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1. INTRODUCTION
The agricultural utilization of organic wastes either they derive from the farm itself or if they
are recycled from other sources require precautions in order to minimize risks for the involved
animals, persons, plants and the environment. The risks may be caused by biotic factors like
pathogens or abiotic factors like heavy metals. This contribution will only deal with biotic
factors. Recycling of biological wastes from agricultural, municipal or industrial sources with
or without biotechnological treatment depending on the origin of the material and its properties
is a necessarity in order to protect the environment and to save limited natural resources like
phosphorous. Such a treatment may either be done in large scale plants run in urban industrial
or rural areas or in small scale plants mostly run on farms in order to improve the farmers
income. Both situations will be regarded here because special risks are connected with
handling materials which may contain pathogens for man, animals and plants in an
environment where susceptible hosts are present. This is especially the case in co-digestion
plants where municipal or industrial organic wastes are processed together with farm manure.
Mainly three hygienic risks do generally exist in handling biological wastes
-

Occupational health risks
Environmental risk
Risk concerning product safety

Occupational health risks do exist in small scale plants as well as in large scale ones, but
they are not subject of this contribution and informations may be taken from BÖHM et al.
(1998) and GRÜNER (1996). Environmental risks especially concerning spreading of
pathogens close to animal houses and risks concerning epidemiological pathways closed
via contaminated products as well as measures against such risks will be regarded here.
Recently EU - regulations had been fixed which are dealing with risks due to animal by
products including those of fecal origin. Since those regulations originated from the fear
of transmitting TSE agents via animal tissues they have to be regarded very carefully if
they are really fulfilling this purpose besides other risks due to other causative agents of
notifiable animal diseases and other zoonotic agents. Therefore some informations will be
given here concerning those regulations which are up to a certain extend conflicting with
scientific experiences and facts.
2. GENERAL EPIDEMIOLOGICAL CONSIDERATIONS
A compilation of general epidemiological risks due to handling and the utilization of
organic wastes as fertilizers in agriculture is given in Table 1. With respect to animal
pathogens and zoonotic agents those risks are not the same for every group of used wastes.
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There are quantitative and qualitative differences between manure , source separated
biowaste, biogenic wastes of industrial origin and sludges deriving from municipal waste
water purification.
Table 1: Epidemiological importance of processed wastes and residuals as well as of the
resulting products

Pathogens may survive for a remarkable period of time in manure, wastes, waste related
materials, sludges and the environment. This is the base of the resulting epidemiological
risks (STRAUCH 1998). The direct or indirect transmission of zoonotic agents to farm
animals is generally regarded as the most relevant fact in connection with agricultural
utilization of untreated or unsuffient processed materials. The direct relationship between
fertilizing with sewage sludge and resulting infections in cattle fed with forage after
spreading the sludge had been reported by BREER (1981) for Salmonella. Earlier the
transmission of parasites eggs had been reported (ENIGK, 1980).
Direct transmissions to humans via products based on sludge or products containing
insufficient treated sludge in households is as a relatively rare event but must be regarded
as real risk too (OTTOLENGHI et HAMPARIAN, 1987). In addition accidental contact
of imunocompromised persons to contaminated material may result in an infection. The
indirect transmission to humans is of special importance, because the introduction of
pathogens into the food chain via contaminated fertilizer leading to contaminated animal
feed and thus to infection of farm animals and / or excretion of pathogens is of basic
epidemiological significance. The risk of transmission of pathogens to human food by
living vectors as insects, rodents and birds from processing handling and agricultural
utilization of slurry and related material has to be taken into account too.
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2.1 ANIMAL MANURE
Animal manure from healthy herds generally represents a low epidemiological risk for
farm animals. In certain situations a specific risk may result for humans especially if
apparently healthy cattle is shedding EHEC bacteria, but the relevant ways of
transmission are not via slurry and environment as well as the percentage of herds with
those bacteria present in the manure is overestimated in Europe (KARUNIAWATI et al,
2000). Same applies for Salmonella in manure (PHILIPP et al., 1990).
Nevertheless if a herd is already infected or pathogens are shed during the incubation time
a high risk for transmission to other susceptible animal populations does exist and
veterinary authorities have to take adequate measures
A special epidemiological situation is given if central storage units for liquid manure are
used by several different farmers. Under such conditions the closed inner farm circle is
non longer existing and the epidemiological risks are increasing by the number of
involved farms as well as kept animals. Therefore special hygienic precautions must be
taken especially in codigestion plants.
2.2 WASTES OF MUNICIPAL OR INDUSTRIAL ORIGIN
The basic risk factor is the occurrence of pathogens in organic waste, sewage sludge and
comparable materials which gives the starting point for epidemiological reflections and
necessary precautions. Basic data concerning the occurrence of bacterial, viral and fungal
pathogens as well as parasites had been given by several authors (STRAUCH 1991,
BENDIXEN 1999, BÖHM et al. 1999 a + b, PESARO et al. 1999).
From the variety of bacterial pathogens Salmonella spp. are the most relevant since they
can infect or contaminate nearly all living vectors from insects to mammals.
Multiresistant bacteria are coming more and more into focus since their transmission via
environment as well as the introduction of resistance genes into other bacteria may cause
tremendous problems in human - and veterinary medicine. Regarding the viral pathogens,
enteroviruses and rotavirus are the most relevant ones from the point of view of
environmental risks (METZLER et al. 1996). Special regard must be paid to the parasitic
pathogens, not only to eggs of round- and tapeworms but to Giardia lamblia and
especially Cryptosporidia parvum too, the later sometimes occurs in slurry from calves
and cattle used in co digestion. Special risks are connected with processing of catering
wastes with respect to certain viral pathogens causing notifiable diseases in animals like
classical swine fewer or food and mouth disease. Special care has to be taken therefore if
such materials, which may contain high amounts of infective virusses are treated in
biotechnical aerobic or anaerobic processes. Nearly all gut related pathogens could be
found in slaughterhouse effluents. If sludges are of plant origin or had been processed by
using plant material, they may contain plant-pathogenic viruses, fungi, bacteria, parasites
and undesired weeds. This will cause an additional phytohygienic risk if the final product
should be used in agriculture as fertilizer (BÖHM 1999 a+b).
Biological, chemical and physical methods may be applied in order to inactivate
pathogens. All methods may be successful in order to reach this purpose but some have
special limitations. Nature and number of pathogens basically determines the
requirements concerning the applied process, as well as the epidemiology, e.g. the
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occurrence and distribution of the relevant pathogens in the target region. It seems
therefore not reasonable to define the requirements to the process for example as
sporocidal, because anthrax caused by sporeforming bacteria is an extremely rare
infection in northern, central and western Europe in addition due to other legal
requirements the possibility that it will be introduced into wastes, wastewater and sludge
is nearly zero. But Salmonella may be found regularly in organic wastes, wastewater and
in sludge and the number of enteric infection caused by this pathogen is steadily rising, it
may affect a broad spectrum of hosts and faecal media like sewage sludge have shown to
be important in the epidemiology of salmonellosis. Thus treatment must inactivate those
types of pathogens with sufficient safety e.g. by reducing them at least for 5 log steps.
Since it is impossible to supervise the treated material for each of the pathogenic agents
which may occur, other strategies have to be used in order to assure the hygienic safety of
the processed material. The first step in such a strategy is to find out a representative
indicator organism which may be used for checking the product for hygienic safety as well
as for evaluating the treatment process for its capability to inactivate pathogens which are
of epidemiological relevance. The second step which is necessary in this connection is to
define hygienic requirements for the treatment itself, since due to the high volume of the
product to be controlled as well as to the inhomogenity of distribution of pathogens in the
material only products processed in an validated process should be distributed to the
consumer or user. This means, that the following strategies may be combined with each
other in order to assure hygienic safe utilization of the processed sludges
ê Validation of treatment (disinfection by chemical, physical or biological means)
ê Continuous registration of the relevant process parameters (e.g. temperature, pHvalue, exposure time)
ê Microbiological supervision of the final product (indicators)
ê Restrictions for the utilization of the final product.
All three ways may be gone alone or in combination as had been discussed in the frame
work of the European Sludge Directive 86 - 278 - EWG, but the most important step forward
is the strategy that treatment of such materials should only be done in a validated process.
3. MEASURES TO ENSURE HYGIENIC SAFETY
3.1 STRATEGIES FOR VALIDATION OF THE TREATMENT PROCESS
In this connection mainly aspects of human and veterinary hygiene should be regarded,
phytohygienic aspects are only mentioned in order to draw up a complete picture since
they are covered by several other contributions.
The validation of the treatment with respect to hygienic safety for animals, man and if
necessary plants may be done in several ways. The German LAGA M 10 (1995) offers a
relatively broad approach in solving this problem with respect to composting based on the
ATV (German Association of Wastewater Experts) recommendations from 1988 for
sewage sludge treatment. Process safety concerning the inactivation of relevant
transmissible agents for man and animals is validated in two steps. The first step is the
validation of the process as designed by the producer of the technical equipment in a basic
procedure, the second step is a putting into service validation of a treatment process at the
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plant with the input material under practical conditions. In both validation procedures
Salmonella Senftenberg W 775 (H2S negative) is used a test organism exposed in
specially designed test carries (RAPP, 1995; BÖHM et al., 1997)
Several other test organisms are in discussion for the same purpose. The most important are
ê
ê
ê
ê
ê

Enterococci
Escherichia coli
Campylobacter
ECBO-virus
bovine Parvovirus (BPV)

Enterococci may be used, but if the carriers are exposed to a composting process it may
happen that the test material is contaminated with indigenous Enterococci. The
differentiation between indigenous flora and test strain is not possible under the given
circumstances, other the proposed Salmonella Senftenberg which is rarely present in the
material and can be easily identified by natural marker (H2S negative). Escherichia coli
and Campylobacter jejuni are not as resistant as the above mentioned Salmonella strains,
the same applies for ECBO-virus. The bovine parvo virus (BPV) is much more resistant
than Salmonella and has still to be taken into account, but reisolation and propagation are
very labour and cost intensive. Virology requires specialized laboratories this is for a
general purpose a strong limitation but some indications are given for using BPV. It could
be demonstrated in recently finished investigations that in composting Salmonella
Senftenberg W775 will cover the most relevant viral pathogens causing notifiable
diseases in farm animals because the time necessary for their inactivation is generally
shorter or in the same range as for Salmonella Senftenberg W775, H2S negative as could
be demonstrated by BRAUMILLER et al. (2000) as well as MOSS and HAAS (2000).
The latter results are summarized in table 2 and they are demonstrating the range of time
necessary for reducing the infectivity of the tested viral pathogens for 3 - 4 log 10 steps.
From table 3 - 4 it could be taken that in anaerobic treatment the situation is a little bit
different. The viruses of Food and Mouth Diseases (FMD) and African Swine Fever have
a higher T90 value than the test strain S. Senftenberg at 55 °C, all the other behave similar
or are less resistant. Since the T90 value is far below 1 h there is enough safety in the
normal case in which low concentration of such non ubiquitous pathogens could be
attended. If there is a high risk, especially if catering wastes are processed it seems to be
better to use BPV as test virus as mentioned above.
Table 2: Inactivation times during semi technical in vessel composting for selected viral
pathogens in a temperature range between 25 °C and 65 °C MOSS and HAAS (2000).

1 = reduced to full log steps 2 = no sufficient inactivation within 27h if not at least 55 °C had been reached.
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Table 3: Decimal destruction rates (T90 -values) found for several bacteria and viruses in
co-digestion (catering waste and slurry) at different temperatures according to
HOFERER et al. (2000)

n. = not investigated wastes
* = long time stored pig slurry without catering
S = suspended test organisms
CS = cattle slurry
A = test organisms absorbed to membranes PS = pig slurry

Table 4: T90 values of a choice of viral pathogens determined in a semi technical codigestions plant (catering waste and slurry) at several temperatures. The longest
survival times are given without taking the exposure technique (virus suspension
or virus adsorbed to a membrane) into account (MOOS and HAAS, 2000).

CS = cattle slurry

PS = pig slurry

Testing is done twice, in summer- and in wintertime. This is a very complete and safe
system, if due to economical consideration the system should be simplified and only a one
step procedure should be the aim, it must be a the putting into service validation. A scheme
how this validation could be organized taking into account the annual throughput of
material in the plants is given in Table 5 from the German "Biological Wastes Ordinance".
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Table 5: Example of a validation and supervision strategy for biogas and composting plants
and the resulting products according to the German biowastes ordinance (1998)

1) At small plants half the number of samples ( < 3000 t/a)
2) Every statement concerning the hygienic safety of the product is always based on the
result of the supervision of the final product together with the result of the validation
of the process
Every sample is a "mixed sample" (about 3 kg) based on five single samples of the final
product.
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The validation with pathogens and seeds may be regarded as "direct process validation"
it must be accompanied by continuos recording of measurable process data like
temperature, pH-value, humidity etc. in order to detect deviations and disturbances of the
process over the whole year, which may result into an insufficient microbicidal effect.
The so called "indirect process supervision" may be accompanied by process
recommendations. An example is given according to the German legislation. Composting
plants should operate with a moisture content of 45 % - 50 % in the material at a pH value
about 7. The recommended exposure time at 55 °C should be at least two weeks in the
whole material in windrows and 65 °C for one week in the whole material in vessels.
Mesophilic biogas plants (mean hydraulic retention time at least 20 days) should only
process materials after heating it at 70 °C for 60 min. or they have to pasteurize the final
liquid product at 70 °C for 60 min. Alternatively composting of the solid phase as
described above is allowed. Heating of the material in thermal biogas plants could be
shorter ( 70°C/60min) presuming that they are operated in a continuos or semicontinuos
mode with intervals in filling and harvesting of less than 22 h and a mean hydraulic
retention time of at least 20 days. If such a reactor is run batchwise a real exposure time
of 2 h is recommended.
The system of process validation and control has to be completed by a continuos
supervision of the final product, at least twice a year.
3.2 STRATEGIES FOR PRODUCT SUPERVISION
As mentioned above, the investigation of the final product resulting from treatment in the
material in order to detect every pathogen which may be present in the material is
impossible, therefore representative indicator organisms have to be determined from the
point of view of human and animal health and if necessary for the purpose of safe
plantbreeding and production too. Those indicator organisms must fulfil several
requirements:
ê They have to be present with a high probability in the raw materials involved
ê The transmission via products must be a factor in epidemiology
ê If a biotechnical process is used, the indicator should not be involved in the process
itself
ê The indicator should not be an organism which is generally present in soil and soil
related materials
ê The method for isolation and identification must be simple, definitely and reliable if
applied to a substrate with a complex microbiological matrix as compost, sludge or
related materials.
With respect to public health and veterinary requirements several indicators and
parameters are in discussion:
ê
ê
ê
ê

Salmonella
Enterococci (Streptococci of group E)
Staphylococcus aureus
Enterobacteriaceae
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ê
ê
ê
ê
ê
ê
ê
ê
ê
ê

Escherichia coli
Campylobacter
Yersinia sp
Listeria sp
Clostridium perfringens
Sulfite reducing Clostridia
Entero viruses
Rotavirus
Eggs of nematodes
Larves of nematodes

Since organic sludges, compost and related products are mostly coming out of a microbial
degradation process and the knowledge about the microbiological ecology of such
materials is very limited it must be warned to use isolation and identification techniques
common in clinical microbiology without careful validation in combination with the
involved sample materials. The variety of species to be present in environmental, samples
and materials resulting from aerobic or anaerobic biological treatment far exceeds the
limited number of species to be taken into account in se- and excreta as well as in body
fluids and the variability in species is high and not yet fully understood. Moreover
microbial parameters which are used in the field of water-hygiene and food inspection are
not applicable for substrates like manure, stabilized sludges or composts because most of
those indicators belong to the indigenous flora of agricultural soils (BÖHM, 1995). If the
limited reliability and applicability of methods coming from clinical microbiology and
water inspection for the intended field of use is taken into account as well as the fact that
the exclusion of organisms which generally may be found in normal soils gives no sense
for a substrate and fertilizer as compost or sludge the following microbial parameters are
inappropriate: Staphylococcus aureus, Enterobacteriaceae, Clostridium perfringens,
sulphite reducing Clostridia and Listeria.
One parameter which seems to be very useful and reliable in this connection is the
absence or presence of Salmonella. Salmonella are generally found in fresh biowastes or
untreated sewage sludge with a high probability in various concentrations. Since it is
known that the probability of identifying a positive sample is basically related to the
amount of investigated material a compromise between feasibility and reliability has to be
found. It is proposed to investigate 50 g or 100 g (2x50 g) of compost for the presence or
absence of Salmonella with the method described in principle in the German Biowaste
Ordinance using a preenrichment in buffered peptone water and an enrichment step
(EDEL and KAMPELMACHER, 1969; RAPPAPORT et al., 1956; VASILIADIS, 1983).
Some other parameters are still in discussion with respect to sewage sludge treatment and
composting in the framework of EU - directives. Enterococci for example cannot be used
as indicator in the examination of compost and compost related products but for the
thermophilic anaerobic treatment in biogas plants as well as for pure thermal treatment
they are very valuable (BENDIXEN, 1999).
For E coli, Campylobacter and Yersinia beside the lack of reliable re-isolation techniques
it must be stated that their thermoresistance and with minor exceptions chemoresistance
is lower than that of Salmonella. This means it will give no sense if they are used as
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additional microbial parameters for describing a hygienically safe product.
Enteroviruses are generally present in sludge of fecal origin but not regularly in sludges
coming from other sources. In principle Enteroviruses may be used as additional indicator
but the reisolation procedure are as for all viruses from environmental samples are labourand costintensive. Their resistance in the involved treatment processes is not higher than
that of Salmonella, this means, that the additional information resulting from using this
indicator organisms are also low. Same applies for rotavirus, even it is of special
environmental importance according to METZLER et al., 1996 and PESARO et al., 1999.
The question if nematodes or nematode eggs are an useful indicator in this connection is
not easy to answer. With respect to nematodes pathogenic for men and/or animals the
experience shows, that even eggs of Ascaris suum are less thermoresistant than Salmonella,
but behave different in chemical treatment, this means that if Salmonella would have not
survived e.g. the composting process Ascaris eggs and with them all other nematodes eggs
would not have done either. This does not apply for treatment with slaked lime or long term
storage. This means that ascaris eggs will not be a necessary indicator in all processes in
which the thermal effect is the predominant one but they will give valuable additional
informations if used in the supervision of all other treatment processes.
Finally the problem of indicator organisms from the point of view of phytohygiene has to
be shortly discussed. No virus, fungus or bacterium pathogenic for plants has been found
until now which is of comparable importance as salmonellas are for the above mentioned
purpose. The only indicator which is widely distributed in biological wastes from
households are tomato seeds. Even knowing, that this indicator will not cover totally all
requirements, it seems to be reasonable and feasible to define the term <<phytohygienic
safety>> of the product as follows: The final product should not contain more than 2 seeds
capable to germinate and /or reproducible parts of plants in 1 l. A suitable test-method is
described by BUNDESGÜTEGEMEINSCHAFT KOMPOST (1994).See also Fig.1.
3.3 RESTRICTIONS IN THE USE OF THE FINAL PRODUCT
Restriction in the use of fertilizers and substrates resulting from biotechnological wastetreatment should either prevent introduction of undesired chemical residuals by
contaminated crops into the food chain of direct transmission of pathogens to susceptible
animals via feedstuff. This had been practised in the past especially with sewage sludge.
Such a strategy alone does not prevent the environmental risks or introduction of
pathogens into vector populations which will lead to indirect transmission cycles.
Several authors had given examples how birds can become carriers of salmonella
(HELLMANN 1977) . One of the sources of infection in sea-gulls has been found to be a
sewage treatment plants. The further ways of introduction of a certain lysotype of
Salmonella Enteritidis could be demonstrated by KÖHLER (1993). He identified the
waste delivered from West-Berlin to a waste disposal site in the former GDR and followed
the introduction of this pathogen via birds into the chicken populations and finally to
humans via products containing eggs. WILLIAMS et. al (1977) as well as several other
authors like COULSEN et. al (1983), MAYR (1983) described the importance of vectors
in the transmission of Salmonella to farm animals and humans. FOSTER and SPECTOR
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(1995) described specific molecular mechanisms responsible for the ability of Salmonella
to survive the environmental stress.
This means even if the fertilizers containing pathogens are immediately ploughed into the
soil or injected by special devices they may generate carriers by attraction of certain
species (sea-gulls and ploughing) or prolonged survival in sub surface soil layers. Thus
restrictions in use are a tool with limited effects form the point of view of epidemiology
and should be avoided if possible and feasible. Moreover concerning plant pathogens and
seeds this strategy is ineffective if the products shall be used in agriculture.
4. EU - ANIMAL BY - PRODUCT REGULATIONS
In principle the regulations are following the philosophy to prevent transmission of
pathogens by treatment of the material in a validated process, by end product supervision
and restrictions in the use of the resulting products.
The basis of the regulations is the definition of three groups of animal by - products
according to the related risks for human and animal health.

Risk group 1 is connected with discarding the material due to the related TSE - risk. Such
materials are for example:
- all parts of the body, including hides and skins, of animals suspected of being infected
by a TSE or in which the presence of a TSE has been officially confirmed and of
animals killed in the context of TSE eradication measures,
- specified risk material and bodies of dead animals containing specified risk material
- all animal material collected when treating waste water from Category 1 processing
plants and slaughterhouses in which specified risk material is removed, including
screenings, materials from desanding, grease and oil mixtures, sludge and materials
removed from drains from those premises
- catering wastes from means of transport operating internationally
The second group are those materials which represent according to the definition a low risk e.g.:
- manure and digestive tract content;
- all animal materials collected when treating waste water from slaughterhouses other
than slaughterhouses in which ruminants are slaughtered or from Category 2
processing plants, including screenings, materials from desanding, grease and oil
mixtures, sludge and materials removed from drains from these premises;
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-

products of animal origin containing residues of veterinary drugs and contaminants, if
such residues exceed the permitted level laid down by Community legislation;

The third group of materials is that supposed to represent the lowest risk, e.g.:
- parts of slaughtered animals, which are fit for human consumption in accordance with
Community legislation, but are not intended for human consumption for commercial
reason
- parts of slaughtered animals, which are rejected as unfit for human consumption but
are not affected by any signs of diseases communicable to man or animals and derive
from carcases that are fit for human consumption in accordance with Community
legislation;
- hides and skins, hooves and horns, pig bristles and feathers originating from animals
that are slaughtered in a slaughterhouse, undergo ante-mortem inspection and are fit,
as a result of such inspection, for slaughter in accordance with Community legislation;
- blood obtained from poultry that are slaughtered in a slaughterhouse, undergo antemortem inspection and are fit, as a result of such inspection, for slaughter in
accordance with Community legislation;
- animal by-products derived from the production of products intended for human
consumption, including degreased bones and greaves
- foodstuffs of animal origin, or foodstuffs containing products of animal origin,
including catering waste, which were originally intended for human consumption but
are destined for animal consumption, or for use in a biogas or composting plant, for
commercial reasons or due to problems of manufacturing or packaging defects or
other defects which do not present any risk to humans or animals
- raw milk originating from animals which do not show clinical signs of any disease
communicable through that product to man or animals;
- fish or other sea animals, except sea mammals, caught in the open sea for the purposes
of fishmeal production;
- fresh by-products from fish from plants manufacturing fish products for human
consumption;
- shells, hatchery by-products and cracked egg by-products originating from animals
which did not show clinical signs of any disease communicable through that product
to man or animals
- blood, hides and skins, hooves, feathers, wool, horns, hair and fur originating from
animals that did not show clinical signs of any disease communicable through that
product to man or animals.
A variety of different treatment processes from sterilization at 133 °C and 3 bar for at least
20 min to 100 °C in a dry state up to 60 min for category 2 and 3 materials which shall be
used as raw products for fertilizers. Batch and continuous processes are regarded as
equivalent. Even the uninformed observer can see that the processes given here are mot
equivalent with respect to inactivation of microbial contamination and pathogens.
Moreover the term fit for human consumption is not very helpful from the point of view
of veterinary epidemiology. As blood from a HIV infected person is not dangerous for a
pig but for humans, blood containing classical swine feever virus from an apparently
healthy animal slaughtered during the incubation time is not dangerous for an human
being but for a pig. The neglection of this classical fact had been the beginning of the BSE
epidemic in the UK, but Europe has nothing learned from this and still allows the
28

recycling of slaughterhouse by-products (fit for human consumption) without sterilization
or an adequate heat treatment.
As far as composting or anaerobic treatment is concerned, most category 2 materials have
to be sterilized prior further treatment. Category 3 materials may be only pasteurized at
70 °C for 60 min in order to be processed in a biogas plant and composting in a vessel
shall result in a heat exposure at 60 °C also for 60 min. The microbiological parameters
given for product supervision after biotechnological treatment are 25g must be free of
Salmonella, no Enterobacteriaceae in 1g and treated category 2 material shall be free of
Clostridium perfringens spores in 1g, that those parameters are not in accordance with the
state of science may be taken from the previous chapter.
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