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INTRODUCTION The majority of the world’s population is found along the

All of the known pathogenic viruses that pose a significant
public health threat in the marine environment are transmitted
via the fecal-oral route. This group, known collectively as en-
teric viruses, is a continually growing list. These viruses belong
primarily to the families Adenoviridae (adenovirus strains 3, 7,
40, and 41), Caliciviridae (Norwalk virus, astroviruses, calicivi-
ruses, Snow Mountain agent, and small round structured vi-
ruses), Picornaviridae (poliovirus, coxsackieviruses, echovi-
ruses, enteroviruses, and hepatitis A virus [HAV]), and
Reoviridae (reoviruses and rotaviruses). The enteric viruses are
associated with a variety of diseases in humans (Table 1), from
ocular and respiratory infections to gastroenteritis, hepatitis,
myocarditis, and aseptic meningitis. The elderly, the very
young, and the immunocompromised are the most susceptible
and are more likely to develop severe infections (40). While
diarrhea has been one of the primary manifestations of infec-
tion, it is now recognized that more serious chronic diseases
are associated with viral infections and that the risks of such
infections need to be better defined. The primary site of viral
infection and replication is the intestinal tract. Virus particles
are shed in feces for weeks at levels as high as 10'° g~ (rota-
viruses), with average levels between 10° g~* (enteroviruses)
and 10% g~ ' (HAV) (32, 36, 166). While person-to-person and
surface-to-person transmission can occur, viruses in wastewa-
ter that contaminate drinking water sources, recreational wa-
ters, and shellfish harvesting waters pose the greatest risk to
the public (14, 42, 90, 99, 107, 122; C. P. Gerba and C. E.
Enriquez, Proc. First Ann. Chem. Symp., 1997).

* Corresponding author. Mailing address: USGS, Center for Coastal
and Regional Marine Studies, 600 4th St. South, St. Petersburg, FL.
33701. Phone: (727) 803-8747 ext. 3113. Fax: (727) 803-2031. E-mail:
dgriffin@usgs.gov.

129

coasts. Often, wastewater is disposed directly or indirectly into
coastal waters. Approximately 9.3 X 107 people (37%) of the
total U.S. population reside in coastal areas and discharge
about 1.0 X 10'? gallons of treated wastewater day ' (101). In
2000, there were over 11,000 beach closings or advisories
(freshwater and marine beaches) in the United States, a num-
ber that had almost doubled from the previous year, and a
majority of these closings were due to wastewater pollution
(102). On a global scale, coastal development is twice that of
inland sites, with ~90% of the generated wastewater being
released untreated into marine waters (20, 60).

The discharge of viral pathogens in treated sewage is not
regulated, and monitoring relies on bacterial indicator detec-
tion to predict virus contamination (54). Virus levels in waste-
water, measured by cell culture assay, range from 1.82 X 10* to
9.2 X 10* liter ! in untreated sewage and from 1.0 X 107> to
1.0 X 10? liter ! in treated wastewater depending on the level
of treatment (101, 131, 133). Some of the wastewater that is
discharged into the marine environment is only partially
treated and is not disinfected (examples of partially treated
discharges where only the undissolved solids are removed be-
fore release of the sewage effluent from the plant can be found
in Los Angeles, San Diego, and Hawaii). Combined sewer
overflows, which are systems that receive rainwater and un-
treated wastewater and overflow during high precipitation
events, have been sources of coastal pollution in areas like
Puget Sound, Wash. (130). Finally, communities with high-
density septic tanks (on-site, individual disposal systems) also
contribute to poor water quality and increased viral pollution
of coastal waters (52, 87).

Prior to 1950, little was known about human viral infections
except for those associated with the more widespread diseases
such as hepatitis. The first isolations of viruses from water were
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