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Recovery of viruses from field samples of raw,
digested, and lagoon-dried sludges*
SYED A. SATTAR 1 & J. C. N. WESTWOOD2

In a 22-month study, viruses were detected in 84 Y. (62/74) of raw, 53% (19/36) of
anaerobically digested, and 39% (11/28) of lagoon-dried sludge samples. Lagoon sludge
contained detectable viruses (reovirus and enterovirus groups) even after 8 months of
retention. Because of such prolonged virus survival in sludge, care must be taken in its
disposal or utilization.

Because most virus particles in nature are associ-
ated with solid materials (1), sludge generated during
sewage treatment receives the greater proportion
of the viruses present in domestic wastes. Prolonged
virus survival in artificially contamined samples of
raw sludge has been demonstrated (2). That anaerobic
digestion of sludge is not sufficient to inactivate
indigenous viruses has also been shown (3, 4). In
most cases, however, digested sludge is subjected
to drying in open lagoons before it is disposed of or
allowed to be used as fertilizer. Is such retention of
digested sludge enough to render it safe from the
virological point of view? The present investigation
was aimed at answering this question.

MATERIALS AND METHODS

Samples of raw (RS), digested (DS) and lagoon-
dried (LS) sludges were collected weekly from the
Green Creek Pollution Control Centre in Ottawa.
This is the largest sewage treatment facility in the
area and at the time of this investigation, it was
processing about 2.7 x 108 litres of domestic sewage
per day, resulting in the generation of approximately
340 000 kg of raw sludge (total solids content 5 %)
per day. At this plant, raw sludge is digested anaero-
bically (35°C) for a minimum period of 20 days;
digested sludge is then allowed to dry in open
lagoons for a minimum of 6 months before it is
disposed of on land or allowed to be used as soil
conditioner.
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Composite samples of RS were collected just
before it was introduced into digestion tanks and
the DS was sampled just prior to its introduction
into lagoons. All samples of LS were collected from
one lagoon into which the pumping of DS was
completed in March 1975. Samples of LS from this
lagoon represented a pool of material collected
approximately 5 cm below the surface from six
different places.
For elution of viruses from particles of sludge,

10% fetal calf serum in saline (pH 7.2) was used (5).
The steps used in processing the samples for virus
recovery are summarized in Fig. 1. For the detection
of viruses in sample eluates, BS-C-1 cells (6) were
used. Details of the cultivation and maintenance
of these cells in our laboratory have been described
in detail elsewhere (7).

RESULTS AND DISCUSSION

Sampling of RS started in July 1974 and of
DS and LS in April 1975, and continued for all
types of sludge until May 1976. Viruses were
detected in 84% (62/74) of RS, 53% (19/36) of
DS, and 39% (11/28) of LS samples. As can be seen
from Table 1, two virus positive samples were of
LS that had been drying in the lagoon for over
8 months.
Of the virus isolates obtained in this study,

57% (52/92) were identified by means of microscopy
and serology.
The identified isolates, which represented the

reovirus and enterovirus (poliovirus, echovirus and
coxsackievirus B) groups, and the sludge samples
yielding them are detailed in Table 2. The two polio-
virus isolates were subjected to serodifferentiation
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Fig. 1. Processing of sludge samples

and temperature marker tests and were found to be
vaccine strains.
As far as we are aware, this in the first report of

viruses of human origin being detected in digested
sludge that had been drying in open lagoons for
at least 8 months. Samples of LS collected from this
lagoon after 9-14 months of retention were found
to be negative for virus. However, because of the
limited number of samples examined in this period,
this should not be taken to indicate the disappearance
of viruses from such sludge. From the beginning
of December 1975 to the end of March 1976, the
lagoon was frozen and covered with snow and such
climatic conditions are more conducive to preserving
infectivity of viruses than to their inactivation.

Lagoon-dried sludge is generally used for spread-
ing on the land as a soil conditioner or as fertilizer.

Table 1. Virus isolations from samples of sludge (LS)
collected from one lagoon during April 1975 and
May 1976

Time of No. of No. positive Virus isolates
collection samPles forvirus identified astested o iu

April 1975 2 2

May 1975 6 2

June'1975 3 2 One reovirus
and one echovirus

type 1

July 1975 5 2 one vaccine
strain of poliovirus

type 1

August 1975 1 0 -

October 1975 4 2

November 1975 3 1 reovirus

December 1975 1 0

January 1976
February 1976 lagoon inaccessible because of snow
March 1976

April 1976 2 0

May 1976 1 0

Total 28 11

Table 2. Number of identified virus isolates in the
different types of sludge

Sludge type
Virus

Raw Digested Lagoon

reovirus 24 7 3

echovirus type 1 6 - 1

coxsackievirus B

type 2 6 - -

type 3 4 1

type4 1 1

type5 1 -

poliovirus type 1 - - 1 (vac)

poliovirus type 2 1 (vac) - -

Such applications of dried sludge with detectable
infectious viruses could pose a threat to health
indirectly by contamination of surface and ground-
waters and directly by contamination of vegetables
that are consumed raw. Wellings et al. (8) have shown
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that viruses present in wastes applied to land can
percolate through as much as 6 m of soil to reach
groundwater reservoirs. Tierney et al. (9) and
Bagdasar'yan et al. (10) were able to isolate viruses
from vegetables irrigated or fertilized with virus-
containing wastes.
Although the concentration of infectious virus

in the virus-positive sludge samples is yet to be
determined, it must be noted here that relatively
small samples were used in this study and that the
sample eluates were introduced into cell cultures
without further concentration.

Techniques availables for the recovery of viruses
from solids are still relatively crude and insensitive.
Therefore the frequency of virus isolation and the
amounts and types of viruses recovered in this
study should be regarded as representing only a
fraction of what might be present in such samples.
Working with experimentally contaminated samples
of raw sludge and using 10% fetal calf serum (FCS)

in saline (pH 7.2) we were able to recover no more
than 20% of the added poliovirus (type 1, Sabin).
Subrahmanyan (2), using 2% FCS and a higher
pH (9.5) was able to recover about 32% of the added
virus from samples of digested sludge. When
ethylenediaminetetraacetate (11) or sodium dodecyl
sulfate (12) was used in virus recovery from particulate
matter, up to 50% of the added virus could be
recovered.

Increased use of flocculants for the removal of
chemical pollutants (e.g., phosphates) from sewage
effluents substantially increases sludge production.
Moreover, in an effort to minimize surface water
pollution, land disposal of liquid and solid wastes
is being seriously considered in many areas (9). In
view of the prolonged survival of viruses in such
wastes and the potential for surface and ground-
water contamination, great care must be taken to
render these wastes virus free prior to disposal
or use.
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RtSUM1

ISOLEMENT DES VIRUS PRtSENTS DANS DES EfCHANTILLONS PROVENANT DE BOUES RESIDUAIRES BRUTES,
DIGtRtES ET OXYDEES EN BASSIN DE STABILISATION

Les boues sur lesquelles a porte l'etude provenaient
du reseau d'egouts d'Ottawa (Ontario, Canada), et
l'installation de traitement oii les echantillons ont et pre-
leves produit quotidiennement quelque 340 000 kg de
boues brutes. Ces boues sont digerees en anaerobiose
(350C) pendant au moins 20 jours et retenues ensuite
dans des bassins de stabilisation pendant au moins
6 mois avant leur elimination ou leur utilisation. On a

preleve chaque semaine pendant une periode de 22 mois
des echantillons de boues brutes (RS), digerees (DS) et
oxydees dans un des bassins de stabilisation rempli juste
avant le debut des prelevements de ce type (LS). En vue

de l'elution des virus absorbes sur les particules solides
contenues dans les boues, on a ajout6 aux echantillons
du serum de veau foetal (FCS) (10% en solution saline

de pH 7,2) et, apres centrifugation et filtration, le filtrat
a ete inocule 'a des cellules BS-C-1 en couches mono-
cellulaires.

Des virus ont et6 isoles dans 84% (62/74) des echan-
tillons RS, 53% (19/36) des DS et 39% (11/28) des LS.
Deux des echantillons positifs ont ete prelev6s apres au
moins 8 mois de retention dans le bassin de stabilisation.
On n'a pas trouve de virus dans les echantillons prelev6s
dans le bassin au cours de la periode post6rieure de 9 a
14 mois a son remplissage, mais le nombre des echan-
tillons examines au cours de cette periode 6tant limit6,
on ne saurait en conclure que les virus ont alors et6
6limines. Les virus isoles au cours de l'etude apparte-
naient aux groupes des reovirus et des enterovirus.
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