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Laboratory trials of a new sampler for collection of estuarine sediment-
associated virus resulted in a recovery effectiveness averaging 30% for two
enteroviruses and rotavirus SAl1. A minimal recovery potential of 54% was
calculated when losses caused by virus concentration procedure inadequacies
were excluded. Both sediment-associated and suspended solids-associated virus-
es were collected with the sampler. Recoveries of 61 and 60% poliovirus and
rotavirus, respectively, were obtained from salt water-suspended, solids-associat-
ed virus. The unique advantage of the sampler for selective collection of virus-
associated top layers of sediment, plus collection over extensive areas, resulted in
recovery of more virus than was obtained with a commonly used dredge-type
sampler.

Virus adsorption to solids is a phenomenon of
particular interest to environmental virologists
(2). The solids-associated state in polluted
aquatic environments has public health implica-
tions when human enteric viruses and recre-
ational or shellfish-growing waters are involved
(5, 12, 15). Marine sediments represent a poten-
tial reservoir of viruses contributing to the pro-
longed survival, transport, and uptake by shell-
fish of virus (4, 14). Widespread shellfish-
transmitted illness illustrates the potential for
health hazards that may result from creation of a
shellfish-virus carriage status (8, 10, 11). Out-
breaks of virus gastrointestinal illness among
swimmers and bathers exposed to virus in recre-
ational waters has invited further attention to the
importance of solids-associated virus (SAV) to
the survival and dissemination of these agents
and to the possible transmission of virus illness
by bathing in contaminated water (1, 3).

Collection of sediments for virus tests, as
opposed to suspended solids, has been regarded
as a different task, calling for use of different
sampling equipment and techniques. Sediment
samples usually have been collected with grab or
dredge samplers which indiscriminately pick up
sand, mud, and other sedimentary materials
from which virus must be separated and recov-
ered. Suspended solids are collected by passing
water through filters from which retained solids
and associated virus usually are recovered by
backwash or elution.
A new sampler was developed principally for

collection of sediments to be examined for virus,
but was also capable of use for collection of
suspended solids. The apparatus, called SAV

sampler, represents a new approach to the col-
lection of sediments to be examined for virus. Its
development was based on the belief that SAV
represents a spectrum extending from suspend-
ed to sedimented solids and that SAV may be
found anywhere within this spectrum. A key
element was the belief that virus adsorbs to
small particulates that are probably colloidally
or near colloidally dispersed and that these
particulates settle out of a water column as
floccules, forming a fluffy layer representing the
uppermost portion of sediments. The more
deeply located compact layers beneath probably
contain little or no virus. The fluffy layers are
easily disturbed, and it was believed that virus-
associated solids would be picked up by the
SAV sampler and deposited upon a collecting
filter from which virus could be recovered by
appropriate elution procedures.
The sampler illustrated in Fig. 1 was devel-

oped specifically for collection of the top fluffy
sediment layer. It represents a modification of a
Blue Devil Leaf Bagger used for collection of
swimming pool sediments and debris. It is of
plastic composition, 38 cm in diameter and 16.5
cm in height, and was obtained from Andrews
Pool Company, Houston, Tex. Openings at the
top of the enclosed bell-shaped structure allow
water to pass through and permit unimpaired
lowering of the sampler in a water column.
Water is cycled by a gasoline-powered pump
from sampler to cartridge-type filter and back to
sampler. The sampler, pump, and filter are con-
nected by high-pressure hosing outfitted with
quick-connects. Water reentering the sampler at
its base is forced through a ring with jet aper-
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FIG. 1. SAV sampler.

tures opening downward. The uppermost fluffy
layer, suspended by jet stream action directed
against bottom sediments, is drawn up through
the sampler and passed to a collecting filter
where it is retained. Suspended solids collected
from water columns are similarly passed to and
deposited upon a collecting filter.

Laboratory tests of the new sampler were
designed to determine how effective it was for
recovery of SAV existing either as sediment-
associated or suspended SAV. SAV was pre-
pared by adsorption of virus to 2 g of kaolin and
8 g of silt loam (Wards Natural Science Estab-
lishment, Rochester, N.Y.) suspended in 400 ml
of phosphate-buffered saline. Suspensions were
mixed continuously for 45 min, followed by
centrifugation and recovery of sediments con-
taining adsorbed virus. SAV was determined as
the difference between input and supernatant
virus PFU. Test viruses included two enterovi-
ruses, poliovirus 1 (LSc) and echovirus 1 (Fa-
rouk), and simian rotavirus SAl1. The viruses
were prepared in the form of monodisperse
suspensions by freeze-thaw treatment of crude
cell culture harvests, followed by passage of
clarified suspensions adjusted to pH 8.5 through
a series of Tween 80-treated membrane filters.
Absence of significant differences in plaque as-
says of two consecutive filtrates was considered
evidence of monodisperse virus. Assays were
made on a 10-cm2 monolayer surface with 0.1 ml
of inocula adsorbed for 1.5 h at 37°C, followed
by addition of overlay medium. Buffalo green
monkey kidney monolayers were used with the
enteroviruses (7), and fetal rhesus monkey kid-
ney (MA104) monolayers were used with strain
SA 1 (13).

Tests were carried out in tanks of 567-liter
capacity (bottom area, 7,254 cm2) containing
75.7 liters of dechlorinated tap water (10 mg of
sodium thiosulfate per liter). An estuarine salt

environment was created by the addition of
Instant Ocean (Aquarium Systems, Mentor,
Ohio). Salinities were determined with a T/C
refractometer (American Optical Corp., Buffalo,
N.Y.), and turbidities were determined with a
turbidimeter (Hach Portalab; Hach Chemical
Co., Loveland, Colo.; model 16800). Fluffy lay-
ers of SAV on top of 2- to 3-cm-thick beds of
sand were formed by the addition of kaolin-silt
loam-adsorbed virus to tank water, followed by
an 18- to 22-h settling interval. Samples with
turbidities equivalent to those of Texas estuarine
waters were filtered to determine volumes that
could be tested before significant reduction of
flow rate occurred. Samples with turbidities of
177 nephelometric turbidity units (NTU) could
be passed through a filter in volumes greater
than 230 liters before flow rates were affected.
An average of 18.3 g of solids was recovered by
backwash of filters.
The first set of experiments was designed to

determine how much sediment-associated virus
could be recovered from a simulated estuarine
environment with the SAV sampler. Tank water
(59 to 64 liters) was sampled. The fluffy layer
picked up was deposited upon a Filterite 0.45-
,um, 10-inch cartridge filter (Filterite Corp., Ti-
monium, Md.) from which fluffy layer-associat-
ed virus was recovered by elution with 800 ml of
3% beef extract (pH 10.5). Fluffy layer solids
recovered in eluates varied from 3.9 to 5.8 g.
Eluates adjusted to pH 7.6 were concentrated to
detect and determine virus PFU present. An
organic flocculation method representing a mod-
ification of a previously reported method (6) was
used to recover virus from filter eluates after
adsorption to precipitated organic floccules. Re-
covered virus, suspended in a small volume of
0.05 M glycine, was frozen and finally, after
thawing, clarified by centrifugation. Final sam-
ple volumes of 2.3 to 4.2 ml were obtained.
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Results from control tests were used to follow
the SAV status. Release of adsorbed virus and
inactivation or loss of virus during tests was
monitored.
The percentage of solids settling and forming a

fluffy layer on sand beds, determined from 0-
and 18- to 22-h tank water turbidity measure-

ments, showed settling rates of ~"92%. Assays of
1-liter concentrates of tank water supernatants
separated from solids showed that virtually all
virus remained solids associated. Collection and
assay of 1-liter concentrates of collecting filter
filtrates failed to detect filter-passing virus.
Tests of supernatants and sediments separated
from 100 ml of tank water collected at 0 h, and
after 18 to 22 h of holding at tank water tempera-
tures, indicated the extent of virus losses during
solids settling and the PFU remaining at the time
sediment samples were collected. Losses aver-

aging 11% occurred. Beef extract (3%). in 800-
ml volumes, with a virus level identical to that
used for preparation of virus-associated solids
and concentrated the same way as test samples,
showed the extent of virus losses incurred dur-
ing concentration. Losses varied between 12 and
33%. Results from the first set of experiments
are given in Table 1.
A minimum recovery potential of 54 and 47%

for poliovirus and rotavirus, respectively, was
calculated. This expression of relative effective-
ness for recovery of sediment-associated virus
represented PFU recovered in filter eluates.
Calculated recovery potentials excluded losses
incurred during concentration and represented
the preconcentration percent recovery of sedi-
ment-associated virus remaining after an 18- to
22-h settling period. Recovery expressed as min-
imal recovery potential differentiated between
the effectiveness of sediment collection and elu-
tion and the procedure for eluate concentration.
Calculated recovery potentials were considered
conservative. No correction was made for the

loss of 8% sediment-associated virus estimated
not to have settled on sand beds. Assumptions,
based on visual observations, that all of the
sediment had been collected may not have been
completely correct. To the extent that less virus
than assumed collected on the filters, recovery

effectiveness would have been greater than cal-
culated. Also, concentration losses averaging
-22% could have masked the occurrence of

filter-passing virus. Corrections for filter-pass-
ing virus would have increased recovery effec-
tiveness. Actual recoveries of 32 and 25%, re-

spectively, for poliovirus and rotavirus were the
result of inadequacies of the concentration
method used and were not indicative of the
sampler recovery potential.
The next set of experiments sought to deter-

mine minimal recovery potentials for the SAV
sampler and a conventional dredge-type sampler
under simulated field sample collecting condi-
tions unique to each sampler. An Ekman sam-
pler (Wildlife Supply Co., Saginaw, Mich.) was
used to collect samples at one point of the
bottom sediment, simulating a field sample col-
lection from bottom sediments at a given point.
Collected samples of 37 to 68 g of sand and fluffy
layer were eluted with 3% beef extract (pH
10.5), and the recovered virus was concentrat-
ed. SAV samples were obtained over most of the
tank bottom area, simulating field sample collec-
tion over several square meters of bottom sedi-
ments. Samples were processed as described
above for the first set of experiments. Results
are given in Table 2.

Results of control tests were similar to those
obtained in the first set of experiments. Greater
minimal recovery potentials were obtained by
the SAV sampler in each of the five trials,
including two in which no recoveries were made
with the Ekman sampler. An average of greater
than 5 to 7 g of fluffy layer suspended solids in
tank waters was collected. The greater SAV

TABLE 1. Recovery of fluffy layer-associated virus collected by the SAV sampler"
Cumulative virus loss Recoveries' % Virus recovery

Trial Virus iUs (P -input After After Filter EluateAfter After ~Solids Virus elae cnn
18-22 h concn eluate" concn'

1 Poliovirus 239 40 141 4.2 61 62 31
2 Rotavirus 877 78 535 4.6 197 58 25
3 Rotavirus 622 80 292 3.9 123 37 23
4 Poliovirus 24 14 7 4.7 8 47 35

" Fluffy layer-associated virus resulting from 18 to 22 h of settling of kaolin- and silt loam-associated virus in

75.7 liters of salt water (sample volumes, 61 to 64 liters; salinity, 9 g/kg; turbidities: 0 h, 91 to 163 NTU; 18 to 22
h, 7 to 13 NTU). Virus PFU are given in hundreds.

b PFU of SAV added to salt water.
Grams of solids (wet weight) recovered in eluate; PFU of virus recovered in filter eluate concentrates.

d Percentage of sediment-associated virus eluted from collecting filter.
ePercentage of virus recovered in final sample.
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TABLE 2. Fluffy layer-associated virus minimal recovery potential obtained with SAV and dredge-type
samplersa
Cumulative virus loss Minimum recovery potentialc

Trial Virus ~~~Virus (PFU)Trial Virus inUbInput After After Ekman SAV
18-22 h concn sampler sampler

1 Poliovirus 273 39 167 2/106 52/106
2 Poliovirus 5,357 1,200 3,128 100/2,229 1,500/2,229
3 Echovirus 2,114 549 1,586 16/528 275/528
4 Rotavirus 10 1 4 0/6 3/6
5 Rotavirus 30 3 12 0/18 12/18
a Fluffy layer formed by 18 to 22 h of settling of kaolin- and silt loam-associated virus suspensions in 75.7 liters

of salt water (sample volumes, 59 to 61 liters; salinity, 9 g/kg; turbidities: 0 h, 162 to 188 NTU; 18 to 22 h, 13 to 17
NTU). Virus PFU are given in hundreds.

b PFU of SAV added to salt water.
c PFU recovered/PFU remaining after losses incurred during settling and concentration procedures. Ekman

samples, 37 to 68 g (wet weight); solids recovered in eluates of SAV-collezted fluffy sediments, 4.7 to 5.8 g (wet
weight).

recoveries were the result of selectivity of col-
lection of fluffy layer solids, combined with
more fluffy layer solids collected from most of
the bottom area. This gave the SAV sampler
unique advantages not possessed by the Ekman
sampler.
The effectiveness of the SAV sampler for

recovery of seawater-suspended SAV was de-
termined in a third set of experiments. SAV was
added to tank water as in previous experiments,
but collection of suspended solids was made
immediately, before the solids could settle upon
bottom sand beds. Results offour trials are given
in Table 3.

Control tests showed that 99% of the added
solids were in suspension, and no dissociation of
SAV was detected. No filter-passing virus was
detected and, since concentration of collecting
filter eluates was not necessary, no concentra-
tion losses were incurred. Recovery of 60% of
the rotavirus input and an average recovery of
61% of the poliovirus showed that suspended
solids-associated virus could be recovered effec-
tively from filter-collected solids. Actual recov-
eries in the trials were very similar to the mini-

mum recovery potentials calculated for the first
set of experiments.

Results obtained in the three sets of experi-
ments showed that the SAV sampler was a
simple, versatile collector of either sediment-
associated or suspended SAV. Virus recovery
effectiveness was expressed as minimal recov-
ery potential to better emphasize sampler collec-
tion capabilities. The effectiveness and ease of
recovery was attributed to two factors: selectiv-
ity of collection of the solids most likely to
contain adsorbed virus and a capability for col-
lecting these solids over extensive bottom sedi-
ment areas. These factors contributed directly to
a greater ease of separating and recovering virus
from collected sediments, while simultaneously
increasing the likelihood of virus recovery
through collection of greater amounts of fluffy
sediments. Possession of these advantages by
the SAV sampler, but not the Ekman sampler,
was the reason for the greater recoveries made
with the former. Effectiveness of virus recovery
depended upon the success of virus elution from
collected fluffy sediments, regardless of whether
they were filter or eluate associated. No appar-

TABLE 3. Recovery of SAV suspended in seawater'

Trial Virus Virus Recovery" (eluate) % Virus
input Solids Virus recovery

1 Poliovirus 46 5.3 35 76
2 Poliovirus 115 5.6 57 49
3 Poliovirus 95 5.1 56 59
4 Rotavirus 5 4.9 3 60

a Kaolin- and silt loam-associated virus suspension added to 75.7 liters of seawater (sample volumes, 62 to 66
liters; salinity, 19 g/kg; turbidities, 144 to 177 NTU.

b PFU of SAV added to salt water.
Grams of solids (wet weight) recovered in eluate; PFU of virus recovered in eluate.
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ent relationship between sediment position on a
filter or in an eluate and elution effectiveness
was found. Realization of minimal virus recov-
ery capability was shown to depend upon avoid-
ance of losses during concentration of eluates
from collecting filters. Inadequacies of the meth-
od used for concentration reduced recovery
effectiveness for sediment-associated virus to
the vicinity of 30%.
Recovery effectiveness in the experiments

was based upon suspended fluffy sediment tur-
bidities measured in Texas estuarine water being
sampled for virus. Turbidities in laboratory test
volumes were equivalent to estuarine-suspended
fluffy sediment turbidities measured in 193-liter
sample volumes. The laboratory results were
interpreted to indicate that SAV sampler-col-
lected, 193-liter estuarine samples with suspend-
ed fluffy sediment turbidities <180 NTU and
estimated filter-accumulated solids <15 g could
be examined for sediment-associated virus with-
out significant loss of recovery effectiveness.
The extent of recovery effectiveness beyond this
limit was not determined, but previous experi-
ences with virus recovery from large volumes of
turbid seawater indicate that eventually effec-
tiveness is virtually certain to be adversely af-
fected by increasing amounts of suspended sedi-
ment.
The SAV sampler represents a useful tool for

studies of virus pollution of natural environ-
ments in which virus is associated with settled or
suspended solids. It is not expected that the
SAV sampler would be useful for recovery of
freely suspended virus where pH adjustments,
introduction of salt, and filter requirements call
for different equipment and methods (9).

Virus recoveries obtained from estuarine sedi-
ments and suspended solids with the SAV sam-
pler in Texas recreational and shellfish-growing
waters, and the public health significance at-
tached to these results, are described in a sepa-
rate report.
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