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Abstract

Waterborne disease and pathogen risks 
associated with ambient recreational water 
remain of significant concern. Water qual-
ity degradation along coastlines is associated 
with fecal pollution originating from sew-
age and non-point sources carrying with it 
potential health risks to those using the water. 
Epidemiological studies have examined sea-
sonal risks mostly over a single swimming 
season to attempt to relate water quality moni-
toring of mostly indicators with health out-
comes, mostly diarrhea. Quantitative microbial 
risk assessment (QMRA) is now a field which 
has developed over the last decade and is used 
to address both probability of infection and 
community risks. This scientific approach 
relies on understanding exposures to specific 
hazards of concern. The new challenges fac-
ing the development of a strategy for achieving 
community goals for water quality and water 
safety require a greater focus on evidence-based 
scientific monitoring. Methodologies associated 
with sampling [e.g. air, water, and surfaces] will 
need to take into account the level and extent of 
exposure and be able to interpret this in regard 
to health outcomes. Future advances in QMRA 
have begun to address models of the agent and 
its transmission as well as analytical methods 
using environmental and epidemiological data. 
The use of QMRA can be used to set priorities 
for improving the safety of water and for setting 
relevant public policy. Examples of recreational 
QMRAs associated with sewage spills, virus 
monitoring programs and recreational sites 
impacted by CSOs will be given. While the 
conventional National Academy of Sciences 

approach (4 steps Hazard Identification, dose-
response, exposure assessment and risk charac-
terization) will continue to be used, new tools 
and techniques as well as the issues of sensitive 
populations will likely modify the risk assess-
ment strategy for microbial contaminants. The 
use of new microbiological tools for modeling 
and monitoring and the integration between 
clinical and environmental microbiology will 
provide the necessary data through risk assess-
ment frameworks to address predictions and 
ultimately protection for water basins world-
wide and will enable a better assessment of the 
risk to public health.

Biosketch

Dr. Joan Rose serves as the Homer 
Nowlin Chair in Water Research at Michigan 
State University, the Co‑Director of the Center 
for Advancing Microbial Risk Assessment 
(CAMRA) and the Director of the Center for 
Water Sciences (CWS). Dr. Rose received her 
B.S., in 1976 from University of Arizona, her 
MS from University of Wyoming in 1980 and 
Ph.D. in Microbiology from the University of 
Arizona in 1985. She served as a Professor and 
assistant professor in the College of Marine 
Science, and College of Public Health, respec-
tively at University of South Florida (USF) from 
1990–2002.

Dr. Rose is an international expert in water 
microbiology, water quality and public health 
safety publishing more than 200 manuscripts. 
She has been involved in the investigation 
of numerous waterborne outbreaks world-
wide. Her work has examined new molecular 
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methods for waterborne pathogens and zoo-
notic agents such as Cryptosporidium and enteric 
viruses and source tracking techniques. She has 
been involved in the study of water supplies, 
water used for food production, and coastal 
environments as well as water treatment waste-
water treatment, reclaimed water and water 
reuse and quantitative microbial risk assess-
ment. She specifically interested in microbial 
pathogen transport in coastal systems and has 
studied the impact of wastewater discharges 
and climate on water quality. She won the 
Clarke Water Prize (one of 5 international 
awards for contributions to water science and 
technology). In 2008 Dr. Rose won the first Hei-
jin Woo Award for Achievements of Women in 
the Water Profession, from Intern. Water Assoc. 
(IWA).

She is currently serving as 1) Chair of 
the Drinking Water Committee for the Science 
Advisory Board for the U.S. Environmental 
Protection Agency 2) Chair of the Specialist 
Group Health-Related Water Microbiology 
(IWA).
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Abstract

Day-to-day beach management for patho-
gens varies across the US and globally, yet we 
all use very similar microbiological criteria 
for all recreational waters. As discussed in the 
companion abstracts, QMRA may be used to 
“fill-in-the-gaps” where there is no epidemio-
logic data on beach type and health outcome, 
to aid in selecting appropriate criteria. Yet there 
is more we can glean from QMRA studies to 
aid beach management, particularly in explor-
ing various scenarios of the estimated relative 
effects of different hazardous events or beach 
conditions. The results from running the latter 
scenarios in a QMRA model not only provide 
information that may aid beach notifications, 
but also provide information relevant to set-
ting priorities for research and infrastructure 
changes. Hence, in addition to current multi-lin-
ear regression models that provide site specific 
indicator values (for nowcasting or forecasting 
of beach microbiology), QMRA can be coupled 
to hydrological or other ecological models to 
provide site specific pathogen risk estimates 
that transparently attempt to account for dif-
ferent behaviors between pathogens and fecal 
indicators. Examples of these applications will 
be discussed in the presentation, including: 
accounting for local epidemiological data in the 
QMRA, evaluating the potential importance of 
sediment-borne pathogens, justifying recreation 
advisories, and the potential role of zoonotic 
or person-to-person transmission from ‘super-
shedders’ in driving health risks to recreators.

Biosketches

Dr. Ashbolt accepted a position as Title 
42 Senior Research Microbiologist with the 
National Exposure Research Laboratory, U.S. 
EPA Cincinnati in January 2007. Previously 
he was Head of the School of Civil and 
Environmental Engineering, the University of 
New South Wales (UNSW) Sydney. He has 25 
years experience in environmental microbiol-
ogy, undertaking his PhD on the microbiology 
of composting/Eucalyptus/bark with biosolids 
and fish wastes, and subsequently researching 
in the field of environmental pathogen detec-
tion, fate and transport. Over the last 10 years 
has worked in joint Australian-Sweden and 
European programs developing methods to 
interpret pathogen data with the aid of quantita-
tive microbial risk assessment within an urban 
water sustainability framework. This work has 
contributed to the risk-based approach adopted 
in the recently published WHO recreational, 
drinking water and reuse guidelines. He has 
published 27 book chapters, 105 journal papers 
and over 100 conference proceedings since he 
joined UNSW in 1994. In addition to leading 
quantitative microbial risk assessment activi-
ties within the EPA and supporting new recre-
ational criteria, his current research is focused 
on describing fecal and indigenous microbial 
pathogens in distribution system biofilms, their 
interaction with bacteria and amoeba within 
pipe biofilms, and modeling risks to drink-
ing water consumers from biofilm-associated 
pathogens and intrusion events in distribution 
systems.

Quantitative Microbial Risk Assessment: Its 
Role Beyond Criteria to Risk Management
Presenter: Nicholas Ashbolt
USEPA NERL

Authors: Nicholas Ashbolt, Mary Schoen, Susan Petterson, Jeff Soller
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Microbial Risk Assessment of the 
Chicago Area Waterways
Presenter: Geeta Rijal
The Metropolitan Water Reclamation District of Greater Chicago

Authors: T. Glymph, R. Gore, T. Granato, C. Petropoulou, K. Tolson, C. Gerba, R.M. McCuin, 
L. Kollias, R. Lanyon

Abstract

As part of the Use Attainability Analysis 
(UAA) Study for the Chicago Area Waterway 
System (CAWS), the Metropolitan Water 
Reclamation District of Greater Chicago 
(District) conducted a quantitative microbial 
risk assessment (qMRA) at the three major 
water reclamation plants (WRPs), Calumet, 
North Side and Stickney. The goal of the 
study was to assess the gastrointestinal ill-
ness (GI) rate from exposure to pathogens 
during secondary contact recreation in the 
CAWS during dry and wet weather condi-
tions. The qMRA was divided into four discrete 
components: (1) microbial sampling totaling 
75 samples during dry weather in 2005 and 50 
samples during wet weather in 2006 from the 
North Side, Stickney and Calumet waterways 
were collected. Samples were collected from 
upstream, downstream and outfall locations, 
and concentrations of the indicator microorgan-
isms (fecal coliforms, E. coli and Enterococci) 
and representative pathogens (total culturable 
enteric viruses, viable adenovirus, calicivi-
rus, Cryptosporidium parvum, Giardia lamblia, 
Salmonella and Pseudomonas aeruginosa) which 
are typically present in the feces of humans and 
other warm-blooded animals were examined; 
(2) analysis of the dry and wet weather micro-
bial sampling data; (3) establishing exposure 
and dose parameters from the primary litera-
ture and local use surveys; and (4) assessment of 
the health risk posed from exposure to patho-
genic bacteria, viruses and parasites during 
secondary contact recreation (fishing, pleasure 
boating and canoeing) in the CAWS during dry 
and wet weather conditions.

The water quality monitoring results show 
that the indicator bacteria (fecal coliforms, E. coli 
and Enterococci) were the most abundant micro-
bial species detected in the waterway compared 
to viruses (enteric viruses, adenovirus and 
calicivirus) and protozoa (Cryptosporidium and 
Giardia) during dry weather conditions. The 
wet weather samples had a higher frequency of 
detection of pathogens and higher indicator bac-
teria concentrations compared to dry weather 
samples. However, overall concentrations of 
actual pathogenic organisms in the waterway, 
representing the spectrum of waterway condi-
tions experienced in a recreational year, were 
low. The highest rates of GI, which were less 
than 3 per 1,000 exposures, were associated 
with recreational use on the Stickney and North 
Side waterway segments, and the lowest GI rate, 
which was less than 1 per 1,000 exposures, was 
associated with recreational use on the Calumet 
waterway segment. A low probability of devel-
oping GI, for secondary contact recreational 
users in the areas of the CAWS in close proxim-
ity to the District’s WRP non-disinfected efflu-
ents from Stickney, Calumet and North Side, 
was due to low pathogen concentrations in the 
waterway..

Biosketch

Dr. Geeta K. Rijal is a Section Head of the 
Analytical Microbiology and Biomonitoring 
Section at the Metropolitan Water Reclamation 
District of Greater Chicago (District). She has a 
master’s degree in environmental science from 
the University of Philippines at Los Banos, a 
Master’s and a PhD degree in environmental 
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microbiology from the University of Hawaii. 
For more than fifteen years, she has worked 
on water and wastewater and has extensive 
background and experience in various facets of 
indicators and pathogens in wastewater, recre-
ation water, biosolids, and river water. At the 
District, she directs the Analytical Microbiology 
and Biomonitoring Section, which includes 
whole effluent toxicity, parasitology, virology, 
and microbiology laboratories. She is a member 
of the American Society for Microbiology and 
a board certified (national registered) micro-
biologist (NRCM) in clinical and public health 
microbiology. She is also certified by the Illinois 
Department of Public Health for microbiologi-
cal evaluation of water, water supplies, and 
their sources. She is actively involved with 
the Water Environment Research Foundation 
(WERF) serving as a Pathogen Issue Area Team 
member and a member of the Science and 
Regulatory Advisory Panel (SRAP) in support 
of WERF’s initiative entitled, “Creating the 
Tools for Site-specific Biosolids Risk Assessment 
and Communication Plans.” She also partici-
pated in the Experts Scientific Workshop on 
Critical Research and Science Needs for the 
Development of Recreational Water Quality 
Criteria in Inland Waters organized through 
WERF’s Pathogens and Human Health research 
program and supported by the EPA Office of 
water.
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A Framework for QMRA: A New WERF-
Funded Study
Co-Presenters: Stefan Wuertz
Department of Civil and Environmental Engineering, University of California, Davis
Graham McBride
NIWA (National Institute of Water and Atmospheric Research)

Authors: Stefan Wuertz, Graham McBride, Woutrina Miller, Dustin Bambic

Abstract

Concentrations of fecal indicator bacte-
ria (FIB) as currently used in establishing and 
implementing recreational water quality criteria 
do not provide information about the sources 
of microbial pollution, nor of the pathogens 
they produce. Also, FIB can persist and multi-
ply in nutrient-rich environmental niches such 
as biofilms and sand. For these reasons and 
others, EPA’s current water quality criteria are 
being reviewed. In doing so we are examining 
the prospects for complementing and extend-
ing past and present epidemiological studies by 
enhancing quantitative microbial risk assess-
ment (QMRA) procedures. This is to be done 
under a new WERF-funded project. This should 
provide more informed relationships between 
FIB, pathogens and sources. The specific objec-
tives are: 1) to identify and address data gaps 
pertaining to loadings and concentrations of 
waterborne pathogens and indicators from 
various discharges to recreational waters, and 
2) to compile, analyze and synthesize the data 
in robust QMRA and waterborne risk manage-
ment frameworks. Sampling will be directed 
toward discharges-of-concern (e.g., influents 
and effluents of CSOs and CAFOs), rather than 
receiving waters.

The difficulties in quantifying pathogens 
include (1) even the most comprehensive moni-
toring toolkit cannot measure all pathogens of 
concern, (2) those pathogens that are targeted 
can be difficult to detect and quantify (espe-
cially norovirus), (3) lack of pathogen detection 
is not necessarily evidence of absence of patho-
genicity, and (4) pathogens that are detected by 
methods that do not require culturing might not 

be infective. Therefore we propose to supple-
ment collected pathogen and indicator data 
(Salmonella, Vibrio cholerae, V. parahaemolyticus, 
Campylobacter jejuni, Bacteroidales, Enterococcus, 
Cryptosporidium, Giardia, Toxoplasma gondii, 
adenoviruses, enteroviruses, noroviruses, 
rotaviruses, and FIB) with alternative indica-
tors including host-specific Bacteroidales which 
allow for identification and quantification of 
animal sources. A conditional probability model 
for the determination of true proportions of 
animal-specific fecal pollution in a water sample 
has been developed by the research team.

Developing robust QMRA requires captur-
ing and quantifying data for many variables 
including contributing fecal sources, types of 
pathogens, individual exposure levels, dose 
responses, and differential immunity. To 
adequately inform risk management, QMRA 
must proceed through six steps: (i) establish the 
context; (ii) identify the hazards (pathogens); 
(iii) assess exposures; (iv) assess dose-response; 
(v) characterize risks; and (vi) communicate 
those risks. The risk characterization step is the 
“engine room”, in which “Monte Carlo” model-
ing is usually performed, by making repeated 
random draws from statistical distributions of 
the key variables, accounting for both variabil-
ity (e.g., in individuals’ exposure durations) and 
uncertainty (especially in the form of the dose-
response relationship for individual pathogens). 
A key feature of our approach is that the QMRA 
does not depend on gaining pathogen data from 
receiving waters. Rather, these data are predicted 
using influent and effluent data, and appropri-
ate environmental models. These predictions 
are used to quantify individuals’ exposures, in 
step (iii).
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Results of our QMRA modeling should 
be useful in informing the basic structure of 
new water quality criteria. Other aspects of risk 
management could also be considered includ-
ing analyses of when models could be used to 
make real-time predictions of recreational water 
quality.

Biosketch

Dr. Wuertz is a professor in the 
Department of Civil & Environmental 
Engineering at the University of California, 
Davis. He has more than 13 years of experience 
in environmental biotechnology and engineer-
ing. He received his B.Sc. in microbiology from 
National University of Ireland, Galway, and his 
Ph.D. in environmental sciences from University 
of Massachusetts. He holds an advanced degree 
(habilitation) in environmental biotechnology 
from Technical University of Munich, Germany. 
Dr. Wuertz specializes in biofilm systems in 
wastewater treatment, the use of molecular tools 
to describe microbial communities and biologi-
cal processes, and developing methodology 
to detect low-level pathogens in the environ-
ment combined with microbial source tracking. 
Prior to moving to Davis in 2001, he served as 
Administrative Director of a National Center of 
Excellence for Biological Wastewater Treatment 
at the Technical University of Munich. He has 
been a recipient of a 2-year fellowship from the 
European Union to study genetics of heavy 
metal resistance in bacteria. Currently, Dr. 
Wuertz is Editor of the international journal 
Water Research.
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Quantitative Microbial Risk Assessment: 
A Primer and Potential Applications for 
Nationally Applicable Water Quality Criteria
Presenter: Jeffrey Soller
Soller Environmental

Authors: Jeffrey Soller, Nicolas Ashbolt

Abstract

Recreational water quality criteria in the 
United States and many countries worldwide 
are based on the results of epidemiologic stud-
ies. Epidemiological investigations are par-
ticularly valuable in this regard because the 
observed results provide quantitative linkages 
between water quality as measured by bacterial 
indicators of fecal contamination (e.g., E. coli, 
enterococci) and adverse health effects in indi-
viduals who are exposed to pathogens in fecally 
contaminated waters. However, there exist 
many combinations of waterbody types and 
fecal pollution sources for which epidemiologi-
cal data is lacking and the scientific justification 
to extrapolate existing epidemiological results 
beyond the types of waters and fecal pollu-
tion sources investigated is not well developed. 
One complementary approach to epidemiol-
ogy that has been suggested for understanding 
risks associated with water contact recreation 
is Quantitative Microbial Risk Assessment 
(QMRA). QMRA is a process that is used to 
evaluate the likelihood of adverse human health 
effects from estimated doses of specific patho-
gens, modeled or measured at the point(s) of 
exposure. This presentation will provide an 
overview of QMRA, summarize the processes 
used to conduct QMRA investigations, discuss 
the limitations of QMRA, and describe sev-
eral possible ways that QMRA could be useful 
within the context of developing new or revised 
water quality criteria in the United States and/or 
implementing new or revised criteria.

Biosketch

Mr. Soller is an environmental scientist 
with more than 14 years of water quality expe-
rience. He is the Principal Scientist at Soller 
Environmental, LLC where his work focuses 
on conducting analysis and providing insight 
to facilitate local, state, and federal regulatory 
decision making at the interface of science and 
environmental policy related to waterborne 
contamination. Mr. Soller is the author of 17 
peer-reviewed papers and over 75 technical 
reports. Mr. Soller holds an M.S. in Operations 
Research from the University of CA, at Berkeley, 
and a B.S. in Chemistry and Mathematics from 
Carnegie Mellon University. He is a mem-
ber and former Science Policy Fellow of the 
American Association for the Advancement of 
Science.
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EPA Update on Recreational Criteria 
Development Efforts
Denise Keehner
USEPA OST

Biosketch

Denise Keehner is the Director of the 
Standards and Health Protection Division in 
the Office of Science and Technology in the 
Office of Water. The division she manages in 
the Headquarters Office is responsible for the 
Water Quality Standards Program, the Beach 
Program, and, the Fish Advisory Program. 
Denise has been in this position since May 2003. 
Prior to her joining the Office of Water, Denise 
was the Director of the Biological and Economic 
Analysis Division (BEAD) in the Office of 
Pesticide Programs (OPP) and the acting 
Director of the Environmental Fate and Effects 
Division in OPP. She has been with U.S. EPA 
at Headquarters for 26 years and has served in 
management positions since 1985.
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