
Rodney Morris1 and Juhee Kim1 
 

VIRUSES IN 
THE MARINE 

ENVIRONMENT 
 
 
 
Present municipal wastewater treatment methods do not produce virus-free effluents, and there is 
considerable disagreement among scientists about the distribution and fate of enteric viruses 
discharged into the marine environment.  Those that are found are potential pathogens, such as 
poliovirus, coxsackie virus, and echovirus.  The most serious virus (and the one most difficult to 
sample for) is the pathogen that causes infectious hepatitis. 

Viruses of the enterovirus group were investigated this year in sewage effluents, marine 
sediments, and shellfish. Samples of raw sewage and primary and secondary effluents from the 
Hyperion Sewage Treatment Plant were concentrated for analysis by selective adsorption to and 
elution from fiberglass disk filters.  As much as 3.8 liters (1 gallon) of primary effluent could be 
processed through the disk filter before clogging occurred.  By repeated adsorption to and elution 
from progressively smaller fiberglass filters in series, a 3.8-liter sewage sample could be 
concentrated to 10 ml for analysis in tissue culture. 

Marine sediment samples up to 1 liter in size were tested for the presence of enterovirus by 
washing once with distilled water at pH 3.5 to remove excess salts, centrifuging, and adjusting the 
sediment to pH 11 with sodium hydroxide to elute the virus.  After centrifugation, the supernatant 
was processed in the same manner as the sewage samples. 

Samples of the California mussels, Mytitus califormianus and M. edulis, from shore stations 
were also examined for the presence of enteroviruses.  At each station, 2 kg of mussels were 
collected; the digestive glands of the specimens were then removed, homogenized, and washed 
with a pH 5.5 buffer at low-salt concentration to remove substances toxic to tissue culture cells.  
Following centrifuging, the tissue sediment was adjusted to pH 3.5 with glycine-buffered saline 
solution to elute the virus from the tissue. The suspension was again centrifuged, and the 
supernatant was concentrated for virus assay by ultrafiltration.   

Virus concentrates were assayed on human embryonic kidney, human embryonic lung, and 
BGM (a monkey kidney cell line).  Direct plaque assays on the tissue culture cells were used for 
detecting and counting the enteroviruses as plaque forming units (PFU).  Poliovirus type 3 
(attenuated) was used as the control throughout the investigation.  The most probable number 
(MPN) of total coliforms and enterococci per gram of mussel digestive gland homogenate was 
also noted for comparison with the presence of viruses. 

Enteroviruses were detected in the raw sewage and the primary and secondary effluents from 
the Hyperion Treatment Plant (Table 1).  The highest virus concentrations were found in primary 
effluent (mean:  175 PFU/liter) and raw sewage (180 PFU/liter).  The concentration of viruses in 
the secondary effluent was at least 20 times lower (7 PFU/ liter), indicating that aeration and 
settling removed 90 to 95 percent of the viruses found in sewage.  These concentrations are 
somewhat lower than expected for sewage effluents. Measurements of recovery efficiencies, 
which are now in progress, should aid in estimating the actual concentrations discharged. 
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Grab samples of surface sediments were taken near the ends of the Hyperion 7- and 5-mile 
outfalls and off Santa Catalina Island.  All samples of sediment tested were negative for 
enterovirus.  However, we encountered many difficulties in attempting to elute and concentrate 
viruses from the sediment samples (the precipitates that formed during sample processing may 
have removed any viruses present in the sediment). 

Mussels from three different locations were tested for presence of enteroviruses.  Virus 
plaques were detected in the samples from Ballona Creek (a major drainage channel where 
coliforms exceeded 275,000 MPN/g) and the Marina del Ray yacht channel but not from Royal 
Palm State Beach near the Whites Point outfall system (where coliforms were about 30 times 
lower, 8,600 MPN/g, Table 2).  Unfortunately, toxic substances present in the mussel extracts 
caused early death of the tissue culture cells, and the numbers of virus present could not be 
counted.  In any case, microbia l contamination of Royal Palm mussels was quite low compared to 
that of Ballona Creek samples, which are much further removed from a major sewage discharge 
site.  The source of the Ballona Creek contamination is not known. 

The survival and fate of human viruses in the sea is a subject of concern and controversy in 
coastal areas around the world.  One expects viruses to be discharged into the ocean with any 
kind of domestic wastewaters, and the measurements so far obtained suggest that we are close to 
quantifying local input rates.  It is also clear, however, that the viruses are greatly diluted (100 
times or more) in the seawater near the outfalls; thus, seawater samples for virus assays must be 
large (e.g., 400 liters).  Marine shellfish and sediments, which should concentrate viruses and 
other microorganisms from the water, may be useful sampling tools.  Our present data suggest 
that mussels may be more indicative than sediments, but we cannot yet conclude that viruses were 
actually absent in the sediment samples tested until we have developed further procedures for 
purifying sediment extracts.  In addition, death rate studies of poliovirus in mussels and sediment 
samples should be performed in the laboratory to obtain some information on the potential 
persistence of viruses in ocean water and sediments.  With this information, we believe it will be 
possible to conduct a more definitive coastal survey of enteroviruses that will determine their 
distribution patterns from known sources and possibly show their relation to indicator organisms 
such as coliform and streptococcus bacteria. 
 



 
Table 1.  Virus plaque forming units (PFU) in samples of 
Hyperion effluent 
 
  PFU’s Detected 
Sample No. Per Liter Mean 
 
Raw Sewage 180 180 
 
Primary Effluent 

1 217 
2 139 
3 169 175 
 

Secondary Effluent 
1 1.6 

2 12.7 
3  6.1 6.8 
 

Final Efluent  127* 
 
*Concentration of PFU’s in the mixture of primary and secondary 
effluent discharged. 

 
 
 
 

Table 2.  Presence of enteroviruses and coliform and enterococcus bacteria in 
southern California mussels.  Bacterial counts are in MPN per gram of digestive 
gland homogenate. 
 
 Total 
Sampling Location Viruses Coliforms Enterococci 
 
Marina del Rey Detected Not tested Not tested 
Yacht Channel 
 
Ballona Creek Detected >275,000 >275,000 
 
Royal Palm State Beach Not 8,600 18,600* 
(outfall pipe base) detected 
 
 
*Negative for enterococci by confirmation test. 
 
 


