of 20-80 cfu / filter.

Fecal Coliform and Enterococci - the number of colonies counted did not fall within the recommended Hmits of 20-

60 cfu/filter.
P. aeruginosa - the namber of colonies counted did not fall within the recommended limits of 20-80 cfu / filter, one

of the dilutions did not confirm or mold interference.



Table 3-1e. Summary of the Wet Weather Stickney Bacteria Results

Stickney-61006

Test UPS-WW.40 UPS-WW.75 RAPS DNS-WW-41 DNS-WW-42
P. aeruginosa 13,000 cfu/100mL 42,000 cfu/100mL 49,060 cfu/100mL 6,000 cfu/100mL" 29.000 cfu/100mL
E. coli 42 000 cfu/100mL | 160,000 cfu/100mL" | 300,000 cfw/100mL. | 46,000 cfu/100ml. 410,000 cf/100mL
Enterococct 11,000 cfu/100mL" | 30,000 cfu/100mL 200,000 ofw/100mL | 52,000 cfu/100mL 100,000 cfu/ 100mLE
Salmonella (.43 MPN/IL (.37 MPN/IL 2.30 MPN/IL 0.14 MPN/IL 1.33 MPN/IL
Fecal Coliform 80.000 cfu/100mL" | 460,000 cfu/100mL | 450,000 cfu/100mL | 300,000 cfu/100mL | 1,060,000 cfu/l Q0mL"

*%*Note of Deviation:

Due to sample filtration, a portion of the Salmonella dilutions were out of the 24 hour recommended holding time, specifically

the following:

Stickney-UPS-WW-40-61006, the 2L dilution, 4 out of 5 exceeded 24 hours; Stickney-UPS-WW-75-61006. the 2L dilution, 2
out of 5 exceeded 24 hours; Stickney-RAPS-61006, the 2L dilutior, 4 out of 5 exceeded 24 hours; Stickney-RAPS-61006, the
1L dilution, 1 out of 5 exceeded 24 hours; Stickney-DNS-WW-41-61006, the 2L dilution, 1 out of 5 exceeded 24 hours.

Stickney-80306

Test UPS-WW.40 UPS-WW.75 RAPS DNS-WW-4]1 DNS-WW-42
P. aeruginosa 15,000 cfu/100mL 7,800 ¢fu/100ml. 75,0600 cfu/100ml 6,400 cfu/100ml. 42,000 cfu/100mL
E. coli 280,000 cfu/100mL 360,000 cfw/100mL 480,000 cfu/100mL 160,000 cfu/100mL 100,000 cfo/100mL”
Enterococci 52,000 cfu/100mL 60,000 cfu/100mL 260,000 cfuf100mL 42,000 ¢fu/100ml 51,000 cfu/100mlL
Salmonella 1.24 MPN/1L 0.63 MPN/IL 0.35 MPN/IL (.95 MPN/1L. 4,90 MPN/IL
Fecal Coliform | 3,440,000 cfw/100mL” | 2,540,000 cfu/100mL" | 11,700,000 cfu/ 100mLY | 1,400,000 cfw/100mL* | 540,000 cfu/100mL
=*Note of Deviation:

Due to sample fiitration, a portion of the Salmonella dilutions were out of the 24 hour recommended holding time.
Specifically, Stickney-RAPS-80306; the 2L dilution, 5 out of 5 exceeded 24 hours.




Table 3-1e.

Stickney-101106

Summary of the Wet Weather Stickney Bacteria Results-Continued

Test UPS-WW-40 UPS-WW-75 RAPS DNS-WW-41 DNS-WW-42 Quifail
P. Aeruginosa 1,000 cfu/160mL® | 1200 cfu/[00mL” | 500 cf/100mL" 5,200 cfu/100mL 200 cfn/100mL” 6,800 cfu/100mL
E. coli 2,000 cfu/100mL" | 2,000 cfe/100mLY | 2,000 cfw/100mL” | 28,000 cfu/100mL | 3,000 cfu/100mLE | 14,000 cfu/100mL
FEnterococei <200 cfu/100mL 1,000 cfu/100mL® | 1,800 cfw/100mL” | 14,000 cfu/100mLF | 600 cfu/100mL? 9,300 cfu/100mL
Salmonella 20.0 MPN/1L 1.74 MPN/IL 0.41 MPN/1L 1.70 MPN/IL 0.71 MPN/IL 3.07 MPN/1L
Fecal Coliform 1.000 cfu/100mLY | 10,000 cfu/100mLF | 8,000 cfo/100mL” | 64,000 cfu/100mL | 10,000 cfuw/100mE” | 39,000 cfw/100mL

**Note of Deviation:
Due to sample filtration, a portion of the Salmonella dilutions were out of the 24 hour recommended holding time, specificaily
the following: Stickney-UPS-WW-40-101106, the 2L dilution, 2 out of 5 exceeded 24 hours; and Stickney-RAPS-101106, the
21. dilution, 3 out of 5 exceeded 24 hours.

All samples in the data sets passed QAP and details may be reviewed on each raw data report. Each raw data report contains
the required positive and negative control information, as well as sterility checks that were performed. Information is also

provided on the sample temperature and incubation period, as defined in each procedure. Pertinent logs have also been

provided in this final report. This testing was completed by Keri Howell, Katy Howell, Julie Birdsong and Dustin Smith.

*F, - Indicates the reported value is an Estimated Count as follows:

E. coli - the number of colonies counted did not fall within the recommended limits of 20-80 cfu / fiiter.

Fecal Coliform and Enterococci - the number of colonies counted did not fall within the recommended limits of
20-60 cfu / filter.

P. Aeruginosa - the number of colonies counted did not fall within the recommended limits of 20-80 cfu / filter, one
of the dilutions did not confirm or mold interference.




Table 3-1f. Summary of the Wet Weather Calumet Bacteria Resalts

Calumet-82406
Test UPS-WW.56 DNS-WW.76 DNS-WW.58 PDNS-WW.-59 DNS-WW-43 Qutfall
P. Aeruginosa 1,400 cfu/100mL" 4100 cfu/100ml 1,300 cfu/ 100mLE 3,200 cfu/100mL 9,000 cfu/100mL 2,000 cfu/100mL
E. coli <200 cfu/100mL <200 cfuf100mL 3,400 cfu/100mL" <200 cfu/100mL 2.000 cfu/100mL" 6,000 cfu/100mL."
Enrterococei <100 cfu/100mL 200 cfu/100mL" 1,400 cfu/100mL" | 2,600 cfu/100mL" 5,600 cfu/100mL 2,400 cfu/100mL”
Salmonella 6.53 MPN/IL 0.37 MPN/1L. 1.43 MPN/IL 0.064 MPN/IL 1.27 MPN/IL 1.08 MPN/IL
Fecal Coliform 2.000 cfu/100mLY | 4,000 cfe/100mEF | 21,000 cfu/100mL | 5,000 cfu/100mL" | 14.000 cfu/100mL" | 4,000 cfw/100mL
Calumet-82906
Test UPS-WW-56 DNS-WW.-76 DNS-WW.-58 DNS-WW-59 DNS-WW-43 Qutfall
P. geruginosa 3,700 cfu/100mL 4,600 cfu/100mL 22,000 cf/100mL. | 24,000 cfu/100mL 21,000 cfu/100ml. 3,200 cfu/100mL
E. coli 770 cfa/100mL 40,000 cfu/100mL 65.000 cfe/100mL | 52,000 cfw/100mL | 170,000 cfu/100ml." 15,000 cfu/100mL
Enterococci 1,400 cfu/ 100mL* 12,000 cfu/100mL 46 000 cfu/H00mL 56,000 cfu/100mi. 40,000 cfu/H0mL 5,800 cfu/100ml.
Saimonella 12.2 MPN/1L. 0.88 MPN/IL 0.46 MPN/IL 0.46 MPN/1L 0.37 MPN/1L 0.21 MPN/1L
Fecal Coliform | 22.000 cfu/100mL. | 200,000 cfu/100mLE | 140,000 cfu/I100mL” | 44,000 cfu/100mL | 28,000 cfu/]00mL" 69,000 cfu/100mL.
Calumet-101706
Test UPS-WW-56 DNS-WW.76 DNS-WW.58 DNS-WW-59 PNS-WW.43 Qutfall
P. aeruginosa 1,300 cfu/ 100ml. 2,300 cfu/100mL 28,000 cfu/100mlL. 2,800 cfu/100mL 1,300 cfe/ 100mL. 15,000 cfu/100mL
E. coli 140 ofu/100mL" 7,800 cfu/100mL 12,000 cfo/100mLE | 3,600 cfu/100mL" 1,200 cfu/100mL” | 16,000 cfu/100mL"
Enterococci 260 cfu/100mL" 1,300 cfu/100mL" 6,600 cfu/100mL 1,700 cfu/100mLF 2,500 cfu/ 100mL 5,800 cfu/100ml.
Salmonella 0.54 MPN/IL 1.20 MPN/1L 2.03 MPN/IL 2015 MPN/IL 1.08 MPN/IL 1.76 MPN/IL
Fecal Coliform 600 cfu/100mL” 27.000 cfu/100mL | 17,000 cfu/100mL" | 7,800 cfu/100mL 3.400 cfu/100mLE | 58,000 cfo/100mL
=2 Note of Deviation:

Due to sample filtration, a portion of the Salmonella dilutions were out of the 24 hour recommended holding time.
Specifically, Calumet UPS-WW-56-101706; the 2L dilution, 3 out of 5 exceeded 24 hours.




Table 3-1f. Summary of the Wet Weather Calumet Bacteria Resulis-Continued

*E — Indicates the reported value is an Estimated Count as follows:
E. coli - the number of colonies counted did not fall within the recommended limits of 20-80 cfu / filter.

Fecal Coliform and Enferococci - the number of colonies counted did not fall within the recommended liniiis of 20-

60 cfu / filter.
P. aeruginosa - the pumber of colonies counted did not fall within the recommended limits of 20-80 cfu / filter, one

of the dilutions did not confirm or mold interference.



Table 3-2a. Dry Weather Geometric Mean Bacteria Concentrations (in CFU/100 mL; Safmonella in MPN/100 mL)

Fecal Pseudomonas

Site Location | Sampling dates | E. coli | coliform | Enterococcus | aeruginosa | Salmonella

UPS 7728/05 - 9/1/05 273 713 58 665 S.1LD. *

North Side Qutfall 7/28/05 -9/1/05 | 26,413 1 42411 1,514 1,091 SID. *
DNS 7/28/05 - 9/1/05 1 15,710 36,687 1,007 999 0.316

UPS 8/1/05 - 8/31/05 254 1,061 14 62 SID. #

Stickney Outfall | 8/1/05-8/31/05 |29042 | 56,391 2,013 2,195 S.ALD. *
DNS 8/1/05-8/31/05 | 9,043 | 17491 127 31 0.09

UPS 726/05 - 8/30/05 71 170 43 67 S.1D. *
Calumet Qutfall | 7/26/05 - 8/30/05 | 13,917 | 56,287 1.048 65 0.112
DNS 726705 - 8/30/05 | 1,370 3,520 55 49 0.113

Note:
* S 1D, = Statistically Insignificant Data. Most samples {more than 80%) had concentrations below the analytical detection
limit of 1 MPN/100OmL. for dry weather samples, Therefore, the geomeltric mean was not estimated.



Table 3.2b. Wet Weather Geometric Mean Bacteria Concentrations (in CFU/100 mL; Salmonella in MPN/L)

Sampling dates Fecal  Pseudomonas

Site Location E. coli Enterococcus _coliform  aeruginosa  Salmonella
North Side UPS 6/26/06-9/23/06 24,262 11,347 117,399 6,723 3.00
Outfall 9/23/06 20,952 3,011 22,026 796 0.54
DNS 6/26/06-9/23/06 27,106 10,327 100,962 4,675 3.61
Stickney UPS | 6/10/06-10/11/06 45,101 13,920 172,819 8,049 1.04
Outfall 10/11/06 14,045 9,799 33,949 6,768 3.06
DNS | 6/10/06-10/11/06 54,176 21,340 231,345 6,053 1.01
Calumet UPS | 8/24/06-10/17/06 279 331 2,981 1,888 3.50
Qutfall | 8/24/06-10/17/06 11,309 4,330 25,168 4,583 0.74
DNS 8/24/06- 1/ 17/06 6,073 5,473 19,165 5,914 0.86




Table 3-3a. Dry Weather Indigenous Cryptosporidium Qocysts and Giardia Cysts in Samples Collected at the North Side

Waterway Segment

Mo. of Cryptosporidium Oocysts

No.of Giardia Cysts . -
Sample Site Sérgiglzle‘\fg!u{ne Simplie Vg[uLme Detected in V oialme No. Cof Gfrdra Nefected in No. of gryptos,?orrdlum
ected (1 nalyzed (L) Analyzed ystsi Volume Analyzed ocystsiL
North Side - Qutiall 7/28/05 20 6.7 8 0.9 0 <0.2
North Side ~UPS - 1 Meter 72805 18.8 53 1 0.2 0 (.2
North Side — UPS- Surface 72805 18.9 5.3 i 8.2 0 <02
North Side - DNS - 1 Meter 72805 18.9 6.3 7 1.1 0 <0.2
North Side ~ DNS - Suriace 72805 18.9 6.3 3 0.5 0 <0.2
North Side - Outfall 8-4-05 20 6.7 26 3.8 1 0.1
North Side - UPS - 1 Meter 80405 18.8 8.4 0 0.0 0 <01
North Side — UPS- Surface 80405 18.9 9.4 0 0.0 2 0.2
North Side - DNS - 1 Meter 80405 18.9 6.3 2 0.3 0 <02
North Side - DNS - Surface 80405 18.9 6.3 3 0.5 H 0.2
Norih Side - Outiall 8-18-05 20 6.7 4 08 ¢ <G.2
Norih Side - UPS - 1 Meter 81805 18.9 i2 0 0.0 0 <08
North Side — UPS- Surface 81805 18.9 1.0 0 0.3 0 <10
North Side —DNS - 1 Meter 81805 18.8 g4 0 0.0 0 D2
North Side - DNS - Surface §1805 18.8 8.3 4 G0 1 0.1
North Side - Qutfall 8-25-05 20 8.7 14 2.1 4 0.6
North Side - UPS - 1 Meter 82505 18.8 1.0 ¢ 0.0 0 <1.0
North Side — UPS- Surface 82505 18.9 6.3 2 0.3 0 <0.2
North Side - DNS - 1 Meter 82505 18.9 3.2 2 06 1 0.3
North Side - DNS - Surface 82505 18.9 6.3 10 16 5 1.0
North Side - Outfall 9-1-05 20 6.7 31 48 1 0.1
North Side - UPS - 1 Meter 480105 18.9 i1 4 38 0 <08
North Side — UPS- Surface 080165 18.9 8.3 0 0.6 0 <0.2
Norih Side - DNS - 1 Meter 020105 18.8 6.3 4 0.8 3 0.5
Narth Side - DNS - Surface 090105 18.9 8.3 19 3.0 4 0.6




Tabie 3-3b. Dry Weather Indigenous Cryptosporidium Qocysts and Giardia Cysts in Samples Collected at the Stickney
Waterway Segment

No. of Giardia Cysts

No. of Cryptosporidium

. Sample Yolume Sample Yolume X No. of Giardia : No. of Cryplosporidivm
Sample Sit Colected ) Anayzed (i) oeoec © oM™ R ocspc

Stickney - Outfalf 7-27-05 - - - -

Stickney - UPS - 1 Meter 72705° - . v -

Stickney - UPS- Surface 72705 - - - .

Stickney - DNS - 1 Meter 72705} - - - .

Stickney - DNS - Surface 72705 18.9 6.3 4 06 0 <02
Stickney — Qutfali 8-1-05 18.9 6.3 5 0.8 0 <02
Stickney -UPS - 1 Mater 8105 18.9 6.3 9 <0.2 0 <0.2
Stickney - UPS- Surface 8105 18.9 8.3 Y <0.2 Q <02
Stickney - DNS - 1 Meter 8105 18.9 6.3 9 <0.2 0 <0.2
Stickney - DNS — Surface 8105 18.9 8.3 1 0.2 0 <0.2
Stickney — Outfali 8-3-05 20 6.7 5 0.7 1 0.1
Stickney - UPS - 1 Meter 80305 189 6.3 yJ 0.3 0 <02
Stickney - UPS- Surface 80305 18.9 6.3 0 <0.2 0 <0.2
Stickney - DNS - 1 Meter 80305 18.8 6.3 3 0.5 9 <0.2
Stickney - DNS - Surface 80305 189 6.3 1 0.2 0 <0.2
Stickney — Outfai 8-17-05 20 6.7 3 0.4 I <02
Stickney - UPS - 1 Meter 81705 8.9 6.3 0 <0.2 ] <G2
Stickney - UPS- Surface 81705 8.8 6.3 1 0.2 Y <t2
Stickney - DNS - 1 Meter 81705 18.9 6.3 3 0.5 ) <(.2
Stickney - DNS - Surface 81705 18.% 6.3 0 <0.2 D <0.2
Stickney - Outfall §-24-05 20 6.7 33 43 4 0.6
Stickney - UPS - 1 Meter 082405 18.9 9.4 1 0.1 0 <0.10
Stickney - UPS- Surface 082405 8.9 6.3 1 6.2 2 €3
Stickney - DNS - 1 Meter 082405 18.9 6.3 7 11 3 0.5
Stickney - DNS ~ Surface 082405 18.9 6.3 7 1.1 1 .2
Stickney — Outfall 8/31/05 20 6.7 5 4.7 1 0.1
Stickney - UPS - 1 Meter 83105 18.9 6.3 Y <0.2 0 <0.2
Stickney - UPS- Surtace 83105 18.9 6.3 1 g2 0 <02
Stickney - DNS - 1 Meter 83105 189 6.3 1 8.2 0 <0.2
Stickney - DNS ~ Surface 83105 18.9 8.3 4 0.6 1 0.2

1. Samples were not analyzed because the corresponding bacteria samples were not defivered on time by UPs.



Table 3-3c. Dry Weather Indigenous Cryptosporidium Oocyéts and Giardia Cysts in Samples Collected at the Calumet
Waterway Segment

No. of Giardia Cysis No. of Cryptosporidium

Sample Volume  Sample Volume No. of Giardia No. of Cryptosporidium

Sample Site Detected in ) Oocysts Detected in
Collected (L) Analyzed (L) Volume Analyzed Cysts/L Vogjme Analyzed QocystsiL
Calumet — Qutfall -7/26/05 16 5 6 1.2 0 <12
Calumet - UPS - 1 Meter 72605 i 3.3 0 <0.3 0 <(.3
Calumet - UPS- Surface 72605 10 3.3 0 <0.3 0 <0.3
Calumet - DNS - 1 Meter 72605 H¢ 33 2 0.6 0 <0.3
Calumet - DNS — Surface 72605 He 3.3 2 0.6 0 <0.3
Calumet ~ Quifall 8/2/05 20 10.0 8 <0.3 0 <G.1
Caiumet - UPS - 1 Meter 8205° 18.9 6.3 0 <02 0 <02
Calumet - UPS- Surface 82057 18.9 6.3 i, <0.2 ] <(.2
Calumet - DNS - 1 Meter 82051 18.8 S.4 0 <0.7 0 <G.1
Calumet - DNS - Surface 8205 18.9 9.4 0 <0.1 0 <0.1
Calumet - Quifali 8/16/05 20 10.0 a2 2.2 0 <01
Calumet - UPS - 1 Meter 081605 18.9 9.4 0 <01 0 <0.1
Calumet - UPS- Surface 081605 18.9 8.4 0 <0.% 0 <0.1
Calumet - DNS - 1 Meter 081605 18.9 6.3 0 <2 0 <0.2
Calumet - DNS - Surface 081605 18.9 8.3 y 0.3 0 <02
Calumet — Qutfall 8/23/05 20 6.7 4 0.6 3 0.4
Calurnet - UPS - 1 Meter 82305 18.9 9.4 0 <C.1 0 <0.1
Calumet - UPS- Surface 82305 18.9 9.4 0 <0.1 0 <0.1
Calumet - DNS - 1 Meter 82305 189 6.3 0 <G.2 1 0.2
Calumet - DNS - Surface 82305 18.9 5.3 0 <0.2 1 0.2
Calumet - Qutfall 8/30/05 20 8.7 4 06 0 <0.2
Calumet - UPS - t Meter 83005 189 6.3 0 <0.2 0 <0.2
Calurnet - UPS- Surface 83005 189 6.3 0 <02 3 0.5
Calumet - DNS - 1 Meter 83005 189 6.3 3 0.5 3 0.5
Calumet - DNS ~ Surface 83005 189 6.3 0 02 2 0.3

t. One fitter capsule and the temperature blank were received in the faboratory partially frozen. District was notified that samples should not be analyzed
especially since viabilityfinfectivity assay would not yield useful information.



Table 3-3d. Wet Weather Indigenous Cryptosporidium Qocysts and Giardia Cysts in Samples Collected at the North Side
Waterway Segment

) \?‘ilrgri][: Aliquot Total Sample No. of Giardia No. of No. of Cryptosporidium No.of
Sample Site Collaciad D _ Volume Cysts Detecied in Giardia Cocysts Detected in Cryptosporidium
) (Volume in L) Analyzed Yolume Analyzed Cysisil Volume Analyzed Qocysts fl.
Morth Side-LIPS-WW-102.062606 18.9 NA' 6.3 34 54 0 <02
North Side-DNS-WW-35 - 062606 180 A (3.18) 6.3 145 46.0 3 1.0
B (3.15) 156 495 4 13
MNorth Side -DNS-WW-37 - 062606 18.9 A (3.15) 6.3 6 1.9 0 <03
B (3.15) 20 6.3 4 13
North Side ~DNS-WW-37 - 062606 - MS 20.0 A(1.33} 8.7 7 5.3 1 0.8
B (1.33) 60 45.1 3 23
C{1.33 38 285 2 15
D (1.33) 52 3941 2 8
E{1.33) 85 489 4 30
North Side —~ DNS-WW-73-062606 189 NA! 6.3 72 4 3 8.5
North Side ~DNS-WW-39-062606 18.8 NA! 6.3 10 16 3 8.5
Nerth Side — IPS-WW-102- 080366 188 NA? 6.3 11 1.7 9 0.2
North Side ~ DNS-WW-36 - 080306 188 NA: 6.3 31 43 1 8.2
North Sice-DNS-WW-37 - 080306 188 NA! 3158 5 16 2 06
3.15(B) 1% 5.1 9 <03
North Side ~DNS-WW-73 - 080306 18.8 NA? 6.3 31 49 1 0.2
Notth Side — DNS-WW.-39-080306 18.9 NA 6.3 43 7.6 10 1.6
North Side-UPS-WW-102-092306 189 NA 6.3 7 1.1 7 1.1
North Side-DNS-WW-36 - 092306 18.9 6.3 24 3.8 4 0.8
North Side ~DNS-WW-37 - 092306 18.9 A(3.15) 6.3 0 <0.3 0 <03
B (3.15) 2 08 0 <0.3
North Side — DNS-WW-73-092306 18.9 A{3.15) 6.3 1 0.3 0 <0.3
B{3.15) 2 08 0 <03
Norih Side ~DNS-WW-39-092306 18.9 A{3.15} 8.3 4 1.3 3 1.0
B {3.15) 4 1.3 4 13
North Side — Outfali - 092306 20 A33) 6.6 3 0.8 1 0.3
2(3.3) 1 0.3 2 0.6

1. Mot applicable. Entire sampie was analyzed in one aliquot.



Table 3-3e. Wet Weather Indigenous Cryptosporidium Qocysts and Giardia Cysts in Samples Collected at the Stickney
Waterway Segment

‘ ﬁg;ﬂig Aliguot Total Sample No. of Giardia No. of No. of Crypfosporidium No. of
Sample Site Collected 3] ) Volume Cysts Detected in Giardia Docysts Detected in Cryptosporidium
© (Velume in L) Analyzed Volurme Analyzed CystsiL Volume Analyzed Gocysts /L
Stickney ~ UPS-WW-40-061006 18.9 NAT 6.3 0 <0.2 ] .2
Stickney - UPS — WW-75-061006 18.9 NA! 6.3 7 1.1 1 ¢.2
Stickney ~ RAPS - 061006 18.9 MAT 6.3 10 16 0 0.2
Stickney — RAPS — MS- 051006 NA2 NAT NA NA NA NA NA
Stickney — DNS -“WW- 41-061008 18.9 NAT 63 14 22 0 .2
Stickney - DNS-WW-42-061006 18.9 NAT 6.3 4 0.6 1 0.2
Stickrey -~ UPS-WW-40-080305 189 NAI 6.3 8 1.3 5 0.8
Stickney — UPS — WW-75-080306 189 NAT 63 16 25 3 05
Shckney — RAPS - 080306 22.6° NAT 38 4 1.0 1 .3
Stickney — RAPS - MS- 080306 12.0 NAT 1.0 (A} 7 7.0 3 390
NA! 1.0 (B) 30 30.0 25 25.0
NA! 1.0(0) 32 320 10 10.0
NA! 1.0 (D) 53 53.0 9 8.0
Stickney — DNS -“WW- 41-080308 18.9 NAT 8.3 11 1.7 3 05
Stickney ~ DINS-WW-42-080306 189 NAT 863 4 C.6 2 03
Stickney — UPS-WW-40-101106 18.2 NAT 8.3 7 1.1 i 0.2
Stickney - UPS ~ WW-75-1G1106 18.8 NA! 6.3 1 02 0 <0.2
Sticknsy — BAPS - 1011086 18.8 NA! 8.3 13 2.1 4 0.6
Stickney — DNS -WW- 41-101106 18.8 NA! 6.3 15 24 5 0.8
Stickney — DNS-WW-42- 101106 18.9 NA? 6.3 6 1.8 0 <0.2
Stickney — Qutfall - 101106 20,0 NAS 6.7 36 54 4 0.6

1. Not applicable. Entire sample was analyzed in one aliquot

2. Matrix spike was net analyzed due to insufficient voiume collected,



Table 3-3f. Wet Weather Indigenous Crypfosporidinm Qocysts and Giardia Cysts in Samples Collected at the Calumet
Waterway Segment

. ﬁi;ﬂi Aliquot Total Sample No. of Giardia No. of No. of Cryptosporidium No. of
Sampie Site Collected D Volurne Cysts Detected in Giardia Cocysts Detected in Cryptosporidium
iLy {Volume in L) Analyzed Volume Analyzed Cysts/L. Volume Analyzed Oocysts L.

Calumet Quiiall -082406 20 NA 3.35 {A} 8 18 1 03
Na' 3.35 (B) 1 0.3 o <03

Calumet - UPS-WW56-082406 18.9 NAT 6.3 0 <0.2 0 <02
Calumet — DNS-WW76-082406 18,9 NA! 63 0 <0.2 0 <0.2
Calumet - DNS-WW58-082406 18.9 NAY 3.15(A) 1 0.3 0 <0.3
NA! 3.15(B) 0 <03 1 03

Calumet ~ DNS-WW59-082406 189 NAT 3.15 (4) 0 <03 0 <03
NA! 3.15(B) 0 <0.3 0 <0.3

Calumet — DNS-WW43-082406 189 NA? 315 (A) 0 <0.3 0 <03
NA? 3.15 (B} 0 <0.3 0 <03
Calumet Quifalt -082306 20 NAT 223 (A) 7 31 6 27
NAT 2.23 (B) 19 835 14 6.3
NAT 2.23(C) 14 8.3 10 4.5

Calumet — UPS-WW56-082905 189 NAT 215 (A) 0 <03 0 <0.3
NAT 3.15(B) 0 <03 0 <0.3

Calumet - DNS-WW76-082906 18.9 Nal .3 0 <0.2 0 <02
Calumet - DNS-WW58-082806 18.9 NA 1.05 {A) 6 <i.0 1 1.0
NAT 1.05 (B) 0 <10 0 <1
NAT 1.05 (C) 0 <1.0 3 29

NAT 1.05 (D} 0 <19 0 <%

NAT 1.05 (E} 0 <10 0 <10

NAT 1.05 (F) 0 <10 ) <1.0



Table 3-3f. Wet Weather Indigenous Cryptosporidium Qocysts and Giardia Cysts in Samples Collected at the Calumet
Waterway Segment (Continued)

. 32;3%;2 Aliquot Total Sample No. of Giardia No. of No. of Cryplosparidium No. of
Sample Site Collected D . Volume Cysts Detected in Giardia QOocysts Detected in Cryptosporidium
0 {Volume in L) Analyzed Volume Analyzed Cysisit Volume Analyzed Oocystsfii.
Calumet — DNS-WW59-082906 189 NAT 1.05 (A) 0 <10 0 <1.0
NAT 1.05 (8) 0 <10 0 <1.0
NAT 1.05(C} 0 <1.0 0 <10
NAT 1.05 (D} 0 <1.0 ¢ <1.0
NAT 1.05 (E} 0 <1.0 ¢ <10
NA! 1.05 {F} ) <10 0 <10
NAT
Calumet — DNS-WWA43-082906 18.9 NAT 3.15(A) i <0.3 2 06
NAT 2.15 {B) 0 <0.3 2 0.6
Calumet Outfall -101706 29 NAT 0.8 (A} 2 235 0 <1z
NAT 0.8 (B) 2 25 0 <12
Calumet - UPS-WWS56-101706 18.9 NAT 1.6 (A} 9 <0.6 0 <0.8
NA! 16(8) 0 <G5 0 <08
Calumet - DNS-WW76-161706 189 NAT 6.3 3 0.5 2 03
Calumet - DNS-WW58-101706 189 NA! 1.6(A) 0 <0.6 2 1.2
NAT 16(8) 0 <0.6 ) <0.6
Calumet - DNS-WW58-101706 18.9 NA' 3.15(A) 0 <03 0 <03
NAT 3.15(B) 1 0.3 i 0.3
Calumet — DNS-WW43-101706 18.9 NAT 3.15(A) 1 0.3 1 0.3
NAT 3.15(B) ¢ <03 9 <03

1. Not applicable. Entire sample was analyzed in one aliguot.



Table 3-4a. Dry Weather Viability Results of Gigrdia Cysts Using Fluorogenic Dyes in Samples Collected ai the North

Side Waterway Segment

Sample iD Volume Viable Cysts Non-viable Cysts Totals
Analyzed (L)
DAPl+ DAPI- DAPl+ DAPI-Pocr DAPPI+ Empty Viable  Non-viable
Good Good Poor

North Side - Outfall 7/28/05 6.7 0 2 0 9 2 1 2 3
North Side -UPS - 1 Meter 72805 8.3 0 0 0 i 0 0 0 0
North Side - UPS- Surface 72805 5.3 0 0 0 3 0 5 ¢ 8
North Side - DNS - 1 Meter 72805 8.3 0 1 0 4 4] H 1 5
North Side - DNS - Surface 72805 5.3 0 2 0 2 1 0 1 3
North Side - Outiall 8-4-05 5.7 4 1 1 4 1 1 5 7
North Side - UPS - 1 Meter 80405 47 0 0 0 ] 0 3 0 3
North Side - UPS- Surface 80405 47 0 g 0 ] 0 0 Y 0
North Side - NS - 1 Meter 80405 6.3 0 0 0 0 0 ) € 0
North Side - DNS - Surface 80405 63 1 0 0 0 3 0 i 3
North Side - Ouffall 8-18-05 6.7 4 13 0 1 13 2 17 18
North Side - UPS - 1 Meter 81805 1.2 0 9 9 0 0 0 0 0
North Side - UPS- Surface 81805 1.0 0 g 0 0 0 0 e 0
North Side -DNS - 1 Meter 81805 47 0 5 0 0 1 2 5 3
Morth Side - DNS - Surface 81805 8.3 0 i Q ] 5 0 1 5
North Side - Cutfall 8-25-05 8.7 1 12 1 0 3 3 13 7
North Side - UPS - 1 Meter 82505 1.0 0 8 ] 0 0 0 0 0
Morth Side - UPS- Surface 82505 8.3 0 1 9 0 1 0 1 1
Northt Side - DNS - 1 Meter 82505 32 0 8 g 0 1 o 0 1
Northt Side - DNS - Surface 82505 £3 0 4 0 0 4 0 4 4
North Side - Outfall 9-1-05 8.7 0 4 & 2 8 5 4 15
North Side - UPS - 1 Meter 680105 10 0 0 0 0 1 7 ] 8
North Side - UPS- Surface 590105 63 b 0 o 0 ¢ o 0 0
North Side - DNS - 1 Meter 090105 8.3 0 1 0 g 5 5 1 10
North Side - DNS - Surface 090105 6.3 0 0 0 0 g 5 0 13




Table 3-4b. Dry Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the

Stickney Waterway Segment

Sample 1D Volume Vigble Cysts Non-viable Cysis Totals
Analyzed
L DAPI+ DAPI- DAPL+ DAPS- DAPI+/Pi+ Empty Viable  Non-viable
Good Good Poor Poor

Stickney - DNS — Suriace 72705 6.3 0 4 0 1 26 ] 4 27
Stickney - Qutiall 8-1-05 83 1 1 0 8 1 ] 2 1
Sticknay -UPS - 1 Meter 8105 63 2 0 0 8 9 0 2 0
Stickney - UPS- Surface 8105 6.3 D 0 0 Y 0 2 0 2
Stickney - DNS - 1 Meter 8145 6.3 0 ] 0 g 0 ¢ 0 ¢
Stickney - DNS ~ Surface 8165 6.3 1 0 0 0 1 1 1 2
Stickney ~ Outiall 8-3-05 6.7 0 ] ¢ 0 O 0 0 ¢
Stickney - UPS - 1 Meter 80305 6.3 0 0 g 1 1 2 0 4
Stickney - UPS- Suriace 80305 6.3 0 0 0 2 o 1 0 3
Stickney - DNS - 1 Meter 80305 6.3 3 0 1 1 4 ¢ 3 &
Stickney - DNS — Surface 80305 8.3 0 0 & 0 0 1 0 1
Stickney — Qutfall 8-17-05 6.7 6 19 3 1 12 1 25 17
Stickney - UPS - 1 Meter 81705 6.3 1 0 0 g 1 1 H 2
Stickney - UPS- Surface 81705 6.3 0 0 g 0 2 1 0 3
Stickney - DNS - 1 Meter 81705 6.3 4 2 3 % 10 1 i t5
Stickney - DNS ~ Surface 81705 6.3 1 1 0 0 13 1 2 14
Stickney — OQutiall 8-24-05 6.7 6 10 1 0 13 G 16 14
Stickney - UPS - 1 Meter 082405 47 0 0 0 1 2 0 0 3
Sticknay - UPS- Surface 082405 6.3 0 0 ¢ 0 3 0 0 3
Stickney - DNS - 1 Meter 082405 6.3 0 1 G 0 2 ¢ 1 2
Stickney - DNS - Suriace 082405 6.3 0 2 g 0 6 0 2 8
Stickney — Qutiall 8/31/05 6.7 0 1 G 0 10 4 1 14
Stickney - UPS - 1 Meter 83103 6.3 0 it ¢ 0 3 7 ] i0
Stickngy - UPS- Surface 83165 6.3 0 G g ] 1 1 0 2
Sticknay - DNS - 1 Meter 83165 6.3 0 1 0 0 1 2 1 3
Stickney - DNS - Suriace 83105 6.3 0 o 0 4 4 6 0 10




Table 3-4c. Dry Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the
Calumet Waterway Segment

Sample ID Volume Viable Cysts Nen-viable Cysts Total
Analyzed
(L) DAPI+ DAP!- DAPI+Poor DAPi- DAPI+/Pl+ Empty § Viable Non-viable
Good Good Poor

Calumst — Qutfall —7/26/05 25 i 1 0 1 4 0 2 5
Calumet - UPS - 1 Meter 72605 33 0 0 0 0 0 0 0 0
Calumet - UPS- Surface 72605 3.3 0 G 0 0 0 0 0 0
Calumet - DNS - 1 Meter 72605 33 0 0 0 0 1 0 0 1
Calumet - DNS — Surface 72605 33 0 ¢ 0 0 0 0 0 0
Calumet ~ Quifall 8/2/05 5.0 0 " 0 0 4 0 0 4
Calumet - UPS - 1 Meter 8205 6.3 0 0 0 0 ] 0 0 0
Calumet - UPS- Surface 8205! 6.3 0 0 0 0 0 0 0 0
Calumet - DNS - 1 Meter 8205 47 0 0 0 0 0 4 G 4
Calumet - DNS - Surface 8205! 47 0 0 0 0 0 ¢ 0 0
Calumet - Qutfall 8/16/05 5.0 0 0 0 0 4 0 0 4
Calumet - UPS - 1 Meter 081605 47 0 0 0 0 0 ¢ 0 0
Calumet - UPS- Surface 081605 4.7 0 0 0 0 1 0 0 1
Calumet - DNS - 1 Meter 081605 6.3 0 1 0 0 4 i H 5
Calumet - DNS - Surface 081605 6.3 0 1 0 0 2 i 1 3
Calumet — Qutfall 8/23/05 6.7 0 0 0 0 ¢ 0 0 0
Calumet - UPS - 1 Meter 82305 47 0 1] 0 0 ¢ 0 0 0
Calumet - UPS- Surface 82305 47 0 0 0 0 v 0 0 0
Calumet - DNS - 1 Meter 82305 6.3 ¢ 0 0 ¢ 2 0 0 2
Calumet - DNS — Surface 82305 6.3 0 0 0 0 0 0 0 4;
Calumet — Outfall 8/30/05 6.7 0 0 ¢ 0 0] 0 0 0
Calumet - UPS - 1 Meter 83005 8.3 0 0 0 0 1 ] 0 |
Calumet - UPS- Surface 83005 8.3 0 0 0 0 0 0 0 0
Calumet - DNS - 1 Meter 83005 6.3 0 1 0 0 1 1 1 2
Calumet - DNS — Surface 83005 8.3 0 0 ¢ 0 4 2 0 6

Note:

1. Samples in this shipment were received partially frozen and resuits must be interpreted with caution.



Table 3-4d. Wet Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the North Side

Waterway Segment

Sampie D Volume Viable Cysts Non-viable Cysts Totals
Analyzed
L) DA&Pl+ DAPI- DAPI+ DAPRI- DAPI+/Pl+ Empiy Viable Non-viable
Good Good Poor Poor
North Side-UPS-WWW-102-062606 8.3 1 10 0 0 4 0 11 4
North Side-DNS-WW-36 - 062606 315 H 14 2 2 49 0 14 53
315 i 15 1 3 46 ] 16 5C
North Side ~-DNS-WW-37 - 062608 315 G 3 0 1 ) 0 3 7
315 G 1 0 1 4 1 1 G
North Side —-DMNS-WW-37 - 062606 - MS 1.33 2 21 0 4 23 1 23 28
1.33 0 4 0 6 18 0 4 24
1.33 1 14 0 6 27 0 15 33
1.33 2 13 0 10 4 0 15 24
1.33 0 14 3 12 9 0 14 34
North Side — DNS-WW-72-062606 6.3 2 29 0 3 15 0 3t 18
North Side —DNS-WW-39-062606 6.3 i 10 0 3 8 0 11 11
Norih Side -UPS-WW-102 ~080306 6.3 11 5 0 5 19 0 16 24
Nosth Side ~DNS-WW 36 — 0803086 6.3 7 15 2 0 13 25 22 40
North Side -DNS-WW 37 ~ 080306 315 0 10 ) 0 4 A ic 15
318 0 14 0 0 2 3 14 5
North Side ~DNS-WW 73 — 080306 6.3 & 15 2 0 12 19 21 33
North Side ~-DNS-WW 39 - 080306 6.3 3 5 0 0 3 0 8 3
Norih Side-UPS-WW-1(2-892306 6.2 5 0 H 1 11 0 5 13
North Side-DNS-WW-36 - 692306 6.3 7 17 2 0 1 0 24 3
North Side —-DNS-WW-37 - 092306 315 1 0 0 0 1 0 1 1
315 N ND? ND: NDS ND ND1 ND1 ND?
North Side —~ DNS-WW-73-092306 315 NDY N1 ND? ND? ND ND? ND ND#
315 ND Nin ND? ND? ND: NDs ND ND1
North Side -DNS-WW.-39-092306 315 1 1 g 0 0 0 2 0
318 1 Y g 0 1 0 1 1
North Side ~ Outfall - 092306 33 1 1 0 0 2 0 2 2
2.3 0 1 o 1 1 0 1 2

Note:

1. ND = No cysts detected in the portion of samples analyzed.



Table 3-de. Wet Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the Stickney Waterway

Segment
Sample 1D Volume Viable Cysis Nerr-viable Cysts Totals
Analyzed (L)
DAPL DAPI- DAPI+ DAPL- DAPIHPL+ Empty Vighie Non-viable
Goed Good Poor Poor

Stickney — UPS-WW-40-051006 6.3 ND? ND NDn ND? NDi ND1 ND? ND7
Stickney — UPS — WW-75-061006 6.3 i 3 0 1 3 0 4 4
Stickney — BAPS - 061008 6.3 7 22 1 2 18 0 25 21
Stickney ~ DNS -WW- 41-061006 8.3 3 20 0 1 8 0 23 7
Stickney — DNS-WW-42-061006 6.3 1 1 0 0 1 0 2 1
Stickney — UPS — WW-40-080306 6.3 4 10 0 0 10 0 14 10
Stickney — UPS — WW-75-080306 6.3 10 8 0 0 a7 0 18 27
Stickney ~ BAPS - 880306 3.7 2 8 2 1 17 0 10 2
Stickney — BAPS — MS - 080308 1.0 1 8 1 13 7 0 7 21

1.0 1 4 0 4 5 1 5 10

1.0 2 7 0 6 4 3 g 13

1.0 3 12 1 2 13 0 15 16
Stickney — DNS -WW- 41-080306 6.3 8 8 0 0 9 0 16 9
Stickney ~ DNS-WW-42- 08G306 6.3 2 3 1 0 B 0 5 7
Stickney — UPS-WW-40-101105 6.3 0 i G 1 0 i i 2
Stickney — UPS - WW-75-101106 6.3 3 Z G 1 10 1 5 i2
Stickney — BAPS - 101106 6.3 3 8 0 3 20 0 g 23
Stickney — DNS -“WW- 41-101106 6.3 2 5 2 0 18 0 7 20
Sticknay — DNS-WW-42-101106 6.3 Q 1 1 0 g 0 1 1
Stickney — Qutfali - 101106 8.7 7 4 ] 0 i0 1 11 11

Note:

1. ND = No cysts detected in the portion of samples analyzed.



Table 3-4f. Wet Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the Calumet
Waterway Segment

Sample iD Volume Viable Cysis Non-viable Cysts Totals
Analyzed (L}
DAPH DAPI- DAPI+ DAPI- DAP /Pl Empty Vigble  Non-viable
Good Good Poor Poor
Calumet — Qutfall Compasite ~082406 3.35 ¢ Y 1 0 2 1 ¢ 4
335 & 1 0 D 1 i 1 2
Calumet - UPS- WW 55 - 082406 6.3 ND NDt ND NDt NCH ND! ND? N
Calumet - DNS - WW 76-0824G6 8.3 g 1 0 9 2 0 1 2
Calumet — DNS — WW 58 - 082406 315 ¢ 1 0 9 2 ¢ i 2
315 G 0 0 ] 1 0 ¢ 1
Calumet ~ DNS - WW 58 — 082406 315 1 0 0 ] i ¢ i 1
3.15 ND? ND¥ ND NDn ND ND? ND! NDt
Calumet ~ DNS ~ WW 43 - 082406 318 ND* ND# N1 ND1 N[ ND? ND* ND1
3.15 g Q 0 0 0 2 0 2
Calumet ~ Quifall Comgosite —082906 2.23 1 0 0 0 2 3 i 5
223 { 0 1 1 3 3 ¢ 8
2.23 0 {0 G 0 2 3 ¢ 5
Calumet — UPS- WW 56 — 082906 315 ND» NG ND1 ND? ND! NI ND N
3.15 ND? ND: NO? ND? ND! ND NDt NDv
Calumat ~ DNS — WW 76-082806 6.3 1 H s 0 18 0 2 18
Calymst — DNS — WW 58 ~ 082905 1.05 (4] ND? ND? ND? NDf ND? ND! ND ND!
1.05 {B) 0 9 0 0 2 0 g 2
1.05 (C) ND? ND? NDy ND! ND? NDt ND! N
1.05 (D) 0 0 0 ¢ 3 0 o 3
1.05 (E} 0 0 o H 2 0 0 2
1.05 (F) 0 ¢ g 6 1 0 0 1
Calumet ~ DNS - WW 53 - 082906 1.05 (A} N NDy ND? ND? ND? ND? NDn ND
1.05 (B) ND! ND! ND? ND' NI ND! ND? ND
1.05{C) ND ND ND ND? ND! ND! NI N
1.05 (D) ND! ND ND? NI ND! ND? NDH ND!
1.05 {E) ND1 NEv ND? NG ND!1 ND? NDr NDY
1.05 (F) ND Ny ND? N ND ND! ND' NI
Calumel — DNS - WW 43 - 082906 3.15{4) o 4 0 0 2 ¢ 0 2
3.15(8) NO NI ND? ND ND! ND NB ND



Table 3-4f. Wet Weather Viability Results of Giardia Cysts Using Fluorogenic Dyes in Samples Collected at the Calumet
Waterway Segment (Continued)

Yolume Totals
Sample D Analyzed (L) Viable Cysts Non-viable Cysis
DAPI+  DAPE DAPI+ DAPI- AP Empty Viable  Non-viable
Good Good Peoor Poor Pl+
Calumet - Quifall Composite ~101706 0.8 ND* ND ND ND1 ND? ND¢ ND? ND?
0.8 ND ND1 ND ND NDs ND ND? ND
Calumet — UPS- WW 56 - 101706 16 ND1 ND NDf ND1 ND? NDH NDs ND
1.6 ND ND! ND ND1 ND! ND! ND? NDY
Calumet - DNS ~ WW 76-101706 6.3 5 0 1 0 8 1 5 10
Calumet - DNS - WW 58 - 101706 .6 0 0 Q 1 i 0 0 2
1.6 0 G 0 0 1 0 ¢ 1
Calumet - DNS - WW 59 - 101706 3.15 0 ¢ 0 ] 2 0 0 2
315 NDH ND1 NIy nND1 ND¢ ND1 ND: N1
Calumet ~ DNS -~ WW 43 - 101706 315 0 o 0 0 i ! 0 1
345 0 G 0 1 0 0 0 1

Note:

1. ND = No cysts detected in the portion of samples analyzed.



Table 3-5a. Summary of the North Side Dry Weather Enteric Virus Results

Enteric Virus UPS-1Meter UPS-Surface DNS-IMeter DNS-Sarface QOutfall
North Side-72805 <1 MPN/100L <1 MPN/ICGOL <IMPN/100L <] MPN/1OOL <1.17/100L
North Side-80405 <1 MPN/100L <1 MPN/100L <IMPN/100L <1 MPN/1O0OL 1.72/100L,
Norxth Side-81805 <] MPN/100L. <] MPN/1GOL 3.27 MPN/1GOL 2.12 MPN/100L <1.28/100L
North Side-82505 3.25 MPN/10OL 1.04 MPN/IO0OL 8.72 MPN/IOOL 16.07 MPN/100L 24 .73/100L
North Side-90103 <] MPN/100L <1 MPN/1GOL <1 MPN/I00L <1 MPN/100L <1.23/100L.




Table 3-5h. Summary of the Stickney Dry Weather Enteric Virus Resuits

Enteric Virus UPS-1Meter UPS-Surface DINS-1Meter DNS-Surface QOutfall
Stickney-80105 <1 MPN/I00OL <] MPN/100L <IMPN/100L <] MPN/100L <2 MPN/100L
Stickney-80305 <1 MPN/1GOL <1 MPN/1GOL <IMPN/100L <1 MPN/1OOL <1.16/100L
Stickney-81705 <] MPN/10OL 1.03 MPN/100L <IMPN/100L 1.02 MPN/100L <1.27/100L
Stickney-82405 3.25 MPN/100L 2.13 MPN/100L 1.03 MPN/100L 1.03 MPN/100L <1.3/100L
Stickney-83105 <1 MPN/1G0OL <] MPN/10OL <] MPN/10OL <1 MPN/1OOL <1.21/100L




Table 3-5¢. Summary of the Calumet Dry Weather Enteric Virus Results

Enteric Virus UPS-1Meter UPS-Surface DNS-1Meter DNS-Surface Quifall
Calumet-72605 <1 MPN/1O0OL <] MPN/100L <IMPN/100L <1 MPN/1O0L <1.27 MPN/IOOL
Calumet-80205 <1 MPN/100L <1 MPN/100L <1 MPN/100L <1 MPN/IOOL <1.28 MPN/10OOL
Calumet-81605 <l MPN/100OL <1 MPN/10CL <IMPN/100L <1 MPN/IGOL 1.28 MPN/10OGL
Calumet-82305 <} MPN/100L <i MPN/100OL 1.04 MPN/100L. <] MPN/IGOL <1.20 MPN/10OOL

Calamet-83003

<l MPN/100L

1.04 MPN/LGOL

<1 MPN/1O0L

<1 MPN/1GOL

<1.28 MPN/100L




Table 3-5d. Summary of the North Side Wet Weather Enteric Virus Resul{s

Enteric Virus UPS-WW.-102 DNS-WW-36 DNS-WW.-37 DNS-WW-73 DNS-WW-3¢ Outfall
North Side-62606 I MPN/100L <1 MPN/IOOL <1 MPN/TOOL 7 MPN/100OL 9 MPN/100L See Note 1
North Side-80306 I MPN/100L <1 MPN/100L <1 MPN/100L <1 MPN/1OOL 6 MPN/100L See Note 1
North Side-92306 12 MPN/10OL 7 MPN/1GOL 1 MPN/10OL 12 MPN/1OOL 28 MPN/100L I MPN/100L

Note:

L. Prior to 24 August 2006, the outfall lecation was not collected. Afl sampling events after 24 August 2006 included an outfall location.




Table 3-5e. Summary of the Stickney Wet Weather Enteric Virus Resuits

Enteric Virus UPS-WW-40 UPS-WW.75 RAPS DNS-WW-41 DNS-WW.42 Quitfall
Stickney-61006 <] MPN/100L <] MPN/190L 1 MPN/100L. 1 MPN/100L 2 MPN/10OL See Note 1
Stickney-80306 10 MPN/1GOL 28 MPN/100L 63 MPN/100L 9 MPN/100L 7 MPN/1OOL See Note |

Stickney-101106 3 MPN/IOOL 2 MPN/100L. 6 MPN/100L. & MPN/1OGL & MPN/100L 10 MPN/100L.

Note:

1. Prior to 24 August 2006, the outfall lecation was not collected. All sampling events after 24 August 2006 included an outfall focation.




Table 3-5f. Sammary of the Calumet Wet Weather Enteric Virus Results

Enteric Virus UPS-WW-56 DNS-WW-76 DNS-WW.-58 DNS-WW-59 DNS-WwW-43 Qutfall
Calumet-82406 2 MPN/1OOL 1 MPN/TO0L <1 MPN/1Q0L <1 MPN/100L <1 MPN/100L <1 MPN/AGUL
Calumet-82906 1 MPN/100L 5 MPN/TO0L. 32 MPN/100L 3 MPN/10OOL 85 MPN/100L 10 MPN/100L
Calumet-101706 9 MPN/TOOL 10 MPN/TOOL 18 MPN/100L. 7 MPN/100L 6 MPN/100L 32 MPN/100L




Table 3-6. Dry Weather Cell Culture Assay and Adenovirus Results

poa— ——
Virus Sample iD Total Culturable Virus WI}I‘:I);; (1)01, Conil'i)lit[l{a ton j?\fllie;l:i'(:"il{;[;t
1Y Passage 2" Passage
Calumet-UPS- Imeter. 72605 negative negative <l neg
Calumel-UPS-surface-72603 negative negative <] neg
Calumet-DNS- 1 meter-72605 negative positive 3.2 neg neg
Calumet-DNS-surface-72605 negative positive 1.09 neg neg
Calumel-Outfall-72605 negative posilive 7.52 pos 7.52
North Side-UPS-1meter-72805 negaiive negative <1 neg
North Side-UPS-surface-72805 negative negative <} neg
North Side-DNS-1meter-72805 negative positive 13.9 neg neg
North Side-DNS-surface-72803 negative positive 18.4 DoS 18.4
Notth Side-Outlall-728035 posilive positive 135 pos 135
Stickney-UPS-Ineter-80105 negative positive 108 neg neg
Stickney-UPS-surface-30105 negative positive 117 pos 117
Stickney-DNS-Tmeter-80105 negative positive 112z pos 112
Stickney-DNS-surface-80105 negative positive 110 pos 110
Stickney-Qutiall-80105 negative positive 7.99 DS 7.59
Calumet-UPS-1meter-80205 negative posilive 1.21 neg neg
Calumet-UPS-surface-80205 negative negative <] neg
Calumet-DNS- lmeter-80205 negative negalive <l neg
Calumet-DNS-surface- 80203 negative negative <} neg
Calumet-Outfall- 80205 negative positive 12.6 neg
Stickney-UPS- surface-80305 negative positive 3.0 neg neg
Stickney-UPS- Imeter-803038 negative positive 1 pos 11
Stickrey-IINS- surface-80305 negative positive 1.67 pos 1.67
Stickney-DNS- Tmeter-80305 negative positive 6.22 pos 6.22
Stickney-Qutlall-80305 negalive positive 3] pos 18
North Side-UPS-surface-80405 negative negative <] neg
Naorth Side-UPS- {meler-80405 negalive negative <1 neg
North Side-DNS- surface-80405 positive positive 11.2 pos P12
North Side-DNS- | meter-80405 positive positive 9.84 pos 9.84
North Side-Quifall-80405 positive positive 256 Pos 256
Calumet-UPS-surface-81605 negative negative <l neg
Calumet-UPS-1meter-8 1605 negative negative <f neg
Calumet-DNS-suiface-8 1605 negative negative <} neg
Calumet-DNS. lmeter- §1605 negative positive 1.3t pos .31
Calumet-Outfall- 81605 negative posilive 3.21 neg neg
Stickney-UPS-surface-81705 negative negative <l neg
Stickney-UPS-1meter-81705 negalive negative <1 neg
Stickney-DNS-surface-81705 negative positive [.72 pos 1.72
Stickney-DNS-1meter- 81703 negative negative <l neg
Stickney-Outfall- §1705 negative negative <1 neg




Table 3-6. Dry Weather Cell Culture Assay and Adenovirus Results-Continued

Total PCR Adenovirus’

Virus Sample 1D Total Culturable Virus MPN/100L.  Conficmation  MPN/100L
1" Passage  2"'Passage

North Side-UPS-surface-81805 negative negative <l neg
North Side-UPS-1meter-8 1805 negative posilive 1.5 pos .
North Side-DNS-surface-81805 negative positive 124 pos 12.4
North Side-DNS-1meter-
81805 negative positive 10.8 pos 10.8
North Side-Outfali- 1805 negative negative <l neg
Calumet-UPS-surface-82305 negative negative <] neg
Calumet-UPS-Imeter-82305 negative negative «1 neg
Calumet-DNS-surface-82305 negative positive 3.35 pos 3.33
Calumelt-DNS- I meter- 82303 negative posilive 1.36 neg neg
Calumet-Outfall- 82305 negative positive 14.5 neg 14.5
Stickney-UPS-surface-82405 negative negative <l neg
Stickney-UPS-1meter-82403 negative negative <1 neg
Stickney-DNS-surface-82405 negative positive 7.4 neg neg
Stickney-DNS-imeter- 82405 positive positve 287 pos 87
Stickney-Qutfall- 824035 positive positive 36.9 pos 36.9
North Side-UPS-surface-825065 negative positive 2,54 pos 2.94
North Side-UPS-1meter-82503 negative negative <} neg
North Side-DNS-surface-82505 negative/T?  positive  5.03 pos 5.03
North Side-DNS-1meter-
82305 positive positive 21.6 pos 27.6
North Stde-Qutfali- 82505 negative positive 45.1 pos 45.4
Calumer-UPS-surface-83005 negative negative <l neg
Calumet-UPS- 1 meter-830035 negative negative <1 neg
Calumet-DNS-surface-83005 negative posilive 6.24 neg neg
Calumet-DNS-Tmeter- 83005 negative positive 3.03 pos 3.05
Calumet-Outfall- 83005 negative positive 15.5 Pos 5.5
Stickney-UPS-surface-83105 negative negative <1 neg
Stickney-UPS-Imeter-83103 negative negative < neg
Stickaey-DNS-surface-831035 negative positive 1.39 pos 1.39
Stickney-DNS-Imeter- 83105 negative negative <] neg
Stickney-Outfall- §3103 negative positive 8.38 Dos 8.38
North Side-UPS-{meter-90105 negative negative <1 neg
Nozth Side-UPS-surface-90105 negative negative <1 neg
North Side-DNS-lmeter-90105 negative negative <] neg
North Side-DNS- surface-
90105 negalive negative <] neg
North Side-Outfail- 90105 negative negative <l neg
Note:

1. Of 75 dry samples, 42 demonstrated the presence of detectable vitus in the PCL/PRF/S celi line.
Adenoviruses we confirmed only in 31 of the 42 samples by PCR. Enteroviruses or other enteric
viruses were probably responsible for the observed CPE in the other samples or the CPE of other
viruses could have masked the presence of adenoviruses.

2. Sample concentrate toxic to cells; entire content of flask frozen and re-assayed. Toxicity was not the
result of virus in the sample.

3. neg = negative
Pos = positive



Table 3-7. Dry Weather Norovirus (Calicivirus) Resuits

Virus Sample 1D Results Viral . Equivalent Viral concentration
concentration  volume assayed
(positive/negative)  (PCR resulis) liters MPN p(?ilt{ei.mtb/ 100
Calumet-UPS-1meter-72605 negative - 0.24
Calumet-UPS-surface-72603 negative - 0.24
Calumet-DNS-1meter-72605 negative - 0.23
Calumet-DNS-surface-72605 negative - 0.26
Calumet-Outfall-72605 negative - 0.09
North Side-UPS-Imeter-72803 negative - 0.20
North Side-UPS-surface-72805 negative - 0.18
North Side-DNS- 1meter-72805 negative - 0.19
North Side-DNS-surface-72805 negative - (0.20
North Side-Outfall-72805 negative - 0.08
Stickney-UPS-1meter-8G105 negative 0.24
Stickney-UPS-surface-80103 negative - 0.23
Stickney-DNS-1meter-80103 negative 0.23
Stickney-DNS-surface~-80103 negative - 0.23
Stickney-Outfall-80105 negative - 0.11
Calumet-UPS-1meter-80205 negative - 0.28
Calumet-UPS-surface-80205 negative - 0.23
Calumet-DNS-1meter-80205 negative - 0.23
Calumet-DNS-surface- 80205 negative - 0.21
Calumet-Outfatl- 80205 negative - 0.10
Stickney-UPS- surface-80305 negative - 0.20
Stickney-UPS- 1meter-80305 negative - 0.20
Stickney-DNS- surface-80305 negative - 0.20
Stickney-DNS- Tineter-803035 negative - (.20
Stickney-Outfall-80305 negative - 0.08
North Side~-UPS-surface-80405 negative - 0.21
North Side-UPS- Imeter-80405 negative - 0.18
North Side-DNS- surface-80405 negative - 0.23
North Side-IINS- 1meter-80405 negative - 0.26
North Side-Outfall-80403 positive + 0.20 See Note 1
Calurmet-UPS-surface-8 1605 negative - 0.21
Calumet-UPS-1meter-81603 negative - 0.22
Calumet-DNS-surface-81605 negative - 0.22
Calumet-DNS-1meter- 81605 negative - 0.23
Calumet-Outfall- 81605 positive + 0.19 781
Stickney-UPS-surface-81705 positive + 0.41 511
Stickney-UPS-1meter-81705 negative - 0.27
Stickney-DNS-surface-817035 negative - 0.15
Stickney-DNS-1meter- 81705 negative 0.22
Stickney-Outfall- 81705 negative - 0.10

Note:

i. The Calicivirus concentration at this Jocation was estimated to be 35,000 MPN/PRC Units/100 liter. The greater concentration
of Calicivirus observed in this sample compared 1o the other samples may be due (o the fact that only two duplicates per
dilution in the MPN assay could be performed because of reassay difficultics, therefore reducing the precision of the analysis.
In addition, of the five norovirus samples with MPN assays, this sample was the only one that had a positive result in the
highest dilution. The combination of these factors could have resulted in the retatively high MPN value of this sample.
Therefore, the kigh Calicivirus conceniration in the subject sample is likely and artifact of these factors and appears to be an

outlier,



Table 3-7. Dry Weather Norovirus (Calicivirus) Resuits (Continued)

Equivalent

. Viral Viral
Virus Sample ID Results Concentration Volume Concentration
Assayed
MPN PCR
units/ 100

(positive/negative) {PCR resulis) liters liters
North Side-UPS-surface-81803 negative - 0.20
North Side-UPS- Imeter-81803 negative 0.20
Nortl: Side-DNS-surface-81805 negative - 0.21
North Side-DNS-1meter- 81803 negative - 0.20
North Side-Qutfatl- 81805 negative - 0.10
Calumet-UPS-surface-82305 negative - 0.24
Calumet-UPS- Imeter-82305 negative - 0.27
Calumet-DNS-surface-82305 negative - 0.22
Calumet-DNS-1meter- 82303 negative - (.22
Calumet-Ouifall- 82305 negative - 0.08
Stickney-UPS-surface-82405 negative - 0.20
Stickrey-UPS-1meter-82405 negative - 0.21

Stickney-DNS-surface-82403 positive + 0.42 176
Stickney-DNS-1meter- §2405 negative - 0.20
Stickney-Qutfall- 82405 negative - 0.10
Naorth Side-UPS-surface-82505 negative - 0.21
North Side-UPS- I meter-82505 negative - 0.20
North Side-DNS-surface-82505 negative - 0.21
North Side-DNS-1 meter- 82505 negative - 0621
North Side-Outfall- 82505 negative - 0.08
Calumet-UPS-surface-83005 negative - 0.22
Calumet-UPS-1meter-83005 negative - 0.21
Calumet-DNS-surface-83005 negative - 217
Calumet-DNS- [ meter- 83003 nogative - 0.28
Calumet-Ouifall- 83005 negative - 0.10

Stickney-UPS-susface-83105 positive + 0.41 181
Stickney-UPS-1meter-83105 negative - .19
Stickney-DNS-surface-83105 negative - 0.20
Stickney-DNS-[meter- 83103 negative - 0.21
Stickney-Outfall- 83105 negative - 0.08
North Side-UPS-1meter-901035 negative - 0.20
Noyth Side-UPS-surface-90105 negative - 021
North Side-DNS- 1 meter-90105 negative (.20
North Side-DNS-surface- 90105 negative - 0.21
Norih Side-Outfall- 90105 BeZALVE - (.09




Table 3-8. Wet Weather Cell Culture Assay/Adenoviras and Norovirus (Calicivirus)

Resulis
Virus Sample 1D Virus cﬁfﬂre Adenovirus® Norovirus PCR
PCH eq.
st 20 yony o0 PCR | MPN/OOL | Resuit 0N POR vohime
assayed (L)

Stickney-UPS-WW-40-061006 pos pos 661 pos 661 pos 1,150 0.37
Stickney-UPS-WW-75-061006 neg pos 446 neg neg neg < 5.8 0.37
Stickney-RAPS-061006 neg pos 135 pos 135 pos 5,700 0.42
Stickney-DNS-WW-41-061006 pos pos 6.5 pos 6.5 pos 1,930 0.39
Stickney-DNS-WW-42-061006 pos pos 39.2 Pos 38.2 pos 1,310 0.32
North Side-UPS-WW102-062606 pos pos 2,890 pos 2,890 neg =58 .43
North Side-DNS-WW236-062606 pos pos 2,770 pos 2,770 neg <58 0.45
North Side-NBPS-WW37-062606 pos pos 148 pos 148 neg <58 0.3¢
North Side-DNS-WW73-062606 pos pos 2,870 pos 2,870 neg <58 0.43
North Side-DNS-WW-38-062606  pos pos 328 pos 328 pos 3,930 0.38
North Side-UPS-WW102-080308  neg pos 20.7 pos 207 neg <58 0.40
North Side-DNS-WW-38-080306  neg pos 871 neg neg pos 149 042
MNorth Side-NBPS-DNS-WW37-

080306 pos pos 66.7 pos 66.7 pos 99.1 0.36
North Side-DNS-WW73-080306 pos pos 974 pos 974 neg <58 0.25
North Side-DNS-WW-39-080306  pos pos 332 pos 332 pos 243 0.38
Stickney-UPS-WW-40-080306 pos pos 332 pos 332 neg <58 0.38
Stickney-UPS-WW-75-080306 pos pos 1,280 pos 1,280 neg <5.8 0.45
Stickney-RAPS-080306 pos pos 1,560 pos 1,560 Pos 2,590 0.36
Stickney-DNS-WW-41-080306 pos pos 57.4 pos 57.4 neg <h.8 0.42
Stickney-DNS-WW-42-080306 pos  pos 1,180 pos 1,180 pos 74.2 (.48
Calumet-UPS5-WW-56-082406 neg pos 54.1 neg neg neg <5.8 0.44
Calumet-DNS-WW-76-082406 neg pos 128 pos 128 neg < 5.8 0.44
Calumet-DNS-WW-58-082406 ney pos 28.9 pos 28.9 neg <58 0.44
Calumet-DNS-WW-59-082406 neg pos 128 neg neg neg <58 0.44
Calumet-DNS-WW-43-082406 nag pos 8.77 neg neg neg <58 0.44
Calumet-Qutfall-082406 neg pos 10.0 pPos 10.0 neg <58 0.19
Calumet-UPS-WW-56-082906 pDos pos 14.7 pos 14.7 neg <58 .39
Calumet-DNS-WW.-76-082906 poOs pos 548 pos 548 neg <58 0.44
Calumet-DNS-WW-58-082906 pos pos 344 pos 344 pos 853 0.36
Calumet-DNS-WW-59-082908 pos pos 44.9 pos 44,9 neg <58 0.44
Calumet-DNS-WW-43-082906 pos pos »3,277  pos 3,277 neg < 5.8 0.38
Calumet-Qutfail-082906 neg pos 117 POS 117 pos 651 0.19




Table 3-8, Wet Weather Cell Culture Assay/Adenovirus and Norovirus (Calicivirus) Results (Continued

Virus Sample 1D Vitus Cacn:lfllzlre Adenovirus' Norovirus PCR
PCR eq.
oo 2N MPN/100L PCR | MPN/A0OL | Result ()1 FER volume
assayed {L.)
North Side-UPS-WW102-092306  pos pos 115 neg neg neg <58 0.42
North Side-DNS-WW-36-092306  pos pos 110 pos 110 pos 393 0.44
Norih Side-NBPS-WW-37-092306 pos pos 199 pos 199 1 neg <58 0.45
North Side-DNS-WW-73-092306  pos pos 303 pos 303 pos 128 0.48
North Side-DNS-WW-39-092306  pos pos 108 pos 105 pos 66.9 0.53
North Side —Outfall 092306 neyg  pos 121 pos 121 neg < 5.8 Q.21
Stickney-UPS-WW-40-101106 pos pos 3.5 pos 3.5 neg <58 0.52
Stickney-UPS-WW-75-101106 pos pos 416 pos 4.16 pos 58.2 0.52
Stickney-RAFPS-101106 pos pos 497 pos 49.7 neg <58 0.51
Stickney-DNS-WW-41-101106 pos pos 288 pos 288 pos 80 0.50
Stickney-DNS-WW-42-101106 pos pos 4.37 pos 4.37 pos 783 0.49
Stickney Cutfall 101106 heg pos 1,308 pes 1,308 pos 882 0.21
Calumet-UPS-WW-56-101706 neg pos  3.06 neg neg neg <58 0.60
Calumet-DNS-WW-76-101706 pos pos 1,118 pos 1,118 neg <5.8 0.59
Calumel-DNS-WW-58-101706 pos pos 271 pos 271 neg < 5.8 0.53
Calumel-DNS-WW-59-101708 poOs pPOS 6.24 pos 8.24 neg <58 0.60
Calumet-DNS-WW-43-1017086 neg pos 21 neg neg neg < 5.8 0.60
Calurmet-Cutfali-101706 pos pos 355 pos 355 POS 337 0,21

Note:

[. Al 50 wet weather samples demonstrated the presence of infectious viruses assay in the PCL/PRF13 cell line.
Adenoviruses were confirmed in 42 of the samples by PCR.  Enteroviruses or other enteric viruses werg
probably responsible for the observed CPI in the other samples, or the CPE of the other viruses could have
masked the presence of adenoviruses.

2. The sampies in bold print had severe toxicity problems in three of the six and inconsistem results on another
two. The University of Arizona analyst believes that there was something in the sample that was probably
interfering with the virus replication, as well as causing cnough toxicily to affect the cells ability to provide
refiabie results. The MPN numbers were calculated with only (wo ditutions instead of three, and they were the
analysts best estimate based on the fact that we did not see any toxicity in the highest dilution. The fact that this
set was all negative for PCR supports this, as there was probably some interference here as well.

poOs = positive

neg = negative



Table 3-9. Summary of Dry Weather Virus Detections (%) and Detectable Concentration Ranges

Enteric 825" (29%)° 6/25" (24%)* 3/25' (12%)°
Upstream’ 1.04-3.25 MPN/100L 1.03-3.25 MPN/1O0L 1.04 MPN/100L
Downstream” 2.12 -16.07 MPN/100L 1.02-1.03 MPN/IOOL 1.04 MPN/100L.
Qutfall® 1.72 - 24.73 MPN/100L Not Detected 1.28 MPN/100L
Adenovirus 12/25" (48%) 13/25' (52%)° 6/25' (24%)°
Upstream® 1.5-2.94 MPN/100L 11-117 MPN/100L Not Detected
Downstream” 5.03-27.6 MPN/IOOL 1.39-112 MPN/100L 1.31-3.35 MPN/100L
Outfall® 45.1-256 MPN/100L 7.99 -36.9 MPN/10OL 7.52-15.5 MPN/100L
Norovirus 125" (4%)* 325" (12%)*. 1725 (4%
Upstream” Not Detected 181-511PCR MPN/100L Not Detected
Downstream’ Not Detected 176 PCR MPN/100L Not Detected
Qutfalt® See Note 4 Not Detected 781 PCR MPN/100L

Noles:

1. The ratio represents the number of samples with detections of viruses over the total number of samples coliected and analyzed
The number in parentheses represents the percentage of samples with virus detections

The detectable concentration ranges at each sampling locatior are shown

Bowow

The Calicivirus concentration at this location was estimated to be 35,000 MPN/PCR Units/100 liter. The greater concentration of
Calicivirus observed in this sample compared to the other samples may be due to the fact that only duplicates per dilution in the MPN assay
could be performed because of reassay difficullics, therefore reducing the precision of the analysis. In addition, of the five norovirus
samples with MPN assays, this sample was the only one that had a positive result in the highest dilution. The combination of these factors
could have resulted in the relatively high MPN value of this sample. Therefore, the high Calicivirus concentration in the subject sample is
likely and artifact of these factors and appears 10 be an outlier.



Table 3-10. Summary of Wet Weather Virus Detections (%) and Detectable Concentration Ranges

S Vires o s “NorthSide .. Stickney - . i 0 Calumet UL
Enteric I 1/161 {69%)" 14/16 (88%)" 14/18 (77%)~
Upstream® 1-12 MPN/10OL 2-28 MPN/100L 1-9 MPN/100L
Downstream” 1-28 MPN/10OL 1-9 MPN/100OL 1-85 MPN/100L
Outfall’® 1 MPN/100L 10 MPN/1001. 10-32 MPN/100L
Ps? <1-1 MPN/160L 1-63 MPN/100L Not Sampled’
Adenovirus 14/16" (88%)* 15/16' (94%y 13/18' (72%)*
f_Ipstream3 20.7-2,890 MEN/10O0L. 3.5-1,280 MPN/1O0OL 14.7 MPN/100L
Downstream’ 105-2,870 MPN/1Q0L 4.37-1,180 MPN/100L 6.24->3.277 MPN/1Q0L
Outfall® 121 MPN/10OL 1,308 MPN/100L 10-355 MPN/100L
psé 66.7- 199 MPN/100L 49.7-1,560 MPN/I0OL Not Sampled’
l\orovzrus 716" (44%)° 10/16 (63%)" 318 (17%)°
bpstream Not Detected 58.2-1,150 PCR MPN/1OOL  Not Detected
Downstream’ 66.9-3,930 PCR MPN/100L £6.9-1,930 PCR MPN/100L  85.3 PCR MPN/100L.
Outfall’ Not Detected 682 PCR MPN/100L 337-651 PCR MPN/100L
Ps? 99.1 PCR MPN/100L 2,590-5,700 PCR MPN/1OOL  Not Sampled’
Notes:

1. The ratio represents the number of samples with detections of viruses over the total number of sampies collected and analyzed

2. The number in parentheses represents the percentage of samples with virus detections

3.The detectable concentration ranges at each sampling location are shown

4. Due 10 safety concerns, the discharge of the North Branch Pumping Station was sampled at the rearest downstream location: North Side-DNS-WW-37

5. The Calurmet Pumping Staticn was not sampied, because historically it did not discharge during rais events



Table 3-11. Comparison of Percent (%) Virus Detections During Dry and Wet Weather

. Wirus. . NorthSide

L Stidkney.

Enteric
Dry
Wet

8/25 (29%)
11/16 (69%)

6/25 (24%)
14/16 (88%)

3/25 (12%)
14/18 (77%)

Adenovirus
Dry
Wet

12/25 (48%)
14/16 (87.5%)

13725 (52%)
15/16 (94%)

6/25 (24%)
13/18 (72%)

Norovirus
Dry
Wet

1/25 (4%)
7/16 (44%)

3/25(12%)
10/16(62.5%)

1/25 (4%)
3/18 (17%)
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Figure 3-4d. ANOVA Results: Dry Weather E. coli (EC)- vs Site, Location, Depth

Calumet, NMNorthsides, stickney
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Figure 3-5. ANOVA Results: Dry Weather Fecal coliform (IFC) - vs Site, Location,

Depth
Factor Type Levels Values
Site tixed 3 Calumet, Worth Side, Stickrey
Location fixed 2 DN8, UPS
Depth fixed 2 1 Meter, Surface
Analysis of Variance for FC
Source DF 8g MS r P
Site 2 3104793643 1552396822 22.36 0,000
Location I 7115308202 7115308202 102.4% 0.000
Depth 1103097042 103097042 1.49 0,229
Site*Location 2 2567400003 1283700602 18.4% 0.000
Site*Dapth 2 97949503 48874752 (.71 0.499

Location*Depth 1 91637042 91637042 1.32 0.256
Site*Location*Depth 2 135756%43 67878272 0.98 0.384
Brror 48 3332361920 65424207

Total 59 16548303898
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Figure 3-6. ANOVA Results: Dry Weather Enterococcus (EN})- vs Site, Location,

Facoor Ty Levels
Site fixed 3
Locavion  fixed 2
Depth fixned z
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Figure 3-7. ANOVA Results: Wet Weather E. coli (EC) -vs Site, Location

Factox Tyvpe Levels Values
Site fixed 3  Calumet, Northside, Stickney
Location £ixed 2 DNS, UPS

Analysis of Variance [or EC-Result, using Bdjusted S3 for Tests

Source DF Seq 88 Adj 88 Adj M3 B B
Bite 2 1.74458E+311 1.42868E+11 714234162422 £.90 0.003
Logation 1 1777951817 464805788 464805788 0.04 0.833
Site*Localion 2 11788688654 11788688654 5894344327 0.57 0.570
Exror 39 4.03612E+11 4.063612E+11 10349013607

Total 44 5,91636E+11

S = 10173¢ R-8g = 31.78% R-Sgladj) = 23.03%
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Figure 3-8. ANOVA Results: Wet Weather Fecal Coliform (EC)-vs Site, Location

Factor Type Levels Values
Site fixed 3 Calumet, Northside, Stickney
Location fixed 2 DNS, UPS

Analysis of Variance for FC-Result, using Adjusted SS for Tests

Source DE Seq S8 adi S8 Adj MS F jig
Site 2 1.90477E+13 1.22816E+13 6.14080E+12 2.02 0.147
Location 1 3.72912B+12 2,23229K+12 2,.23229E+12 0.73 0.397
Site*Location 2 4.54975E+12 4.54975E+12 2.27487E+12 0.75 0.480
BEyroxr 39 1.18731B+14 1.18731B+14 3.04438E+12
Total 44 1.46087E+14
S = 1744815 R-8q = 18.71% R-Sqfadj) = 8.29%
Main Effects Plot (fitted means) for FC-Result Interaction Plot (fitted means) for FC-Result
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Figure 3-9. ANOVA Results: Wet Weather Enterococcus (EN)- vs Site, Location

Factor
Site
Location

Type Levels Values
fixed 3 Calumet,
fixed 2 DNS, UR3

Northside,

Stickney

Analysis of Variance for EN-Resulf, using Adjusted 88 for Tests

Source or Seq 88 adj S8
Site 2 21100315538 17318%67821
Location 1 343398722 86249300
Site*Location 2 2421177249 2421177245
Error 39 84707916458 84707916456
Total 44 1.08573E+11

S = 46604.7 R-8g = 21.98% R-Sg{adj) =

11.
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Figure 3-10. ANOVA Results: Wet Weather Pseudomonas aeruginosa (PA)- vs Site,

Location

Factor Type Levels Values

Site fixed 3 Calumet, Northsgide,
Location fixed 2 DNS, UPS

Stickney

Analysis of Variance for PA-Result, using Adjusted S5 for Tests
Sourxce DF Seq Ss Ad] 58 Adj MS Iy P
Sice 2 164289911 1323778254 661889127 3.15 0,054
Location 1 20243048 1850694 19506594 0.01 0.524
Site*Location 2 372838063 372838063 186419032 0.89 0.420
Error 39 8203498889 8203498883 210346126

Total 44 10239478111

S = 14503.3 R-Sgq = 19.88% R-8g{adi) = 9.61%

Main Effects Plot (fitted means) for PA-Result
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Figure 3-11. ANOVA Results: Wet Weather Salmonella (SA)—vs Site, Location

Factor Type Levels Values
Site fixed 3 Calumet, Northside, Stickney
Location fixed 2 DNS, Ups

Analysig ¢f Variance for SA-Resu