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4bstract

This investigation was performed to determine the levels of solids�
associated enteric viruses in a polluted mississippi estuary. Dne
hundred gal lan quantities af estuarine water were filtered to remave
the suspended solids fractian from which viruses were isolated and
quantitated. The Hack Bay of Hi 1 ox i, Hissi ssippi was se lee ted for the
study, and six sites within the bay were sampled continuously during a
nineteen month period. 4 variety of physical, chemical, bialagic and
geologic factars were also measured to assist in the understanding of
virus persistence and transport in the estuary.

Virus numbers associated with suspended solids f ram lOO gal lans of
estuarine ~ater ranged f rom 0 to 35 for any one site on a given month.
The majority of ana,lyses �6.3/! cantained between 0 and lO plaque
farming units; only 5/ of the samples contained greater than or equal
to 21 plaque for ming units per lOO gal lans. This demonstrates that
t.he es tuar y r eceives a constant but low dose af viral contamination
from a variety of sour ces, and that viral distribution in the estuary y
is even ly disseminated.

Virus levels in the estuary eithe~ did not car relate or showed a
weak pasiti ve correlation with sa 1ini ty, turbidi ty, pH, LLC, feca 1
c.ol if orm level, / orga,nic matter, /. carbona,te carbon, / smecti t.e,
kaalinite, / il lite, and mean par ticle diameter. 4 similar
co-re latian prof il e was abserved when each of these parameters was
measured against the fecal coliform number.

This lack of car relation between three measurements  virus numbers,
feca,l cali farm counts and mean particle diameter!, and
physical/chemical/geologic parameters suggested an examination af the
relationship of ather factors such as the amount of rainfall. Virus
numbers did not correlate with rainfall with the exception of one
sampling site. Fecal coliforms correlated with the amount of rainfal 1
at twa of the sites tested. I"lean par tic le diameter did not cor relate
with the amount af rainfal 1. Dther comparisons did not reveal any
relationship between virus levels and temperatur e or the date of
sampling.

The study suggests that viruses and fecal col iform numbers in Back
Bay are highly variable. The random isolation pattern of these
organisms imply a patter n af water mavement which is st> ongly
inf luenced by disturbances such as' tidal patter ns, motorbaat activity,
and rainfall. Thus, viral isolations are random, and it is dif ficult
ta identify the source of virus input. The water flow toward the
mauth af the bay is along the Bay's channel and virus associated with
suspended solids are able to reach this area in a short period of time
� to 3 haurs! when the correct conditions are available.
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Title: Rale of suspended solids in the survival and transport of
enteric viruses in the estuarine enviranment

I. Research Hypothesis:

Enteric human viruse~ are shed in excrement and are found in

sewage. Nhen raw or treated sewage enters an estuarine environ-
ment, the majority of viruses are solids � assaciated or rapidly
associate with suspended solids in the water column. This rela-
tionship accentuates virus persistence in the estuarine or marine
ecosystem and is thought to be responsible for the hydrotransporta-
tion of virus particles to unpol luted waters. The size and com-
position of suspended solids in a given locality, as well as the
chemical/physical aspects of the system, deter mine the extent of
virus movement.

I I I n 't r aduc t ion

The contamination of coastal waters by animal wastes is
associated with a variety of sources of pollution including farms
�1,79!, septic tanks   10,33!, sewage e f f luents of ci ties and sma 1 1
towns �0!, sewage sludges �8,73!, and storm runof f �7,68! .
Enteric viruses, as part of the microbial f 1ora of sewage, must
contend with a myriad of soluble and particulate, organic and
inorganic fractions which serve either to destroy or protect the
infectious natur e of the virus. More than 113 di f,terent virus

types are faund in human sewage �2,77!, but other animal viruses,
or iginating f rom domestic and wi ld animal excreta �5�78!, and
viruses of f ish, plants, and microorganisms �1,52! are part of the
flora which enters this environment. Nat surprisingly, the
greatest research ef fort has been toward an understanding of the
enviranmenta1 biology of human enteric viruses �,3,26,29! . This
research focused on the quantitative and qualitative aspects of
suspended solid» and human enteric viruses in estuarine waters, a
physical/chemical characterization of the suspended particulate
matter, and the possible role of f locculation in the removal of
suspended solids associated virus from the ~ater column.

III. Review of Pertinent Literature:

4. Estuarine Turbidity: Estimates indicate that approxima,tely
250 x 10 grams af sediments are transported annually to the ocean
and is deposited in marine and mixed  continenta,l-marine!
depasi tiana1 environments �4! . These sediments consist of both
dissolved and particulate materials derived f rom land by the
chemical and mechanical ~eathering of rocks and the weathering
and/or reworking of older sediments. Approximately 60/ of this
load is particulate. The sediments are carried to the sea primari-
ly by rivers, however, wind and glaciers are alsa important local-
ly. Mast sediment is deposited in near shore or coastal deposi�



tiona1 environment~ such as estuaries and deltas, beaches and of f-
shore basins. This deposition, as we 1 1 as transpar tation, may also
be influenced, if not cantrol led by human activities. Human
activities may contribute to bath the amount and type of particu-
late and disso!.ved sediments due to accel crated erosion of land and

the introduction of both chemical and organic waste products into
the depositianal system.

The deposition of particulate sediment is dependent upon the
~ature of the sedimentary particle and the chemistry, biology and
energy af the depositional environment �4,55! . Estuarine sedi-
ments consists primarily of silt and clay with subordinant sand,
and are deposited in a generally low � energy environment. Sediment
size is defined in terms af the wentworth scale, given here in phi
units  a geametric scale!, where sand is � 1 to 4.0" ,si1 t i» 4.0 to
8.0, and clay is finer than 8.0. The deposition ar settling of
sand and silt size particles in still water is controlled by
Stokes ' s Law which re 1 ates sett.l ing rate of a given size par tie le
to the spec if ic gr avity af the par tie le and the viscosity of the
water . Sands settle aut most rapidly and are depasited in the
upper reaches of the estuary ~hereas the finer silts and clays are
carried fur ther toward the mouth of the estuary. Al though the
energy af the estuary is low, it is not stil 1, and particles may
remain in suspension due to the ac tion of waves and currents.

The deposition of the clay � size particles is also controlled by
Stoke's Law, but it is influenced by the mineralagy af the clay and
the chemistry and bialogical activity of the water. Clays are
highly reactive particles which passess electrical ly charged
sur faces and which are either attached to ar repulsed fram one
anather by electrical forces. When repulsive forces are greater
than attractive forces, the clay particles remain separated and are
dispersed; when the apposite is true, the particles aggregate or
f laccul ate forming, in ef feet, larger size par tie les which would
settle out faster than those particles which are dispersed.
Generally, dispersion far a clay mineral is controlled by the water
chemistry, including arganic constituents. Speci f ical ly,
dispersian is enhanced when the chemical composition of the water
is such that suf f irient thickness of "oriented" water may bui ld up
around the clay particle and, thus, overcome the influences of the
attractive far ces. ln most instances, potassium and sodium are
dispersing ions whereas calcium, magnesium, aluminum, and hydrogen
are f locculating ones. However, chemical concentration may be
equally impartant as ionic composition; for example, high
cancentrations af "dispersing" ions can cause flacculation by the
common ion ef fect ~ Finally, a dispersing ion for ane clay mineral
may nat necessarily be dispersing for another.

Flacculation may begin when freshwater is mixed with saltwater
even in estuaries where the salinity is relatively low � � 5 ppt! .
Flocculation may accur through ingestion of clays by planktonic and
bentonic fauna. Those clays which are not f locculated may be
transpar ted along the coast or into the ocean �8! . Previously
deposited, f ine-grained sediment, may also be resuspended by waves,
currents, or storm activity to be carried further out to sea or



along the coast �9! . Ordinarily, most fine � grained sediment
transport occurs between upper tidal limits and depths of 15 m.

Clay minerals are f ine � grained, platey, hydrous alumina � silicates
belonging ta the phyl losi1 icate class �1! . They are classified
primarily on the basis of their internal crystal l.ographic structure
and secondarily on the basis of their chemistry ~ Because af the
details of their crystal chemistry, these minerals exhibit unique
physical and chemical properties such as ion sorption, ion
exchange, sar ption of water, shrinkage, swel ling, and
disper sability �1! . They may also adsor b ar ganic matter and other
colloidal material. These reactive properties are dependent on
c lay minera 1 type and the details of the crystal structure of the
clay mineral. The mare common clay types include kaolinite,
il lite, chlorite and smectite. Kaolinite is a two � layered,
diactahedral clay; it is usual ly coarser in size, exhibits the
least ion exchange and water sorption, and is generally less
reactive. I 1 lite and chlorite have different structures but

exhibit similar size and reactivities which are intermediate

between those of kaolinite and smectite. The smectite graup
 mantmor rillonite is the most common species! is a smal 1 highly
reactive three � layer, di � or trioctanhedral clay exhibiting
essential sodium, calcium ar magnesium. Most of these clay
minera 1 s have pa 1 ymorphs character ized by di f f er ing cationic
substitutions wi thin the lattice.

The clay mineral suites associated with most coastal water s are
similar to those of the rivers emptying into these waters althaugh
di f f eren tia 1 f 1 occul ation may e f feet c lay mineral percen tages
within the estuary and out to sea. Far example, estuaries and
mar ine environments along the northeastern Atlantic coast of the
United States exhibit clay mineral suites consisting of chlorite
and smectite. The dif ference i» due ta the presence af kaolinite
and smectite in the Coastal Plain sediments in the southeast. On

the wes t caas t., t he c 1 ay minera 1 sui tes are high 1 y var iab 1 e and
consist of varying amaunts of kaolinite, il lite, chlorite, and
smectite. Along the Gul f of Mexico between Texas and Flarida, clay
mineral compositian af coastal waters consi,sts of kaolinite, il lite
and smectite; kaa1ini te predominates in the eastern Gul f whereas
smectite predominates in the western Gul f.

The composition of suspended solids in estuarine waters is
variable, and consists of diatom f rustules, dinof lagel lates,
organic aggregates, mineral grains, opaque par tic les thought ta be
of anthropomorphic origin, and particles of iran hydrous oxide
�5,66!.

Estuarine sediments exhibit cansiderable variation in the content

af arganic carbon. Bottom sediments composed mostly of sand
usual ly contain  = 1/ organic carbon, in cantrast to si its and
clays  <= 0/! �3! . Anaerobic bottom waters containing abundant
vegetal matter or raw sewage may exper ience organic carbon values
of as high as 10 � 20/. Thus, ar ganic matter levels increase in
estuarine ~aters polluted with sewage, and as a result of phota-
synthesis �2! . Surface waters carry only a smal 1 portion of the
arganic matter; the majority is biadegraded and biaconverted in



sediments. The non

assumed to be fecal

aggregates passibly
adsorption af disso
process, ini tiated
and plankton, could
suspended estuarine
the water calumn.

� living organic f raction found in water is
pellets, minute plankton remains, and platelike
formed when air bubbles act as nuclei for

1 ved organic and i~organic compounds �5! . This
by air and the polymeric excretions of bacteria

account for the adsarption of virus to
particles and their eventual disappearance from

B. Viral Persistence in Estuaries

Enteric viruses naturally bind to cells, tissue~, absorptive
f 1 ocs, and other materials. Ne can logically assume that this
characteristic wil 1 be exhibited when virus enters the estuarine
environment. Long term persistence af virus in this ecosystem
appears to be synonymous with adsorptian to sediment. Smith et. al.
  70! found that enteric viruses survive from l. 5 to 5 times longer
in sediment than in estuarine water. Levels of viruses in sediments
are generally greater than the cancentration found in overlying
waters �,44! .

Virus entering the marine environment via sewage may exist as
single or aggregate particles, or as virus adsorbed to sewage
solids. Solids � associated enteroviruses in sewage have been
observed by several investigators �8,76! . Schaub and Sorber �4!
and Smith et al. �0! have suggested that viruses from sewage adsorb
to estuarine particulates, and are protected fram inactivation. Of
the types of particulates found in estuar ies, suspended salids were
more of ten associated with virus isolation than compact or f luf fy
sediments �9! . 1 t is pr abable that variations in the levels of
f ree versus adsorbed virus occur constantly as a resu1 t of chemical
equilibria, changes in salinity, conductivity and pH, physical
mixing by tidal and wind activi ty, as wel 1 as natural aggregation
properties of suspended matter.

Vira l inactivation in seawater   50! can be c l assi f ied as

chemical, physical or biological phenomena. The presence of sodium
chlaride is cansidered destructive ta f ree virus in seawater �6!,
but salinity alone cannat account for the decrease in virus number.
Other cations are known to inactivate viruses  for example,
rotavirus SA � ll heated to 50C in 2M MgC12!, but have an oppasite
ef fect on related species  reovirus type l! under identical
conditions �3! .

The protective ef feet of clay may also be due ta adsarptian af
antiviral enzymes �5,30,34!, increased viral protein stability
�7!, inactivation of ribanuc leases �9!, adsorption of trace metals
by clays �!, or the insertion of virus inta clay particle
camplexes. Protection also appears ta be a result of virus
morphology, and the placement of the virus on the surface of the
suspended particles. For example, tailed bacteriophage which attach
to clay via tail prateins are more susceptible to the effects of
chlorine �1! .

The role of organic. matter �! in the protection of vir uses in
the estuarine environment is not clear, but estuarine waters are



known to contai n soluble animal and plant proteins and
polysaccharides, mucilaginaus slimes, microbial proteins, detritus,
the feces and exudates af marine animals, and seafood processing
wastes  9!.

The most prominent physical factors which cantribute to virus
inactivatian in the estuarine environment are temperature and solar
radiation �,37!. Temperature may be the more important and has
received considerable attention �1,46! . Calwel 1 and Kaper   l6!
showed that human en teravi ruses were stab l e and detec tab l e a f ter 46
weeks at 4 C, and over a salinity range af 10-34 ppt. At 25 C virus
was rarely detected af ter 8 weeks. Direct exposure to sunlight,
particularly the uv and blue wavelengths, is detrimental to viruses.
The presence of clay and algae in marine waters retards sunlight
penetration and protects viruses fram inactivation.

The presence of certain micraarganisms adversely influences the
persistence of viruses in the estuarine environment �7!; the role
of marine vibrios has been examined with respect to virus loss in
seawater �9! . A passible role of algae and protozoa in the
vir icidal activity af seawater has been proposed, but the extent of
their influence remains unclear �7! .

C. Nature of the adsorptive/protective process

Viruses appear ta readily adsorb ta sand, clay minerals, natural
clay mixtures, and other particulate matter found in the estuarine
environment  8,12,27,32,36,42,57,63,65! . Viruses as hydraphi lie
col loids, depend on the presence of cations, the pM af the
suspending medium  80!, the virus isoelectric paint, the size and
shape of the virus particle, the presence ar absence of an envelope,
and the charge densi ty on the virion for adsorptian. The electrical
charge of col laidal particles in natural waters, with reference to
clay, is influenced by pH, salinity, concentration of cations, and
the concentration and type of clay mineral. Carlsan et al.  i2!
speculated that clay, organic matter, and other suspended
particulates in estuarine water retain a net electronegative charge
at the pH of the natural water; thus, particles in suspension repel
ane another. A lowering of the pH and the addition af metal catians
ta the mixture lowers the electronegativity of the particles wherein
the cation is able ta bridge the gap between virus and clay
particle. Adsorption of virus to salids may also proceed in a
fashion similar to the pracess of solids coagulation where the
presence of cations reduces the energy of the particle interaction
�8! . Interactian energy is the net value of the columbic
electrostatic repulsive energy and van der hfal ls or other energies
considered taget her   53! . The meta I ca ti on is thaug ht. to reduce the
repulsive forces on solids and virus al lo~ing shorter range farces
such as hydrogen bonding or van der Halls interactions ta support
bi nd ing �j. ! .

Dif ferences in ion cancentratian occur between river and sea
waters and have a direct ef feet on virus adsarptian. Those catians
which significantly ef feet adsorption include Na, K, Ca, Mg; the
af feet an adsorption of the minor ions are poorly understood. The



net e lee tronegative charge of estuarine particulates resul ts f rom
the dissociation of ianizable groups on the surface of viruses, and
the unequal charge distributian on c lay minerals. A double cation
layer develops an the electronegative particle, the fixed or Stern
layer, and the outer, di f fuse Gouy layer. In the Gouy layer, the
ions move f reel y, producing a decrease in electrical potential as
the distance f rom the sur f ace increases . A compression o f the
double layer may occur by an increase in the molar cation
concentration or an increase in ion valency. This compression
al lows suspended particulates to move closer, and permits other
bonding interactions   43! . By extension, compression af the double
layer shauld occur as sewage ef f luent or river water particulates
are mixed with sa1 t water allowing greater virus-suspended so 1 ids
in terac tions.

Lipson and Stotzky �7,48! have stressed the interrelationships of
virus adsorption and the cation exc hange capac ity of a c lay mineral .
They demonstrated tha t ad sar pti on occurs main 1 y to negative si tes on
montmori 1 lonite and kaolinite, even though the virus is also
negatively charged. Adsor ption was observed in disti I led and sa1 ine
water, and was not related ta the surface area of the clay. They
specu1 ate �8! that the pH of the colloidal c lay sur f ace is 3 � 0
uni t» belo~ the pH of the suspensian, and that the ac idi ty resu 1 ts
in the protanation of the virus particle fol lowed by cation exchange
at the c lay-vis us interf ace.

Recent 1 y, Wait and Sobsey   75! have conc luded that in addi tion to
electrostatic interactions, hydrophobic residues may be involved in
the adsorption of viruses to particulate matter . This theory was
sup por ted by the demons tra ti on o f non � polar residues on the
picarnavirus surface, and by a dramatic increase in the elution af
virus f rom sedimen ts by c haotrophic agen ts. Studies by Johnson et
al .   36! have al so noted a simi 1ar increase in virus elution f rom

sediment using an isoelectric casein mixture supplemented with

phaspha tidy 1 c ho 1 ine .

D. Viral Transport in the marine environment:

From a public heal th standpoint, viral transport in the marine
environment is a critical problem. Adsorption is probably a
prerequisite for transport, but bath f actors need addi tiona1
eva1 uation . Severa 1 studies have noted the signi f icant pub 1 ic
health prablem posed by viral transport to bacteriological ly
approved estuarine waters. Netcal f et al .   54! examined the
numbers and types of v iruses in wastewater trea tmen t pl an t e f f luen ts
f lowing into the Houston Ship Channel, at downstream sites on the
Channe 1, and in Galveston Bay. Virus numbers were shown to dec rease
in direct propartion to the distance of the sampling location.
downstream from the plants. Virus survival appeared quantitative,
resulting in greater iso 1ations of the viruses which had been found
in high numbers in plant ef f luents. Al though an approximately 10
fold reduction in virus number s occurred during transport �. 5
23. 1 pfu/gal in discharge; 0. 3 � 2. 5 pfu/gal in channel waters!,
viable virus was found 8 miles downstream in channel water. Virus



was not detected in water from an upper Galveston Bay site 21 miles
fram the nearest discharge point. Although no virus was found in
Galveston Bay water volumes of 105 gal, and na indication af a
public heal th concern was obvious fram fecal cali farm caunts of this
water, virus was found in the shellfish collected at the same site.
Virus was also isolated f rom bottom mud of the ship channel, and
f rom the upper Galveston Bay sampling site, indicating that virus
adsorption to natural particulates was responsible, at least in
part, far removal of virus from surface water.

Vi r a 1 transpar t is not unique ta coastal waters, and has been
examined in other ecasystems. Reports by Schaiberger et al. �2!
and Dahl ing and Saf ferman �0! illustrate this paint. In the former
study, performed at Miami Beach, raw sewage was discharged fram a
deep marine out f a 1 1 3.6 km �. 3 mi ! of f share, and at a depth of 44
m. En ter ic viruses were not isolated f ram the water beyond 200
meters of the outfal 1, but were found in beach sediments. As
expected, vir us numbers in sediments declined over thi» distance �8
ta 112 pfu/L at the outfall, and 0 ta 30 pfu/L at the beach! .
Bacterial indicator s were nat found in beach sediments demonstrating
the impartance of sediment analysis for virus as an integral part of
pub lie heal th samp1 ing regimes.

The latter study resulted in the demonstration of virus in the
subartic Tanana River 317 km fram a sour ce of dames ic pal lution.
The degree to which virus was solids � associated was nat deter mined
in this investigation�but the data indicate that virus transport
over long distances is possible when conditians are present. which
f avar virus surviva 1 .

Transport of viruses has been di f f icul t to analyze under f ie1d
conditions. Problems arise fram the law numbers of viruses in
estuarine waters, the dilution af virus numbers at sampling sites
away f rom a paint sour ce of pal lutian, the rate and direc tion of
suspended solids movement, and the fate af virus at a site of public
health significance fallowing transpart. Qrs. Thomas and Julia,
Lytle  Gulf Coast Research Laboratory, Dcean Springs, MS; personal
communication! investigated the movement of hydrocarbons in estuary
models, and have shown that mavement is restricted to a 3 ta 4 mile
distance from the saurce of contamination. One mechanism of
hydrocarbon transport is adsorption to suspended solids. These
studies indicate that virus movement may alsa be limited by the
sedimen tat ion pracesses in estuaries.



Methods and Procedures:

A. Site Selection and Sample Lol lection:

Bite selection was accomplished by reviewing fecal coliform
data for al 1 ma jor estuari es a,long the Mississippi coast. This
information was pr ovided by representatives of the Mississippi
Department of Shellfish Sanitation. Estuaries having
consistently high fecal coliform loads during 1985-1986 were
selected for further evaluation. Preliminary vir us sampl ings
were conducted at. 5 si tes in Bi loxi Bay and Bayou Heron during
March and April, 1987. These da,ta revealed that virus
iso 1 at.ions were more consistent in Biloxi Bay and this si te was
selected for the overall study. The selection of thi» site was
fortuitous for several reasons. First, low level virus
contamination occur r ed constantly throughout the system
al lowing an adequate viral prof i le of. the estuary. Second,
water change in the estuary was suf f ic.ient to f ol low the
movement of virus and other microorganisms. Third, the estuary
is of prime importance to state and national agencies governing
oyster production and we were privy to information which would
not have been available had we worked in another ecosystem.

Hack Elay has been c 1 osed to shel 1 f ishing for over two
decades. This closure was the direct r esul t of excessive

levels of fecal coliforms entering the estuary at a time when
domestic waste water treatment and control of non � point.
pol lutzon sources were non � existent, or when they became
inadequate for the r apidly growing population of thxs highly
desirable ur ban area.

Hack Hay of Biloxi {Figure 1! sampling sites were selected on
the basis of the type of dischar ge entering the system,
proximity to other sites, and the incidence of fecal col iforms
and viruses at a particular site. Five locations within the
estuary were or iginal ly selected for detailed sampling; a sixth
site was added in June 1987 to evaluate viral input f rom
another portion of the watershed. Si te 1 was located at the
upper reaches of the estuary in Bayou Benard. This site is
surrounded by marsh and is probably inf luenced by residential
areas to the north, south and west and by several camps on the
bayou. Bite 2 was near the effluent of the klest Biloxi sewage
treatment plant and on the southern edge of the estuary
channel. Site 3 was located in a smal 1 inlet across from

Keesler Air Force Base which served as a drainage area for a
smal 1 ditch. North of this ditch was a residential area

containing septic tanks. Sampling site 4 was near the East
Biloxi sewage treatment plant ef f luent  Keegan Bayou! . Site 5
was located under the railway bridge at the mouth of the bay.
The water depth at. this site was approximately 30 feet and the
water was general ly clearer than that observed at other si tes.
A site which reflected the level of pollution associated with
the D' Ibervil le  septic tank! area on the northern side of the
estuary was also sampled  site 6! .
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Sampling was conducted at. sites 1 � 5 on a monthly basis from
Apri 1 l987 ta December l988. Samp1 ing at sit.e 6 began in June
l987 and continued ta December 1988.

Standard Methods measurements conducted at each site included

pH, temperature, depth, turbidity, salinity, time of sampling,
and sta.tus of the tide. A standard f eca 1 col i f orm count  Al

procedure! was alsa performed. Rainfall data was requested
f ram Keesler Air Force Base personnel; data included the amount
of rainfall  inches! for the day of sampling and the three
preceding days.

One hundred gallons af estuarine water was pumped thr ough a
pre � filter and a sterile 0.2 micron bag type filter  Cole-
Parmer, N � 02913 � 30!; fol lowing the f i 1 tration pracedure the
f il ters were cut inta small strips, on site, and the str ips
placed into 300 ml of 3/ beef extract in 0.05 M glycine, pH
9. 5. The bottles  media plus str ips! were kept on ic e and
processed upon retur n to the 1 abor atory. This procedur e was
used to col lect suspended salids for virus isolation.

The quantity of suspended solids necessary for geological and
geochemical analysis required that the f luf fy layer above the
campact sediments be sampled. This was accomplished by
remaving the f i 1 tr at ian equipment f rom the pumping sys tern and
connecting the pump to a sediment sampling device. This device
consisted af a length of PVC pipe mounted ta a container with
screened opening and suf f icient openings ta a 1 low water to
enter at rapid rate. Twenty f ive liter s of f luf f y sediment 
wa.ter mixture yielded suf f icient material to complete the
f o 1 lowing anal yses: cation exchange capac i ty, '/. or ganic car bon,
/ carbonate carbar, '/. i 1 1 ite, '/ smec tite, / kao1 ini te, and si ze
of sediment par ticles.

B. Sample Processing

V irus E lu tion and Guan ti tat ion:

Figure 2 demonstrates the steps of elution of virus from the
f i 1 ters used to col lect suspended sa1 ids �8! . Figure 3 1 ists
the steps af concentrate treatment on the day of plaque assay.
Figure 4 contains the actual plaque assay procedure. These
procedures were highly ef fective at removing virus fr om
suspended solids and produced sample concentrates which were
rarely toxic to cell cultures. Al 1 plaque assays were
conducted in MA-104 cells �!, passages 43 to 57; counts wer e
made three days af ter the assay and continued until no new
plaques appeared for 2 consecutive days. Plaques in an
individual assay were picked and used to inaculate MA � 104
cel ls; isolates demonstrating cytopathic ef feet were conf irmed
as the virus count per 100 gallons.

Clay mineral analysis, organic and carbonate carbon
anal.ysis, cation exchange capacity, and particle size
ana lysis:



Figure 2

Elutian af Virus aural sus ended sakids 100 a1 estuarine eater

Steps �f!uv rp5 - 4VBO a gj
 ig Iin 4 CI

p discard sedieent

F discard supernatant



Figure 3

dlc-ard super,"ate

kobe.'

Rash pH probe
v>th alrohol

bet«een saaples

Saaple processing on day of Plague Assay

Cen.r>fuge f.oou rpo
sin at 4 E.  SS34,'

.'..?olyf last into xiniaun
I



Plaque Assay Hethods � Role of SedieentsFigure 4.

i. Prepare 2Z NEH  ye!!on!; after autac laving cool to 45C if used on
that day or stare in refrigerator

2. Prepare 2E agar  need 5 gr in 250 e!!; autoclave 20 Nin,; place
in eater bath at 50 - 54 C.

3. Ta 200 ml of sterile  cao!! 2Ã HEH add: l0 el af !00K PBF, 1 e!
gentaeycin, 5 el of L-glutaaine, t0 e! FB', 15 ei ',5'j. sad!ua
bicarbonate. S'tir the 200 e! volu"e beteeen each add!tice.

4. Before you six the 2y ai-:ture ta the 2x agar, add 15 Il of neutral
ed l th n add su ff !c!ent ye 1! o~ 2X HEH to q. s, ta 250 xni .

5, Pour the 2Ã NEN plus supp!enents e!xture into 250 el af 21 purified
agar. N!x nell. Stare at 50 - '54 E.

Plaq"e Assa; Nethod;

t Nuebc al! I h x

2. Assign numbered flasKs to indiv!dual samples.
Pou off aed'a of a garou - of 'flasks designated fo a partlcu!a
saap!e.

4. !naculate each 25 sq.ce. flask with 0,2 e! saapie being care:ul!
nat to place the inocu!ue d!rectl'j onto the eonolayer.

5. Collect all inoculoe on one edge of the flask and distribute it
ar.rase the sano!ayer.

6. Place the f!as> aside  box!

7 Repeat step~ ' - 7 for ear.h saap!e tested

Needed: 25 sq.ce canfluent HA!04 eonolayers; 6 days old; nate the passage
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Clay mineral analysis was conducted by X � ray diffraction.
Clay minerals were identif ied and distinguished on the basis of
their overall crystal logr aphic structure and interplanar
spacings within their lattices �4! . Quantitative XRD analysis
�,13,40,74! permitted the determination of the relative
amounts of the various clay minerals present in a sample.

Cation exchange capacity was determined by the methods of
Kearns �9!. Carbon compounds found in association with
estuarine sediments were analyzed using a LECO Induction
furnace equipped with an automatic sulfur titrator. The method
which was used was developed by John Hunt at. Wood ' s Hole
Oceanographic Institute  persona,l communication! .

Particle size analysis was accomplished using a model 5000ET
Sedigraph, X � ray particle analyzer which has an accuracy to 0. 1
ml. c ron s .



Results

4. Suitability of the Sampling Sites and Methods:

The initial evaluation of possible sarnpl ing sites along the
Mississippi coast was a valuable can tribution to the avera1 1
ef fart in that the final sites selected contained law ta moderate

levels of fecal col iforms and solids � associated viral isolates

during twenty � ane months of continuous sampling. The selectian
of Hack Bay sampling sites  Figure 1! was also fortunate since i t
was a major estuary selected for a comprehensive sanitary survey
by the Northeast Technical Services Unit, Shel lfish Sanitatian
Br anch, Food and Drug Administration   June 8 � 18, 1987! . We were
able ta coordinate the virus sampling ef fart  June 10 5 17, 1987!
with this comprehensive ef fort and take advantage of their
result». Of particular interest to this study was the dye
release investi gation which demonstrated the pattern of water
movement in the estuary during several tidal conditions.

The techniques described in Methods and Procedures performed
wel 1 and indicated that continuous sampling af estuar ine waters
far solids � associated virus could be commonplace. The 100 ga1
water samples wer e f il tered at each si te in an average of 30
minutes; dur ing that, period, the other parameters were measured
and the fecal coliform test was performed. The entire 6 sites
could be tested in raughly 4.5 haurs, including boat time. The
actual fecal colifor m pr ocedure was modified far these trials and
consisted of the fa 1 lawing: water samples were col lee ted at. each
site and immediately inoculated inta A � 1 dilutions. Tubes were
p laced in an ice chest and held at appr oximate1y lO : unt.i 1 they
reached the labarator y  general ly 6 ta 6. 5 haurs af ter the f irst
sample was taken! . At the laboratory, each rack was placed into
a 44.5 : circulating water bath and held for the r ema,inder of its
24 hour incubation . Al 1 FC samples were treated in the same
manner.

The Corning bag filters �.20 micron! worked exceptionally
well; in na instance was clogging a problem. They were readily
cut in the f ield into strips which were stared in 300 ml 3'/; BE,
pH 9. 0, and held an ice until they reached the labaratar y where
they were immediately processed  steps 3-8! . The plaque assay
procedure previously described was occasional ly susceptible to
contaminat.ion by fungi or experienced toxicity prablems. When
they did appear, such problems were usua,1ly manifest by the sixth
or seventh day of plaque caun ting and did not signif icant.ly
in ter f er e wi th virus caunts.

B. Summary of all data collected during the project:

4 summary of al 1 raw data  by date of col lection! is presented
in Table 1. The data is nat uniform during the early phase af
the investigation. The fir st three months of the study  January
to March, 1987! were used for site selection and equipment
purchases and installation. Following selection of Hack Bay a»



the primary estuar y, tr ia1 runs were per formed dur ing April and
May 1987 to f ie1d test the sampl ing protocol . During this period
it was determined that suspended solid» samples were not able to
be obtained in suf f icient quantity for geologic analysis �0
gal lons of estuarine water yielded � gm suspended solids!, and
an alternate protocol was adopted  col lection of 20 1 iters of
fluffy layer yielding 25 to 30 gm! . Beginning with the June 10,
1987 sampling, additional changes had been made, including the
addition of the fecal coliform count at all sites, and the
addition of an additional site  ¹6! to document the pollution
level in another section of the estuary. Note that two sampling
tr i al» wer e per f ormed during June 1987 to coincide with the FDA
sanitary survey mentioned earlier . Missing data includes the
geologic information from Nov '87 and Jan and Feb '88. An
accident occur red in Dr. Isphording ' s laboratory and the results
were lost. Pump failur e occurred dur ing the May 1988 sampling
and only 20 gal lans could be col lected per site. Also note that
no sediment prof iles ar e available for site 5 during the study.
Site 0 was lor-ated in the middle of the channel at the mouth of

the estuary and had a depth of approximately 30 feet. The
constant flow at this site scoured the bottom and no sediment

co~ld be collected. The rainfall data collected by Keesler Air
Force Base per sonnel was taken near site 3, but the data is
pr esented as r epresenting al 1 sites.

A computer sor t of Table 1, to present all data by Site, is
shown in Table 2. This sor t procedure was used to arrange the
data for ease of statistical analysis as pr esented in the tables
belo~.

C Input from the Sanitary Survey=

A comprehensive sanitary survey of the Back Bay of Biloxi was
conducted June 8 � 18, 19B7. Df particular interest to this
investigation was the data on the ef f iciency of waste ~ater
treatment facilities, tidal flow and dye movement which were
col lee ted during this period. The fol lowing is an excerpt f rom
that documen t:

"Overall this conpreheasive survey shoaed Biloxi Bay and Back Bay to be receiving extreaely large voluaes of pollution froa a
variety of point and nonpoint sources and the overall estuarine systea «aa experiencing considerable environaental stress. Eroa a
public health point of vien, tao extreaely hazardous pollution conditions acre observed, the high bacterial HNs in Back Bay ahich
should preclude this area's uae for suiaaing and aater contact sports and the use of tributyl tin boat bottoa paints by tbe large
fleet of fishing boats.'

Cert.ain f ac ts f rom this survey which ef f ect the data col lee ted
during our investigation inc 1ude:

l. The wastewater treatment systems of ten produce erratic
treatment results by overloading the plants with seafood
processing wastes. Under certain conditions  seasonal !
chlorination was inef fective due to the high chlorine demand of
the organic matter.

2. The rapid gr owth of residential and commercial development
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Table M. Virus ffunbers Recorded 1'er Site for Each ffonth Saupled during 1987 and 1988

1987

4/29 5/18 6/17 7/20 8/17 9/28 10/26 ll/09 12/14

1988

1/28 2/25 3/17 4/26 5/23 6/15 7/12 8/04 9/23 10/06 ll/ll 12/09

1 2 1 3 1 3 3 4 12 16 13 3 0
2 8 2 12 26 2 5 9 7 ll 12 3 12
3 3 3 23 4 12 6 8 ll 9 6 3 23
4 3 5 5 18 0 8 9 7 1 5 1 2
5 11 0 4 26 - 3 3 12 8 3 0 0
6 9 5 12 3 1 5 12 13 14 0 0 0

Table 38. Huuber of Analyzes contalnhg specific plaque levels.
 Total no. assays: 114!

ffo, plaques/analysis ffo, Analyzes

Table X. ffuaber virmes per site by year

June-Decenber 1987

Site $9 Viruses  Ave/south!

January-Decenber 1988

I Virums  Ave/south!

0-10

11-20

21-30

>30

not available

79 11.3

34 4.8

29 4.1
38 5.4

16 2.3

56 8,0

3 4 33 22 13 0
5 4 6 N 9 0 0
0 2 1 8 0 ll

3 5 20 6 3 0
0 2 3 10 0 1 0

35 3 1 7 2 5 3

?6.3

16.7

4.4

1.7

61 5.1
}09 fl.l
ill 9.3

64 5.3
70 6,4
74 6.2



along the Bay was overwhelming the treatment systems.
The Bay is an out of balance estuarine system due to the

amount of waste that enter s the system and the relati ve1y sha1 low
and slow � to � f lush tida 1 action.

4. The dye tracer study showed that treated wastewater was
fairly evenly distributed throughout Back Bay.

D. Examination of Virus Levels Associated with Suspended
Particulates:

A 1 though many investigators have shown that virus persistence
in the estuarine environment is enhanced by an association of the
virus par tie les with suspended particulate matter, f ew studies
have analyzed the number af solids � associated viruses or
at, tempted to relate this association to the geochemistry of the
partic les. Such an evaluation was the principal objective af
this investigation.

As noted earlier, Back Bay was chosen for study because it was
found to contain consistent levels of viruses  nat necessarily

the highest level s of feca, 1 cali f orms! when compar ed to other
estua,ries along the I"Iississippi coast.

Table 3A presents the number of vireos particles found
associated wi th the suspended solids f rac tion f rom 1.00 ga 1 lans a f
estuarine water at each of the sites during each manth of the
investigation. Vir'us numbers ranged from a low of 0 to a high of
35 f or any one site on a given mant h. C! f a possible 114 vira 1
counts �9 months X 6 sites!, 87 counts contained 0-10 plaques,
19 contained 11.� 20 pl aques, 5 contained 21 � 30 pl aques,
contained �0 plaques, and 1 sample was lost and cauld not be
ana 1yzed   Table 3B ! . Thus, the majority of samples tested
�6.3/! contained from 0 � 10 plaques; 16.7/ of the samples
contained fram 11 � 20 plaques. Only appr oximately 5/ of the
samples contained greater than 21 plaques. This indicates that
the estuary receives a constant but low level of viral
contamination f rom a variety of saurces, and pr obably that the
flow af water in the estuary is such that virus distribution is
uniform in the system.

Table 3I: shaws the number af viruses by site f or the 1'9 months
of sampling. During the sampling af June 87 to December 87, ' the
highest number af viruses, 79   11.3/;average per month! was
isolated f rom site 1 f al lowed by 56  8/ ! at. site 6. The lowest
number of viral isolates per site was 16 �.3/! which was
associated with site 5. The average for all sites during this
period was 42. This average increased during the sampling period
January 88 to December 88 to 81, probably due to the 5 additional
months of sampling. During this period, the highest number of
viruses per si te was 111  9. 3/. !, f ol 1 awed by si te 2, 109  9. 1 / ! .
The lowest number af isolates per site was faund at site 1, 61
�.1/!, as campared ta site 5 which was lowest during the
previous seven month period. These data again suggest that the
virus input into the estuary is variable but continuaus. An



examination of virus correlations with chemical and physical data,
also collected fallows.

E. Virus and Bacterial Indicator Levels vs. Physiral, Chemical,
and Geologic Parameters:

Table 4 describes the correlational statistics far al 1 virus
counts vs. physical, chemical, and gealogic measurements made
dur ing the 19 con tinuou,s man ths af samp1 ing   June B7 to December
88! . The data demonstrate» that virus isolatians from suspended
solids af 100 gallon volumes rarely correlates with the measured
parameters. Weak positive carrelations wer e found far virus vs.
CEC at site 3, FC levels at site 1, and carbonate carbon levels
a,t site 3. A stronger positive correlation was found for virus
levels vs. FC at site 6. Other relationships were either weaker
or negative.

Table 5, the correlational values for fecal colifarms vs.
physica, 1, chemica 1 and gea lag >.c parameters, can be inter pr eted in
basically the same manner as Table 4. The majority af
carr elations are very weak or negative; only four weakly positive
values were found between the FC count and pH at site 3, /
smectite at site 4 and between salinity, turbidity and pH at site
5.

An examination of correlations between mean particle diameter
and the physical, chemical and geologic parameters measured
 Table 6! also demonstrates that as a general rule, positive
values ar e not cansistent. This table indicates that the largest
number af pasi tive correlations occur s between MPD and the three
clay types; NPD correlated with the / Smectite at sites 2,3, and
6, with the / I l lite at sites 2,3, and 4, and with the /
Kaolinite at sites 1,3, and 6.

These resul ts prompted us to examine other passible
relationships to account far the var iabi 1 ity of virus and FC
coun ts in the es tuary.

F. Other Statistical Relationships:

The lack of strong, positive correlations between virus and
bacterial numbers and a variety of physical, chemical and
geolagical measurements during this study suggests that the
variability in the estuary is the general rule or that other
measurements would be appropriate to predict the fluctuations af
these micraorganisms. One such parameter is rainfall. During
this study, rainfal 1 data was obtained from Keesler Air Force
Base, from a point approximately 0.0 miles southeast of sampling
$ite 3. Basical ly, if rain occurs at site 3, it will also occur
at other sites since the estuary is relatively small�. Rain on
the day of sampling  designated in Table 7 as RO! can pr oduce
bath a dilution of estuarine water and an influx of sediment and

~aste products into the estuary. If rainfal 1 occurs on days
preceding the day of samp1 ing, its residual ef f ects may a isa
af feet the levels of microorganisms as wel 1 as the other



Table 4, Correlational Statistics: Viruses vs. Physical, Chenical, and Geologic Paraaeters at each Site

Site Salinity Turbidity pB CKC KC XOrg XCC XSae Xlll XEno BPD

1 .153 .262 .274 .002 ~ .17D .001 ,102 .046 .257 .376

,046 .047 .074 .220 .429 .393 ,404 .274 .203 .2662 .219

3 .230 .259 .245 M .223 .035 ~ .062 .093 .059 .000

4 .110

5 .06D

.295 .090 .107 .140 .153 .080 ,269 .270 ,045 .030

.057 .040 - .070

6 .230 .064 .240 ,321 Jjg ,093 .1N .060 .220 .056 .280

Site Salinity Turbidity pH CEC XOrg XCC XSae Xlll XEao BPD

1 ,047 .209 .138 .299 .115 ,003 .132 .267 .224 .417

2 .099 .158 ,118 ,208 .245 .220 .185 .185 .366 .119

3 .379 .314 ~ .120 .014 . 164 . 1M .010 .074 .1N

4 .277 .234 ,122 .129 .119 .176 ~~ .045 .403 .215

.280 .240 .2N .361 ,OOD .333 ,298 .207 ,D70 .IMO

Critical Value for r  n-2! = .456  .05!; .575  .01!

CEC, Catioa Exchange Capacity; FC, Decal Coliforan/100 al; X Org, X Organic Carbon; XCC, X Carbonate Carbon;
XSae, X Saectite; XIll, X Illite; XKao, X4olinite; llPD, Bean Particle Diaaeter

Table 5. Correlational Statistics: fecal Coliforas vs. Physical, Cbeaical, and Geologic Paraaeters at each Site



parameters measured.
Table 7 pr esents the correlational statistics of virus, FC and

mean particle diameter values for each sampling site using al 1
data f rom the 19 months of samp1 ing. The values are presented
cumulatively, asking whether rain on the day of sampling was
associated with these 3 parameters, whether rain on the day of
sampling plus any rain on the preceding day affected the 3
parameters, etc., back to the third day preceding the day of
sampling. Rainfall correlated very strongly with virus levels at
site 6, but not at the other sites tested. Correlation values
increased as rainfal 1 accumulated over the four day per iod at
this site. A weak, pasitive relationship was also observed
between virus numbers and rainfal 1 over the 4 day period at site

Other values were negative. The distance between sites
probably is insignificant in terms of the amaunt of rainfal 1,
ther ef ore, rainfa 1 1 is probably nat a gaod predictor of changes
in virus numbers at a given site as suggested by the results
site 6. It is dif ficult to evaluate the reason for the strong
corre 1 at ions at site 6, whose physica.l nature is not a 1 together
different fr om sites 1 or 3  small bayous in the mar sh! . As
noted above, rainfall could passibly decrease the level of virus
in the water by dilution ef fects, but cauld also be a factor
which increases the virus level by washing surrounding
contaminated materials fr om the land   for example, septic tank
ef f luent! into the estuar y. Perhaps site 6 is somehow dif ferent
f ram the other si tes in a way that was not measured during this
pr ojec t.

Correlations between fecal colifor ms and rainfal 1 wer e not

positive at si te 6 but showed strong correlations at sites 3 and
These positive values did not occur on the day of sampling

but were associated with the previous 3 day per iods. It appear s
that rainfall on the previous days encourages fecal coliform
levels to either increase or decrease; these organisms can
survive in estuarine water for several days and can be protected
by organic matter in the water. In addition, rainfal 1 may bring
nutr ients into the water which stimulate the fecal coliform

populatian to grow  a consideration which cannot be associated
with virus numbers! . Rainfall can af feet salinity, turbidity and
pH values, and these pa,rameters demanstrated positive thaugh weak
correlatian with fecal coliforms at site 5 only. The reason for
these discrepancies are not understood, but underscore the need
for additional research to search for other appropriate
parameters of comparison.

An examination of the relationship between rainfall and mean
particle diameter at each site is also included in Table 7.
Qbviously, rainfall and any associated weather disturbance would
mix the waters and sediments of a shal low estuary such as Back
Bay. The addition of rain water inta the estuary may be
associated with particle disassociation, leading to changes in
particle size. The carrelation values do not reflect these
hypothetical cansiderati ons. Qnly ane weak ly pasitive value was
noted at site 3 and cansidering all of the days of possible



Table 6. Correlational Statistics: Hean Particle Diaaeter vs, Physical, Cheaical, and Geologic Paraaeters by Site

Site Salinity Turbidity pE CRC XOrg XCC XSae Xlll Xho

.067 .006 .159 .097 ~ .232 .073 ,095 3K

.092 .M9 . 103 .198 .D71 .435 ~ ~ .130

. 124 .207 .409 , 1D6 .284 .332 Jilh,

.215 .230 .389 ,006 .OM .281 .406 ~ .175

.050 ,163 .191 .372 .350 .346 ~ .262

Table 7. Correlational Statistics: Viruses, Fecal Coliforaa and HPD vs, Rainfall at each saapling site

Site

1 2 3 4 5 6

.268 .198 .193 J
1,
,331 .212 .220 JQ4
.339 .253 .285 Jg.
.427 .378 33i JHl

.068 .025 . Ml .063
.051 ~ .137
.367 ~ .269
.367 J L'1 .271

RO, Rainfall on day of Sanpling; RO,R-1, Rainfall on the day of aanpling aad oa the previous day; RO,R-1,8-2, Rahfall on the day
of aaapling and the tao preceeding days; RO,R-1,R-2,R-3, Rainfall on the day of aanpling and on the three previous days.

Critical Vahea for r  n-1! = .456  .05!; .575  .01!

RD .079 .099

Virus RO,R-l .153 .140
vs. RO,R-1,8-2 .163 .354

RO,R-1,8-2,R-3 .172 .356

RG .020 .081
Fecal RO,R-1 .289 .M2
Coliforaa RD,R-1,R-2 .291 .362

vs. RO,R- ,R-2,8-3 ~ ,368

RO .238 .034

RPD va. RG,R-l .318 .164
RO,R-l,R-2 .376 .206
RD,R-l,R-2,R-3 .377 .2DD

.G04 .140

.228 .201

.315 ,2G7

,255

.126

.2M

.210

.259
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rainfall. Therefare, it cannot be said from this study that any
relatianship exists between rainfal 1 and mean particle diameter.

The use af statistics to compare a 1 1 of the dat.a col lee ted
during the study could but did not yield rorrelations which
indicated str ong positive trends. The question was then raised
whether individual sampling dates would correlate with al 1 fecal
coliform, virus and mean particle diameter data at all sites.
These r esults are shown in Table 8. Fecal coliforms produced 6
of 19 positive values; viruses, 7 af 19, and 01PD, 6 of 16 �
samples lost during the investigation! . Therefore, there is no
signi f icant trend ta suggest. that the individual dates of
sampling wer e carrelated during the study with these three
parameters.

Temperature as well does nat appear to have a significant
in f luence an virus, f eca 1 col i farm ar f1PD va 1 ues   Table 9 ! . Wi th
the exception of NPD: si te 3, al 1 correl atians were extremely low.

G. Viral persistence and transport:

Viral input into Back Bay appears to be canstant, but the low
numbers of isolates in our sampling ef far t may nat ref lect the
true numbers of viruses in the estuar y. There are no estimates
af the volume af water which moves through Back Bay daily, but
the volume is considerable. A 1 though viruses were f aund
consistently at each site, only 2 of the sites were situated near
defined sewage autfal ls which would be easily recagnized as a
potential source of viruses. Since viruses do reach site 5, with
no appar ent source of vir us other than other sampling sites in
the estuary, viral transport to this point implies viral
movement of at least . 5 to 1 mi le. Sediment f loccul ation should

account far some lost af virus and site 5 shou,ld shaw the lowest

1 eve 1 o f virus isolation; this occurred during the June
December 1987 sampling period, but not during the 1988 samplings
when isolations at site 5 was appr oximately equal to the total
number of viruses found at sites 1,4 and 6  see Table 3C! . Tidal
movement in the estuary as we 1 1 as rain f a 1 1 and boat tra f f ic
probably combine to mix the waters suf f icient.ly making it
di f f icu 1 t ta ascer ta in a def ined pat ter n o f virus movement.
Thus, isolations appear random, and it is di f f icul t ta evaluate
the ac tual source af an isolate. A table similar to Table 3,
when prepared for FC caunts, shows an identical trend. Fecal
coliform measurements are also highly variable at each site and
during the dif ferent months af the year. Counts do not. drop of f
toward site 5, indicating that mixing promotes movement and
transport af this bacterial population as it did for virus
levels. The dye studies performed in June 1987 also support
these results. Dye releases at varying points throughout the bay
demonstrated that ~aste~ater ef f luents could travel up to 6 miles
during one ebb tide. Dye levels indicated that our site 5  an
the border af Back Bay and Biloxi Bay! was in a lacation that was
continuously swept by treated wastewater. Basically, the dye
plume followed the boat channel, which wauld include all of aur



Table 8. Correlational Statistics: FC and Virus Levels vs. all Sites by Date

fecal Coliforms Viruses KPD

Critical Values for r  n-2! = ,456  .05!; .575  .01!

Table 9. Correlational Statistics: Viruses, Pecal Coliforms, and Oean Particle Diameter va, Temperature by Site

Site Viruses Fecal Coliforms mean Particle Diameter

.1231 ,200 .230

2 .048 .022 .086

.177

.191

.274 .D27

6 .230 .007

Critical Values for r  n-2! = .456  .5!; ,575  .01!

06-17-87

07-20-87

08-17-87

09-28-87

10-26-87
11-09-87

12-14-87

01-28-88

02-25-88

03-17-88

04-26-88

05-23-88

06-15-88

07-12-88

08-04-88

09-23-88

10-06-88

11-11-88

12-09-88

.407

.147

,018

.MO

.024

.239

.217

.174

.427

.339

.200

ZK
.352

Jill
.444

JQ2
.355

.091

.293
.448

.148 .297

.414

.021

. 1D9

.231 . 160

.169 ,332

,362 .306

.321 ,382

.273 .377

.404

.321 .092



sampling sites with the exception of site 6.
Une of t.he possible reasons for the vari ation in virus

associated suspended solids is adsorption or reabsorption
fol lowing changes in the conditions which ex ist in the bay at. any
given point in time. Unattached virus or viruses attached to
particulates sma.l ler than 0.2 microns would not have been
isolated during this study. if adsorption/reabsorption occurs it
would influence the virus count and result in data variability.
Such problems should be addressed in a future study.

Retrospectively, Back bay or simi lar estuaries were not
suitable for the strict fulf il lment of the objectives of this

study. Fram a more practical standpoint, a location with one
wastewater source, a sing le, wel l def ined channel, and several
miles of sampling area would better serve to def ine the question
of virus transport.. Hast small estuaries receiving wastewater
pol lution, however, are similar to Back Bay and it is expected
that similar problems of virus variability due to mixing would be
encoun tered .



Di scuss ion:

This investigation was designed to evaluate the level of
solids � associated virus in a pal luted Nississippi estuary. The
research hypothesis was consistent with previous studies which
related virus persistence in the estuarine enviranmen t to virus
at tachment to particulates. This study was unique, however, in
tha,t it was an attempt to relate particulate size and camposition
to virus isolations, persistence and transport. Qf three major
estuaries evaluated for this study, only Back Bay contained low,
but consistent levels of solids � associated virus.

In the laboratory, viru~e~ ad~orb to a variety of substrates
and bonding is strongly influenced by pH, ionic compositian,
quantity of dissolved organic matter, organic particulates such
as bacteria and fecal residues, and the presence of non � reactive
end products of the breakdown af plant materials such as fulvic
and humic acids. Both laboratory and field studies have shown
that, depending on environmental ronditions, vir us numbers are
partitioned at any one point in time and place between the ~ater
column, the suspended sa l. id f rac tian and the f 1 occu 1 a ting so 1 ids
particulates. Bound virus has been shown to survive longer than
solids � associated virus, thus rapid water movement would be
required for free, infectious virus to r each non � pol luted
shel 1 fish growing ar recreational ~aters. I f the
physical/chemica,l conditions which enhanced virus adsorption to
particulates do nat rapidly change in an estuary, virus should
r emain attached to the suspended f r action and eventua 1 ly be
deposited into the Gouy sediment layer and then into the
anaerobic sediment fraction.

Suspended solids thus appear ta be the mast important
particulate f r ac.tion which relates ta virus per sistence and
transport. Collection af this f rac tian f ram the ~ater column by
filtration is a most ef ficient method, al thaugh sedimentatio~ at
4 C would probably retrieve a gr eater percentage af the particles
smaller than . l microns. The bag-type unit utilized during this
investigation was easy ta manipulate and retained the majarity of
suspended matter. Fol lowing the f i 1 tration of l00 gallons of
estuarine water, bags were caated with approximately 1/6 in af
suspended material, but the filtration rate was not slowed.
Thus, larger volumes, perhaps 300 gal lons, cauld be f i 1 tered to
examine estuarine particulates far virus cantent.

Bark Bay was an excel lent estuary to demanstrate solids-
associated virus due to the number of sources af viral input.
However, the amount of mixing in the estuary and the short
residual time of tidal water made an analysis af virus transport
dif f icul t to evaluate. Table 3A clearly shows that virus
isalations are comman throughout the estuary, indicating either
that input into the estuary is continuous or that mixing af
estuarine water praduces a virus dispersion ef feet which
precludes a determination of virus saurce. The small number af
plaques per analysis �6/ of the analyzes containing bet.ween 0
and lO plaques! indicates that input during the year is low, or



that the mixing phenomenon dilutes higher virus levels at certain
,places in the estuary. Transport of virus to site 5 did occur as
indicated in Table 3C, where the average per month was 2.3 during
the period of June to December 2987, and which increased to 6. 4
per month during the period of January y to December i988. Nixing,
tidal movemen t, and the movement. of water primarily along the
channel of the Bay, demonstrate that virus transport to oyster
gr owing waters of Biloxi Bay and beyond is a definite
consideration. The dye plume was found to reach the middle of
t.he bay side of Deer Island, and it is assumed that: under the
correct conditions, virus could be transported at least this
distance.

As noted by the results shown in Table 4, virus numbers
infrequently correlated with physical, chemical and geologic
parameters. No patte n developed which would suggest a trend
consistent with an indirec t or direct stat. istical re 1 ationship.
This implies that if virus data concerning an estuary is need as

public heal th measurement, no substitute parameter vill serve
as a suitable replacement. Basically, the same can be said fo-
the fecal coli form count  Table 5! . Although this standar d
procedure is much simpler and more economical than a virus test,
there does not appear to be any statistical va1 idity to a
relationship between this test and the physical, chemical or
geological measure ements examined. In addition mean par ticle
diameter could not be correlated with the physical and chemical
measurements, but showed a 50/ correlation with specific clay
mineral concentrations at each of the sites tested. Since mean

particle diameter did not correlate with salinity, pH, turbidi ty,
CEC, / organic matter, and / organic matter, i t xs assumed that.
these parameters do not readily af feet particle size in a nat ural
environmenta 1 situation or that. they have a complicated,
interactive relationship to particle diameter. The meaning of
this lack of correlation wi1 1 require further experimen tat.ion.

Qf the parameters tested, rainfal 1 demonstrated the strongest
cor relations. Correlation of vir us versus rainfall on the day of
sampling and the three preceding days were very strong
indicators, but this occurred on ly at site 6. Site '5 virus
isolations sho~ed a weak, positive correlation with rainfal 1, but
only the cumulative rainfall of the day of sampling and the 3
preceding days. Fecal coliforms, however, displayed multiple
posi tive correlations at sites 3 and 5, but on ly on the days
prior to the day of sampling, and were consistent with the virus
correlations. Mean particle diameter did not appear to relate to
rainfall. These data again suggest, that virus isolations are
individual entities which must be measured separately, and should
not depend on indicator parameters such as the amount, of
rain fal 1.

The overal 1 lack of correlations during this investigation
demonstrate the complexity of relationships between
microbiological and other measurable parameters in estuarine
waters. Although it has been stated by numerous investigators,
this study again underscores the need to isolate viruses f rom



estuar ine areas which receive human wastewater and for which a

possible public health problem exists. The technology is
available and economical ly feasible for routine estuarine
sampling.



Summa ry and Conc 1 us i on s

Viruses associated with the suspended solids fraction of
estuarine ~aters can be readily estimated by filtration of
one hundred gallon volumes followed by standard extraction
and plaqu~ assay procedures.

Back Bay of Biloxi was shown to contain low levels of virus
during most months of the year.

Suspended-solids associated virus levels ranged f rom a low
of 0 to a high of 35. Seventy six percent of the analyses
contained between 0 and 10 isolates. Only f ive percent of
the samples contained greater that 21 isolates.

Viruses were isolated f rom the mou.th of the Bay. To reach
this point requir ed transport. of the vir uses on suspended
solids.

No correlation could be demonstrated between virus levels,
fecal coliform counts, mean particle diameter, and a
variety of physical, chemical and geological measur ements.

Rainfal 1 correlated str ongly with virus and fecal coliform
concentrations at. spec i f ic sampling sites, but did not
correlate wi th rainf al 1 at the same si tes. I'lean par tic le
diameter did not corr elate with rainfal l.

str ong corre1ati on did not. exist. between the day of
sampling at a particular site and the levels of fecal
coliforms, virus, or the mean diameter of the suspended
particles. Similarly, no relationship was observed
between viruses, fecal coliforms, and mean particle diameter
versus the temperature of the water.

The lack of correlation between the microbial parameters,
mean particle diameter, and a variety of physical, chemical,
and geologic measurements strong ly suggests that estuar ine
mixing causes constant. redistribution of microorganisms, and
random isolation patterns.

Enteric virus isolation f rom suspended so 1 ids is the best
method to evaluate the potential health hazard of polluted
estuarine water.
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Check list Summary:

In Ma in Document:

1. Title Page, Pr incipal Investigators, Sea Grant Project
Number, USM project numbers, duration of the project,
Period covered by this repor t

2. Body of Report, including Research Hypothesis, Introduction
Review of Literature, Methods and Procedures, Results,
Discussion, Tables, Literature Cited.

Additional Information concerning the total project:

Tabulations:

No. field exercises: 23

Person Hrs. Expended: 3937
Dollars Encumbered: $71,289
Percent Completion of Qbjec tives" .95

Problems:

The proposed timetable for the pr oject was completed. A
minor number of samples or data were accidentally lost
during the study, but did not significantly af feet the
analysis.

Changes during the Investigation:
The project was completed with essentially no changes in
the sampl ing pr otocol.

Publications:

No publications to date; one in preparation.


