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THE ANALYSIS OF REAL MICROBIOLOGICAL RISKS FOR DISSOCIATED
SLURRY
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Abstract

Aim of this article has been to inform about pattiig microorganisms in manure and slurry, factofstheeir
survival and methods of their reduction in manunel alurry. Mainly bacteriological risks of cattleaste use and
their solution are interpreted in this review.
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INTRODUCTION (Heinonen-Thanski et al.,, 2006). The survival of
pathogenic microorganisms in manure is influenced b
Solid wastes of cattle operations contain beddingnany factors including temperature, moisture, pH,
materials such as straw, sawdust or sand thatilbotdgr physical composition of composted material, type of
to the aeration of wastes while liquid slurry witthe bedding and microbial competition (Hess et al.,£00
lack of bedding is rather anaerobic (Strauch, Biaila Escherichia coliO157:H7 is primarily transmitted by a
1994). A mixture of liquid and solid cattle faecedood-borne route, causing diseases of humans ssich a
contains a wide spectrum of microbial agents and aemorrhagic colitis and haemolytic-uraemic syndrom
their multiplication medium at the same timewhile their frequency has been increasing since2198
(Catanzaro, 2000). Recently, the disease outbreak in humans was
Fresh faeces can contain a high count of bacte®lagr  associated with contacts with the animal envirorimen
10'° CFU/g as determined by conventional culturéPritchard et al., 2000; Heuvelink et al., 2002yRaet
methods (Salanitro et al., 1977), of TFU/g comprising al., 2003; Varma et al., 2003). The environment of
only aerobic bacteria (Krueger et al., 2002). thfgard domesticated ruminants may be an important reservoi
manure is stored before its application for a lomg, the of Escherichia coliO157:H7 and it is a continuous risk
count of intestinal pathogens will decrease in thef human exposureE. coli O157:H7 is known to
meantime. The typical decimal reduction time in oven survive in raw manure for many months, but the
and agricultural soil tends to be several daysCatd@? pathogen may be eliminated in composting conditions
40°C and several weeks at 4 to 10°C (Himathongkéiamsimilar to those that are required for the elimioratof
al.,, 1999; Placha et al., 2001; Hutchison et @052). coliform bacteria (Hess et al., 2004).
Mainly bacteriological risks of cattle waste usel @ineir Davis et al. (2005) examined the distribution and
solution are interpreted in this review. survival of E. coli 0157:H7 in the nearest environment
of individually housed cattle after their experirtan
inoculation; samples from the farming environmeht o
Pathogenic microorganisms in manure and slurry inoculated animals were frequently positive Er coli
and factors of their survival 0157:H7 although né&. coli 0157:H7 was detected in
faeces and the animals were culture-negative. alwy
Cattle faeces may contain many human and animgtoved that bovine urine was an indispensable satest
pathogens such aSalmonella spp., Escherichia colifor the growth of. coliO157:H7 and that the increased
0157:H7, Listeria monocytogenes, Mycobacteriumgrowth of bacteria in the presence of bovine urirzes
avium  subsp. paratuberculosis (Mycobacterium influenced by urine temperature and concentration.
paratuberculosiy  Cryptosporidium parvum and These authors reported for the first time that the
Giardia spp.(Pell, 1997). As for these pathogens, thaddition of bovine urine to bedding enhanced the
knowledge of Mycobacterium  paratuberculosis replication ofE. coliO157:H7.
persistence in the system of cattle faeces tredtisen Viable count methods were used to study the lenfth
poorest. It is due to the low rate of M. paratublgsis survival of pathogenic microorganisms in cattle oman
growth and difficult cultivation (Grewal et al., @6). during storage and following application to thelsoi
The reduction and control of microorganisms can bgNicholson et al., 2005)E. coli O157:H7,Salmonella
done by microbiological, chemical or physical me&tho and Campylobactemwere surviving in stored slurry and
The efficiency similarly like advantages andcontaminated water up to three months, &igteria
disadvantages of these methods are different. Sorakso survived for three months. In contrast, a#isth
methods can provide beneficial products, i.e. tiéyg pathogens survived for less than a month in hedps o
about new opportunities for new sources of farnoine  solid manure where temperatures higher than 55%@ we
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registered. In the following application of mantwethe higher temperature in all types of manure. The macti
soil E. coli 0157:H7, Salmonellaand Campylobacter reduction time (D value) of salmonellas in slurry
generally survived in the soil for a month whilisteria  stored at 37°C was from 0.9 to 1.4 days, at 258nfr
was surviving for more than a month. 8 to 19 days and at 4°C from 22 to 60 days. Slurry
LeJeune and Kauffman (2005) stated that coli temperature in a storage reservoir in the period
0157:H7 persisted at higher concentrations in satvduautumn-winter-spring fluctuated from 0.5 to 8°Ctlie
used as bedding (similarly like when it was useaias overhead tank and from 1.5 to 11°C in the ground
additive at composting) compared to sand. The ehoistorage reservoir. In summer slurry temperature
of the material for bedding can influence the plewee fluctuated from 14 to 19°C in the overhead tank and
of E. coli O157:H7 on dairy farms. On the other handfrom 16 to 17°C in the ground reservoir. While
Miller et al. (2003), who investigated the propons of Salmonelladid not grow in pig slurry, the registered
Escherichia coli coliform bacteria and the total count oftemperatures of storage reservoir could the support
aerobic heterotrophs in two types of bedding (lyarlesalmonella survival over winter and lead to field
straw and wood chips) in feedlot cattle, reporthdtt contamination during spring application.

bedding did not have a significant influence (P.65) Hutchison et al. (2005a), who studied the fate of
on the examined groups of bacteria while the yeamathogens in livestock wastes applied to fields,
season did. The counts B§cherichia coliand coliform concluded thatListeria monocytogenewas the most
bacteria were significantly higher from 1.72 to 2.0 resistant zoonotic agent surviving for 128 daysotef
logip units in summer than in the remaining threéts concentration dropped below the detectablel.ldve
seasons, which reflected a highly positive cori@habf is possible to routinely isolate the geriisteria from
Escherichia coli and coliform bacteria with air the soil, and for this reason it is probably welbhpted
temperature. Larney et al. (2003) also compared two this niche.

types of bedding (cereal straw and wood chips) iA decline of zoonotic agents in livestock liquid stes
relation to the composted feedlot manure of be#feca stored in batches on-farm was tested by Hutchigon e
and they stated that the type of bedding did nfacaf al. (2005b). Pathogens multiplied in controlled
the reduction of coliform bacteria altcherichia coli laboratory conditions such asSalmonella spp.,
Dehydration probably influenced the elimination ofEscherichia coli O157:H7, Campylobacter jejuni
coliform bacteria to a lesser extent because Wasses Listeria monocytogeneand Cryptosporidium parvum
were low (< 0.07 kg kg in the first seven days of were inoculated into the volume of 35 000 litres of
composting. fresh wastes (pig slurry, bovine slurry and
Although pathogen elimination by composting wasontaminated water). D values for the bacteria véere
documented well (Tinquia et al., 2002), the regiroés to 44 days and fo€ryptosporidium parvumi33 to 345
composting (time and temperature) required for théays. The decline ofCampylobacter jejuniwas
elimination of coliform bacteriaEscherichia coliand significantly faster than that of the other bactkri
other pathogens are rather variable. Schleiff andnD pathogens whileEscherichia coliO157:H7 declined
(1997) reported that it was possible to cultirecoli significantly more slowly. On average, the bacteria
from dry poultry dung after 88-day composting. Thelecline was not influenced either by the period of
effect of higher temperatures on a shortening efiime  deposition and storage or by the content of wasge d
necessary for a reduction in pathogenic microosyagsi matter, but it was faster in contaminated watentima
was illustrated by Himathongham et al. (1999), wheig slurry. The physicochemical composition of vesst
measured the D reduction value’ 10 E. coli after 105 in each category significantly varied. The authors
days at 4°C or after 45 days at 37°C at laboratompcommended to store the livestock liquid wastes if
incubation with cattle manure. they are contaminated by pathogenic microorganisms
Arrus et al. (2006) studied the effect of tempematon for 6 months in order to reduce the contamination
salmonella survival in pig slurry and seasonalevel. Such wastes should be stored in batches and
temperature profiles in farm slurry storage resgsvo should not be exposed to any continuous addition of
The survival of salmonellas was determined in storeother waste.

slurry of sows and porkers and in slurry from algtig Grewal et al. (2006) investigated the persistente o
nursery barn stored at 4, 25 or 37°C and inoculatédycobacterium aviumsubsp. paratuberculosis and
with a cocktail of four serovars containig@almonella other zoonotic  pathogens Egcherichia  coli
serovar typhimurium Salmonella agonaSalmonella Salmonella Listeria) using three usual methods of
hadarandSalmonellaoranienburg Slurry temperature manure treatment (thermophilic composting at 55°C,
fluctuations were monitored in an overhead tankiand manure packing at 25°C and slurry storage in agdud
a ground storage reservoir at various depths ferlé tank). Manure from the loose housing of dairy cows
months on two farms. The count of salmonellas iwas artificially inoculated with  pathogenic
slurry dropped during storage but their survivakwa microorganisms. In manure composting and packing
300 days in manure stored at 4°C; survival wasawdust or straw were added to provide for optimum
slightly better in slurry from the piglet nurserarp. moisture (60%) for composting for 56 days. In the
Survival was significantly shorter (p <0.05) at asimulation of slurry storage water was added to
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manure and the slurry was put in triplicate intaled whereas it was the lowest in separated solid fracti
four-litre Erlenmayer flasks and incubated inNone of the samples was positive for coli O157:H7,
environmental conditions (incubation temperatur&higella spp or Y. enterocolitica The study
below 25°C) for 175 days. The presence of pathogedemonstrated a marked reduction in the prevalefice o
was tested on day 0, 3, 7, 14, 28 and 56. Afted®& Campylobacterand Salmonellain the solid fraction of

of composting 45 to 60% of carbon were converted teeparated pig slurry.

CO, at composting while no significant changes irMethods of reduction of pathogenic microorganisms
carbon content were found out in liquid slurry.in manureand slurry

Composting at 55°C reducecdEscherichia coli

Salmonellaand Listeria within three days. In slurry Biological methods of microorganism reduction

and in packed manure, i.e. at a temperature of 25°C

and lower, some of these microorganisms wer€ompostingin heaps

detectable until day 28. Mycobacterium Solid farmyard manure is relatively rich in dry meat
paratuberculosisvas detected by the standard culturéecause it contains bedding material. A high candén
only on day O in all types of manure treatment, ibut organic matter in solid farmyard manure is degragled
was not detectable on day 3 and 7 in all threestygfe heat-producing aerobic respiration in the procebs o
treatment. On days 14, 28 and B#ycobacterium composting, contributing to a sanitation proceske T
paratuberculosis was detected only in the liquid count of intestinal pathogenic microorganisms will
treatment. In contrast with the results d¥l. decline to such a low level that the risk will be
paratuberculosigdetermination by culture the DNA of minimised. Simultaneously, some proteins are degtad
M. paratuberculosisvas detected during day 56 in allby ammonification, which leads to an increase in pH
three treatments, and also on day 175 in the ligumhd ammonia level, and this increased pH value may
treatment. AdM. paratuberculosisvas not detectable threaten the survival of many microorganisms, also
by the culture method in compost and packed manuresulting in a sanitation process.

after day 3, it is suggested that the cells wetkeei If manure is composted in heaps, the heat does not
dead or they were present below the detection lihit increase in all parts of manure heap in the samg wa
conventional culture methods in these treatments.  because the lack of oxygen inside the manure heap
Jorgensen (1977) reported that in anaerobic camditi usually hampers very active aerobic degradation
M. paratuberculosismight survive for 252 days in processes and the temperature in the most distaht p
bovine slurry stored at 5°C and for 98 days inrglur may be approaching an outside temperature. Moreover
stored at 15°C. Grewal et al. (2006) stated tHahger manure age is different in various parts of thephétais
time was necessary to eliminaké. paratuberculosis to note that all traditionally established compastenot
from manure in liquid storagél. paratuberculosisnay be considered to be free from intestinal microoigas,
persist for more than two months at concentratioois i.e. vegetable products applied composted bovine
detectable by culture no matter whether manure manure were found to contain intestinal microorgars
composted, packed or stored in a liquid form ircomprising both indicator  and pathogenic
anaerobic conditions. The factors such as moistumicroorganisms (Holopainen et al., 2002; Mukhegée
content and manure stabilisation seem to play eirol al., 2004).

the elimination of pathogenic microorganisms at lowigging over of solid manure is one of the methtidd
temperatures. The types of additives used for daiwyill increase oxygen content inside the heap dutirgy
manure composting influenced the rate and extent obntinual composting process and will lead to a
organic matter conversion and the initial volume oflecrease in the count of intestinal microorganisins.
compost density but they did not affect the sutvisla digging over is a cost-intensive work when also
pathogenic microorganisms. ammonia losses increase, which reduces the
Studies of the survival of pathogenic microorgarism ameliorating value of manure. Heap composting ftr 2
laboratory conditions show a higher survival of3 months in a space under a simple shelter from rai
pathogens because the organisms does not suffar frmmay be satisfactory if manure is designed for owe, u
circadian fluctuations of temperatures, sunshine UYot for special purposes. This process may enauite
radiation and desiccation effect of the air currerd good reduction in the count of intestinal
(Hutchison et al. 2000). microorganisms in bovine manure. The count of
Watabe et al. (2003) studied the prevalence ofebiatt coliform bacteria declined from i®r 1¢ to 100 or
faecal pathogenic microorganisms in separated add000/g and the count of intestinal pathogens deset
unseparated stored pig slurrgalmonella spp. was below detection limits during successful composting
identified in all components of slurry sampleg(Tinquia et al., 1998; Larney et al., 2003) butléss
(unseparated slurry; separated solid fraction; méed  successful composting 16r 1¢ coliform bacteria may
liquid fraction of slurry) whileCampylobactesspp. was be found out in about two months (Mason et al.,4200
isolated only from unseparated slurry and liquidhe efficient destruction of potential intestinaltipogens
separated fraction. In both cases the prevalence wbuld not be guaranteed this time.

pathogens was higher in separated liquid fraction
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Composting in a reactor presence/absence analyses for intestinal pathogenic
Solid manure and other agricultural wastes may haicroorganisms should give negative results and the
composted in a reactor under a high temperaturenwhproduct should not be microbiologically unsafe any
within a several-day retention time period the dsunlonger. The method of heating to 60°C for 30 misute
of enterococci and faecal coliform bacteria araupedl seems the most suitable for virus inactivation ig p

to less than 1 000 CFU/g (less than the detectioit)l  slurry (Turner and Burton, 1997).

and salmonellas are destroyed in composted material

The design of containers, often drums or tunneds, Anaerobic treatment of durry

adapted for operation in continual processes or @lurry contains organic matter than can be conderte
batches. The continual process is better because itto methane through methanogenesis. Because the
run only at the exponential or stationary phasénait diversity of methane-producing bacteria is rathew,|
high reaction rate, and so it is possible to avitid a continual or at least semi-continual process is
lengthy lag phase at the start and the extinctiomsp preferred and the quality of raw material should be
at the end. Thanks to aerobic respiration thgquite similar. This complicated process generatedfi
composted material may reach temperatures as lsighaasmall amount of energy because energy is initia f
70°C for 60 minutes, as laid down by the EU dinexti product. Specific temperature (constant temperature
(1774/2002). Many times post-composting in heapsetween 30 and 60° C is preferred) is needed fer th
must follow to prevent the phytotoxicity of compedt process. The reactor should have thermic insulation
material and to obtain a stable product that willd and a part of produced methane must be used for the
good fertiliser and a good source of humus for.soiteactor heating at least during cold periods. The
Post-composting is also necessary because composteanation of methane is quite sensitive to distngpi
products are used in spring or in summer. Commiercitactors (such as antibiotics in slurry, etc.) ame t
composting reactors are costly and energy is nacgssreactor is more complicated compared to equipments
for stirring. In a laboratory composting reactorcoli  for the aerobic treatment of slurry.

0157:H7 was also destroyed at 50 to 60°C withiln some cases the process of methane formatiotoat a

three days (Hess et al., 2004). temperature highly reduced intestinal microorgasism
(Coté et al, 2006). The results of experimental
Slurry aeration anaerobic digestion of pig slurry in 40-litre seqie

Slurry contains any faecal material and waste watbatch reactors at 20° C for 20 days were as follows
from machine milking and faeces disposal. Typiagl d 97.94 to 100% reduction in the original populatiaris
matter content is lower than 10%. It is possibleuse coliform microorganisms; 99.67 to 100% reduction in
pumping for slurry transport to avoid heavy andhe original populations dt. colii not detectable levels
unpleasant human labour. Aeration is done either of the original gener&almonella Cryptosporidiumand
batches or as a continual process. Aeration isechout  Giardia.

at a low temperature or at higher temperatures in Tehe count of intestinal pathogenic microorganismas c
thermo-insulated reactor because the process itsbé reduced to a larger extent and hygienic risk lwan
generates heat. Retention time is given by thérmeat minimised more easily if methanogenesis takes pddce
method and ranges from 20-30 days (in the batehhigher temperature (more than 50°C) (Martend.et a
process starting in arctic winter) to 3-5 days ffre 1998). Another advantage of higher temperature is a
continual process at a high temperature). Aeratgeds higher reaction rate, allowing a smaller size oé th
electricity for pumping and may lead to ammoniaeactor. Nevertheless, anaerobic treatment is less
reduction according to the type of aeration equipmme efficient in the reduction of enteroviruses complate

On the other hand, it is possible to achieve 99%®% aerobic treatment (Pesaro et al., 1995), but imaijmg
reduction in the count of intestinal bacteria auses at conditions methanogenesis at higher temperaturgs ma
a low temperature (0—30°C), and odour reducticalse produce adequate hygienic products. The risk of a
quite important; slurry is highly homogeneous asd idisease will be reduced if pasteurisation is ruQft C
easy to apply. This is the reason why slurry aenatias for 60 minutes (as set down by the European Paglisim
other positive effects on green forage, silagetadaon and Council of the European Union, 2002, Regulation
and yield level (Heinonen-Tanski et al., 1998; logian (EC) No. 1774/2002).

et al., 1998).

If the process is run in a thermo-insulated cordtityju Chemical methods

operating reactor, thanks to aerobic respirationsit Mainly lime products are used as chemical compounds
possible to achieve heat treatment at 70°C for Glthough it is possible to use some oxidising conmas
minutes. A reduction in microorganisms may be verguch as peracetic acid if their price is reasonable
high and the count of intestinal microorganisms igHeinonen-Tanski et al., 2006).

reduced to lower values than detection limitdhe application of lime products is based on aneizse
(Heinonen-Tanski et al., 2005b). If detection Ienfor in pH, which inactivates microbial cells and viras&he
indicators are achieved (typically 10 or 1 CFU/g ommmonia release at high pH (above 10) also actmin
PFU/g - plaque-forming units for viruses), thenhibitory way for many intestinal bacteria. Lime
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products were used for the destruction of salmasalr these products are added to solid manure, manute an
other pathogens present in manure. Calcium oxidieKq lime products should be deposited in thin layerghsd
lime) or calcium hydroxide are applied as lime pretd  the mixture will be as homogeneous as possiblés It
because of their solubility in water. When theseecommended to add 30 kg of lime per 1 ton of solid
compounds are added to manure, the present carbmanure. If lime is applied to slurry, stirring withpump
dioxide will react and water-insoluble calcium aambte is efficient and the efficient concentration is yril0
will be formed. If kg/ton (Heinonen-Tanski et al.,, 2005a). For congplet
inactivation of Aujeszky’'s disease virus in pig rsju
Koch and Euler (1984) reported the dose of 30 Kgred
per cubic metre of slurry and pH value at leasb 1.
achieve its efficient inactivation.
The official decree requires using a 7-day treatnber
it was found out that only two days were a suffitie
long time for the destruction of intestinal
microorganisms below the detection limit (Heinonen-
Tanski et al., 2005a). It is not necessary to usg a
special equipment for lime treatment, so it can be
recommended for a temporal use, e.g. for the rapid
destruction of Salmonella and other pathogenic
microorganisms.  Slurry treatment with calcium
hydroxide reduces the concentrations of pathogenic
microorganisms including viruses (Derbyshire and
Brown, 1979). Turner and Burton (1997) also desttib
the application of recommended concentrations of
chemicals such as calcium hydroxide, sodium hydi@xi
or formalin as one of the methods of virus inadtva
in pig slurry.
Peracetic acid was tested as an alternative diiafe
of waste waters. Morris (1993) and Baldry et a@91)
compared a treatment with peracetic acid with ¢héor
treatment when chlorine was found to be more effici
in a reduction in virus titres than peracetic aeithich
needed a longer time for its virocidal activity.dBerial
inactivation was similar if these two agents wesedu It
is also well-known that a large amount of foam is
produced when slurry is treated with peracetic.acid
Hydrogen peroxide is used for disinfection of water
waste water and slurry. Compared to the other oxgla
its advantage is that it is a non-toxic, harmlesd a
environmentally acceptable product. Tofant et2006)
tested the effect of the application of hydrogeropiele
with the catalytic activity of silver and iron ions
disinfection of porcine and bovine slurry. The treant
of the liquid fraction of bovine slurry with a mixte of
hydrogen peroxide and iron ions at a final conediun
1.5% improved sensory, physicochemical and
microbiological parameters. A similar result was
obtained after the treatment of porcine slurry wéth
mixture of hydrogen peroxide and silver ions atrelf
concentration 2%. Metal ions £eand Ad enhance the
oxidation activity of hydrogen peroxide by the
formation of hydroxyl radicals.
Samples of fresh cattle manure were inoculated with
pure cultures ofS. typhimuriumDT104 andE. coli
0157:H7 and their survival were tested after thditazh
of sodium hydroxide, ammonium sulphate, sodium
carbonate and/or urea. A reduction in pathogenic
microorganisms in manure was achieved by the
combination of high concentrations of ¢®and NH,
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which are parameters related to pH. The additionreé environments of culture—positive cattleAppl.
could be an easy treatment of manure based on thd&nviron. Microbiol, 71: 6816—6822.
combination of both antimicrobial factors (Park andERBYSHIREJ.B.,BROWNE.G. (1979): The inactivation

Gonzales, 2003). of viruses in cattle and pig slurry by aeration of
treatment with calcium hydroxidel. Hygiene 82:
Physical methods 293-299.

GREWAL S.K.,RAJEEV S. SREEVATSAN S., MICHEL F.C.

Heat treatment such as pasteurisation is requisegina  (2006): Persistence dflycobacterium aviunsubsp.

efficient method for the destruction of intestinal paratuberculosisand other zoonotic pathogens during

microorganisms to an acceptable level of hygiersk.r  simulated composting, manure packing, and liquid

Heat treatment in a pasteurisation apparatus wasdfo storage of dairy manuredppl. Environ. Microbial

to be efficient in the control of many viruses (fer et 72 (1): 565-574.

al.,, 2000). This apparatus should be transportaiyld, HEINONEN-TANSKI H., NISKANEN E.M., MIELONEN

its operation is essential during an epidemic biteak M.M., RASANEN H., VALTA T., LEINONEN P., RINNE
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should be used as the last alternative in conivistthe enteric microorganisms in manure. In: Pilar Bernal
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could be applied as a beneficial fertilizer andnrease Sustainable Organic Waste Management for
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