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Statement of Critical Regional and State Water Problems Addressed:

Human pathogens (mainly enteric bacteria, protozoa and viruses) introduced into soil
through septic system effluent and land-applied sewage dudge can be conveyed to
surface and groundwater used as sources of drinking water and therefore pose significant
public hedth risks on a nationwide scae. but especidly in rurad and agriculturd areas
such asthe North Centrd States. Traditiona techniques used to examine water for the
presence of pathogens rely mainly on the culturing of non-pathogenic indicator
organisms for detection by inference. The methods used are dow, are unable to
distinguish between closely related pernicious or benign strains, and fail to detect viable
but non-culturable bacteria. Thus, when fecal contamination is suspected based on
indicator-organism test, the presence of pathogens and the source of contamination (i.e,
human v. animd excreta) remain uncertain. Alternatively, feca contamination may go
undetected if indicator bacteriaare in a viable but non-culturable condition.

To resolve these inadequacies of exigting tests, this project focuses on developing arapid
molecular method using the polymerase chain reaction (PCR) coupled to an enzyme
immunoassay (EIA) to test soilsfor the presence of specific sawage-borne pathogens.

The new protocol would obviate the need to culture organisms for detection, and could
remedy shortcomings of traditiond techniques by dlowing rapid, sensitive, and specific
identification of the pathogens of concern rather than indicator organisms. To establish

the vaidity and efficacy of the approach, amodd PCR-EIA protocol will be developed to
detect Escherichia coil and Shigella dysenteriae based on unique ribosoma RNA (rRNA)
sequences, and will be used to examine questions regarding rel ationships between
surviva/occurrence of indicator organisms and pathogensin soil.



Statement of Results and Benefits:

Successful demondration of the utility of the proposed PCR-EIA test would bring
biologicd testing of water quaity up to the state- of-the art in modern microbiology,
alowing inexpensive, rapid, direct, specific detection of harmful micro-organisms via
identification of specific genetic markers. These and additiona tests based on this new
technology would be expected to replace the archaic indirect-inference tests employing,
laboratory culturing of indicator bacteria, and replace tests that require days with ones
that can provide measurements within hours and therefore be used more routingly for
real-time monitoring of water supplies and surface and groundwater quality.

Many laboratories nationwide conduct athriving business testing water samples from
private wells and public water supplies and recreationd facilities, eg. svimming pools
and beaches, usng Slandard methods for the Examination of Water and Wastewater (Part
9000 Microbiological Examination). Turnaround time for detailed andlyses to identify
causes of epidemic illness outbresksis sometimes weeks! Microbiologica anayses are
conducted in-house daily a mgor sewage trestment plants and municipal water works. A
enormous market exits for faster, eeser and more reliable tests using molecular probes
gpecific for feca pathogens or Cryptospiridium spp. in water supply sources. In another
market sector, utilization of Sites for home congtruction and commercia development in
suburban and rurd aressis aso often hampered by unavailability of soils deemed suitable
for on-site wastewater digposd: here concern for spread of feca pathogensis a motivator
for de facto zoning redrictions, preventing beneficia development. Both areas of
gpplication would contribute substantialy to economic devel opment, environmenta
protection, and improved public hedth, both within the region and nationwide. Long-
term, the technology will also be ussful for water testing in third world countriesand in
areas where good sanitation is disrupted by military. conflicts and natural disasters such
as earthquakes and floods. Short-term, the new test proposed here would most benefit
researchers and regulators by alowing, the fate and source of pathogenic organismsin
soils to be determined and traced to identifiable sources, and public hedth officids by
providing approaches that can be used to improve pathogen screening protocols for both
public and private water supplies.



