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Inactivation of viral and bacterial pathogens
in large scale slurry treatment plants

Inactivation des virus et bactéries pathogènes
dans les unités industrielles de traitement du lisier.

MARTENS, W., FINK, A., PHILIPP, W., WEBER, A., WINTER, D. and BÖHM, R.
University of Hohenheim, Institute for Environmental and Animal Hygiene,
D-70593 Stuttgart. Germany.

Abstract

Slurry from farm animals can be contaminated with obligatory or facultatively
pathogenic germs. Due to the concentration process in animal production in the
Federal Republic of Germany, a regional surplus of animal slurry must be expected.
Therefore, epidemiological risks and risks for environmental hygiene cannot be
excluded if the slurry remains untreated.

In an extensive investigation program, six different slurry treatment plants were
investigated comparatively with regard to the occurrence and survival of indigenous
fecal bacteria and artificially added pathogens like bacteria and viruses. The
tenacity of the artificially added microorganisms, bacteria and viruses (esp.
Salmonellae and fecal streptococci, Aujeszky-, ECBO-, bov. Parvo- and equ.
Rhino-virus) was investigated comparatively with ”germ-carrier” methods, which
were developed for bacterial and viral tenacity studies under practical field
conditions.

Results show that under ordinary conditions thermophilic aerobic and anaerobioc
treatment guarantees a probable hygienisation of the process end product, but that
the nominal working temperature which is necessary for sufficient hygienisation is
not attained by all of the thermophilic plants. The  mesophilic anaerobic processes,
although microbicidal in principle, remain uncertain and demand an individual risk
assessment for the individual case or an additional hygienisation step before or
after anaerobic treatment.

Bovine Parvovirus proved to be the limiting and a most suitable test germ to
investigate hygienisation effects of slurry treatment processes in which the
microbicidal component is mainly based on temperature influence.

Keywords : aerobic and anaerobic digestion, slurry hygienisation and
pasteurisation, pathogen, virus and bacteria inactivation, germ carrier
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Le lisier issu des exploitations d’élevage est contaminé par des bactéries
pathogènes facultatives. A cause de la concentration animale importante en
Allemagne, un surplus de lisier est constaté. Les risques épidémiologiques ne sont
pas à exclure notament si le lisier n’est pas traité.

Dans le cadre d’un vaste programme, six différentes unités de traitement du lisier
ont été étudiées en comparant notamment la présence et survie de bactéries
fécales endogènes ainsi que des pathogènes artificiels ajoutés tels que bactéries et
virus.

Le devenir de ces bactéries artificielles ajoutées (espèces Salmonellae et
Streptococci, Aujeszky, ECBO-bov, Parvo et equi. Rhino-virus) a été comparé avec
les méthodes de germes traceurs qui ont été développés en conditions pratiques
de plein champ.

Les résultats montrent qu’en conditions normales aérobies thermophiles ou
anaérobies, le traitement permet une hygiénisation du produit final, mais que la
température nécessaire pour cette hygiénisation n’est pas atteinte dans tous les
procédés. Les procédés anaérobies thermophiles bien que bactéricides en
principe, demeurent incertains et nécessitent une étape préalable d’hygiénisation.

Le parvovirus bovin s’est avéré le germe le plus intéressant pour des études sur les
effets hygiénisants des procédés de traitement du lisier, au cours desquels l’effet
bactéricide dépend notamment de la température.

Mots-clés : digestion aérobie et anaérobie, hygiénisation du lisier et pasteurisation,
pathogènes, inactivation des bactéries et virus, germe test.

1. Introduction

Increasing concentration processes in animal husbandry in combination with
intensive, spreadless farming lead to regionally increasing amounts of slurry. This
results in an increased burden to the environment and pollution caused by chemical
substances like ammonia gazes (air) and salts (ground water) as well as
microbiological pollutants (BÖHM, 1995). It comprises a hygienic risk too, as slurry
may contain a great number of obligate or facultative pathogenic microorganisms
which can be spread in the environment (STRAUCH, 1990) and which may remain
infective for a long time in this material (STRAUCH and BALLARINI, 1994).

The German Ministry of Research and Technology therefore initiated an
investigation program about technical treatment of slurry to transform it into
environmentally harmless and usefull secondary products like composts and
ammonia fertilizers. In addition, aspects of substrate hygienisation were
investigated in several technical pilot slurry treatment plants all over the country,
most of them anaerobic slurry digestion process plants (biogas), one being an
experimental aerobic thermophilic stabilisation (ATS) reactor.
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Most investigations concerning tenacity of pathogens under different environmental
conditions have been made by using bacteria. But in slurry, also several viral
pathogens may occur (STRAUCH and BALLARINI, 1994) including those of
notifiable animal epidemics as classical swine fever virus, Aujeszky disease virus
and foot and mouth disease virus. In this context, the question if and how viral
pathogens in slurry treatment plants are inactivated (e.g., during mesophilic and
thermophilic anaerobic treatment) is of great interest, as is the question if there
exist correlations between the inactivation of bacteriological and viral pathogens by
anaerobic treatment.

Since it is not admissible to perform investigations in real plants using agents of
notifiable diseases, representative germs of an environmentally harmless character
had to be used instead. These viruses were brought into the treatment processes
of the plants by means of a filter sandwich germ-carrier technique developed
(TRAUB et al., 1986, 1988) and modified (WINTER et al., 1995) for viral tenacity
studies. The germ carrier technique of RAPP (1995) was used for bacterial test
germs. Both of these techniques avoid the contamination of the investigated
substrates but allow a direct interaction between process parameters as pH-value,
redox potential, enzymes etc. with the exposed microorganisms.

2. Material and methods:

Viruses und cell cultures : Aujeszky-virus (vaccine strain) was cultivated and
detected in PK 15 cells (porcine kidney), ECBO virus (Enteric Cytopathogenic
Bovine Orphan), strain LCR 4, in MDBK cells (Madin and Darby bovine kidney).
ERV 1-Virus (Equine Rhinovirus), in cell line RK13 (Rabbit kidney). BPV (Bovine
Parvovirus), strain Haden, in primary BEL cells (bovine embryonic lung).

Bacteria : Streptococcus faecium (ATCC 6057) as well as native fecal streptococci
were detected and counted by the MPN-method with first cultivation in AD (azide
glucose) bouillon (24 h) and plating out on KAA-Agar (Kanamycin, Äsculin , azide).
Salmonella senftenberg W 775 and S. enteritidis were first cultivated in peptone
water (24h/37°C) followed by Rappaport medium (24h/43°C) and  then plated out
on BPLA- and XLD-Agar (24h/37 °C).

Virological germ carrier technique : The carrier cases are 25 mm membrane filter
carriers (Sartorius, Göttingen, Germany) whose inlet and outlet openings are
widened to 15 mm diameter. In a carrier a membrane is loaded (ZETA PLUS-
Virosorb1- MDS, AMF, Cuno Div., Meriden, Connecticut.) with a specified amount
of virus (adsorbed). Towards the inlet and outlet this membrane is covered with two
polycarbonate membranes - membrane sandwich - with a defined pore size of 10
nm diameter (Infiltec, Speyer, Germany). Due to the small size no virus can pass
through to contaminate the surroundings, whereas all low molecular components of
the surrounding may pass the membranes which means inactivating or stabilisating
influences from the surrounding media may effect the encovered test virus (pH
value, NH3, temperature etc.).
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For tenacity studies several germ carriers were brought into the medium (or
process) of question and removed successively in specified time intervals. By
determining of the remaining infectivity (TCID50, tissue culture infectious dose) by
titration on permissive cell cultures the virus inactivation kinetics in the individual
process were determined.

Bacterial germ carrier technique : The bacterial germ carrier consists of a hollow
synthetic cylinder covered on both sides with semipermeable polycarbonate
membranes (pore size 0,2 µm) which are fixed with two tight screwable rings
(RAPP, 1995). It is filled with a 1 to 1 mixture of slurry and the bacterial suspension.
Tenacity studies are carried out similar to those with virological germ carriers and
the remaining infectivity of the bacteria after exposure is determined by titration
according to the "most probable number" method as colony forming units/ml
(CFU/ml).

3. Results

In both thermophilic aerobic (Fig. 3) and anaerobic (Fig. 1) processes, at
temperatures of about 55 °C, logarithmic reduction (log. red.) of the tested Picorna
viruses (ECBO-Virus resp. ERV) took place within a few hours. Nearly in parallel,
even a little faster, all tested Salmonellae were inactivated. As expected, fecal
streptococci proved to be more thermoresistant, but within 24 hours a titer
reduction of more than 4 powers of ten (p.o.t.) took place in the native germs of the
substrate as well as in those added artificially to the process. The Parvo virus
proved to be the most stable, its titer was reduced under 3,5 (p.o.t.) sometimes,
and in all cases it remained detectable up to the test ends.
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Figure 1: Reduction of different test germs in a thermophilic biogas plant 
(cattle slurry, 54,5°C; FKS: Fecal streptococci; BPV: Bovine Parvovirus; S. senft.: Salmonella 

senftenberg; ERV: Equine Rhinovirus; ECBO: Bovine Enterovirus) 
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Figure 2:  Inactivation of bacterial and virological test germs in a thermophilic 
anaerobic fermenter (cattle slurry, about 46°C).
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Figure 3: Inactivation of test germs in an aerobic thermophilic reactor
(cattle slurry) 
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In one anaerobic plant, also indicated as thermophilic and apparently proven as
such by temperatures of about 55 °C in the reactor outlet, a remarcably delayed
inactivation of the mentioned bacteria and viruses took place (Fig 2.), although the
Aujeszky virus and BVDV as a model for classical swine fever virus, which were
also tested, were quickly inactivated. Accurate temperature measuring in the middle
of the reactor, where the germ carrier were placed, showed only process
temperatures of about 46 °C in that region.

In most cases, anaerobic digestion at mesophilic temperatures lead to a
remarkable titer reduction of all types of test germs, however in a time range of
days and weeks. An example is given in Figure 4. The enveloped viruses tested
could not be detected after one day only. A certain similarity of the inactivation
kinetics of S.senftenberg and ECBO virus resp. ERV can be stated. In some cases
a log. red. of more than 4 p.o.t. took place for those germs within two weeks,
sometimes under the detection limits. Fecal streptococci and BPV however were
reduced mostly by 1 to 2 p.o.t. only in this period of time and could be detected at
the end of all tests. The inactivation kinetics of both germs took place nearly in
parallel in most cases.

In some tests with reactor temperatures below 30 °C none of the test germs were
inactivated. Even after periods of several weeks, even Salmonellae could be
detected in nearly unchanged titer size.
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Figure. 4: Inactivation of bacterial und virological test germs in a mesophilic anaerobic 
fermenter (cattle slurry, about 31°C).
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Figure 5: Inactivation of test germs during the hygienisation step
of a mesophilic slurry treatment plant (pre-heating, cattle slurry)
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In the socalled cofermentation plants, in which slurry is digested together with other
organic components as animal fat, biologic household wastes etc., the mesophilic
anaerobic treatment processes in Germany mostly include a hygienisation step
consisting of a pre-heating, in which the cosubstrates (not the slurry) are heated up
to 70 °C for 1 hour, as it is recommended by the Federal Ministry of Agriculture. By
that treatment nearly all tested microorganisms were completely inactivated or at
least reduced over 4 p.o.t. (Fig. 5), as it is demanded for proving sufficiency in
testing chemical disinfectants. Only BPV resisted and was inactivated over 3 to 3,5
p.o.t.

4. Discussion

In slurry a great number of pathogenic microorganisms may occur and remain
infective for a long time (STRAUCH, 1990; STRAUCH und BALLARINI, 1994). For
slurry treatment plants, where the end products are used for agricultural purposes,
the demand should be that the substrate is sufficiently hygienisized during
treatment. Otherwise new infection cycles may be created and infection chains
closed in the environment, especially in the cases of "cofermentation", because
with the cosubstrates other pathogens from many different origins can be brought
into the process.

Slurry treatment reactors are inter alia marked by two process characteristics. First,
the technical retention time, which is the mean time the slurry stays in the reactor
and is exposed to the process. It is an important characteristic to assess for
example the efficiency of gas production. For assessment of sufficient hygienisation
the second is of greater importance, the real reactor retention time. This is the
period of time freshly added slurry (or cosubstrates) needs to leave the reactor and
the process via the outlet. As pathogens existing in the substrate, although diluted,
may leave the process by short cut streams, the knowledge of the real retention
time is essential. Otherwise, even in the case of a microbicidal effect of a process
and a theoretically sufficient technical retention time, sufficient hygienisation cannot
be assured if the real retention time is too short to guarantee a sufficient exposure
time of all reactor outlet material to the process. Under this point of view, the
treatment processes must be divided into those with a batch operation mode for the
reactors which guarantees a specific real retention time and those with continuous
flow processes in which the real retention time is unknown and can only be roughly
estimated.

Our studies proved microbicidal effects for both aerobic (ATS) and anaerobic slurry
treatment processes under field conditions. These effects vary in a wide range
depending on the process parameters. As shown before (HAAS et al., 1995; LUND
et al., 1996; PESARO et al., 1995), for the assessment of sufficient thermophilic
treatment, process temperature is one decisive element: the higher the
temperature, the faster the inactivation of microorganisms.
In tests of chemical disinfectants according to the instructions of the German
Veterinary Medical Association, a log. red. of 4 p.o.t. of the test germs gives
sufficient effects (DVG, 1988). The results of our studies proved such reduction in
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all cases of properly operating thermophilic aerobic and anaerobic processes within
a time of 24 hours for all test germs except BPV. That means that all really
thermophilic plants strictly reduce the risk of pathogenic germs spreading through
the end products, and in cases of a 24 h batch mode a sufficient hygienisation can
be stated, whereas in continuous flow processes the retention time may not be long
enough to exclude the passage of not inactivated pathogens. But up to now, this
applies only to the fermentation of pure slurry, not necessarily to the end products
of "cofermentation" plants. With cosubstrates like animal fat, meat, bone and bone
tissue containing wastes etc., pathogens may be introduced into the process in a
special form which may protect them against inactivating influences of the process
and lead to a longer survival time. This question is the subject of actual further
investigations.

Another result of our study showed that not every supposed thermophilic process is
in real thermophilic, even if the reactor outlet temperatures reach 55 °C and its
construction is of a known type. The real process depends on the individual case,
comprising the reactor construction, the (unknown) streaming conditions of the
reactor inroom, the process stability, the substrates etc. Hygienisation sufficiency
cannot be judged from outside aspects or by theoretical process parameters, and
not by data gained in laboratory investigations, because they may not be
representative for the actual process. It's efficiency has to be evaluated for the
specific case under real practical conditions, best by determining the real
hygienisation effects with exposure of adequate test germs and determing their loss
of infectivity.

Inactivation normally takes place also by mesophilic anaerobic treatment , but in a
period of days or weeks, and a log. red. of 4 p.o.t. does not occur regulary, which
means that the process is not sufficient to hygienise the substrate completely (see
for ex. Fig. 4). Evaluation has to be done for each individual case, taking into
account the technical substrate retention time in the process and, even more
important, the real mininal retention time (risk of short-circuits). For cofermentation
plants a pre-treatment of other animal wastes (fat and tissues) - the demand of a
previous hygienisation of the co-substrates, as it is shown in figure 5 - is
indispensable for the same reason.

Previous studies (HAAS et al., 1995; PESARO et al., 1995) showed that in
anaerobic processes temperature is only one inactivating component among
others, and our data proved that in mesophilic processes it is not of main
importance, because the inactivation of the test germs occurs at temperatures that
don't lead to inactivation in comparable laboratory tests. According to the
microbicidal influences the effective sum of other components seems to determine
the degree of inactivation. Such components are, e.g., the pH value, the redox
potential and the NH3 concentration. In our studies we did not succeed in ensuring
correlations between germ inactivation and such other factors up to now. To
achieve this, complex and systematic research is necessary. However, this will be
feasible only to a limited extend under conditions of a real working plant.
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In our studies we also investigated possible correlations of inactivation kinetics
between some bacteria and virus groups often used as test germs for tenacity
studies in the environment. It could be shown that the inactivation kinetics of the
tested Salmonellae in the investigated processes nearly correspond to those of the
two picorna viruses used. Viruses of this group are known to be comparatively
stable in the environment, especially against chemical influences - ECBO virus, for
instance, is a limiting germ to test virucidal effects for disinfectants according to the
regulations of the DVG (DVG, 1988). Our results allow the conclusion that
inactivation studies by using sufficient amounts of S.senftenberg W775 in anaerobic
treatment plants, as may be demanded in Germany by law in the future, indicate
the inactivation of Picorna viruses or other environmentally less stable viral
pathogens which may occur in slurry.

However, this applies not to the Parvo viruses which proved to be limiting in other
tenacity studies during anaerobic treatment (BØTNER, 1990; LUND et al., 1996;
PESARO et al., 1995). In our studies BPV proved to be clearly more thermostable
than fecal streptococci, whereas in mesophilic processes where inactivating effects
may not predominately be ruled by thermic inactivation, both agents proved quite
similar tenacity. But with rising temperature, as the results of thermophilic treatment
plants and pre-hygienisation steps of some cofermentation plants show, fecal
streptococci were inactivated faster than BPV. This is in accordance with LUND et
al. (1996), who compared the tenacity of a bovine enteric virus, fecal streptococci
and porcine parvo virus in anaerobic processes.

BPV - being easy to handle in a virological laboratory and environmentally save -
might be a suitable test germ for hygienisation effects of treatment processes like
thermophilic anaerobic digestion in which thermic influence is the main component
of germ inactivation. The aim of it should not be a complete inactivation of this virus
(because for farming animals this virus group is of no epidemiologic importance,
except the porcine parvo virus) but by its log. red., statements could be made which
are applicable to nearly all specific pathogens, esp. to the economically main
important causes of animal epidemics that are much more instable against thermic
influences than BPV. Future studies related to this topic are necessary and in
preparation.
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