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Regional or State Water Problems

Waterborne diseases of significant public-health impact over the past decade have been
caused by severd microorganiams, including toxin-producing strains of the fecd bacteria
E. coli (Craun et d., 1997), and intestinal protozoan parasites such as Giardiaand
Cryptosporidium (Kramer et d., 1993; Rose, 1997). Such protozoans are readily spread
through fecd contamination of water by the protozoan cysts or oocysts. Moreover, cysts
and oocysts excreted by animds can infect humans. Any comprehensve examination of
water quity should include monitoring for microbid flora, with an emphasis on the
pathogens of greatest health concern. Current reservoir research a the University of
Missouri - Columbia has the overd| objective of determining reservoir water qudity
within the state (as measured by nutrients, weater clarity and aga biomass), and
quantifying the mgjor factors controlling present conditions (land use and climate). We
propose to expand this research to include measurements of pathogenic microorganisms
in surface waters,

Water isacritica resource in Missouri, in adl states of the region, and throughout the
nation. The proposed research is essentia for a complete understanding of the factors that
influence water quality, including the incidence and sources of potentia
pathogeng/paradites in water, and the sources of potentia long-term changes in water
qudity independent of dimatic induced variaions. Land use practiceswithin agiven
watershed will affect water qudity; thisis of particular impact, with respect to



waterborne pathogens, in regions where fecd contamination of water by humans,
domesgtic animds and/or wildlifeis prevdent. This project is viewed as an initid step
towards developing and applying the techniques necessary to conduct widespread
monitoring for the occurrence of potentia pathogenic microorganisms, and to identify
their source of origin in surface waters. As such, this study will provide amodd for
future programs assessing microbiological and chemical parameters of water qudity in
wetland trestment systems, environmental wetlands, and drinking water and recrestiond
reservoirs.

Results or Benefits of Research

This research will result in the development of molecular techniques for the measurement
of waterborne pathogens, and the ultimate gpplication of that methodology to studies of
wetlands and reservoirsin Missouri. We will obtain data on the incidence of total
coliforms, fecd coliforms, toxin-producing strains of E. coli, and the protozoan parasites
Giardiaand Cryptosporidium in the Eagle Bluffs wildlife conservation areaand the
adjacent wetland trestment system for city wastewater. Measurement of the bacteria and
the protozoan cysts and oocysts will be achieved using specific assays based on the
polymerase chain reaction (PCR). In addition, bacteriawill be measured using standard
bacteriologica techniques. Our results will dlow us to determine the incidence of these
microorganisms in the waters surveyed throughout the year, the correlation between the
molecular methodology developed and the standard bacteriological methods, and the
relationship between the occurrence of these pathogens and other limnologicd
parameters. We will dso determine whether the presence of the fecal contaminant E. coli
sarves asardiable indicator for the presence of Giardia cysts and/or Cryptosporidium
oocystsin these surface waters.

A focus on the nearby Eagle Bluffs region will dlow usto refine our gbility to monitor

for the presence of waterborne feca bacteria and pathogenic protozoans, and to relate
such presence to other parameters of water quaity and to land use practices. It will so
alow usto assessthe efficacy of the wetland trestment system with respect to reducing
the dengty of these microorganisms. Results will be important for the city of Columbia,
and may serve asamodd for other congtructed wetland trestment systems. While we will
focus on Missouri waters, the techniques we develop for monitoring waterborne feca and
pathogenic microorganisms --- including the concepts involved in the data acquisition

and data andysis --- will be gpplicable to water quadity monitoring esewhere. Ultimately,
we expect that the molecular assays for biomonitoring developed in this project will be
incorporated as aregular part of al our programs for monitoring water quality in

Missouri reservoirs. This multi-disciplinary approach may serve asamodel for other
monitoring programs. Moreover, the tools developed in this project will position us for
'source tracking' of pathogens. The Eagle Bluffs Conservation Arealis of particular
interest in this respect, given that human wastewater trestment cdlls serve as aprimary
source of water for the conservation wetlands, and that these wetlands provide habitat for
many types of wildlife, induding mammas as well as large numbers of migratory
waterfowl.



Nature, scope and objectives of theresearch

We plan to devel op efficient and cost effective molecular techniques to measure the
presence of coliform bacteria and parasites in wetlands. One of these techniquesiis based
on the polymerase chain reaction (PCR), an extremdy powerful enzymatic reaction used
to produce relatively large amounts of a pecific DNA fragment from vanishingly small
amounts of initid genetic materid. This molecular technique is commonly used for the
identification of organiams through "DNA fingerprinting”, and is often employed in
forenscs and medical diagnostics. We will develop a sensitive, specific, reproducible and
efficient PCR-based assay for the detection and eventud quantitation of fecd coliforms,
including toxic srains of Escherichi cali. The sengtivity of the PCR-based approach will
provide greatly enhanced opportunities for the rgpid identification of specific strains of
microorganisms from environmental water samples. Moreover, this technique will
facilitate sudies by alowing for the long-term archiving of microorganisms collected
from water samples onto membrane filters and available for future molecular assaysin
the laboratory. These sudieswill dlow usto determine whether E. coli isardiable water
quality surrogate for the parasitic protozoans Giardia and Cryptosporidium in Missouri
wetlands and reservoirs. They will aso adlow usto determine the relationship between
the presence of fecadl and pathogenic microorganisms, and other standard limnological
parameters of water quaity. As such, this project is anatural extension of our sudy of
factors influencing lake fertility. Smply stated, our working hypothesisis thet factors
favoring the growth of dgae in lakes (nutrient inputs from farmland and urbarn/suburban
areas in the catchments, and certain climate patterns) may likewise correlate with the
presence (abundance) of pathogenic organisms.

Resarvoir research at the University of Missouri - Columbia has the overall objective of
determining reservoir water quality within the state (as measured by nutrients, weater
clarity and dgd biomass), and quantifying the mgor factors controlling present
conditions (land use and climate). Ultimatdy, we will determine whether our lake
resources are stable or changing with time; where conditions are degrading, we will
recommend remedid action based on lake modes specific to conditions in our Sate. This
regiond study of lake eutrophication (enrichment) assumes that excessive nutrient inputs
to lakes produce changes that are detrimenta to their function and use. Past Sudies have
resulted in publications on the mgor feetures of our reservoirs and empirica modds
which describe composite patternsin lake water quaity. Work in progress includes using
remote sensing techniques to quantify influences of watershed characteristics on lake
fertility. Also, we are developing a modd to digtinguish long-term trends from short-term
fluctuations caused by dimate.

With this proposal, we hope to expand our approach to include measurements of feca
microorganisms, including pathogens. Numerous outbreaks of waterborne diseasein
drinking water and recreationd lakes, caused by microorganisms such as toxin-producing
grains of the feca bacteria E. coli and the protozoan parasites Giardiaand
Cryptosporidium, highlight the need for an understanding of the incidence and sources of
these microorganismsin surface waters. As obligate intestina parasites, such protozoans
are present in feces as cysts or oocysts, and are readily spread through feca



contamination. Cysts and oocysts excreted by domestic animas can infect humans. Any
comprehendve examination of water quality should include monitoring for microbid
florawith an emphasis on the pathogens of greatest public heath concern. Our approach
will be to quantify waterborne microbes in Missouri wetlands and relate their occurrence
among the various water bodies to measurements of water quality and land use practices
within the watershed. Thiswill expand our studies beyond eutrophication to include basic
information on public hedth. We will dso use collected data to determine whether the
presence (abundance) of Escherichiacoli is an effective water quaity index. E. coli has
long been used as an indicator of feca contamination (Whitman et d., 1995), but itsuse
in predicting the presence of pathogenic protozoans in water suppliesisnot clear. By
including this organism in our monitoring program, we can determine whether the
presence of the fecd E. coli correlates with the presence of Giardia cysts and/or
Cryptosporidium oocysts. We will test the merit of using E. coli as a surrogate indicator
for these pathogens.

Our molecular biomonitoring program will focus on the Eagle Bluffs Conservation Area
in mid-Missouri, including the adjacent wetland trestment system for city wastewater.
Thislarge area (> 4000 acres) islocated 6 miles southeast of Columbia, Missouri, in the
flood plain of the Missouri River. Water flows from the city treatment system into the
conservation areawetlands. Water samples will be collected weekly a multiple Stesin
the treatment and conservation wetlands, and samples will be assayed for microorganisms
and other aspects of water quality as described above. The proposed project is
multidiciplinary, combining the respective expertise of three principd investigators. Dr.

J. Jones (UM, Natural Resources) will be responsible for the limnologica aspects of the
project, and Drs. J. Erickson (UM, Biochemistry and Plant Pathology) and M. Milanick
(UM, Medica Physiology) will be responsible for the molecular assays for pathogen
detection and quantitation.

In summary, during the 12 months of this proposed project we will collect water samples
from conservation wetlands and the adjacent wetland trestment system, and measure a
variety of water quality parameters, as well as determine the incidence of totd coliforms,
fecal coliforms, E. coli, and the protozoan pathogens Giardia and Cryptosporidium.
These datawill dlow usto determine the qudity of water in the wetlands, the corrdation
between microbiologica and standard limnologica parameters, and the efficacy of using
fecd E. coli asanindicator of the protozoan pathogens. Ultimately, we expect to
incorporate the techniques developed in this project into our studies of water quality in
Missouri resevoirs. A review of the literature suggests this expanded effort will be one of
the fird large-scade, comparative lake studies to include measurement of waterborne
pathogens in aroutine, water quality monitoring.



