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The pos<ihilit- ithad ehareos in asvicultural practice, away
ifrom the yprodue tion of Carm—yvard nanuve fo o hydraunlie system of
bandliny animal excreta, mav vromole the disseminalion of viable
intestinal pathogenic bacteria in the enviromment and lead to an

3

increased incidence of animal and buman infectiions, are discussed.
fnvestigations concervineg the probability of solmonellae survival
in pig excrement on the farw and the factors influencing the
passane of enteric bacteria throuph soil into drainage water,

are descrihed,

In » series of experiments it was shown that. some cellsg of

Salmonella dublin can survive in pin excrement stored as a semi—li&uid
slurry, for at least 12 months. The rote of decline of viahle cells
was not aflected br ihe sospended solids concentration of the slurry
within the range expected in a storapge reservoir on a farm,
Towever the rate of decline of viable cells was affected hy the
snnerobic metaholic activiﬁy of micro~organisms in the environment
during storage,

The rate of decline of viable S, dublin in the flocculent sludge
during aerobic treatment of pip excrement was similar to that of

Kscherichia coli. However it wns considerably higher than its rate

of decline durings storage when anaerobic conditions developed.

Few cells of 3. dublin remaived viable in the liquid phase of the
mixed ligquor of the treatment unit, hut movre survived in the
residnal sludee which, it is ﬂrguéd, is the main product of aerobic

lLreatment of animal excreta.




High nunhers of" enteric bacteria are shown to appear in
guh~surface drainage water for short periods following the
application to land of large volumes of semi-liquid animal
excrement, At other times the main factors which affect the
numhers of hacteria in subh-surface drainage water are (i) the
rate of passage of water through soil, which is largely determined
by the drainage characteristics of the soil; (ii) the amount of
precipitation and evapotranspiration; and (iii) the numbers of
bacteria in or on the soil and vegetation, The numbers of enteric
bacteria in or on the soil and vegetation are also affected hy the
time since the last application of excrement to the land.

The application of these findings to better control of land

treatment of animal excreta and/or the siting of new intensive

animal produection units s discussed,




INTRONICTTON

Treatimenl snd disvoeal af aniwmal wostes

[{. is-almost o tradition for authors to comvence a review of
tiie nroblems of water pollulion with a short hislorv of sewernpo
and seware btreatment sfstnms. Such higtories usually finish with
the nrond statement that some of the major improvements in puhlic
health are almost entirely due to the developnent of sewage

treatment methods and to the purification of water supplies.

Unfartunntely sewerace and sewage treatment do have some disadvantages.

Marx (1887) stated that collecting the population in great cenlreg
and causing an ever increasing preponderance of town populatiéns
di =lurhs the circulation of matter hetween man and the soil, The
game view was expresaed recently hy Davis (1971) and gimilarly in
A RBlueprint for Survival (Ecolbgist, 1972), arguments are put
forward for a return to methods of recycling waste materials,

A situation which parallels the growth of urban human
populations has been developing in acricultwe in recent vears.
The pressures to increase productivity using less man-power and a
smaller area of land have meant that more farmers have specialised
in either crop or animal production, In large scale units for
animal production it is now common to accumulate animal excreta in
the form of a semi-liquid slurry. This slurry is usually considereé
to be a waste material and is disposed of as cheaply as possible,
At the same time the arable farmer is using more and more artificial
fertiliser to replace the minerals removed from the soil when crobs

are harvested for animal and human food.



The composition of asricultural slurry varics congiderably.

It mav he composed ol only faeces and urive which have been excreted
hv one or more Lypes of domestic avimals. The faeces from one tvpe
of animol alse vary, due to diftfering diets, ages and physiological
state ol the animals., Apart from faeces and urine, slurry usually
conlaing waler from various sources, such as washine water, rain
wontor from tle roofs of buildings, and drinking water from leakapme .
and spilltage {rom waler Lroughs. Sometimes other effluents such asg
siloge Yiquor, or disinlectant solutions gain neccess to slurry tanks.

The inslLallation of a hvdraulic svebem makes the removal of the
excreta from animal pens easier and quicker. This in turn improves
the cleanliness of the houge when compared with the older aixstems of
uging gtraw bhedding.

Tlike farmvard manure, animal excreta in the form of a semi-
Tiquid slurrvy is frequentlv thousht of as a waste material to be
disposed of as cheaply as possible, Methods of disposal however,
produce several problems and pumerous lists of these prohlems have
heen published. For example, Taipanides {1966), and Jones and Riley
(1970), ineclude problems of engineering, economics, politics, law,
social muisance, and public and animal health. Because of
prosecutions under the Public Health Act 1936, against farmers for
cauging an unreasonable smell, and the Rivers (Prevention of Pollution)
Acts 1951 and 1961, there is an urgent legal need to overcome some of
the problems,

This has lead to the installation, on a few farms, of systems
incorporating bioleogical treatment in an effort to produce an
innocuous product for disposal. Tn most cases such systems have
been modiflications of the cheaper methods used for the treatment

ol domestic sewage,




Initially it may be necessary to return all, or most, of the
excreta, eithier directly or after primary treatment, to the land,
Later however, metbods of treatwent which convert the material into
valuable by-products, such as fertilisers, microbial protein for
animal feed, or fuel, must be developed and introdured.

Whatever method ia adopled the problem of animal and homan health
mugt alwavs be taken into consideration when handling animal excreta.
Enterie haclerio, many of which are polentiallvy pathorenic, can only
colonigse a new host if thev strvive in the excrement and are then

‘distributed into a suilable enviromment where thev have an
opportunity of acquiring a new host.

I'T the excreta are returned directly to the land, several new
factors are introduced with the change from a farmvard manure svstem
to a semi-liquid g]urry gy stem, as a means of handling the excrement.
The microbial envivomment during composting of animal excrement to
farmyard manure di ffers considerably from the environmenf in a slurry
tark. TFarmyvard manure, which is a fairly dry material and valued as
a fertiliser, is normally spread onto the surface of land immediately
prior to ploughing. Slurry,on the other band, is liquid and is often
disposed of hy spraving onte the surface of permanent pasture.
Spraving of liquids produces amerosols, which are a very efficient
means ol bacterial distribution, The amougt of aerosol produced may
varv, depending on such factors as wind speed, the topography of the
land and the type of spraying machine used,

Although it ig recommended that animals should not he allowed
to graze pastures that have been covered withl31urry until a few

months have elapsed, grazipg of ten oceurs after a few weeks, days

wt




or even during spraving., Urazing animal & avoid arcas where dung
has been deposited naturally bul when slurry is evenly distributed
over the lanl selective srazing by the animals is iupossible (Venn, .1970).
The application rate of slurry to a pagture at anv one Llime may be as
hirh as 44Rm3/hn or more (3errvman, 1970). Due lo tre high water
cont ent of =lurry, orvanic motter includinp enteric hacterin moy
“ain access to water courses from surface run-off and land drainape.

The introduction o f hinlogical tréatmenL sz tems for handling
animal excreba may provide an unfavourable enviromment [or enleric
hacteria “wut the possibility that thev survive in a treatwent unit
must he considered during the development of such svstems. This
hecomow particnlarly important il the products of treatment of animal
excreta are to he used for_examplo as a feed additive in the form of
microhial protein,

[tais it s appavent that Lie change from a farmvard manure
system Lo a'sémi~]iquid slurry system mav al present be promoting

the distrihalion of enteric bacteria in the evviromment,
Pathogenic hacteria in animal faeces

Numerous pathogens of domestic animals also cause disease in a
range of species of other animals, including man, Many of these
pathogens are excreted in, and in some cases known to be transmitted
to new liosts bv, animal faeces, The most significant patho pgenic
bacteria excreted in animal faeces include Salmonella sp.,

Mvcobacteria sp., Brucella sp., Leptospira sp., and enteropathogenic

Yecherichia coli (Decker and Steele, 1966; Venn, 1970).
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Coliform enteritis. Fscherichia coli is usually Llhe most

nuﬁerous organism in the faeces of animals and man, Becauvse il is
so numerous and cam he readilv isolated, it is rcenerally userd as an
}ndicator of faecal coptaminalion, parviienlarly in relation to walecv
supplies (Department of Health and Social Security, 1970),

A few strains of ¥, coli are pathopenic and cause serions losses
amongst voung livestock, hut althouph coliform enteritis is common
and a considerahble amount of knowledae exists ahout U, coli,
relatively litile is known nhent its epidewmiolory. ‘“Whether or not
a ﬁarticulur animal becomes ill appears to derend more on Lhe
condition of the animal than on the paﬁhogenicity ol the organism,
Reasoner (1971) supgests that Y. coli receives less attention than
it deserves in view of ibts distribubtion and a%ility Lo cause
enteritis, but it is generallv accepted Llal an animal hecomes
infected from its mother, or from other animals housed with il and

il is unlikelyv 1that methods of bandline faeces have anv affect on

the incidence of coaliform eunteritis,

Pruccellosis. Fears that DBrucella abortus can he Lransmitted by
facces to new hosts have heen exnressed by several aulhors (Stahleforth,
195%; Kusdas and Morse, 1954 U;nkev auvd Steele, 1066/), Howevnr,
tﬁero ig no evidence that this oreenism has been transmiited to
animals or man from infeccted facces, =so0il or wofer., Transmicstion
is usnally by animal to animal conlfact, conlact with an ahorted
foelus, or infected milk. TL is nrohable it feare of transmission
via faecal material arise {raw the fuel Hat ahoried Foeltuses are

often dispo-ed of iwlo a slurrery tanl,
I




Johnes disease. Mveohacterium johneii is exereted in the faccoes
Lol , m o .

of infeeled aunimals and the disense canses helween 2 and 10 per cent
herd wor tality in the UK, oacﬁ vear (Dovle, 19599, Little is k nown
about ite wode of transmission and no substantial evidence had heen
reported to suepest 1hat faeces are aﬁ important vector. MNevertheless,
Lovell and Prancis (1944) sugpest that pastures which have heen

prazed by infected animals should not be grazed asain for twelve

months,

Leptosnirosis, Pigs are important hosts of Leplospira sp. and
prohahly serve as the reservoir for disecase in man (Burnstein and
Baker, 1954}, Bezumnova (1970) found that farm animals, particularly
nirs, were the main reservoirs of infection and that transmission
occurred via stagnant ‘hodies of water. There are no other reports

{o suogest that onimal exerement is an important veclor of the disease.

Sulmonellosis. Salmonellosis is probably bthe most economically
imorlant disease transmitted between animals and to wan. Apart frow
S. typhi and S, paratyphi, animals are the principal hosts of
galmonellae (Newell, 1067; Prost and Riemann, 1967) and nnimal
excrement is claimd to be a vital factor in perpetuating and
extending the prevalence of animal hosts (Decker and Steele, 1966).
The presence of s mptomless carriers of salmonellane makes the size
nf.hho animal reservoir difficult to determine. Carriers are
especinlly important because they excrete lorge numbers of viahle
galmonellac and thereby help to maintain the level of organisms

cenerally distributed in the environment (Chung and Frost, 1969).




Animal feeds are a major source of salmonellae. I!owever, tne lack
of correlation hetween sevolvnes Tound in feeds and serotvpes isolated
from infected animals shows that other major sources of infecetion exist,

BFror the literature of recent vears it is apparent {hat changes
are occurring in the relative importarce of different serotvpes of
éa]monnllan, Vifteen to twenty years ago oubbreaks of solwonellosis
in domeétic animals were usually due lo host-adapted serotvpes.
Reporls in recent vears, however, show thal outhrealks of salmonellosis
due to non-host~adapted serotvpes in particular S. tvphimurium, are
inereasine., This is probably due to imporved methods of treatment;
changes in animal hushandry and the universal distributi on of animal
feed-sluffg,

Bovine salmonellosis ig incrensing in several parts of Lhe world.
The majority of infections are due to 3, dublin but recent reviews
(Kampelmacber, Guinde and Clarenburg, 1962; ilughes ot al, 1971:

Kabrs el al, 1072) veport a marked increase in infeciions due to
S. typhimurium.
Pigs cre one of the main reservoirs of salmonellae in the animal

kingdom accordinrg to Sojka and Gitter (1961), In most parts of the

world 8, rholera~suig is the main serotype associanted with clinical

disease in pigs hut outbreaks due to other serotypes have increased
in recent vears. Morehouse (1972) supsests that non-hon st-adapted

salmonella serotypes in pigs are more iwportant than S, cholera-suig

bhecanse of their pathogenicity for man and other animals. Skovgaard
and Nielson {1972) report that ir England, Wales and Denmark, of the
twenty~five most common salmonellae in pigs, nine are included in

the ten most common iseolates from human infections,



in

S. twphimurivm is the most importent non-hoct-ndapted serotype
jgolated fron donestic animals, In Denmark where aninal feeds are
"resterilized”, 8, typhimurium accounts for 60 per cent of the
isolates frowm pirs (Shovgaard and Wielson, 1972).

S, dublin is also increasing in importance for ils as<ociation
with animals other Lhan cattle. 1n 1962 Kompelmacher, Guinde and
Clarenhereo reported that S, dublin was the third most common serotype
isolated from pigs in the Netherlonds., In England ard Wales it was
{he seventh most common serotyvpe hefore 1961 (Sojka and Gitter, 1961)
hut in a recent survey (Skovgaard and Nielson, 1972) it was third,

S. dublin is also becowing an important pathogen ol sheep an? lumans
(Taghes et al, 1971).

Poullry are asother important reservoir of salmonellae.

Kraft et al (1969) provide evidence to show that changes in hushandry
towards caged hounsing of peultry may achually promote shedding of
salmonelloe wien compared with floored housing., If this is the case.

then slurry from poultry houses may be a greater hazard than the

bhedding and faecces from floored housing,
Survival of palhogens in animal excrement

Kraft (1969), Venn (1970) and Findlay (1972) have all suggested.
that the accwnulation of animal excreta in the form of a semi—liquid‘
slurry increases the risks of spread-of disease. These authors
support their arguments with a number of references to studies on
the survival of pathogens in aniwmal faeces: The méjority of these

studics are also used by their authors and ‘in numerous press articles,




Lo omphasige ¢ healll bazards associosted with the handling of
slurrv. TU s ugefnl, therelore, to conrsider =cwe of these reports,
Viaddock (]933), deseribhed the survival of hevine tubercule
hacillua ir samples of dricd dung lor up to six months., Lovel and
'rancis (1944) collected sarples of foaeces from an animal infected

with Jolnes bacillus, The laeces were stored in a porous howl
nlaced in the open and, therefore, subjeet to climotic changes.
urine sthroge it was frozen, dried, and subjected 10 a temperature
range hetween ;3.3 to 23.3%C, The nathocen was isolsied for up to
246 davs,

lerming (1939) found that Salmonella dublin survived 1069 days

in infeeted manure which had been dried in an incubator for 48 hours
and stored in hottles. Tield (1949) stated that S. dublin remained
viable iﬂ hovine Taeces for many months, Jos]apd (1951).is01ated a
culture of 5. typhimurium from a case of hovine salmonellogis., le
then inoculated samples of faeces with the organism, Some samples
were stored in the ghade but exposed to wind_ﬂnd rain, others were
exposed to sunlight, wind and rain., The organism survived for 20
ﬁeeks in the shaded samples and between 12 to 28 weeks in the samples
exposed to sunlight, Gibson (1961) collected samples of faeces from
cows that were constant excretors of salmonellae and deposited them
on Wulls. Ie found that the salmonellae survived‘for ub to six

months outdoors and ten months indoors,

Kusdas and Morse (1954) studied the survival of Drucella abortus
inoculated into bovine excrement, They provided evidence that the
initial pll volue of the excrement,increases in acidity or alkaiinity,
the presence of other orpanisms, storage temperature and the.presence
of deleterious substances, all influenced the death of Br. ahortus.
Survival was enhanced by steriliging the manure prior to inféction

and by lower storage temperatures.




Althongh Lhese reports provide some informalion on lhe survival
ol pathorens which are excereted in faeces, feow are directly concerned
with survival of pathocens in a slurry reserveir. When {the excrement
i« aceurulatod as o sturry and stored in laree tanks, oxvogen is
cxhausted and annerohie mierobial depradation of the materianl commences,
Tlus, storape of =lurry may be considered as o melhod of hiolopical
{rertment ol the evereta, even though the svetenm is uncontrolled and
the producis of the miecmbial activity are more of a nuisance than
the original material. The amount of degradation which orecurs
depende on several factors, in particular storare time\and temperature.
Fxereta from animale such as catile, which are only honged for the
winter months, may be stored for 6 to 12 months, whhrens excret:
from animal= bhoused all the vear is stored for shorter periods, frnm‘

a few lLours to several weeks,

Survival of enteric bacteria during microhial treatment of animal

excreta

"ulil fairly recently animal excrement was accumulated as a
mixture of faeces, urine and straw hedding. Little or no water was
added to the material, and aerobic microbial activity was emcourapred
to convert it to a valuable byproduct, in the form of farmvard manure,
Microhiologmical studies (Gotaas, 1956) show that the treatinent time
ond temperature during composting are usually sufficient to destroy
intestinal pathogens,

On farms where a hydraulic system has heen adopted, the slurry
is normally sprayed onto 1and, because land treatwent is the cheapest

amddl probably the most effective method of disposal, When land is




not immediately availahle the slurvy may be stored, and du ing
storage anaerohic microbial nctivity occurs,

Reports on the survival of pathogens in slurries nf animal
excrement- during storage are conflicting. Most studiesvthﬂ heen
carried éut on farms under nntﬁral conditions, Tew, if anv, of the
paramecters likely to affect pathogen survival, such as tempersturc,
pll valve and suspended solids concentration have heer monitored,

Hahn (1967) suggested that different slurries and storase temperaturcs
affected survival of salmonel lae., He also found thal survi-al times
varied with different strains of salmonellae. Xankin and Texvler (1969)
distributed a sample of.slurry from a dairv farm into six tanks.

The tanks were covered and left outdoors between mid~Jannnrr‘nnd
mid-April. Xach of five tabks were seeded with one hoclerial speciecs,

either Salmonelln dublin, 8. tvphiwurium, Eschericbia coli,

Staphyvlocorcus gureus or Brucella ahortus, leavine one tank as a

control, All the orgonisms died out completely wilhin twelve weels.
The pl values of the slurrv semples were within Lhe ravve of 7,6 to
6.4 and the dry matter content wiihin the range of (.35 per cent o
12.4 per ceut., Findlay (1971) inoculated S, dublin into iwe tanks
coch containing 40 1 of enttle slurry. One tank was covered ard e
olher left exposed to rainfall, Some of the innculated colls
gurvived Tor at least five months., In another series o experirents
Findlav (1572) found that S. dublin survived in eattle <lurrv for

31 to 33 weeks when slurry wes artificially infected in lUeiohor, but
only 18 to 19 weelks when it was infected in Vapeh,  rintell and
atrospheriec Lewperntures weve recorded al the site, hut the solids

concentration and tasperabure of the slurry were not reported,
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As a result of the numerous problews mentioned earlier, methods
of controlled biological treatment of slurry are under investigation,
Most of the tresntment svstems in the USA and in Great DBritain have
been modifications of methods vsed in the treatment of domestic
sewage, The treatment of domestic sewage is primarily concerned with
the reclamation of water. Seclid wastes, arising from sedimentotion,
and the sludges of aerobic and anaerobic treatment svstems, have
heen considered to be of relatively minor importance. TFor this
reason the solids have usually heen disposed of as cheaply as possible,
without regard to any economic value,

The amount of water involved in slurry does not psually
necessitate concern ahout water reclamation. The primary concern
must be the treatment of the solid material (Owens, 1972),

Treatment svatems should bhe designed for the conversion of slurry to
‘a material which can be used as a fertiliser, or alternatively to
some other valuable byproduct,

During the development of biological treatment svstems it is
necessary to consider the Tete of enteric hacterin. Kampelmachern
and Noorle Jansen (1970) inoculated 5. utrecht into domestic
gsevage and found a 90 per cent reduction in the liquid cffluent,

The mean residence time in the aeration reservoir was 10.5 h, The
normal coneceniration of salmonellae.in donegtie sewapge in (he
Netherlands was found to be 2 per cn? and they concluded that the

nomal expected concentration in treated ef{luents would he 1 per cmg.
Leclere et al (1970) also found that only low mwnbers of palhopens arc
digchoreed in the liquid off]nenf‘frnm dowmest ic sewape treatment plants.
They found however, thal the majority of pathopens, in partienler

galmonellae, become asseciated with and protected by sludee flocs,




—
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Kampelmacher and Noorle Jansen (1971) found a 99 per cent
reduction of salmonellae in the effluent of an experimental
hop—excrement oxidation vat. The mean residence time of liouer in
the aeration reservoir appeared to he 12 dayvs. The aeralion rotor
was switched off for onme hour each day and the top liquor allowed
to overflow into a stream. No details of the concentrations of
suspended solids or BOD of the excrement, the aerohic =lwlpe, or
the effluent are given, and the only product of this s ystem appenred
to be the top liguor. Hohinsnﬁ, Saxon ond antnr'(1971) found that
calmonellne, streptococci and staphylococei survived for more than
8 days in aerated pig urine, HMeCalla and Eliiott (1971) gtatcd that
"salmonella odded to becef manuré died rapidly under nerobic conditions
but survived under anaerobic conditions™.

In the absence of performance details of Lreatment v stems it
is not possible to decide ffnm such reports whethnr or.not
aalmonel lae survive longer in systems for treating animal excrewent
than those lor domestic sewage. Tf pathoprens hecore associatesd with
sludee flecs and the solid material is the main product of {reatment,
then there is ar increased risk of infection, especially i{ thig

material is to he used in animal feeds,
Survival of evtoerie bhaclberia on land and the spread of enteriec disense«,

There is o considerable amount of evideneo, reviewed by Pudolfls el ol
{1050) and var Donsel, fieldreich and Clarvke (1967) that epnlerie hacioria,
includine intestival pathogens, can survive on ta»? for lore perinds,
Heord (1‘.)40) m'v.d van PDonsel el al (1967) conclude thot soil {ype has
very little influence on Lhe survival ol faceal bacterisa, inecluding
salmonel lae, Soil m(Kmist!n'r'-m".d pH arc considered 1o he the main

parameteors which nffeet snrvival,
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Recentl: Tannock and Smith (1972) prepared susnensions of

Salmonella typhimurium and 3, hovigmorbificans in"sterile, sietux

fillered s“cep feeces", These suspenszions were then spraved onto

the smfoce of ouliaor evperimental plois of ryerras<-eclover pastwre,

Thev fouml o rapid decline of viable eellsg in the =0il, Survival

was ﬁreﬂtosf where tﬁn organisms were protected from direect sunlight,
While it is relatively easy to demonstrate ihe presence of

viable pathogenie hocteria on land or in draivage water, it ig very

difficult to show that their pregence could resull in an outhreak of

discase. Mair and loss (1960) report the case of »n vouns sirl infected

with S. tvphimurium, Cattle faeces had heen dug into the garden a few

weeks earlier and S, typhimurium was isolated from g0il samples. Tt

wag not possible however to decide whether the salmonellae in the soil

oricinated from the cottle facces or from the child. Jack and Hepper (1969)

reported an outbreak of salmonellosis in caltle grazing a pasture'whicﬁ

had beet irrigeted three weeks earlier with slurry éontaminatod with

8. typhimurium, Williams (1970) provides evidence that many clinical

cases in adult cattle and sheep in Carmarthenshire arise from the

srazing of recently~flooded pasfure. Richardson and Watson (1971)

found S. dublin in a river near a pasture where infected coattle had

been erazing, 'They éuggested that the infected water was the source

of intection for seven outhreaks of diseanse on farms close to the

same river, Orr (1072) reported an outbreak of S. typhimurium

infection in cattle in Wigtownsghire. The source of infcetion appeared

to he the discharge of a septic tank . following the infection of

an elderl~ woman in the farmhouse,




Tovle  wod Mrrows (1071) applied entile slurery contaninated
with 8, dublin to a nasturce,  Calvees heeawe infected when al towed
l; craze on a nesivre spraved the previous dav with aiurry containing
10% 5. dulin per o',

There ia Yil!le evidence to confirn the helief that Lhe
increasine praectice of disposing of animal excrement, in the Form of
g sri-liquid elurry, onto land iuerenses the incidence of intestinal
disnnses swonpst dorealic onimals ;md/or man, lowever, il disenses
atell as salwmenellosis are to he conlrolled then contamination of
Tand end woler—conrses wust he minimised (Newell and YWilliams, 1971;
Hughes ot al, 1971). Before Lhis can he dope, the chances of
signilficanrt nwabers of pathosens remaining viable in excrewent during
storace and/nr durine controlled biological treatwent musi he
investirated. Tf comvlete elimination of viahle pathorens ff&m
infected mpterial is not practical then factors whieh further

influence the dissemination of hacteria in the enviromment must

alsa he undevstoord,
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SCOPE OF WORK

At present, animal excrement, which is accumulated and stored
in the form of a semi-liquid slurry, or the residual sludge from an
aerohic biological treatmemt system, is normally disposed of by
spraving onto the surface of grassland. If appreciable numbers of
viable pathogenic micro-organisms survive storage, then disposal of
the slurry, or residual sludge, could increase the numhers and
distribution of integtinal pathogens in the environment.

Pigs are one of the main reservoirs of salmonellae amongst
domestic animals. Infected animals which may or may not develop
clinical éymptoms of digsease excrete large numhers of the organisms
in their faeces. Thus, freshly-excreted pip excrement should be
considered as a potential reservoir of viable salmonellae.

During the storage of untreated excrement, large solids
settle to the bottom of the slurfy tank. Anaerobic conditions
develop and the gases, produced by fermentation, lift some of the
solids to the surface, ﬁhere with the aid of pig hairs, they form
a crugt, This crust then acfs as an air-tight seal so that most of
the excrem;nt is kept anaerobic.,

On some farms aerobic biological treatnént of slurry is being
tried in order to reduce pollution problems, but all systems presently
in uge are largely experimental. The properties of fesidual siudges,
and whether‘or not a liquid effluent is produced, from aerobic
biological treatment systems depends not only on the type of animal
and its diet, but also on the operating conditions df the treatment
swbem to meet the reduirements of the operator. Treatment éystems
can he operated at various binéhemical oxygzen demand loading rates,
pH values, temperatures{;ﬁixed }iquor suspended solids concentrations

and dissnlved oxygen concentrationa. Adjustment of any of these
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parameters may affect the chemicdl composilion of the residual sludee
and its dewaterability, and wmay also influence the chances of survival
of pathogenic bacteria.

Section I of this report describes studies on some of the factors
which might Influence the survival of salmonellae in pig excrement
during anperohic stoerage, and in the mixed liquer of an aerobic
hionlogieal trealment unit. Since naturally infecied excrement was
not readily available, it was necessary to artificially infect
samples of pathogen free pig excrement wilh a species of salmonella.

Section IT is concerned with investipations into factors which
influence the passage of bacteria, Lhrough seil, into land drainage
water, [f appreciahle numbers of viable intestinal pathogenic
bacteria, such as salmonellae, are present in slurry sprayed onto
thé ;urfuce of grassland, then a proportion of these organisms may
pass thro ugh soil into land drainage water and thence inte a water
course.

The concentrations of faecal hacteria in the suh-surface drainage
water of a 0.7 ha pasture at the Animal llushandry Lxperimental Unit,
Brickrow, The West of Scotland Agricultural College, Auchinecruive,
Ayrshire, were firgt monitored in the ahsence of recent slurry
applicatioun to the land, Pig excrement was then applied to the land
and the effect on the comentrations of faecal bacteria in the water
observed, A further investigation of the factors affecting the numbers
of soil bacteria in drainage water was made, The numbers discharged
during a winter were also compared with the numbers resident in the soil.

The drainage water of two 20 ha areas of land on a pig farm in
Wigtownshire was also studied. These results wére then. compared with

those ohtained from the experimental pasture, Brickrow.
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TIHE SITTTVAL OF Salmonella dublin 1V PIG “NCPRAN®




Pir exerement nabturally infected with salmonellae was nol
readily available. Because of the dangers of the spread of infection,
it was not practical to artificially contaminale excrewent with
boeterial pathogens in a storage tank on a farm, Therefore, it was
necessary to artificially contaminate samples of salmonella-free
exerement, with a species of salmonella and study its survival in
containers in the laboratory,

Although Salmonella cholera—suis is the most common salmonella

serotvpe associated with pigs, it is difficult to isolate and identifly
from infected faeces (Field, 19359) and is not commonly transmitted
{rom pigs to other aniwals or man., Tt is also a dangerous serotype
to handle in the 1 aboratory. S. typhimurium and S. dublin are both
widely distributed in pigs, and other domestic animals, and both
serotvpes are important for their pubiic heal th significance. Because
of the nalure of pig excrement, it is difficult to guarantee not to
spill infected matevial when preparing a dilution series, and equally
difficult to prevent the release of aerosols from an aerohic biological
treatment unit. Therefore, since 8. dublin is the less virulent of
the iwo serotypes it was chosen as the test organism.

Tn a series of [ive experiments, samples of pig excrement,
diluted with tap water to a semi-liquid slurry, were inoculated with
a culture of 8. dublin, and stored at constant temperatures in the
laboratory, In each experiment the numbers of sur&ivors of 8. dublin
were eslimted at intervals during storage. |

The mixed liquor of a laboratory treatment unit, being used in
a study on the effects of aerobic hiological treatment oh pig excrement,
was also inoculated with a culture of S. dublin. The rate of decline
of the inoculated cells was monitored and compared with the rate of

decline of Escherichia coli.
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SATERIALS AND METHODS

Source of pig excrement

All the samples of pig excrement used in the laboratory were
collected from a pig Tattening house at 1he Animal lusbandry
Exp@rinnntal Unit, Brickrow, The West of Scotland Agricultural College,
Anchincruive, A plastic tray was suspended below Lhe slatted floor
of one of the pens for 24 to 48 h, The pen contained from one to
ten pipgs, each weighing 30 to 90 kg, and they had unlimited access
to food and water. They were fed on a ration of barley meal,

62.5 per cenl; five thirds (wheatings), 25 per cent; white fish meal,
7n§ per cent; and extracled soya bean meal, 5 per cent., This was
supplemented with a vitamin and mineral supplement (Elsley et al, 1969)
17.8 kp/t; copper sulphate, 0,67 kg/t; and zinc sulphate, 0,02 kg/t.

Faeces and urine, which collected in the tray, were transpor£ed
to the 1l aboratory and diluted with sufficient tap water to form an
easily stirred slurry. This slﬁrry was thoroughly mixed for 10 min
and i1he suspended solids concentration determined. It was then
further diluted witlh an appropriate volume of tap water to obtain a
sugpended solids concentration of between 9.6 and 68,3 g/1, dependi
on the experiment. The final suspended solids concentration was then
determined,

The suspended .solids concentration was determined by filtration
through gl ass fibre filters (Whatman GT/A) and dried at 105°C., The
chemical oxygen demand (COD) was also determined, using standard
methods (Standard Methods 1971) and the pH valué was measured .using

a plass electrode,




PIGURE 1

Diagram of a two litre vessel, fitted with a paddle, and haffles,

used for the snanerobiec storage of pip excrement in the

laboratory,
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‘Storage and sampling of pig excrement in the lahoratory

Samples of pig excrement, diluted with tap water to a semi-liquid
slurry, were stored in closed containers in the dark atlconstanb
tenperatures, In most of the experiments the slurry was only mixed
at the time of taking sub—samples for bacteriological examination
and measurement of pll value, The static storage conditions allowed a
crust fto form on the surface of the slurry, maintainine anaerobic
conditiong throughout mosl of the sample, similar to Lthose found in
a storage tank on a farm.

Some samples were stored in 2 1 polypropylene containers. These
containers had a sampling port in the top sealed with a rubber bung.
The port was surrounded by a short length of polypropylene tube,
welded to the Lop of the vessel, forming a small reservoir. Any
spillage of infected material, while removing samples from the vessel,
was contained in this reservoir and could be treated with disinfectanti
after the bung was replaced. A second port in the top of the vessel
was fitted with a cotton wool filter to allow fermentation pgases to
escape, bach vessel contained a plastic coated bar magnet., Before
sampling, the contents of the vessel were mixed on a magnetic stirrer
(S/MAG 30, Jencons (Scientific) Co. Ltd., Mark Road, Hemel Hempstead,
Herts,) ftor five minutes at the fastest speed poséib]e without losing
control of the magnet. This method of mixing was enly effective for
glurries containing less than 55 p suspended solids/1. With thicker
slurries mechanical mixing was necessary. Some vessels were therefore
fitted with a paddle and internal baffles (Fig. 1). The paddle was
volted onto a stainless steel shaft which passed out of the vessel
through a liquid-sealed gland., The slurry could then be mixed at
200 rpm by attaching the shaft to an electric motor. 'The stirring

gland was filled with a mixture of sulphuric acid and glycerol,




This solution did not evaporate or splash during mixing and prevented
bacteria escaping from the vessel. In each experiment the slurry was
dispensed into two containers. One container was inoculated with a

culture of Salmonella dublin and the other left as a contrel. Fach

vessel was removed from the incubator at intervals, the contents
thoroughly mixed and samples of 10_cm3 removed. The Most Probhable
Number (MPN) of salmonellae in each sample was then estimated. To

avoid possible contamination of the pH probe, and release of salmonellae
into the atmosphere, the pl value of the control sample onlyv was
measured.

In one experiment the pll value of the excrement was monitored
continuously during storage. The slurry was stored in a three litre
Biotec fermenter vessel (LKB House, 232 Addington Road, South Croydon,
Surrey) fitted with a central paddle, driven at 200 vpm Lhrouah a
magnetic coupling by an electric motor., To achieve adegquate mixing
at this low speed, a larger polypropylene impeller was attached to
the shaft., A lermentation lock was fitted to a port in the top of
the vessel. The pll value was measured by an antoclavable glass
electrode (Activion Ltd., Kinglassie, Scotlard), coupled by a pH meter
to a potentiometric chart recorder. The temperature of the vessel
was controlled at 15°C. Samples of slurry were ohtained from a port
in the bottom of the vessel, through a stainless steel sampling hood.
Befofe samnling, the tuhe was cleared by blowing oxygen-frec nitrogen
back through the tube into the vessel., A sample of 10 cm3 of slurry
was removed at the start of the experiment and the MPN of salmonellae
estimaled. The slurry was then inoculated with a hroth culture of
S. dublin. Sampies ol 10 om3 of the conlaminated slurry were removed

at {hree or four dayv intervals and the MPN of 5. dublin estimated.




FIGURE 2

< The principal components of the Taboratorv aerohic hiclogical

treatment unit,
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The lahoratory aerohbic binlogicnal ireatment unit,




FIGURE 3



T the later experiments smaller samples of slucery, 20 cm3 were
stored in universal hottles. These Pollles were sealed with plastice
Fermentation loecks (Boots Co, Ltd.) which were Filled with an iodophor
disinfectant. Before sampling the slurry, lhe fermentation locks
were replaced wifh screw caps, so Lhat the contenls could he thoroughly
mixed. Tn these experiments the slurry was divided into two samples,
one o f which was inoculated with S, dublin. Dach sample was then
distriluted into a 2 1 container and a numher of universal hotiles,

Two of the universa] hottles conlaining contaminated sluwrry were
removed at intervals of 3 or 4 days and two of the control samples

at intervals of 7 davs. The MPN of salmonellae in each sample was
estimated ‘and the pH value of the contro)l samples was measured. The
MEN of salmonellae and pH values of the slurry in the larger containers

were estimated only at monthly intervals.
The aerohic hiological treatment system

The laboratory treatment unit (Pig. 2 and Fig. 3) was an aeration
vessel supplied semi~continuously with a suspension of pig execrement.
The volume of mixed liguor in the aeration vessel was kept constant
hy the separate removal of a liquid effluent and a solid effluent.

Fresh pig excrement was collected twice weekly from the pig
[attening house and transported to the laboratory. Tt was then diluted
with an appropriate volume of tap water to a suspension containing
20 g suspended solids/l.

The dilute slurry was fed semi—continuously to the aeration
vessel, using the system described by Owens and Lvans (1072). The
aeration vessel was a Biotec laboratory fermenter, fitted with ports
in the top and hottom, and had a working volume of 15 1. The stirring

rate of the fermenter contents was controlled by a variable speed




motor coupled magnetically to a central paddle inside the vessel.

To allow floc formation the stirring rate was kepl as low as was
consistent with good mixing and aeration. This was achieved by
attaching extra large impellers to the gtirring shaft. The large
impellers congisted of four polypropylene blades, approximately & cm
square, welded onto a short length of polypropylene tubing at a
slight angle to the vertical. Two large impellers were pushed onto
the impeller shaft and clamped to the existing stainless stlecl
impellers. Stirring rates of 70 to 100 rpm gave good mixing of the
fermenter contents. The temperature of the mixed liquor was kept
constant, Aeration was effected by a sintered steel sparger through
which air was punped at the rate of 1.5 l/min aund this maintained

an oxygen tension in excess of 150 mm Hg. The oxymen tension of the
mixed liquor was continuously recorded using an oxypen el cctrode

ond o potentiometric chart recorder. The pll volue of the wmixed
liguor was also recorded on the charl recorder and provision was
made for controlling the pl! value when required.

Ligquid effluent was ellowed to overflow from a clarifier svatem
attaclied to the aneration vessel into a colleciion reservair, The
clarifier system consisted of an internal and exterral cetiling
chamber, The inlernal chamber was o glass‘tuhe, of 30 nun hore, which
rested on the bottom of the aeration vessel Tor part of its circumference,
Mosl of the solids of the mixed liquor which euvtered this chamber
settled to the hottom and autematically returned Lo the aeralion
vessel, The partially-clarified liquid in Lhe upper parl of the
internal sctiling chamber overflowed inlo the oxternal chamber,

This cousis Led of an iwerted Erlemmeyer flask, fitted with an inlet
tube for the partially~clarified liquid just obove tle hase of lhe
vessel, a refurn tube for sebtled solids at the base and a tube

near the Lop for the clarified liquid to overflow into a collcelion




reservoir, The settled solids were returned to the lop of the
internal settling chamber continuously by an air 1ifl pump.

The solid effluent separation or desludging system consisted
of a vessel into which mixed liquor was pumped at predetermined
intervals, An overflow tube was fitted to the desludging vessel,
at the 2 1 level, to return excess mixed liquor to the aeration
chamber., The mixed liquor in the desludging ves=el was aliowed to
gettle for one hour. After settling the supernatant was pumped back
into the aeration vessel and the setiled sludge was pumped from the
bottom of the desluwdging vesgsel into a solid effluent collection
reservoir., The intervals between desludging could be adjusted from
2 1o 26 h, The circuitry for the process timers and pump operation
was similar in principal to that described by Owens and Evans (1972),
for the feeder controller,

The air spaces above the mixed liquor, the external setiling
chamber, the desludging vessel and the two effluent collection
reservoirs were interconnected hy a series of tubhes, This mainhnined
an equal pressure above all the liquid lévels. A cooled condenser
returned moislure from this air svstew to 1he mixed liquor, and excess
pases were released to the atmOSﬁhorc of the lahoratery thraugh a
RBiotec air filter, which had & pore size of O.S/Um.

When Salmonella dublin was added to the mixed liquor, the desludging

vessel was replaced by a 2 1 measuring cylinmder and the treatwment unit
was desludeged manually. Bach dav 2 1 of wived liquor were pumped

. . . . . N 3

into the measurineg cvlinder, After seltline for oune hour, 800 em

of the supernatant were returned teo the aeration vessel, The

remainivg sanmple in the measuring cylinder was divided inte supernatant
and sludge fractions., Both fractiong were then sub—sampled for
microbial examination. The remainder of each sample was pastourised

o . . . ) .
at 80 C for 30 min hefore being ehemically examined,




Apart from the monitoring of the pll value and the oxvgen tension
of the mixed liquor, samplesg of feed, mixed liquor, lignid and solid
ef{luents, were analysed chemically, The concentrations of suspended

solids, total solids, volatile solids, ash, and chemical oxvpen demand

™y
=]

were determined by stanlard methods (Standard Methods 1971). Biochemical

oxygén demand (BOD) was determined either by the stamd ard method,

using a dissolved oxygen meter to measure dissolved oxvgen comcenirations,

or by standard manometric techniques using a Warburg respirometer.
In either case the samples were seeded with settled mixed Tiquoer from
the treatment uwnit. From these measurements the BOD loading rate
and its relationship to solids loading rate, and the solids residence

time in the aeration chamber were calculated.

Tnoculation of slurry and the aerobic treatment system, with

Salmwonella dublin

In each experiment a nutrient broth (Oxoid) culture of S.dublin
. 0. . Co .
was grown overnirht at 37 C in an orhital inecubator, Assuming a
. , P 9 . . 3

concentration of 8, dublin in tbe broth of 10" viable units per cm’,
the volume of hroth culture used to inoculate samples of slurry and
the contents of the aeration vessel was tlen chogen Lo give a
concenlration of S5, dublin in suspension, ot ibe start of each

. 7 . . 3 .
experiment, of 10" viable unils per em”, Al the same {ime a surlace

spread plate count of S, dublin in the hroth was estimated, so that

—

ihe initial covcentration of viable cells in the inoculated suspension

could he calculated.,
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Estimation o f the MPN of salmonellae and Escherichia coli in slurry

Salmonellae. The slurry reserveirs were removed from the incubator
. . . 3
at intervals during storage, mixed thoroughly and 10 cm” transferred,
. . : . 3 . .
using a wide bore (9 mm) pipette, to 90 cm” minerval salts diluent
(0wens and Keddie, 1969). With sufficient practice and speed, il was
possiblc to remove a representative sample of the suspension containing
hoth solids and liquid. This initial dilution was shaken thoroughly
and a series of dilutions prepared. In the earlier experiments a
. . . . 3 .
ten~fold dilution series was prepared, transferring 1 em” of each
. . . G N 3 .. .
preceding dilution to ¢ em diluent. E-mil 1 em  disposal pipettes
(James A. Jobling & Co., Ltd,, Stone, Staffordshire) were used for
these transfers and the tuhes were mixed hetween cach stage on a
Whirlimix (Fisons Scientific Apparatus Ltd., Bishop Meadow Load,
Loughborough, Leicestershire), Again care was taken not Lo leave
all the solids in the first stage of the series.
In the later experiments a two-fold dilution scries of the initial
. . . . 3 - . .
decimal dilulion was used., 5 em of eachb preceding dilution was
3 .. . 3. .
transferred to 5 em” diluent using 5 om™ blow—out - pipelies.
The dilutions were used 1o inoculate tubes of tetrathionate
enri chment broth (Oxoid) plus 2 per cent of an iodine solution. Tn
the earlier estimniions the iodine solution was composed of 30 ¢
N . . Lo . L 3o L
iodine, 25 ¢ potassium lodide dissolved in 100 cm’ distilled water,
L . . 3.
Later the iodine concentration was reduced to 20 g per 100 cm of
‘ o .3 . . , 3
the solntion. 10 em” of enrichwent broth was incculated with 1 cu
of the dilulions., Five tubes of enrichment brolh were inoculated
from each dilution of the ten-fold =eriecs and four tubes oi enrichment
broth were inoculated from each dilution of the (wowfold =eries,

The inoculated broths were incubated at 370C for 48 h.
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After incuhation the enrichment hroths were examined for

- supporting the growth of Salmonella dublin. In the carlier experiments

this was done by plating a leopful from each enriclment brolh onto
brilliant green agar (Oxoid) and by microscopic examipation using

a fluorescent antibody technique.. This technique was later abandoned
and a loopful of enrichment broth was plated onto modified bismuth
sulphite agar (McCoy, 1969), as well as brilliant green agar.

The plates of brilliant green agar and modified bismuth sulphite
agar were incubated at 37°C for 48 h, Colonies were confirmed as
g. dublin by sub—culture onto triple sugar iron agar (Oxoid) and
because all the control plates were negative,

The fluorescent antibody technique used was that of Silliker,
Schmall and Chiu (1966). Brain heart infusion broth (Difeo) was
inoculated from the enrichment cultures and incubated ai 37°C for
16 h. These cultures were then formalised and a loopful of cach
gmearcd on a microscope slide., The slides weré air-dried, fixed
in acetone for five minutes and stained with (luorescein-lahelled
Phase T (specilfic) pP-H $. dublin antiserum (Wellcome liesearch
Lahoratories, feckenham, Kent),

The MPN of S. dublin in the contaminated slurry was calculated
frow the numher of positive tubhes ol enrichment broth, lor the ten-folid
diluiign series, this was ecalculated alter reference to Appendix
The Lacteriological Evamination of Water Supplies (Miujsilw of Health
and Social Secvrity, 1968). TFor the (wo=fold dilulions the MPM was
caleulated aller reference to table VITTQ, Fisher and Yotes (1953),

The 95 per cent confidence limilts for ecach count were calculaled
from table 6,5, Mavnell and Maynell (1&65), siving faclors of 3,30

for the ten~fold dilution series nnd 2,00 For the two-faold dilution series,’




LEscherichia coli, To obtain the numhers of k. coli fed into the

aerobic treatment unit, 10 cm3 samples of slurry were removed from

the feed reservoir. A ten-fold dilution series of the slurry was
prepared in a similar manner to that already described for the S. dublin
counts, - Five tubes of 5 cm3 MacConkey brpth were Lhen inoculated with
1 cm3 of each dilution. The surfaces of vielet red bile agar plates
(0x0id) were then inoculated with 0,1 cm3 of each dilution and these
plates were overlaid with a further layer of VRRA, The tubes and
plates were incubated at 37°C. . After 24 h the number of colonies

on each plate were courted. The positive tubes ot MacConkey broth
were sub-cultured to fresh tuhes of thelsame medium and were incubated
at 44°C for 24 h. The cultures obtained at 44°C were later confirmed

as B, coli by IMViC tests.

Egtimtion of the numhers of Escherichia coli and Salmonella dublin

in the aerobic mixed liquor

The numbers of E. coli were estimated in either ithe mixed liquor,
or in Lbe settled sludge and supernatant of the mixed liquor, The
latter samples were oblained by removing a sample ol mived liquor,

3 . . . .
usually 100 em™, from the aeration vessel and allowing it {o setltle
for one hour. The superpatant was {hen decanted into a separale
container. The numbers of 8, dublin surviving in the aesraltion vessel
were estimaled in samples of setiled sludpe apd supernatant,

In the carlier estimations of the numbers of B, coli in the

: . 3 . . '
aeration vessel, 20 em of the mixed liguer, or seltled sludge, were

) .
transferred with a wide bore (9 mm): pipette to 180 em” cooled mineral
salls diluent, This suspengion was then blended in an Atomix blender
(MSE Ltd., %uckingham Gate, London SW1) at fnll speed for 2 min.

A ten-fold dilution wseries of the blenled susnension was prepared

and used as before to estinnte the numbers of E. coli,




In the later E. coli and S. dublin counis, 20 cm3 of undiluted
mixed liquor, or settled sludge, were bhlended on a Virtis '45H°
homo peni ser (supplied by Cenco Tnstrumenten Nij n, v., P.0, Box 336,
Konijnenberg, 40 Creda, Netherlands) at minimum speed for 2 min,
The jar containing the sample was surrounded with iced waler during
bleﬁding. Afﬁer blending,10 cnP of the suspension was trame ferred
with a wide bore pipette to 90 cm’ mineral salts diluenl. A ten-fold,
or a two-~fold, dilutiopn series of this initial dilution was then

prepared and the numbers of E. coli and S. dublin estimated as before,




TABLE 1

The concentration of Salmonella dublin in various enrichment broths

after incubation at 37°C for 24 h and counted by a plate count on

nuirient acar and brilliant green agar,




TABIE 1

Number of S, dublin/cm3
Enrichment Broth Nutrient agar Brilliant Green apar
A Mannitol selenite broth 8 ’ ]
' 7.8 x 10 2.0 x 10°
(0xoid)
Tetrathionate broth a8 8
5.0 x 10~ 2.0 x 10
(0xo0id) :
Tetrathionate hroth B 7 7
2.0 x 10 2,0 x 10
(Rolfe, 1946)
Mg CLO/Malachita green 3
. 9,0 x 10 0
(Rapport, 1956) ‘
Nutrient broth No., 2 9 8
1.0 x 10 6.5 x 10"
(0xo0id)




EVALUATION O METHODS

The isolation and enumeration of Salmonella dublin

Numerous enrichment broths and seleclive media are recommnended
for the isolation and enumeration of salmomellae from different sources.
Due to‘the different characteristics of various salmonella serotypes,
two or more enrichment broths and selective media, and a range of
incubation times, are generally used to detect all the salmonellae

present. In these siundies only Salmonella dublin was Ueing obhserved,

therefore it was possible to select one enrichment hroth and one
incubation temperature. However other enteric bacteria, such ag

Proteus sp., Escherichia coli and Alcaligenes faecalis made it necessary

to use either two methods, or two seleclive media, for confirming

the prowth of S. dublin in the enrichment hroth,

Comparison of the-growth of S, dublin in different enrichment media

. 3 . . .
Tubes of 10 em” of Tour enpichment broths and one tuhe of nutrient
hroth were each inpculated with one loopful of a nuirient bhroth
. . a0 n p
culture of 8. dublin. The tubes were incubated at 37 °C for 24 b and
the number of S. dublin in each broth was estimated by a surface
spread plate count on nutrient agar (0xoid) and on brilliant sreen
agar (Oxoid),
The coneeriration of 8, dublin in each breth is shown in Table I.

From the results it is clear that marnitol selenite broth {Oxoid)

and tetrathionate broth base (Oxoid) plus 2 per cent indine solubion

.4 . . L 3 .. .

30 g iodine, 25 v potlass ) 7 st at >
(30 g iodine, 25 ¥ potassium iodide, 100 cem” distilled water) were

the two most satisfactory enrichment wedia,




TABLE 2

~The numher of Salmonellé duhlin,'Escherichia,coli and Proteus gﬁ.
in ﬁure cultures estimated by a plate_cnpyt on -nutrient agar and
hrilliant green apar, and the MfN of each‘éuiture estimated bf
inocnlating three tubeéfof mannitolAseleniteﬁbroth‘and “
tetrathionate broth at eac% dilution level f&llowed by sub-culture

onto nutrient agar and brilliant green agar,

¥ Nutrient agar, + Brilliant green agar.
Figures in brackets indicate green colonies only on brilliaﬂt

greéen agar.
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TABLE 3

Comparison of various selective media for the isolation of

Salmonella dublin from mannitol selenite broth and tetrathionate
broth, Three tubes of enrichment broth incculated at each

dilution level,




TABLE 3

Number of positive tubes

, Mannitol gelenite Tetrathionate
Enrichment broth broth ' hroth

Dilution level 107 1077 1078 [107® 1077 1078
Selective agar
Brilliant green

3 3 3 3 3 3
(0xo0id)
Modified Brilliant green

3 3 2 3 3 3
(0xo0id)
Brilliant green

2 0 0 1 2 0
(Merck)
Drilliant green

o ‘ 3 3 3 3 3 2

(Difco)
Dismuth sulphite

1 0 0 2 1 0
(0xo0id)
Desoxycholate citrate ‘

1 0 0 1 1 1
(0xo0id)
Nutrient

3 3 3 3 3 3
(Oxoid)
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Sel ectivity of mannitol selenite broth and tetrathionate broth, 'The

MPN of E., coli (NCTC 9001), Proteus sp. (No 15A, The West of Scotland
Agricultural College stock cultures), and 8. dublin in pure cultures were
determined hy preparing a series of dilutiong of each culture and
inoculating three tubes of mamnitol selenite broth and three tnbes of
tetrathionate broth from each dilution; These enriclment hroths
were incubated at 37°C for 24 h and a loopful of each streaked over
the surface ol nutrient ager and brilliant gfeen agar, These plates
were incuhated at 37°C and éxamined for prowth after 24 and 48 h,
At the same time a surface spread plate count of each culture was
made on nutrient agar and hrilliant green agar.

The results of thege counts are shown in Tahle 2, In this test
the MPN of S. dublin was é]ightly higher in tetrathionate hroth than
in mannitel selenite breth and was similar to the concentration

estimated by the plate counts, IE. coli and Proteus sp. were not

completely inhibited by either of the envichmenl, hroths, but hoth
species produced colonies which could be distinguished from the red

colonies of S, dublin,

Comparigson of selective wedia for the isolation of S. duhiin from

enrichment broths, The MPN of S, dublin in a broih cul ture was

egtimted by prepaviug a series of dilutions and inoeulatine a scof
of tuhers of tetrathionate broth and a further set of wannitol sclonite
. m . . . -0 -7
broth, Three tubes of each broth were inoculated from the 107, 10
-8 .. . . . o

and 10 diluiiong. The ermrichment hroths were incubated at 37 C for
24 I and the number of positive luhes were identified bv nlatine out

I A e 1t
onto n variely of selective meodia and onto nutrient amar.

The nurher of positive tubes in each case is shown in Table 3,

From these results hrilliant ereen agar (Oxoid) wns chosen for further tests,




Methods for isolation and enumeration of bhacteria in pir excrement
and aerohbic sludge,

Before inoculating salmone]]ﬂekinto pig excrement or a [leocculent

- gludge, resulting from aeroﬁia treatment of the waste, mothods of

counting total viaeble bacteria and E. coli were examined.

A fiocculent sludge is a most difficult material to exanine,
hence methods of blending sauples hefore preparing a dilution series
were evaluated, Owens (Pers. Comm.) tested a variety of counting
methods and ohtained the highest number of vianble hacteria by blending
samples in an Atomix blehder before preparing dilutions, 20 cm3 of
mix ed liénor‘from a laboratory aerobic treatment unit were {ransferred
uging a wide bore (9 mm) pipette to 180 cm3 cooled mineral salts
diluent. This suspension was then blended at moximum speed for 2 min,
A ten~fold dilution series of the hlended suspension was prepored and
0.1 cma of cach dilution was spread over the surface of plates of

MacConkey acar and a dilute putrient agar (pa). "This medium was

composed of 2.5 g nutrient hroth No, 2 (Oxoid); 1.8 ¢ agar No, 1

35

(DXOid); and 1,000 cnﬁ mineral hase T, pll 6.5 (Owens and Keddie, 1969),

I . 0. . . s
and was sterilised b autocleving at 121°C for 15 min. The mos«t
prohable pumber of coliforms was obtained by inoenlating five tubes

3 3 , ! . .
of 5 em” MacConkey broth with 1 em” susponsion ol each dilution.

The plates of MaeConkev asar and tubes of MacCornkey broih were incubated
! N ;

0 \ . -
at 37°C Tor 24 h, Cultures of coliferms were later conlirmed as

Egchericlhia eoli hr Bijkman avd IMVIC tests (Minietery of Nealth and

. . . o . 0.
Social Security, 1969), The plates of DA were incubated at 250 ard

colonies counled after 7 and 11 days.




1L

Counts of 109 viahle bacteria per cm3 were regularly oblained
on DA and 74103 viable E. coli per r:m3 in MacConkey broth and on
MacConkey agar. Later, higher counts were obtained after purchasing
a Virtis '45' homogeniser. Wilth this machine 20 cm3 of undiluted

mixed liquor, or settled sludpe, were blended for 2 min at minimum speed.

The effect of blending pig excrement, and aerobhic sludge, on counts

of total viable bacteria and Escherichia coli

The numbers of total viable bacteria ard E. coli in fresh pig
excrement (20 g suspended solids/1) and in a flocculent aerobic sludge
(38 g suspended solids/1) were estimated. The sludge was obtained
alter allowing a sample of mixed liquor from the laboratory treatment
unit to settle for one hour and decanting the supernatant,

Each sample was examined hy preparing a ten-fold dilution series
and then inoculating plates of DA, Violet red hile agar (VRBA) and
tubes of MacConkey broth, The first dilution of ecach serics was
made by transferring 10 cm3 of sample to 90 cm3 mineral salts diluent
and further diiubinns by transfefring 1 cm3 of each suspension to
9 cm3 diluent,

Anothlier decimal dilution of ecach sample was prepared by
transferring 20 cm3 of sample to 180 cm3 cnoled mineral salts diluent,
This suspension was then blended in the Atomix blender and a series
of further dilutions was prepared.by transferring 1 cm3 ol each
suspension to 9 cm3 diluent, which were then used to inoculate
.nlates of DA, VRBA and tubes of MacConkey broth,

A further 20 cm3 of undiluted slurry, or studge, were hlended
in the Virtis homogeniser. A decimal dilulicn series similar to
that of the wunblended samples was prepared and these dilutions were

used to inoculate plates of DA, VIRBA amd tubes ol MacConkey broth,




TABLE 4

The effect of blending pig excrement, and an aerobic sludge;

prior to preparing dilutions for plate counts.

N3 - Non-blended
BA -~ Blended on Atomix blender

BV - Blended on Virtis '45' homogeniser




TABLE 4

NI
BA

BV

Viable

nerobic Sludge

bacteria/gSS'

Pig Execrement

Total|E. coli Total| E. coli
(x10%) (x10") (x10") (x10°)
6.2 7.5 39 1.1
20 17 26 1.1
47 23 15 1.1




The numbers of total viahle bacteria and L. coli found in each
case are shown in Table 4, The maximum numbers of hoth proups of
bacteria in the sludge were obtained after blending, whereas in the
rav slurry the highesgt counts of bolb grouﬁs were ohtained without

blending,

Recovery ol Salmonella dublin from fresh pig excrement,

A sample of fresh pis excrement was divided into two parts and
one part was inoculated with a broth cullure of 8., dublin, At the
same time the number of viable S, dublin in the broth was estimated
by a surface spread plate count on nutrient agar.

The two samples of pig excrement were then thoroughly mixed and
) . 3
examined for salmonellae. In each case 10 em™ of excrement were.

. . . _ . 3
removed using a wide bore, 9 mm, pipetite and transferred to 90 cm
mineral salts diluent. These initial dilutions were shaken vigorously
and a series of decimal dilutions of each prepared. The MPN of
salmonellae in each sample of excrement was then estimated by
. . s . 3 s .
inoculating five tubes of 10 cm of tetrathionate enrichment broth

: 3 . . .. . 3
and five tubes of 10 cm of mannitol selenite hroth, with one cm

. . . . - 0,
of each dilution, The enrichment brotbs were incubated at 37 C
for 24 h. After incubation, they were cxamined [or Lbhe presence of
salmonellae by plating out en brilliant green agar (Oxoid). These

. 0 . . \
plates were incubated at 37°C and examined afler 24 and 48 h for the
presence of red colonies, The  guspect colonies of S, dublin were
then streaked onto triple sugar iron apar (0x0id).
~3 .. . .

Below the 10 7 dilution level only red colonies were present

on the plates inoculated from the S, dublin infected samples, wherecas

no colonies developed on the plates inoculated from the control sample,




All the red colonies were confirmed as 5. dublin, by streaking onto
triple sugar iron agar, and by the absence of red colonies oun the
plates from the control sample, Serological tesls were therefore
considered unnecessary. At the 1()"2 dilution level and ahove green
colonies developed on all the plates. Consequently S. dublin could
not be isolated from these dilutiéns of the ivnfected samples,

The concentration of 8. dublin in the infected excrement,
calculated from the plate count, was 1.5 x 109 per'cma. The MPN of
8. dublin in tetrathionate broth wag 1.1 x 109 per cm3 and in
mannitol selenite broth was 1.5 x 108 per cm3.

Tetrathionate broth, brilliant green agar, and triple supar
iron agar were then chosen as the most suitable combination of media
for the isolalion and enumeration of S. dublin frowm infected pig
excrement., However, bhecause of the presence of high concentrations
of coliforms at low dilution levels, a second method of detecting
growth of §. dublin in the enrichment broths was necessary for the
examination of excrement containing low nuwbers of 5. dublin.

In the early expefiments on survival of 3. ﬂg&lig, the fluorescent
antibody technique of Silliker, Schmall and Chiu (1966) was adopted,
This technique usually resulted in higher counts than those obtained
hy plating out om hrilliant green apar.

Unforiumtely, fresh excrement collected from the pipgery after
the start of cxperiment TI contained high concent?ations af

Alcalipones faecalis. This organism multiplied in both the enrichment
ju 14

broth ard hrain heart infusion broth and il stained with the
fluorescent antihody. It also produced pink colonies on brilliant
green agar, gave negative resnlts in the urease and phenylalanine

tegts, bul failed to produce 115 on itriple sugar iron agnr.
1 } 2 p




Tetrathionate medium B (Rolfe, 1946) was examined as an alternative

enrichment broth, but failed to inhibit the growth of Alc. faecalis.

lowever, when the iodine solution recommended for tetrathionate medium B
(20 g iodine per 100 cm3 solution) was used with Oxoid tetrathionate
broth base, instead of the solution recommended by Oxoid (30 g iodine

per 100 cm3 solution) Alc. faecalis was markedly inhihited. Modified

bismuth sulphite agar (McCoy, 1962) was tested and found to ivhibit

Ale, faecalis while supporting the growth of S. dublin, The reduction

in the iodine concentration preoduced higher counts of S, dublin, on
brilliant green agar and modified bismuth sulphite agar than bad heen

previously found,




PART A. THE SURVIVAL 07 Salmonella dublin IN PTG TXOREMENYT DURING

STORAGE

INTRODUCT ION

During storape on a farm, the temperature of animal excrement
may fluctuate. In slurry channels below the slatted floors of animal
houses and in large storage tanks below ground level, the temperature
of the excrement will remain relétively constant for lona periods,
probably at temperatures similar to, or glightly above that of the

soil., In slurry tanks above ground level, the temperaturc of the

40

excrement may vary with short term changes in atmospheric temperature,

Measurement ¢ f the contents of three slurry reserveoirs, in the
Auchincruive area, suppnrts the assumption that the temperature of
excrement duriné storage is similar to that of the seil, The slurry
reservoirs exmmined were a slurry channel.(l m deep) below the
slatted [loor of the pig fattevning house, a 90,000 1 subsurlace tank
filléd with heef cattle excrement, both at the Animal lluehandry
Experimental Unit, Brickrow and a 45,000 1 surface tank [illed wilh
dairy eattle excrement at Trahhoéh Mains, Trabboch, Avrshire, The
temperature in these three tanks at 1 m depth were 8.0, 8,0 and 7.5°0
respectively, and the soil temperature al 1 m depth at the Auchincruive
Veteorological Station on the same day was 7.87C, In this area the
soil temperature at 1 m depth varics hetween 1 and 14°¢ through the
year (Plant, 1071),

The solids concentration of pipg excroment deg‘nends largely on
the amount ol water, from various sources, entering the slurry lank,
Undiluted pig excrement has a suspended solids concentration of abhout
100 to 130 g/1 (G'Callaghan, Dodd, 0'Donohue and Poliock, 1671), but

is usually diluted at least 1:1 with waler in slurry slorapge tanks

{ Berryman, 1970).




Since fresh pig excrewent from infected animals was not readily
available and it was not practical to inoculate salmonellae into a

slurry tank on a farm, Llhe survival of Salmonella dublin in pig

excrement was studied in the laboratory.

It ig nol possible to be gure of reproducing in the lahoratory
él] the conditions likely to prevail during the slorage of slurry
on a farm, However, storage conditions were chosen to simulate
practical farm situations as [ar as possible,

The Following series of laboratory experiments were designed
to evaluate the chances of viable salmonellae surviving in pig
excrement in a storage tank on a farm. TIn cach of Tive experiments
samples of pig excrement, diluted with tap water to a sewi-ligunid
slurry, were inoculated with S, dublin. Samples of inoculated slurry,
together with samples of uninoculated slwry used as coutrols for
bacteriological methods, were Lhen stored anaerobically at constant
'temperaturcs. At intervals during storapge the pll value of the slurry
was measured and the MPN of survivors of S. dublin estimated,

In experiments T and 1I Lbhe number of survivors of &, dublin
were eslimated by inoculaling decimal dilutions of the slurrv inlo
enrichment brothg, DBrilliant green agar and the Tluorcszcent
antibody technique were used to detect Lhe growlh of S. dublin in
these hrotilhs,

Experiment T was designed to determiﬁe how long cells of
S. dublin could remain viable after inoculation into a sample of
fresh pie excrement. 7The exeremeni was diluted to a slurry,
containirg 541 ¢ suspended solids per 1 and 84 ~ chemical oxygen
demand (COD) per 1, The contaminated and control ;::'mp](‘s were Lhen

Q , : R 3 P
stored at 15 € in 2 1 vessels, covlaining magnets {or mixing,

1




Experiment T1 was desigred to determine the effect of suspended solids
comcentration of the slurryv on salmonella survival. Contaminated and
control samples of a thin slurry (9.6 g suspended solids per 1: 11 g
COD per 1)'were stored at 10°C in 2 1 vessels, containing magnets and
of a thick slurry (68.3 g suspended solids per 1: 81 g COD per 1)
were stored at 10°C in 2 1 vessels, fitted with paddles for mechanical
mixing, This experiment was stopped atter 118 d when the incuhator
overhcated,

‘In experiments III; TV and V a correlation hetween changes in the
plf value of the slurry during storage and S. dublin survival was examined.
Som: of the technical errors of the salmonellae counting methods were.
reduced hy the use of a two~lfold dilution series in the MPN technique and
by reducing the iodine concentration in the enrichment hroth,

In experimnt T[IT the p!T value of the slurry (60 o snspended solids/1;
70 & €OD/1) was monitored contimmously. The sinvry w#; stored in a three
litre Fermenter and stirred constantly throuzhout the experiment.,

Constant aritation of the slurry is not comnonls praclised during
storage on o farm, and it plso appeared to distnrp the expected sequence
ol changes of pil value, found to occur in the wmmived samples of slurry
used in the carlicr experiments. Therefore {Pe slurry in experiments 1V
and V wos stored in geveral smoller voluurs of 20 cmg, as well ag 21
volumes, This allowed sommples Lo remain anmixed fror the start of the
experiment up te {he time of examination, The stnrey in experiment IV

. G

contnined 56 ¢ suspended aolids/1, 70 ¢ €OD/1 ond wos stored at 150,

The sleery for experimnt V (54 « susnenderd snliﬂs/l; 3 o

[
: . . 0, . .
COD/l) wos stored anaerohically Tor 28 @& at 1570 hefore heive dinaculaled

wilth S. dublin., The inoculated slurrv and contrnl saowrles were then

0., . ]
stored at 15 ¢ in volumwes of 20 em and 2 1,




RESULTS

Since no salmonellae were isolated from Lhe control samples of
glurry in anv of the experiments, it was assumed that enrichment
broths, found to he positive by the fluorescent antihody technique

and/or by isolation on selective media, resulied [rom survivors of

the inoculum of Salmonella dublin. The MPN of S. dublin in the
contaminated samples of slurry, at the start of experiments [ and 1T,
were hetween 10 and 25 per cent of the numbher expectled, hy calculation
from plate counts of the broth cultures and the volume of cultwe
inoculated into the slurry. In these.experimonts the MPN of swvivors
obtained using the fluorescent antibody technique was renerally
higher than the MPN ohtained using brilliant green apar. lowever,
becavse of the errors involved with a decimal dilution series fhe
counis obtained by the fluorescernt antibody technique and hrilliant
green agar were not significantls different ot the 95 por cent
confidence level,

In the later experiments the fluerescent antihody techuigue was

abandouned becanse of bthe appearance of Alcalipenes faccnlis in the

fregh pig exerement, collected from the fatiening bhousce. The indine
concentration in the enrichment broth was reduced and po=itive
enrichmwent broths detected by pleating on brilliant areer agar and
wodificed bismuth sulphite agar. The MPN of S. dublin oi the start

of experiments 1T, 1V and V was hefweepn 68 and 120 per cont of Lbe
mumber expected by caleulation.  The introduction of o {wo-feld

dilution series for the MPN technique reduced tle 95 per cent confidence
limits for each counl, and this, with the ineree=ed frequency of MPN
eslim tions, provided a elesrer indication of the shape of the survivor

curve,



~Bxperiment T
Survivor curve, with 95 per cent confidence limits, for

s L. . 0
Salmenella dublin in fresh pig excrement, stored at 15°C

& in an unmixed state, under anaerobic conditions avd curve of

the pll value of the excrement,

Continuous line — count on brilliant green apar,

Dashed line -~ count, using fluorvescent antihody technique.
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TABLE . 5

The survival of S, dublin after artificial inoculatioﬁ into hig'l

- excrement, and the pll value of the excrement during ‘storage at 1590




TABLE &

Viahle u

&
. 3
nlts/cm

Plate couni of §. dublin in broth culture 2.8 x 108
Expecled conceulration of $. dublin in 6
excrement at start of exprriment (dav O) 2.8 x 10
"y
MPM S, dublin
Day pl Hfilliant green agar Fluorescent antibody
0 8.7 2.4 x 10° -
1 8.2 2.4 x 10° -
2 7.9 - 2.4 x 107 -
4 7.5 2.4 x 10° -
8 7.2 9.3 x 10" -
16 7.0 1.5 x 107 -
35 6.5 9.0 x 10" 1.5 x 10°
A2 7.0 1.5 x 101 1.5 x 10%
49 7.1 9,0 x 10° 1.5 x 107
70 6.9 1.0 x 10% 1.5 x 10%
01 6.9 1.5 x 107 1.5 x 10%
99 7.0 9.3 x 10° 1.5 x 10%
196 7.0 2.4 x 10° 1.5 x 104
139 7.0 2.8 x 10° 1.5 x 10%
174 7.1 1.5 x 10° 1.1 x 104
195 7.0 7.5 x 10° 1.1 x 10"
294 - 2.1 x 10° 4.6 x 10°
244 6.9 7.5 x 10° 4.6 x 10”
272 - 2.4 x 10° 1.2 x 10
300 7.2 9.4 x 10° 1.2 x 107
224 7.0 2.3 x 10} 2.1 x 10°




FIGURE &

Experiment TIT
Survivor curve, with 95 per cent confidence limits, for

Salmonella dublin inoculated into two samples of fresh pig

X ) .
excrament slored anaevobically at 10°C, and curve of the ph

value of the excrement,

Conlinvous line ~ sample conlaining 68.3 g smspended solide
per litre,

Pashed line - sample containing ©.6 § suspended solids

per litre,
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TABLE 6

The survival of S. dublin after inoculation into thick and thin
sugpengion of pig excrement, and the pil values of the excroment

. 0
samples during storage at 15°C,




" TABIE 6

Viable units/cm3

Plate count of S. dublin in broth.Pultufej | 2.6 x 108
Expected concentration-of S. dublin in 6
| excrement at start of experiment (day 0) 2.6 x 10
Thick suspension Thin suspension
MPN S. dublin ‘ ) MPN S. dublin
Day pH Brilliant | Fluorescent | pH| Brilliant |Fluorescent
green agar | antibody | green agar | antibody
o] 8.6 | 1.1x10%| 1.1 x10% [8.6! 2.4 x10% | 1.1 x 10°
8| 7.4 | 11x10%] 1.1 x10% |7.5) 2.4 x 10° | 1.1 x 10°
14] 7.1 | 1.5 x10%| 4.6 x 10° |7.2] 4.6 x 10° | 4.6 x 10°
28| 6.9 | 4.0 x 10*| 9.3 x 10* |7.0] 2.4 x 10° | 2.6 x 10°
36| 7.0 | 4.3 x 10*| 9.3 x 10* |6.9| 1.0 x10* | 1.5 x 10°
49| 6.9 | 2.0 x10%] 1.1 x10* [6.9] 2.1 x 10" | 1.5 x 10*
63/ 6.9 | 1.5x10"] 1.1x 10" |6.9] 8.0 x 10" | 1.0 x 10
g0 | 6.9 - 1.1 x 107 |6.9] 9.3 x10% | 1.0 x 10?
ns| 6.9 | 1.0x 10| 1.1 x10% |6.90] 9.0 x 10° | 1.1 x 10
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The survival of Salmonella dublin in pig excrement

Some of the célls of S. dublin inoculated into the slurrey in
experiment, I surviQedvus long as 334 davs (Fig. 4, Tahle 5). "The
death rate, however, was not constant throughout this perioed.

90 per cent of the inoculated cells anpeared to die during the first
month, but the QO.per cent reduction time of the remaining cells was
in excess ol two months. The pll value of the slurry fell from 8.7
to 6.5 during the First 35 davs, but returned tv neutral by dav 42,
It then remained neutral for the next 292 davs,

The two survivor curves (Fig. 5, Tahle 6) obtaired in experiment
IT were similar to each other and to the survivor curve of eéxperiment
T during the first 118 days. 90 per cent of the incculated cells, in
hoth samples of slurry, appeared teo die during the {irst month, wherens
only 90 per cent of thé remaining cells died durine the followine
three months, The pll value of both the thick and thin slurrv samples
in experiment IJ showed similor changes to ench ather and to tle
changes in experiment T. Thus no diflerence in the death rate of
s, Qublin, or charwes in the pHl value of the slurry, were apparent
as a result of the differences in suspernded solids concentration,
Similarly the slightly lower storage temperatyre of experiment 17,
when compared with experiment T, had no apparert effecl on Lbe survival
of S. dublin.

The differences in the death rate of 8. dublin during the lirst
month, as comnared with the remainigg stor age period, mav have heen
due to insuflficient datna, or the errors involved using a decimal
dilution series to measure a decimal reduetion of viable cells, in
the MPN determinations, and/nr {Le sudden chanee in Llhe emvironment
of the S, dublin, frow a pure culbure on nutrient hroth at 37°C to a

s . . . . Q.
mixed microbial habitat in slurry at 15°C,




PIGURE 6

Experiment TII
Survivor ecurve, with 95 per cent confidence limits, far

Salmonella dublin inoculated into fresh pig exerement stored
AR B

. 0 . . :
ongerohbically at 15°C, and contimously mixed, and curve of

the pl' value of the excrement,
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TABLE 7

The survival of- 8. dublin, after inoculation into pig excrement and
the pll value of the evcranent which was continuously mixed during

storage at 10°%c.




TABLE 7

Viable units/cm3

Plate count of S. dublin in broth culture 3.0 x 109
Expected concentration of S. dublin in o
excrement at start of experiment (day 0) 3.0 x 10
MPN S. dublin
Day pH Brilliant green agar ‘Modified bhismuth sulphite
0| 8.6 2.1 x 107 -
1 7.1 1.4 x 10° -
7| 6.3 1.5 x 10% 1.2 x 10°
b H
14 6.3 2.7 x 10 2.7 x 10
5. 5]
21 6.3 1.8 x 10 1.8 x 10
28 6.3 7.1 x 10% 7.1 x 10%
35 | 6.3 7.6 x 107 -




FIGURE 7

Experiment IV
Survivor curve with 95 per cent confidence limits, For
y T ’

Salmonelld dubhlin inoculated into fresh pig execrewent stored

: Oqn . .
anaerohically at 15 €, in an unmixed state, in seversl

a2
volunics of 20 em”, and curve of the pll value ot the excrement.,
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The survival
=£md: pIi ﬁ\lue of the excrement during storage a_'t: isod

f
'

viable S. dublin in 2.1 storage vessel




TABLE 8

Viable units/cm'3

Plete couwnt of S, dublin in broth culture

2.0 x 10"

Expected concentration of S. dublin in

excrément at start of experiment (day O)

6.6 x 106

MPN S. dublin
Day pH Bri]liaﬁt grecn agar ‘Modified bismuth sulphite
0 8.7 405 x 100 4,5 x 10°
2 7.1 1.2 x 107 7.9 x 10°
6 7.4 5.5 x 10° 6.4 x 10°
o 7.9 1.3 x 10° 1.1 x 10°
13 7.0 1.1 x 10° 1.1 x 10°
16 7.0 1.1 x 10" 1.1 x 10°
20 6.8 9.2 x 10" -
23 6.6 a5 x 10° A5 % 107
o7 6.7 2.6 x 107 -
30 6.9 2.2 x 10° 1.8 ¥ 107
a4 6.9 3.8 x 10° 1.8 x 10°
40 6. 8 1.1 x 10" 8.0 x 107
a7 6.8 | 1.1 x 107 9.0 x 10%
50 | 6.8 1.0 x 10° 0.0 x 10"
30% 7.0 1.5 x 10° 1.5 x 10
50% 6.7 1.7 x 107 1.0 x 10"




Alternatively, the change in death rate may have heen associated,
in some way, with the metabolic activily of other micro-organisms
in the slurry; as reflected by changes in the pll value of the slurry,
During the period of high acid production 90 per cent of the inoculated

cells in experiments I and 11 failed to survive,

The effect of microbial fermentations dur ing storage of pig excrement

on Salmonella duhlin survival

In experiment TIT the pH value of the slurry fell from 8,7 to 6.3
during the first 48 h and then remained at this acid level, No
salmonelloe were present in the fresh slurry before inoculation with
S, dublin., ¥Following inoculalion the numbers of S. dublin increased
slightly during the first 48 h, but then declined during the pext
34 days (Fig. 6, Table 7) more rapidly than in the carlier experiments.
The experiment was stopped on day 36 when 99.8 per cent ol the inoculated
cells appeared to have died.

Continuous agitation of Lhe slurry provided a differcent environment
frnm that in the ummixed storage vessels and this apparently disturbed
the normal sequence of microbial fermentations. Therernrb, in the
fourth experiment, small sawples of slurry were lelt undisturhed
during storape and the 2 1 samples were onlv mixed at monthly intervals.
The results ol this experiment (Fig 7, Table 8) showed a slight inerease
in the nuwbers of S, dublin during the firsl 48 h storage, bul by dav 23
the conceniration of 5. dublin remaining in the slurry represented only
10 per cent of Lhe initial concentration, Duriry the next 37 days the
90 per cent reduction time of the remainine cells was approximately
60 davs., The determinations of MPN and rensuremenil of pll values of

the 2 1 samples (Table 8) demonstrate that the reduced volume of slurry




FIGIRT: &

Experiment V
Surviver curve, with 95 per cent conf{idence limits, for

Salmonella dublin inoomlated into 28 day old excrement,

. «Opn . .
stored anaerobhically at 15°C in apr unmixed state, and curve

’

ol the p! value of the excrement,
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TABLE 9
The survival of S, dublin, after inoculation into pig excrement
previously stored for 28 days at 15°C, and the pr value of the

excrement during stor age at -1‘500.

* Numher of viable S. dublin in 91 stoxf age vésse.l.._,”_




TABLE 9

Viable units/cm3

excrement at start of experiment (day 0)

Plate count of S, dublin in broth culture 2.8 % 109
Bxpected concentration of S, dublin in : 7
1.5 x 10

MPN S. dublin

Day pll Brilliant green agar Modified bismuth sulphite
-28 28 0 0
0 6.9 1.8 x 107 1.8 x 107
2 - 1.8 x 107 2.0 x 10°
7 6.9 1.8 x 107 1.3 x 107
9 - 1.1 x 10° 1.3 x 107
13 7.0 9.2 x 10° 5.5 x 10°
16 - 1.3 x 10° 6.4 x 10°
20 7.0 1.1 x 107 6.4 x 10°
23 - 6.5 x 10° 7.4 x 10°
27 7.0 7.7 x 10° 6.5 x 10°
30 - 7.7 x 10° 6.5 x 100
34 6,9 3.5 x 10° 3.5 x 10°
37 - 8.0 x 10° 5.5 x 10°
40 6.9 3.8 x 10° 4.5 x.10°
43 - 3.1 x 10° 6.6 x 10°
47 6.9 3.2 x 100 5.5 x 10°
.50 - 3.1 x 10° 3.7 x 10°
54 | 6.8 2.9 x 10° 2.9 x 10°
61 - 2.2 x 10° 2.2 x 10°
68 6.8 6.4 x 10° 9.2 x 10°
75 - 6.4 x 10° 9.2 x 10°
82 6.9 6.4 x 10° 7.7 x 10°
gax | 6.9 7.0 x 10° 7.0 x 10°




10

stored did not affect the fermentative activity of the micmbial
populatién, or the survival of S, dublin,

When the surviver and pll curves of this experiment are compared
with those of the first two experiments, they are seen to he similar,
The reduction of the 95 per cent confidence 1imits of the MPN counts
and the increased frequency of examination, confirm that tle rate of
decline of S, dublin was greater during the first month of storage
than dufing the following months. This result also confirmed the
correlation of the pll and survivor curves,

Tt was still possfble that the high rate of decline of viable
8. dublin during the first month after their inoculation into fresh
slurry could be due to the sudden change in their envirooment and not
associated with the acid-producing fermentalions of the other organisms
in the slurry.

In experiment VvV, fresh slurry was stored for 28 days at 157C
which allowed the period of high acid production to end, anq the acids
10 be neutralised, After 28 days, when the pll value of the slurry
was 7.0, some of the slurry was cnﬁtaminated with 8, dublin. No initial
inecrease in the pumbers of S. dublin occurred during the first 48 h
and the rate of decline of the inoculated cells durine the next 82 davs
was fairly constant (Fig, 8, Table 9). This rate of decline of viahle
cells (i.e. 90 per cent reduction time of 60 davs) was similar to the
rate obtained in the earlier experiments alter ihe firet month of

storage, when the pH value had returned to neutral,
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PART B. THE SURVIVAL 0T Egcherichia coli AND Salmonella dublin DURING

AEROBIC BIOLOGICAL TREATMENT OF PIC ENCREMENT

INTRODUCTTON

Aerohic bhiological treatment of pig excrement was under investipation
in the laboratory at The Wesgt of Scotland Agricul tural College as a
means of reducing problems of pollution resulting from disposal of
animal excreta. While most of the studies were concerncd wilh problems
of chemical pollutants, problems of bacterial pollution, in particular
the possible disgemination of pathogens, were also considered, and are
descrihed in this report.

Most of the studies on treatment were conducted in lahoratory
scale units., The contents of these units were normally secaled from
the laboralory atmosphere, UHowever, due to the nature of pig excrement,
© 1t was not always'possible to prevent the blockage of tubes which
sometimes resulled in tube couplings breaking and the consequent
release of aerosols.

Becanse of the dangers to lhealth of lahoratory staff from
infective aerosols, it was impractical to regularly feed salmonella
infected slurry to the laboratory aerobic Ireatment unif, Therefore,
preliminary studies were made on the survival of ¥. coli durins aerobic
breatment. of pig excrement at differenl BOD loading rates and operatling
temperatures. A further advantage was obtained in that II. coli was
natur ally present in the excremeni whercas Lhere was no natural
infeection by salmonellae during the experimental period, In practice,
the rate of loading the treatment unit was measured by (Pe suspended
solids inpul. Tor this reason the loading rate is expressed as o

sugpended solids/g mixed liquer suspended solids (¢ 8S/g MLSS). The

BOD loading rate was approximately 0.4 fiwmes the suspended salids




TABLE 10

Numbers of Escherichia eoli in slurry fed to the aerohic treatment

unit and in the aeration vessel during the operation of the unit

at different loading rates.




TABLE 10

‘ L _ -_b}'_. coli
LOADING RATE|  FEED | MIXED LIQUOR|  SOLIDS. | SUPERNATANT
St 47 visble | viable | viable |  viable
£SS/pmlSS units/gss units/gss units/gSS units/en
o 3.0 x ,,‘10(‘5‘ - | 2.0 x 10% -
| 3.0 x 10° - 9.8 x 10° | 4.2 x 100
S 0.10° 3.0 x 10° - 1.4 x 10t | 4.4 x 10!
5.0 x 10° - 2.5 x 108 | 1.0 x 10}
6.0 x 10° - 3.1 x 10 | 4.8 x 10!
3.3 x10% | 4.6 x 10° - -
020 3.2x 108 | 4.6 x 10° - -
7.0 x 10 | 1.4 x 107 - -
0.30 a2 x10% | 1.7 x 10° - -
3.9 x 105 | 2.7 x 10° - -
2.8 x 10* - 4.6 x10° | 5.5 « 10”
0.10 2.8 x 10" - 2.1 x 10° | 1.1 x 10"
1.3 x 10° - 3.4 x 107 -
1.8 x 10° - 8.5 x 10 | 1.3 x 10°
1.6 x 10 - 6.1 x 10° | 1.7 x 10
0.20 7.5 x 10° - 3.0 x 10° | 6.0 x 10°
1.0 x 107 - 4.4 x20% | 1.6 x 10
1.8 x 107 - 3.7 x 10T | 2.5 x 107
4.5 x 10° - 3.1 x 10" | 5.5 x 102




loading rate. The residence times of the solids and supernatant are
estimated from the solids leoading rate and the dilutiun rate of the
bacterial floc,

The concentration of E. coli in the slurry, fed to the continuous
treatment unit, and in the mixed liquor, or the floc and supernatant

of the mixed liquor, in the aeration chamber, was estimated on several

occasions, [From these results an estimate of the chances of I, coli

surviving aerobic biological treatment of pig excrement was calculated,
llaving determined the approximate rate of decline of {, coli

during aerohic treatment, a single inocuvlum of a broth cultuwe of

3. dublin was added to the mixed liquor in the aeralion chamber,

The numher of gurvivors of S, dublin in the sludge flocs and the

supernatant of the ﬁixed liquor was then measured daily for 10 days.
At the time of this experimnt, the treatment unit was operating

at 5°C and a loading rote of 0,15 g SS/g MLSS giving a solids residence

time in excess of 15 days., The pll value of the mixed liquer was

controlled at 7.0 by the avtomatic addition of 0,1 N HQSO4, ‘The MPN

of salmonellac in a sample of mixed liquor was estimated before the

experiment commenced,
RESULTSR

The survival of Yscherichia coli during aerohic biclog cal treatment

of pig excrement

The concentration of E, coli in samples ol slurrv fed to the
treatment, unit, wmixed liquor, settled sludge and supernatant, examinced
at varions times during the operation of the aerohic hinlogical treatment
unit at different leading rates are shown in Table 10, Other operaling

characteristics of the lreatment unit and the 90 per cent reduction




TAPLE 10a

n

Reduelion time of Eacherichia coli during aerohic hiological

treatwent of pig excrement,

* pH value of mixed liquor controlled at 7.1 hv antomatic

Cadditior of O, N HQSO4.




TABLE 10a

SOLIDS

SUPEPNATANT | MIXED .90 NEDUCTTON
LOADING RATE| RESIDENCE | RESIDENCE | LIQUOR | pll | TTVE 0F L. coli
PEMP. T AT LTOU0T
gSS/ amLSS d d ¢ d
6.1 7
6,1 7
0,10 15 50 15 6.5 7
| 5.9 7
el 7
. 5.4 '7
0.25 6 20 15
7.5 13
0,30 4 16 15 6.9 10
6.1 50
o 8,2 17
0.10 15 50 10 8,4 13
8.4 9
21
17
0.20 7 25 5 7.1 17
17
10




PIGURE 9

Survivor curves, with 95 per cent confidence limits, for

Salmonella dublin in the mixed liquor of the aerobic

biological treatment unit,

Continuous line = expected number of S, dublin per »S8
P D.oaunlin g y
assuming no loez of viable cells olher

by sludge removal,

Daghed line
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E. coli occurred. The wide variation in the 90 per cerl reduction

.
2

times for E. coli, calculated from the counts obtained, are shown in
Table 10a.
The L, coli concentrations were estimated as viahle nnits/g
suspended solids, except in the supernatant where they were assumed
to he free swinming énd were therefore estimated as viable units/cmg.
Most E. coli cells were found asgsociated with the sludge flocs
and only low numbers remained in the supernatant, Although the effect
of pl! changes, protozoal activity etc., were not investigated, the
results do suggest that the concentration of L. coli in the residual
sludge was largely dependenit on the loading rate and on the temperature
of Lhe mixed liquor.

At high loading rates, less than 90 per cent reduction of viable

time for E. coli in the mixed liquor, including an apparent increase
in ', coli concentration on one occasion (90 per cent reduclion time,
minus 13 davs), was prohahly due to technical errors in the operation
of the treatment unit, and in the methods of sampling and counting
E. coli.

At low loading rates the 90 per cent reductiop {imes varied
between 7 and 20 davs. The longer times were found at the lower
operating condilions but again variationmay be largely due lo connting

errors, |

The survival of Salmonella dublin during aerohic hinlogical {rcatlment

of pig excrement

No salwonellae were present in {he mixed liguor prior to inoculatlion
of 8, dublin., The survivor curves of S5, dublin durivg the ten days

followiny its inoculation inte the mixed liquor are shown in ig. 9.




The expected initial concentration of S. dublin in the wixed
liquor immediately following the addition of the culture to the
aeration vessel was 3.5 x 106 viable units per em3 {or 4.2 x 108 viahle
units per g suspended solids).

The number of S, dublin in the supernatant rapidly declined during
the first four days to less than 10 viable units per nm3. The number
of 5. dublin in the sludge declined during the first tlree davs to
14,6 x 105 viable units per g suspended solids, The rate of deeline
in the sludge then slowed down go thal by day 10 the concentreation
was still 3.2 x 104 viable units per g suspended solids.

After allowing for loss of S. dublin by efflueni removal the
90 per cent reduction time in the sludge during the first three days
was one day. During the following two davs there was no appavent
reduction of viable units. DBetween day 5 and 10 the 90 per cent

reduction rale was 12 davs,




DISCUSSION

The effects of anaerohbic Termentation of pig excremenl on the survival

of Salmonella dublin

Details of the anaerobic digestion of piggery waste have been
descrihed by Hobson and Shaw (1971)., Within a few hours of excretion,
the action of hacterial proteases releases ammonia which inecreases
the pH value of the excrement, This activity is followed hy the
fermentation of carhohyvdrates, to produce a mixture of volalile fatty
acids, ethanol, carhon dioxide and hydrogen, which reduces the plt
value of the waste. In a second stape, metbanc bacteria melubolise
the volatile fatty acids and the plt value returns fo neutral. Melhane
bacteria arce slow growing and me thanomenesis is inhihited bhv hish
concentrations of volatile fatiy ncids, so that if acids accumulate,
Lthe second stage is inhibhited and bthe pll value of t he wasle will
remain acidic,

The experiments on the swvival of cells of S, dublin, inoculated
inte pigegery waste, show that the viahility of these cells was aflfecled
by the processes of anaerohic digestion. In the expeviments where
the excrement was stored in an undisturbed state both stapez of
anaerobic digestion occurred. In Lhe third experiment |[he conlinuous
agitation of the slurry appeared to inhidbit wmethanogenesis, prohahly
because of an increased production of volatile [(attv acids.

In the tirst stage of anaerobic digestion Lhe pi! value of the
slurry fell to ahout 6.5 and under these conditfions the 90 per cent
reduction time Tor the incculated 3, duhlin cells was approximately
30 days, The increase in S, dublin on some occasions durineg the [irst
48 h i= probably due lo continued metahbolism of the inoculum, Sinee

salmonellae are not normatly affected by a p!' value of 6.5 in pure




eulture (Prost and Reimann, 1967), it seems probable that Lhe loss

of viable cells was due either to the inhibitory effects of fermentation
products, such as volatile fatty acids, or a lahoratory artifoct due
to a sudden change in the envirommesit of the S. dublin cells, This
latter possibility may be discounted because when cells ol S. dublin
were inoculated into excrement after the second stage of anaerohic
digestion had commenced in experiment V, and the pll value of the slurry
had returned to neutral, it was found that the rate of decline of these
cells was identical to the rate of decline of those cells which had
survived the acidic stage of storage in the earlier experimeuts (i.e.
90 per cent reduction time > 60 days).

Although storage temperatures and suspended solids concentrations
of gsamples of pig excrement, stored in the laboratory, were =similar
to those expected on a farm, it is possible that other cnvironmental
conditiors will influence the su?vival of salmonellae in animal excreta.
Tn slurry channels and tanks, fresh excrement is lrequentl v added,
thus not all the excrement is of the same age. T1 (he excremenl Torms
lavers with ecach addition ol freslh walerial then a similar series of
reaclions to lhose alreadv described will occur. Tn a mixed slurry
methanoyenesis mav bhe inhibited resulting ip continuwing acid eowditions,
or methanogenesis will oceour and neutral condilions will predominate,
Therefore if 8, dublin were inoculated into a slurry veservoir on a
farm and ils survival monitored, survivor curves similar Lo those
obtained in experiments T or 11T or V mav he expected, The cuarve
obtained would probably depend on the size of Lhe reservoir and on

the amount o f mixing of the contents.




The survival of Salmonella dublin during aerobic hiological treatment

of pig excrement

The initial rapid loss of S. dublin, alfter inoculalion into the
aeration chamber of the laboratory treatment unit, mar have beeun a
regult of inoculating a high com entration of f{ree swimming cells into
the mixed liquor, It is pfohahle that there are only a limited number
of sites available on the siudge flocs, for the attachment of these
cellg, and that the cells remaining in the supernatant were then
open to removal by protozoal grazing. If the salmonellae hud heen
present in the slurry before its addition to tlie aeration vessel,

- then tle high initial rate of loss of cells may not have occurred,
Once the cells became associated with the sludge flnes they were
prohably protected and could survive longer.

Therefore, although S, dublin appeared to decline at a slirshtly
faster rate than E. coli in the floecs of the aerobic mixed liquor,
at a similar loadine rate and operating temperature, these diflerences

are probably not significant.




SECTION I

THE BACTERIAL POLLUTTON OF LAND DRATNAGE WATEN

o




INTRODUCTION

The results ohtained in Section T sugpest that if viable galmonellae
are excreted with pig faeces, then a significant number of these cells
are likely to remain viable during anaerobic storage and/or aerobic
biological treatwent. Althongh little ig known about the pathogeniecity
of salmonellae after prolonged anaerobic, or aerobic, storage, the
excrement from infected animals must be considered a potential danger
to health,

Inveatigations were therefore carried out to determine ihe factors
which influence the passage of hacteria through soil into land drainage
water, thus increasing the levels of hacterial pollution of water

courses,




TANLE 11

S0il analysis of -the experimental. pasture, Drickrow, . -

After visual inspection of ‘three sites of the pasture, a set ol
soil sampléé“nf one profi[e‘were'taken from a site in the widdle

of the pasture,

+ mg per 100 ¢ aiv dried soil,




TABLE 11

Depth, cm Profile Description

0 - 29 ‘Reddiéh brown loam

29 - 51 Light brown leached area, low clay content, few stones

51 ~.57 Mottled area, higher clay content

57 - 69 _ Mixed material, some mottled, some grey sandy material

and some clay
69 - 86 More grey sandy material
Mechanical Analysis

Depth, cm .O - 20 29 -~ 51 51 -« B7 .87 - 69 69 -~ 86
Sand % 60,69 70.33 58,86 60.37 61.24
8ilt | ¢ 12,80 8,74 11,71 12,52 11,32
Clay % 22,96 20,93 25,83 23,81 22,24
pl 6.55 6,00 6.10 6.30 6.35
P205 + 2,0 1.0 0.3 0.4 0.3
Ko 5.0 2.0 4.0 4.0 6.0
Moisture % 1.6 1.6 0.9 0.9 1.0
Loss on 8.3 6.1 3.6 3.3 3.2

Ignition %




56

MATERIALS AND METIODS
The experimental pasture, Brickrow

Drainage wateér was obteined from the sub-surface drainnge system
of a ﬁasture at the Animal Husbandry Expérimenta] Unit, The West of
Scotlana Apricultural College, DBrickrow, Auchineruive, Ayrshire.
(Grid rel. NS 3824). The pasture was helieved to contain an extensive
network of dresins, consigsting of unglazed porcelain semuents resting
on slate hases., They were probably instelled sometime during the
first half of fhe 19th century. The main drain was interrupted at
the lowest part of the pasture to install instruments for measuring
the flow rate of the discharge and for sampling. The actual location
and depth of the droins throushout the pasture was unknown, At the
sampling point however, the drain was found to he 90 em helow the
surlace of the pasture. Visusl inspeetion of the pastere and water
divining sugpested that an area of land ahbout 100 m hy 65 m {(0.65 ha)
was draired by a series of lateral tile drains comnectine into the
main drain,

Analysis of tlm_soi] down to one wetre depth, carried ont by
the Chemistry Department, The West of Scobland Agrienliw al College,
showed the top seil to he a sendy clay loam of averase fertility and
the profile indicated that the soil was a member of 1he Bargower
serics, Details of the soil . annlvsis are given in Table TI, Such
soils are descrihed as iuperfeelly draining, this means (at most of
the water falling on the land, whieh is not lost by evaporatior ov
transpiration, is retained in the soil, Tt is therefore recossary to

ingtall [lield dreivage systems in such soile Lo remove the excess water,




 TABLE 12 -

Wstimation of the area of'the'ﬁasture by compafison ﬁf‘the
guantity of water discharged from the field drainsxwith the

amount, precipitated, with correction for potential transpiration.

% Potential transpiration figures from (Ministfy»of‘Agricﬁltdréj-

Fisheries & Tood, 1967.)
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TABLE 13

The management of the experimental pasture, Brickrow, during the

summer of 1968,




TABLE 13

Number of Animals

Date Grazed Manuring
8/ 5/68 - 16/ 5/68 11
1/ 1/68 - 6/ 1/68 34
10/7/68 22 m°/ha Slurry
31/ 7/68 - 2/ 8/68 34
2/8/68 | 504 kg/ha Nitro-chalk
19/ 8/68 ~ 21/ 8/68 34
14/10/68 - 15/10/68 11




=1

N

During the growing season each year there was no discharge of
water from the drainnge svstem, except after particularly heovy
rainfall. This was presumably due to the rate of evapotranspiration
being greater than the rate of precipitation, Therefore water samples
could only be collected and analysed during the winter,

The amount of precipitation, the total quantity of water discharged
from the.drainage system and the estimated potential transpiratlion
(Ministry of Agriculture, Fisheries and Tood, 1967) for three
experimental periods are given in Table 12, From these [igures the
area of pasture drained were calculated, assumning that all the
precipitation, or the precipitation which remained after allowing for
potential transpiration, was discharged through the drains. The area
obtained from the latter calculations, 0.5 to 0.7 ha, is in general
agreement with the earlier cstimate of 0.65 ha.

The pasture‘was ploughed and reseeded wilh grass in 1965, Tt
was again ploughed and reseeded with red clover in 1971, Throughout
the swmer of 1968 until 15 October the pasture was grazed periodically
by ecattle and sheep (Table 13). In addition to the faeces of these
animals 22 mS/ha pig excrement were spraved [rom a vacuum tanker onto
the surface of the pasture. No animals were allowed onto the land
and no animal excrement was applied after 15 October 1968 until the
spring of 1969, The discharge of water from the drain slarted during
the first week of September 1968 and continned until March 1969,

During the summer of 1969 there was no discinrge ol water f{rom
the drain. Caltle and gheep were grazed periodically throuchout the
sumner, Water started to be discharged on 1 November 1069 and
continued until April 1970, Pig excrement was sprayed from a vacuum
tanker onto the surface of the pasture on [our occasions dwring the
winter of 1969/70, The first time 22 ms/ha were applied, the second

33 ma/ha, the third 55 mg/ha and the fourth 55 md/ha, On each




occasion the excrement had accumulated during the previous three weeks,
in the form of a semi~liquid slurry below the slatted floor of a
piggery at the Animal Ilusbandry Experimental Unit, DBrickrow.

The discharge of water from tlie drain resumed at the bheginning
of October 1970 and continued until the spring of 1971. 55 m3/ha pig
excrement were sprayed onto the surface of the pasture on 28 October 1970
and a similar quantity on 25 November 1970, As in the previous winter
the excrement sprayed onto the pasture had accumulated during the
previous three weeks.

The red clover sown during the spring of 1971 was cropped for
silage during the summer. Sheep were grazed on the pastire hetween
September and Decenﬁer 1971, Water started to be discharged from
the drain at the beginning of September and continued until April 1972,
No animal excrement other than the faeces of the sheep was deposited

onto the surface of the pasture throughout the whole of this period.
'he experimental farm, Culbae

Culbae farm, Wigtownshire (Grid ref. NX 3848) is situated ahout
9 km north east of Port William on the A 714, 'The farm is at ahout
50 m and covered abhout 100 ha,

Ahout. 4,500 faltening pigs were housed on the farm, They were
fed a dict of whev gupplemented with barley meal. The everement from
the pigs drained at the rate of 81 m3 per day inlo a 380 mg slurry
tank situated in the Midden field. The slurry in the tank was
dispesed of onto 1lhe surroundine fields by spraring through rain-guns,

. . - 3
The pump was operated each day, spraving slurry at the rate of 36 m

per hour and the position of the rain-guns was allered everv 15 minutes,




FIGURE 10

The experimental farm, Culbae, Wigtownshire,

(Grid ref. NX 3848).

::)L—- - open ditches and direction of water Flow.

Shaded preas

weter eatclmwent areas, A and 13,
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TABLE 14

S0il analysis of theStanding Stone field, Culbae.
A description of the profile and mechanical analysis of top soil
from the slope of the field and of hasin peat from the flat area

on the south cast boundary of the field.

4+ mg per 100 g air dried soil.




TABIE 14

Depth,. cm Profile Description
0~ 5 Grey-bréwn loamy fine sand (surface root mat) with
some smail angular stones,
5 - 17 Grey brown clay loam, .Many angular stones. Lower
part dry no water penetration. Freely drained.
17 ~ 45 Reddigh brown sandy loam, Many angular stones.
Freely drained.
45 -~ 60 Reddish grey loamy coarse sand with some iron déposition.
Ne gleying as such,
Mechanic al Analysi s
Soil Peat
Depth, cm G -5 5-17 17 - 45 45 - 60
Coarse sand (per cent) 15,65 21.18 25, 66 30,04
Tine sand  (per ceﬁt) 37.62 23.39 21,19 18.32
8ilt (per cent) 16.57 24,21 23.06 17.2
Clay (per ceunt) 17.70 25,23 25,10 22,14
pH 5.30 4,90 5,20 5,70 5,70
Available P O5 65 15 3 5 5
Available K20 ¥ 112 62 40 28 52
Moisture (per cent) 2.8 2.1 2.4 1.5 6.7
Loss on (per cent) | 16.6 12.0 5,9  57.8

Tgnition

10.0




In this way slurry was spraved onto all the fields al ihe rate of
150 m3 of slurry per hectare every six months.

Neighbouring farmers were allowed to pgraze heef cattle and sheep
on the fields. No attempt was mnde to keep the animals off fiel ds
while the rain-guns were in operation.

All of the fieldsg draimed into open ditches, these in turn
discharged into a watercourse called The Canal, which is a tributary
of the River Bladnock. Some of the open ditches received drainage
water from neighbouring farms as well as from Culbae amd one ditch
which ran below the farmyard of Culbae received the discharge from
a septic tank, For the purposes of the investigation, two drainage
areas were gelected, areas A and B shown in Fig. 10, which largely
drained land contaired within the boundaries of Culbae and did not

receive septic tank discharge.

Area A, This catchment area, ahout 20 ha, included part of the
Longcastle, Standing Sione and Midden Fields (Fig. 10) together with
parts of two fields of a neighbouring farm.

The Longcastle and Midden fields were undulating, whereas the
Standing Stone field had a steep gradient. The soil of the area was
domimated hy Silurian Grevwacks and Shales aﬁd was‘freolv drained,
The top-soil on the slope of the Standing Stone field was lairly
shallow wilh rocky outerops. The soulh east side of the Field was’
flat and consisted of basin peat, Details of the soil analvsis are
given in Table 14, Tile drains had heen laid through Lbe peat a
weelkk hefore the invcstigatinn{started. These drains discharrced into
an open ditch which originated on the north easi bhoundary of the
Longcastle field and continued through the peat along the boundarvy

of the other two fields, At ahout 10 w from the boundary wall

between the Standing Stone and Midden fields the water was ducted




TABLE 15

¥ Soil analysis of the Quarry field, Culbae.

A description of the profile and mechanical analysis of top soil.

+ mg pér 100 g air dried soil.




TABLE 15

Depth, cm | Profile Description

0~ 7 Surface mat. Dark greyv organic fine sandv loam with

" many roots.

7 - 45 Distributed mixture of grey organic sandy loam and

angular stones,

Mechanical analvsi s

Depth, cm 0-7 745
Coarse sand (per cent,) 14.87 29.81
Fine sand (per cent) 31,88 ' 31.14
Silt (per cent) 11,64 10.13
Clay (per cent) 11,02 . 13.43
pll 5.20 . 5.05
Available PO 36 _
valia e 9 5-+ | .
Availahle Kgﬂ ‘ 11 41
Moisture (per cent) 3.8 3.2
Loss on

& Y 30, 30,

Ignition (per cent) 30.6 30,4




"through a 23 cm diameter pipe for 100 m, A 90° V-notch weir was
installed aboul 50 m downstream of the pipe outlet in the Midden
field (V,, Fig., 10). After heavy rainfall the pipe could restrict
the flow of water and cause flooding at the north east end of the

Standing Stone field.

Area B, The second catchment area was also ahout 20 ha, covering
most of the Quarry field and part of the Smallmuir field (Fig., 10),
The north east end of these fields consisted of an area of water-
logged basin peat, while the rest of th; s0il was similar to that

of Area A. In the Quarry field the soil had heen disturbed relatively
recently, This disturhance lad created air spaces down to 45 cm so
that the profile was extremely freely drained, The high organic:
matter comtent of the entire profile indicated considerable movement
of slurry down through tle soil. Details of soil amalysis in the
Quarry field are shown in Table 15, Two open dilches ariginating in
the peat drained from the peat into a single ditch which ran along

the boundary hetween the two fields. A 90° V-motch weir was installed
ohout 50 m upstream from the eastern boundary of the Quarrv fiel d

(v,, Fig. 10).

2’

Measurement of the rate of discharge of drainage water

A continuoug record of the rate of discharge of water from
the sub~surface drainage system of the experimental pastwe, Brickrow,
was obtained using a quarter 90° Venotch, The V-nolch, complying with
BS 3680 part 1V A, was desigued and constructed to meet the following
requirements: (1) there =lLorld not he any .ohstruction to the flow
from thie field drain and no surcharging which could lead to loge of

water throurh the joints; (2) solid material (worms, ole.) entering




PIGURE 11

Diagram of the quoarter 90 Venotch installed in the

experimental pastwe, Drickrow,
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e 16

Relationship between the heé:di,o‘ffwater over a quarter 90° .
Venotch and flow rate, installed in the experimental

pasture, Brickrow,

* Discharge 1/s = 0.3726 (H,/Q‘;Sft'-)_g'éalfor heads greater than 5 em.




TABLE 16

flead, cm

Natural Digcharge into Beservoir A

1/s
0.80 0.00083
0.55 0.00033
1,07 0.00193
1,09 0.00250
1,19 6.00258
1.27 0.00318
1.52 0.00801
2.30 | 0,02830
3.10 0.06470
4,10 0.15500
7.40 0.53000
Calculated Discharge¥®
5 0.1992
7 0.4590
9 0.8562




ORISR R

e e,

T o

IGURE 12
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Calibhration curve For the gquarter 907 V-notch instalied in the

experimental pasture, Brickrow,




FIGURE 12

ot

1000-0

-1100-0

/s

10-0

DISCHARGE,

-
»
(=]

0-1




61

the drainage system must not interfere in the operation of the recorder;
(3) the time taken to respond to changés in the rate of flow must he
relativelylshort; (4) all rates of flow, varying from 0 to 1.0 1/s,
mugt he measured automatically without any alterations to the mechanism
being made,

A household bath was installed helow the outlet to the drain,.
The quarter 90° V-notch (Fig. 11) was fixed across the bath in Tront
of the drain outlet, leaving a reservoir (A) for calibration. A baffle
was fixed at the top end of the bath, just in front of the drain outk;t,
to minimise turbulence behind the V—notch, and a mesh grid was fixed
between the baffle and the Vwnotch to prevent debrie ohstructing flow
over the V-notch, The head of water was recorded by a pen, atiached
to a domed plastie float, on a chart wrapped round a clockwo rkwdriven
drum derived from a thermograph.

For heads of water greater than 5 cm over the Venotch the rate
of discharge of water over Lhis size of V-notch (1/s) = 0.3726

)2048, (Eseritt, 1962), where H is the head of water over the

(/2,54
Vonotch, measured in centimetres. Tor heads below 5 em the instroment
had to he calibrated. A bung was placed in the oullet from the bath
and reservoir & was filled with water in 0.5 1 inecvemenis, - After the
addition of each 0.5 1 the depth of the reservoir from the top of the
hath to the water Tevel was recorded on a dipstick, A steady Tlow

of water from a hoscpipe was then fed into the top end of the bath

and the head of water over the Ve-notch noted against Lhe rate of
Tilling the calibrated reservoir, This was repcaled for different flow
rates, hoth from the hosepipe and the nalural flow from the drain

(Table 16)., A calibration curve (Fig, 12) was then drawn,
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During the earlier experimental periods the mean daily dischgrge
rate from the drain was calculated by integration of the area below
the line drawn by the pen on the flow recérder charts, In the later
experiments the reading on the chart was noted at the lime of taking
samples, to obtain fhe actual rate of diécharge. The installation was
in cohstant Operation'throughont all the experimental periods., During
the winter, weekly attention was required to repluce the chart, rewind
the clock, refill the pen with ink and remove dehris from the grid,
Dgring warm weather more regular checks on the ink level were requirea.
During the mating‘season a constant watch for frogg playing with £he
float was necessary,

The accuracy with which the rate of flow was measured depended
on: (1) backlash and friction of the recording mechanism; (2) chances
in dengity, viscosity and surface tension of the discharge water;
(3) zero setting of the recorder pen; (4) thé reading of the charts
and calculation of the rate of flow from the calibration curve,
Takiﬁg these into account, it is estimated that for.a {low of 0,0002 1/s
the errortlies between - =30 per cent and +70 per cent of the reading

and for a flow of 1,0 1/s the error liecs between &

pus

5 per cent of the
reading.

Two 90° V-notch weirs were installed across two open ditches
on the experinental farm, Culbae (V1 and VQ’ Fig. 10), Both of Lhese
weirs complied with BS 3680 Part IV A and slandard calibration curves,
obtained from the formula, discharge rate, 1/s = 1.4904 (H/2.54)2‘48
(Eseritt, 1962), were used to measure the discharse rate. At the lower
flow rates the calibration was checked on several oc¢casions using a

hucket and stop-wateh, There was no provisgion for continuous

monitoring of the head of water over the weirs, except during an
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experimental period when untreated pig excrement was sprayved onto
one of the fields., Usually the head of water over the weirs was

only measured at the time of collecting water samples.
The sampling of drainage water

At the experiméntal pasture, Brickrow, samples of land drainage
water were taken from a small plastic reservoir, about 60 cma, fixed
at the outlet to the drain, Thig reservoir was fixed immediately
above the bath, so that all the discharge had to pass throarh 1he
reﬁervoir hefore entering the bath. The reservoir was normally
self-cleaning, but was inspected each day and any sand or =oil
particles remmredf

fhroughout the winter of 1968/9, and the first part of the
winter of 1969/70, samples of land drainage water were obtained ueing
two commercially-manufactured, automatic, interval liquid-sampling
machines. Both machines incorporated a spring-driven time clock
and a peristaltic pump driven by a battery operated 12 V DC motor.
They both took samples at intervals of one hour. The first machine,
supplied by Rock and Taylor Ltd, (llayes Lane Tradinpg Fstate, Lyve,
Strainbridge) accumulated each hourly sample into one hotile to give
one composite snample., The velume of each hourly sample could he set
by adjusting cam-operated switches attached {o the time clock, Tt
wags found tlat the rate of pumping, using the smollest bore tnbing
that would fit the perishaltic.pump (i.e. 4»CnP/s), was faster {han
the minimum rate of discharge from the drain to be monitored, so
larger rollers were fitted to the pump. This enabled the use of 3 mm

. . . 3
bore tubing which then gave a pumping rate of 2 cm /s.
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The machine was set to collect a sample of approximately
120 cm3 at the end of each hour, Twenty-four samples were collected
each day for three successive days. Iach day the mean volume ol the
individual samples was 122 cm3. However the individual samples veried
in volume bhetween 90 cm3 and 176 cma. To overcome this problem the
voltage supply to the motor was halved, and later an extra reduction
gear was fitted to the motor. Both of these modifications reduced
the pumping rate to 1 cmg/s and it was then possible to set the machine
to take a constant sample of 125 cm8 + 1 cm3 each hour,

The second machine, supplied by Lea Co. Ltd. (Lea Recorder Co,
. Ltd., Eormbrook Park Road, Manchester, 15) was designed to take 24
separate hourly samples, but it was impossible to sterilise all the
plastic funnels and bottles which came into contact with the water
samples. Again larger rollers had to bhe fitted to the pump so that
it would take small hore tubing and sample at a rate of 1 cma/s. On
this machine the volume of-eﬂch sample was controlled by cam~operaled
switches attached to, and operated by, the pump wmotor. "'he volumes
of individual samples with this machine were reproducable, The
distribution arm to the 24 sample bottles wos removed and thé tube
outlet from the pump commected directly to the top of a glass hnttle,
so that as with the first machine composite samples were obilained,

Each dav during the operation of the mchines in Lhe field, one
metre of sterile silicone ruhbervﬂlhing was connected to each pummp
and the outlet inserted into the top of a sterile glass sample hottle,
The other end of each tube was fixed below the water level in the
small plaslic reservoir at the outlet fo the drain.

In the field the time clocks of both machines were adversely
affected by dampness and low temperatures, During cold weather the

peristaltic pumps slowed down bhecause of tightening of bearings,




PTGURE 13

Hagram of the countinuous liguwid sampline wachine,
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thickening of lubricants and/or reduced voltage output from the
battery, even when fully charged. However, a composite sample of
land drainage water was obtained on most days from one or other of
the mchines throughout the experimental periods.

Because of the problems encountered with the machines described
above, a continuous liquid sampling machine was developed (U'nited
Kingdom Patent No, 2560/71). This machine (Fig, 13) utilised a 12V
diaphragm pressure pump (S.U. Carburettor Co. Ltd.) which operated
continuously to transfer nlcohol from jar A to jar B. “his induced
a reduction in pressure in jar C caﬁsing water to flow through the
sampling tube, from the sampling reservoir at the drain outlel, into
the jar, The rate of sampling was controlled as follows:

(1) to maintain a steady pumping rate a 1 mm hore capillary tuhe (F)
was placed immediately after the pump outlet; (2) to obtain a low
sampling rate, a recirculation svslem back into jar A was incorporated;
(3) to maivtain pressure in the system, a 1 nm capillary jet (D) was
placed at the recirvceulation ontlet into A: (4) tine control of
sampling was effected hy adjusting the bore of capillary I, With
capillary I' about 0.5 mm bore and 30 mm long the sampling rate was
0,00005 1/s. A clean sterile sampling inlet tube and sierile sampling
jar were installed in the field each day. The machine was enclosed

in a box lasged with expanded polvstyrene ant the tube hetween the

box and the drain outletl similariy lapgged.

The machine was in constant use for more than three months,
exposed to various weather conditions, including airv temperatures
as low as -10°C, Regular samplces ‘of 4.30 litres per doy were obtained,

The advantages of this machine, as compared with the olber two machines
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al ready described, were (1) the only moving part was lhe diaphragm
pressure pump, which duc to its particular desiyn was unaffected hy
extreme temperatures and slight changes in voltage supply, (2) spave
parts, including the pump, were readily available, (3) a 33 amp-hour
12 V battery only required recharging at 4 or 5 day intervals, instead
of daily, (4) the sample tube wos not subject to wear as with the
peristaltic pump, (5) samples could be ohtained al lower flow rates
than was possible with the other sampling machines and (6) the sample
was collected continuously,

During the winter experiments of 1970/1 and 1971/2 samples
collected over short periods were required. %o obtain these spot
samples, clean Winchester hotlles [itted wilh a rubher bung drilled
to take a short plass tube attached to a short length ot silicone
rubber tubing were used, These were sterilised at 121°C for 15 min
and tle tube clamped shut while the bottles were still bot (ef,
Zohell, 1941), To collect samples the end of the tube was fixed
below the water level in the small plastic reservoir atl the ontlet
to {ihe drain and the eclamp opened. Ieduced pressure cawsed waler
to flow into the bottle until it was ahont threewquarifers full,

i.e. it conlained ahout two litres,

The waler sarmples obtrined from the experinmental faru, Cultae,
were all collected in evacualed winchester boltles. Thev were vsually
collected Trom sammling points, a in area A, avd L in area R (Fig., 10),
Huritne and following  slurry Rprnyfng an the Longeastle field, the

- . 1
sarprles were collected from sampling point a

.




Meteorological records

Records of daily rainfall aﬁd daily maximum and minimum atmospheric
temperatures were obtained for the Brickrow arca from two meteorological
gstations, one (Auchindrui;e, Grid hef. NS 3892) being one km south
west of the experimental pasture and the other (Prestwick, Grid ref.

NS 3852) two km due north, During the winter of 1971/2 soil temperatures
at 10 cm and 100 cm depth were also ohtained from Auchincruive,

Meteorological records for the Culbae arca were ohtained from

a station at Bladnock about 8 km north east of the farm.
Bacteriological examination of drainage water

The technique of membrane filtration was adopted for counting
bacteria in water samples because it has a high degreec of
reproducibility, it permits the uselnf large volumes of samples and
it is more rapid to carry out than the most probable number procedure
(Stam ard Methods, 1971)., The choice of media and incubation

temperature for the enumeration of Escherichia coli and enterococci

was made after tesﬂing a variety of media and incubation temperatures.
Sartorious membrane filters, catalogue number 11407 (formerly MF 30)

pore size 0.2 to O.B/um diameter 47 mm (V.A. Vowe and Co, Ltd., 47

Pembridge Road, London, W, 11) were used Tor filtration 6f waber samples,

Before use the membrancs were sterilised bv avioclaving at 121°¢ for

15 min, To keep them Flat duriny sterilisalion they were placed in a

rlass petri-dish and interleaved wilh Whatman Yo, 1 filter paper,

The membranc filter holders used were similar to Lhose deseribed in

"The Bacleriological Examination of Woter Supplies" (Ministry of Health

and Social Security, 1969),
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The volumes of water filtered varied between 0.1 cm3 and 1060 cmg.
Colonies on filters which supported bebtween 50 and 200 colonies were
‘counted, The filter funnels were sterilised before usec. Water samples
smaller than 50 cm3 were filterpd and washed through with 50 cm3
sterile distilled water. The membranes were transferred from the
funnels, with a pair of forceps previously sterilised hy‘flﬂminy in
alcohol, onto the surface of Tilter pads (Whatman No., 17 filter paper,
60 mm diameter) sgturated with a nutrient medinm,-or onto the surface
of an agar based medium.

The numbers of Escherichia coli in samples of water were estimated

by incubating inoculated membranes on filter pads saturated with
m-endo hrotﬁ MF (Difco) at 37°C for 24 h. Confirmation tests were
carried out by sub-culturing presumptive F. coli colonies into
peptone water. These cultures were then exawmined hy Fijkman and
IMViC tests.-

The mumters of cntnrococéi were estimated by incubhnting inoculated
memhranes on m—enterococcus agar (Difco) at 37°C for 48 h,

The numbers of bacteria capable of prowth at 20°C in 48 h on
m-plate count broth (Diftco) were estimated bv Filtering 1 cm3 of
four~fold di]ﬁtions of drainage water samples. The inoculated

memhranes were then incubated on Tiller pads saturated with m-plate

count, hroth.
Bacteriological examination of soil sgamples

Soil somplea from the experiwmental pastwr o, Urichrow, were
passed Lhrough a 2 mm sieve and 20 o ol the sioved soil added Lo

3 . . . '
180 ¢ cooled mineral salils diluent., These suspensions were blended
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in an Atomix blender at full speed for 2 min. Decimal dilulions of
the blended suspensions were used to inoculate the surface of plates
of 1/10 strength m-plate count hroth solidified with 1 per cent agar
(0xoid). These plates were incubated at 20°C for 48 h and colonies

counted,
Nacteriological examination of pig excrement

Samples of pig exerement were obhtained Trom the underhouse

channels at Brickrow and from the slurry tank at Calbae., In each
3 . ! . . .
case 10 cm” of the slurry were transferred, using a wide hore (9 mn)
. 3 . . L . .

pipetlie, to 90 ecm” mineral salts diluent. These initial dilutions
wete shaken thoroughly and series of decimal dilutions prepared,
The dilutions were then used for MPN estimations and colony counts,

The MPN of Escherichia coli and enterococcei were ohtained hy

inoculating tubes.of MacConkev hroth and sodium azide hroth respecbively,
Tnoculated tubes were incubated at 37°C, FPresumplive coliform cul tures
were later confirmed as E. coli by Eijkman and TMViC tests, Colony
counts of I, ggli were‘estimntod hv ineoculating the surface of
violet red hile apar. The inoculated nlales were overlaid wilh a
further Taver of YRBA and inenbated at 37°C for 94 h,

Tu the Culbhae experiment a colony counl ol hactleria was also
estim ted hy inoenlating the surface of 1710 sirength m-plate comd,
hroth plus 1 per cent agar, These plates were incaboloed al 20" far

418 h.




Chemical examination of drainage water, and pig excrement

Chemical analysis of water samples collected from Llhe
experimental pasture, Brickrow, were carried out al the lahoratories
ol tﬁe Ayrshire River Purifiéation Board, Ayr, usine standavd
methods (Ministry of llousing and Local Government, ]956), The
godium azide modification of the Winkler method was used for
measuring dissolved oxygen concentration., The nitrate concentration
was determined hy reduction by Devarda's alloy. Suspended solids
concentralions were determined by filtration through glass fibre
filter paper (Whatman, GF/C, 70 mm diameter) and dried atl 16500.

Water samples and pig exerement collected [rom the experimental

farm, Culbae, were chemically analvsed at the laboratorvies of the

70

Solwav River Purification Board, Dumfries, also using stardard methods,

Pig excrement from Brickrow and Culhae was amalysed in these

laboratories by the wmethods described in Seeclion 1,




EVALUATION OF METHODS

BEvaluation of media for counting Escherichia coli

Comparison of four selective media incubated at 37°C. Tour selective
media were tested to see if thev could be used to differentiate

hetween pure cultures of FEgcherichia coli (NCTC 900]), Aerobacter nerogenos

(neTe 3712) and a species of Proteus (No 15A, The West of Scotland
Agricultural College stock éultures), when grown on the surflace of
membrane filters at 37°C. A viable count of E. coli by the pour
plnté method on nutrient agar (Oxoid) was compared with a viable
count ohtained by membfane filtration,

The media used for membrane filtration were Lindo membhrane broth
(0xoid); and Endo membrane bhroth following 2 hours' incubation of
the inoculated membrane on Resuscitation broth (Oxeid); Bacto-m-HD
endo broth (Difeo); Bacto-m~HD ende broth W/BG (Difco); and
Bacto-m~HD endo broth MF (Difco).

The three test organisms were cultured overniasht at 37°¢ in
nutrient broth (Oxoid). Each broth culture was then diluted by a
Tactor of 106 with 4 strength Ringers solution to oblain suspensions
containing approximtely 100 organisms per cmg, A viable count of
the suspension ol K., coli was determined by lhe pour plate nethod.
Viahle counts of each of the three suspensions were ithen determined
by the menbrane filtration method usive each of (he test media,

Inm addition, viable counts of E. coli from a mixture of equal
volumes of the K. coli suspengion and the Proteus sp. suspension,
and from a mixtw e of equal volumes of (he Y. coli suspension and the
A. aeropgenes suspension, were also determined bv the membrane filtration

method, using each of the test media, All the inoculated membranes




TABLE 17

Comparisoen of the viahle count of Escherichia coli on nutrient
agar with counts ohtained on m--endo broth MIF after niembrane

filtration with and without the presence of other organisms,




TABLE 17

Viable coung of

Counting Method :  Culbure E. coli/em
Membrane Filtration E., coli 91
B, coli + A; aerogenes | 90
L, coli + Proteus sp, 07

Pour Plate

=
.
-~

<
o
Ja—
X

<2




were incubated at 37°C. After 24 h the membranes were examined for
the presence of colonies of the test organisms and to see if the
colonies of E. coli could be readily differentiated from colonies of

A. aerogenes and Proteus sp.

Colonies of E. coli were counted only on those media which
allowed clear differentiation of E. égli colonies from those of the
other two genera. Where more than one colony type was clearly
visible a selection of presumptive L. coli colonies from the memhranes
supporting a.mixture of two genera were sub-cultured into peptone hroth.
After incubation at 37°C for 24 h the cultw es were used for 21 jkman

and TMViC tests to confirm the presence of F. coli.

All the media tested usinz the membrane lTiltration method
supported the growth of all three test organisms. On the Fnde membrane
hroth, Resuscitaiioﬁ/Endo hroth, m=HD endo broth and m-lID endo hroth W/WL
the colonies'of E. coli were not easily distinguishable from colonies of
A. aerogemes and/or Proteus sp. On meendo broth MF, however, a
metallic sheen clearly dilferentiated B. coli enlonies from colonies
of the otler two organisns,

The numbers of colenies of E. coli on the membrane filters ahove
m-endo broth MF were counted to obtain a viable count of I, ggli_jn
Lhe suspension, These results are shown in Table 17. Twentv—{wo
colonies were picked from the surface of the membrane supporting a
mixture of E. coli and A. aerogenes and all the colonics were conlirmed as
E. coli. Similarly eiphteen colonies were isolated and confirmed as
E. coli from the surface of (he wmembrane supporting a mixbwe of £, coli

and Proteus sp.
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Thus m-endo brqth MI" was the only medinm tested which was found
to allow differentiation of L, ggli from the Aerobacter sp. and
Proteus sp. Comparison of the menmbrane filtration method and m-endo
broth M with the pour plate method and nutrient agar showed only a

small inhibition of E, coli by the selective medium, m-endo.broth MF,

Comparison of bacto MFC broth with bacto m~endo hroth MF. The use of

bacto MFC broth (Difco, code 0883) plus 1 per cent of a rosolic acid

. .- . , 3 ; ' .
solution (1 g Bacte Rosolic acid + 100 em” 0,2N sodium hydroxide)
. 0 . . a0
incubated at 44 C, was compared with m-endo hroth MFF incubated at 37 °C,
for the enumeration of E. coli by membrane filtration of water samples.

; . . . 0
The isolation and enumeration of E. coli at 44 C would reduce the
necessity of frequent sub-culturing from the membrauves for confirmation
tests,

Pure cultures of fi. coli and A. aerogenes were grown overnight at

0. . . . 6
37°C in nutrient hroth. Both cultures were diluted bv a factor of 10
with 4+ strength Ringers solution to obtain suspensions containing
; , 3 . \ -
approximately 100 organisms per em . Viable counts of E, coli and
A. aerogenes in the suspensions were then delermined hv the nemhrane
filtration method using each of the two media., Plates containing
. ; ! .

membhranes placed above m—endo hroth MF were incuhated st 37°C white
plates containing membranes placed ahove MFC hrolh were scaled in

. . 0.
plastic bags and (he bags submerged in a woter hath at 44°C, All the
membrane filters were examined for Lhe presence of colonies of 2, coli
after 24 h and the numbers of B. coli colonies on each membhrane were
counted, Cornts of the nmbers of E, coli in sarmles of land drainage

water were alsa made using the two media,




TAPLY 18 . .

Comparison of m—éndo‘broth MF with MFC broth for the selective

igsolation and emumeration of §} coli by meimbrane filtration,




TABLE 18

Sample m-endo br()'tk; MF MFC broth

E. coli culture 8.7 x 10'° 3.1 x 100
Land Draivage Water 1 7.2 x 10° 2.8 x 10°
2 1.9.x 10? 5,2 x 10°

3 . 2.8 x 10° 8.8 x 10°

4 . 6.2 x 10° 3.8 x 10°

5 1.8 x 10% 7.0 x 10°




The results of the numbers of E. coli in the suspension as
determinéd by the two media are shown in Table 18, A, aerogencs was
inhibited on MYC broth incubated at 44°C. The numbers of L, coli
growing on this media were éonsiderably lower than the numhers growing
on endo hroth MF, As in the previous experiment all the presumptive
E, coli colonies isolated for confirmation tests were found to he E, coli.
While MPC broth incubated at 44°C inhibits the growth of organisms

other than E. coli, it is also more inhibitory for E. coli than endo

. o
broth MF incubated at 37 C,
Fvaluation of media for counting enterococci

Bacto-m~enterococcus agar (Difco) devised by Slanetz and Bartley
(1957) was claimed by the aulhors to be one hundred per cent seleetive
for enterococci, even when filtering heavilv-polluled water samples.

They also found that the ratio of Escherichia coli to faecal streptococei

in polluted water samples was higher using this medium than using other
media,

This medinm was compared with Bacto~m—azide hraoth (Difeo) for
the enumeraﬁion of enterococei by membrane filtratlion.

B

Broth cultures of Streptococcus faecalis (NCID 370), Strepiococcus

lactis (NCDA 712), Streptococcus durans (NCTR 8387), A, aeropenes,

Bacillus subtilis (NCTB 8063) were grown overnighl at 37°C in nutrient

. . . 6 .
broth, Fach culture was then diluted by a factor of 10 with | strenglh
Ringers solulion to obtain suspensions containing approximately
. 3 - . . .
100 organisms per cem . Viable counts of cach of the four suspensions
were delermined hy the menbhrane filtration method using each ol the

. . . . 0, .
two media. The inoculated filters were incubated at 37 0 and examined



after 48 h for the presence of colonies. The numbers of Sir. faecalis

colonies were counted. A viable count of the suspension of

Str. faecalis was determined by the pour plate method using nutrient
agar, A sample of land drainage water was also filtered through
membranes and the meumbranes incubated on broth media. Microscope
glide preparations of colonies arising from drainage water were Gram

atained.

Str. lactis, Str. durans, A. aerogenes and B, subtilig all failed to

produce colonies on mewhranes incubated on m-enterococcus agar, Some
growth of B. subtilis did occur on m-azide hroth,

The number of Str., faecalis in the suspension as estirmnted by
P

‘

‘ 3 .
the pour plate method was 100 per em”, whereas the number cstimated
. . . 3
by membrane Tiltration usine m-enterococcus agar was 60 per em ,
((ram-stained preparations of colonies isolated from samples of land
drainage water on m~enterococcus agar showed that all the colonies
were compriged of Gram-positive coecci, A few colonies isolated from
land drainage waler on m-azide broth contained Gram-positlive rods,

The numbers of Str, faecalis were in close apreement with the

number ohiained on nutrient agar and only Gram-positive cocci were
isolated Trom land drainage water on m—enterococcus agar. Therelore,
provided that colonies obtained on this medivm are Gram—positive cocei,

then it seems reasonable to assume bthat lhey are erterococei,
Examination of the reproducihility of the membhrane filtration method
Depending on the flov rate of drainapge water, the volume of

water samples Tiltered for the estimalion of the nunbers of

- . ; 3
‘Escherichia coli were usunlly 0.5, 2, 10, 50, 250 or 1,000 cm .




CTATLE 19

The reprnduciﬁilfﬁyycffﬁhé:membrane filtration method,

B

The concentration of E o0li was estimated in six samples of

land drainage water. = The mimber of B, coli was estimated in

EE ten sub-samples of each sample.

i




TABLE 19

Vol, Filtered (cmn)

0.5 o 10 50 250 1000
Number of colonies 150 140 55 194 173 210
of B, coli 290 150 70 170 179 208
134 135 81 189 176 194
165 133 75 169 175 201
180 144 70 177 173 19
170 195 65 206 174 198
193 136 77 198 179 - 206
230 130 75 197 173 201
132 150 79 171 175 199
180 125 65 210 176 198
Standard Deviation | 32.83 0,15 7.90  15.35 2.26° 5,18
Coefficient of 18.7 6.7 11.0 8.2 1.3 - 2.6

Yariation, %




To examine the reproducibflity of the membrane [liltration melhod used
in the laboratory, éeveral replicate counts of F. coli in samples of
drainage water from the experimental pasture, Brickrow, were made,
Samples of drainage water were collected on six different orcasions.
Thege were each divided inte ten sub-samples of the appropriate
volume, depending on the flow rate of the drain discharge., Fach
sub-sanple was then filtered and the concenﬂrations of E. coli
estimated after incubating the inoculated mewmbranes on m-endo hroth MF,

The numhers of colonies of E. coli ohtained from each sample
filtered is given in Tahle 19. Frowm these resultls the standard
deviations and coefficient of variation were caleculated for cach
volume filtered and are also given in Tahle 19,

Thus for concentrations of E. coli in Tand drainage water helow

. . .

5 x 10 /1, the membrane filtration method gave very reproducinhle
results, It wis onlv at higher concentrations that snhstuﬁtial errors
were apparent, but over tlie range of concentrations of faecal baclervia

found in the drain discharge these ervors are not iwportant.
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PART A, FACTORS.AFFECTING T, CONCENTRATIONS OF FABCAL, RACTRRIA IN

"LAND DRAL NAGE WATER

INTRODU CT TON

The concentrations of faecal bacteria and chemical pollution in
land drainage water from the experimental pasture, Brickrow, were
first momitored in the absence of recent excrement application to the
land. Pig excrement was then appligd to the land and the effects
on the cotnentratipns of faecal bacteria and chemical pollutants in
the water ébserved. |

Samples of land drainage water were collected throughout three
successive winters for bacteriological and chemical examination. Fach
sample was divided into two portioﬁs. One portion waé hacteriologically
examined within 30 min of collection from the pasture, while the
other portion was stored at 5°C for 1 to 120 h hefore being chemically
analvsed.

Winter 1968/9. To study the factors affeclting the concentrations

of faecal bacteria in land drainage water, in the ahsence of recent
excrement application to the pasture, no animals warolallowed onto

the pasture and no excrement was applied during the winter, Composite
gamples of the disclhiarge were collectled Trom Lhm.sumpling station,
using either Lhe Rock.and Taylor interval liquid sampling machine or

the Lea liguid sampling machine, Between 17/¢/6& and 18/10/68 composite
samples of droinage water were collected on four davs eoch wook .
After 22/10/68 eoﬁposite samples were collectied every day, Absence

ol some resulls wus due to occasional failure of Lhe sompline machines,




FIGURE 14

Bacterial pollution of drain discharge during September and

" Qetober 1968,

Continuous line -~ mean daily flow rate of the drain discharge.

— A~ —=fA- -~ concentration of Kscberichia coli,.

..-+ sesseapes comentration of enterncocci
~ @~ @@= _ yiable bacteria on m=Plate count broih at

a0°¢,
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Winter 1969/70. The 'normal' concentrations of Faccal bacteria
in the drain discharge, in the absencelofjrecent applfcation ol
exérement to the pasture, were again monitored by collecting composite
gsomples of the diécharge. Pig excfement was spraved onto the surflace
of the pasture on:four occasions during the winter. DBetween November
1969 and January 1970 composite samples of drainage ﬁatnr were
collected using the Rock and Taylor and/or Lea liquid-sampling
machines. From January 1970 until April 1970 daily samples were
collected using the continuous liquid-sampling machine.

Winter 1970/71. The concentrations of faecal bacteria in the

discharge in the absence of recent excrement application to the

pasture were estimated in compesite samples of ﬁﬁe drain discharge,
collected throuphout October 1970, using the continuous liquid-sampling
machine, Folléwing the stari of the excrement applications ip

Octoher and November 1070, spotl samples of drainage water werc

collected at intervals Qf 0.5 to 4 h for ahout 306 h,

RESULT'S

The results of analyses of composite samples of land drninﬂgc
water collected in the ahsence of recent applicntion ol excrement
to the land showed a positive relationship hetween the concentration
of faecal bacteria in drainage water and the [low rate of the drain
discharge, (Complete tables of all the results are given in Lhe
appendix,) The earlier results of examination of samples collected
fonr days per week during September and Octoher 10688 (Fig, 14)

suggested that the concentrations of laecal bhacteria in the discharge




F1GURE 15

Bacterial pollution of drain discharpe during winter 196879,

Continuwous line — meav daily [low rate of the drairn discharpe.

— A~ - A~ _ concentration of Escherichia coli.

""'+'-"'"""" -~ cowv entiration of enterococet,
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TTGURY: 18

Bocteriol pollution of drain dischorge during winter 1969/70,

Contipuous line -~ mean daily flow of the drain discharge,

o A= = A~ - concentration of Escherichia coli.

svedpssncodnes ~ corcentration of enterococci.

Vartical lines ~ dayvs when pig excrement wes applied to the
pasture.

B, - 22 :\13/ha

B~ 33 mg/ha

¥, - Ab mS/lm

I - 55 ma/ha
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FIGURE 17

Pacterial pollution of drain disclarse durine Ocioher 1970,

Continuoug line — mean daily Tlow rete of the drain discherge,

w = = == - comentralion of Fecherichia coli.

s o dfrescen s e~ concentration of enterococei,
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were higher at high flow rates and lower at low flow rates. These
were later confirmed by statistical analysis of the samples collected
7 days each week between Octoher 1968 and February 1969,

The relafionship between the concentrations of faecal hacteria
in the drainage water and the flow rate of the discharge was again
demons trated during the winter 1969/70 (Fig, 16) and duriné October
1970 (Fig. 17). However, because of the effects of‘applyina pipg
excrement to the pasture on several occasions during the winters
1969/70 and 1970/7i there wegeinsufficient data between slurry

application to analyse the results by statistical methods,

Effect of flow rate of the drain discharge on the concentraticns of

faecal hacleria

The results of daily bacteriological examination of composite
samples of land drainage water collected after 22 October 196R and

-the mean daily discharge rate of water from the drain are illusirated

in Fig., 15. DEscherichia coli and enterococci were regularly isolated
from samples of land draimage water throughout the winter and their
concentrations ranged from 2 x 101 to 105 E. coli/1 and 10] to 1.4 x 104
enterococci/l, 'The concentrations were higher at high flow rates and
lower at low flow rates. Move than 97 per cenl of presumplive L. coli
colonies isolated from the membrane filters proved to be ¥. coli.

Since it is gencrally accepted that this organiem is of exclusively
Ffaecal origin and does nol multiply in soil or on vegetation (Alinistry
of Jlealth and Social Security, 1969) and since no animal exerement

'

was applied to the pasture during the winter ol 1968/9, those present

in the drain discharge can be presumed to have originated from flaccal




material applied to the'pasture during the summer. All colonies
from enterocoeccus agar fhat were examined were entGEQCncci, and

also presumed to have originated from faecal material appljed during
the gummer, It is clear, therefore, that E, ggli and enterococci
isolated from £he drain disclnrge in February 1969 bad survived in
or on the pasture for at least four months.

Regression analysis of the results of the winter 1968/9 show
that the logarithm concentrations of the two arohps of bacteria in
the drainage water are related to the logarithm flow rate of the
discharge and the number of dayvs after 1 Octoher 1968 by an edun+jnn

of the form

Y = a =+ bX « oZ
where Y = log10 concentration of bacteria in the discharge,
viable units/1
X = log 10 flow rate of the dischurée, 1/s
Z = number of davs after 1 Octoher 1968

and a, b, ¢, are constants,

For E. coli the equation piving the bhest fit is

Y = 4.81 + 0.521 (+ 0.085) X - 0.0176 (& 0,0015) Z .,

and for enterococetl
Y = 3.96 + 0.701 (£ 0.,064) X —= 0.0104 (+ 0.0017) 7 ..... =°

the fipwres in parentheses heing the standard errors of the regression

coefficients,




w1

The equation for E. coli accounts for 77 per cent of the variation
ohserved in the concentration of bacteria in the digscharge and that
for enterococci accounts for 70 per cent., No impravement is ohlained
by attempting to allow the regression coefficient, b, on-flow rate
to change with time. Therefore it seems reasonable to suggest that
the concentrations of E. coli and enterococci in the discharge are
deternined mainly by those factors included in the regression equalions,
The regression equation of the difference in the logarithms for
the two gfoups of organisms is
Y = 0,889+ 0,180 (+ 0,044) X -~ 0,0072 (£ 0.0012) Z .,.... 3
Since the standard errors for the two regression coefficients in
equation (3) are smaller than corresponding errors in equations (1)
and (2) it can be concluded that the differences in the regression
coefficients in equations (1) and (2) are highly significant,
The relationship bhetween the time since the application of animal
exerement to the land and the concentrations of faecal hocteria in

the drain discharge

The time Tacltor ¢Z in the repression equations indicates that

the concentrations of Iischerichia coli and enterococei in the land

drainage water declined logarithmically with time, This result wonrld
be expected for types of bacteria believed to be incapable of
miltiplication in waler or s0il, in the absence ol Furlher inoculation
of faecal hacleria onto the pasture. The values of coeflicient ¢

show that the 90 per cent reduction time for the conceriration of

E. ¢oli in the drainage wabter was 57 davs and 1hat Tor centerococel was

96 davs.




Effect of excrement application on the concentrations of laecal

bacteria in the drain discharge

On four occasions during the winter of 1969/70 pig excrement
was sprayed from a vacuum tanker onto the surface of the pasture,

The concenilrations of Escherichia coli and enterococei in most of

the land drainnge water samples collected during the winter varied
with the flow rate of the discharge, However, after the application
of pig excrement on three occasions, Sl' 82 and 84, the 'normal’
relationship between the bacterial concentrations and the (low rate
were disturbed (Fig. 16). The concentrations of L. coli and enterccoceci
in the composite water samples collected throughout the day on which
excrement was applied were higher than would normally be expected.
On each occasion the concentrations of B. coli and enterococei in
the water samples collccted during the next 24 h were practically
at the 'mormal' value appropriate to the flow rate of the discharge
in the ahsence of excrement applications. Following the {hird
application (Sg’ Fig. 16) of pig excrement to the pasture Lhere
were no deleclable effecﬁs on the concentrations of [, coli or
enterococei in the ‘discharge,

It wos clear from these results that il would be useful, affer
applying excrement to Lthe pasture, Lo sample the drain di <eharge
more frequenilly than once daily. There fore during the winter of 1970/1
pig excrenent {aprroximate composition 120 p suspended selids/1;
biochemical oxyren dewmand, 35 a/1; pli value, 8,71 F, coli, O x l()H

-

. . . U
viahle units/1) was applied to the pasture al a rate of 33 m /ha on

28 October (Experiment [) and a similar volume on 23 November




FIGURE 18

Txperiment T
Bacterial pollution of drair diszchoarse after applicstion of

pig exerement to the pasture.

Conlinuwous line - flow rate of the drain disclnrpe,

concentration of Esgclierichia coli,
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period during which exeremernt was applied

(r5 ma/ha) .
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FTGURE 19

Experiment II
Bacterial pollution of drain discharge after application of

pig excrement to the pasture,

Continuous line — Tlow rate of the drain discharge.

-A- - = A ~ - concentration of Egcherichin coli.

sedpocer coguas — concentration of enterococci,

8 R periods duriny which exeremeni wos applied

(totnl of 55 mS/ha.) .
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(Experiment II) and water samples were collected at intervals of
0.5 to 4 h for ahout 36 h following the exerement application.

Exneriment 1, The flow rate of the drain discharge and the

concentrations of faecal bact;ria in the drainage water following
the application of excrement to the pasture are shown in Fig, 18,
The flov rate of the drain discharge was steady for the first 11 h
following the start of excrement application and then increaced
slightly during the rest of the experimental period, possibly as a
result of rain which fell during the experiment.

Within 90 min of starting to apply excrement the concentration
of E. coli in the water had increased 900 fold, from I x 103/] to
9 x 105/1, and that of euterococei 150 fold, from 2 x 102/1 {0
3 x 104/1. Concentrations of hoth types of bacteria then steadily
declined, until the experiment was stopped hecause the flow rote of
the discharge increased markedly following heavy rain. DBy tliis time
the concentrations of faecal bacteria in the discharge were only
about 5 to 10 times the.concentrations that would he expected in the
absence of cxecrement application, aflter allowance for the incrense
.in flow rate.

Txperiment I1I. The results obtained in the second cxperiwment

are shown in TFig, 19, On this occasion the excrement was applied to
the 1and in !wo periods separated by a 1 h inferval, instead of in a
single period as in Lxperiment 1, and the flow rate of the discharge
was higher, Since the flow ratle ol the discharge declined during the
period of the experiment and was apparentlv unaffected by Lhe
app]ication of excrement, it is clear {that the voluwe of excrement
applied muel have been small relative to the voluwe of water held in

the soil,




Within 2 h of the start of excrement application, ﬁhe concenlration
of E. coli in the discharge had increased 60 fold, from & x 10°/1 to
5 x 101/1, and that of enterococci 20 fold, from 1.5 x 10%/1 to
3 x 103/1. The concentrations of bacteria in the drain discharge
then declined before increasing again approximately 3 h after the
start of the second period of excrement application. The concentrations
then declined until at the end of the experiment they were practically

at the levels existing hefore excrement was applied.
Chemical pollutants in the drain discharge

Threughout the winter of ]968/9 the sa,‘mplf'.n of drain discharge
water were penerally clear and colourless. The pll was pear neutrality,
the biochemical oxvgen demand was gnneralvl_v less than 3 me/1, the
suspended solids concentration less than § mg,.t/l, and thorefore not
ugually delectable by standard methods., The nitrate eoncentration was
penerally léss than 1 me/1 throughout September, Uctober and Novembor 1068,
Durine December 1968, January and February 1969, it rose «lightly to
between 1 and 2 mg/1,

Duaring the winter of- 1969/70:' the water samples were apain clear
and colourless, lowover, the bicchemical oxveen demand was slightly
higher than durine the previous wintler, varyinsy bebtween 0,4 and 10 o/ 1,
but. the S\.l.f-;pen(]ed solids concentration was amnin sencrallv less than
5] mg/l., The nitrate concentration was alse =lighily higher (han
during the previous winter. The average nitrale concentration in
Novemher 19069 wag 2.8 m,f_f/l “and betx;'een December 19689 until Mareh 1970

was 1,6 m,fr/l N




No significant changes in the biochemical oxvgen demand, suspended
solids concentration, or nitrate concentration were detected in samples
of land drainage water collected after the application of pig excrement
te the pastuwre., In Experiment I (October 1970), after the application
of excrement to the pasture, the fifst water samples were sliphtly
turbid and pale brown in colour hut later samples were clear and
colourless., The biochemical oxygen demand of the discharge increased
slighfly, reaching a maximum o f 14 mg/1, 1 h after the start of
excrement application, while the suspended solids concentratian ond
nitrate concentration were unaffected. The pll value incressed by
up to bhalf a unit for aboni 24 h following the exerement apnlicalion,

During Fxperiment TT (November 1970) the hiochemical oxvgen
demand, suspended solids concentration and nilrate conceniralion
remrined ot their 'normal' low levels. Tn this experimenrt all Lhe
water samples were c¢lesr and colourless and Lhe pil value of the
discharge increased by only 0.1 unit for about & h followine the

start of everement application,
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PART B, SOIL BACTERIA IN LAND DRATINAGIT WATER

INTROTUCTION

In the preliminary examination of land drainage water for bacterial
pollution it was noted that apart from faecal bacteria the water also
contained relatively high numbers of bacteria, presumed to he normal
soil inhabitants (Fig., 14). The presence of these bacteria in the
drainage water raised the possibility that wash-out of natural =o0il
hacteria in drainage water could represent a significant loss from
thelsoil bacterial flora. In addition, it was of interest to confirm
that the concentrations of normal soil bacteria in the drainage water
varied with the flow rate of the drain discharpge in a similar manner
to that observed for faecal bacteria deposited onto the surface of
the land,

To investignte these questions a viable count of hacteria in
the discharge from the drain was monitored durine Lhe winter 1971/2
and the lotal number of bacteria discharged was compared with an
egtimate of the number of bhacteria in the soil of the drained area,
No attempt wos made to ohtain maximum counts of hacteria, Only those
bhacteria able to produce colonies on m-plate count broth incubatoed
at 20°C for 48 h were counted and it was assumed Llai 1hoe resnlts
For this group of bacteria are represeniative of those (hat would he
oblained lor other groups of soil bacteria,

The experimental pasture was ploughed and.l"(‘spm]ml witl, elover
in March 1971, No animal excrement was applied to the pasiure hetween

the time of reseecding and the completion ol this experimenial period,




FIGURM 20

llel ationship hetween the conccntration of viable soil hacteria

in drainage water and the {low rate of the drein discharvge,
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No viable E, coli or enterococci were detected in 1 1 samples of
drainage woter collected in November 1971, Records of dailyv so0il
temperatures, at 10 ond 100 cm deptﬁ, were obtained from the
Auchincruive Meteofologiéal Station.

Because the earlier results showed that the bacterial concentratiion
in draivage water was greatly affected by the flow rate, spoﬁ samples
of water werc collected rather than composite 24 h samples. Usually
two samples were collected 5 days each week and a total of 134 samples
were ohtained between 17 November 1871 and 24 March 1972. The llow
rate of the discharge was continuously monitored and alse recorded
at the time of obtaining each sample,

To ohtain an estimate of the number of bhacteria oceurring in
the soil and able to grow on m-plate count broth, soil samples were
collected at three different depths from each of five arcas of the
experimental pasture. The depths sompled were 0-10, 10-20, and 20-30 em
and each area sampled wos a composite sample frow {ive sites within
the area., The number of viable bacteria capabhle of orvowing on m-plate

0, . . . L
count broth at 20°C in 48 I in each soil sammle was then estimnted.
REUSULTS

Felationship of concentration of bacteria in the drain discharge to

flow rote of Llhe discharge

The results are sumvarised in Fig, 20, from which it i~ evident
that the concontration of bacteria in the droinage water inereased
as the flow rate of the discharee inercosed. Repression analvsis showed
that, the lo~ concentration of bacteria could bhe reloted to the lop

flow rate by an equatinn of {he form
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Y = a4+ bX 4 dX°,
where Y = log10 cqncentration of bacteria in the discharge,
viéble units/1
X = log10 flow rate of the discharge, 1/s
and a, b, and d are constants, The equation giving the hest fit was

Y = 9.70 + 2.356 (+ 0.187)X + 0.365 (+ 0.040)X> ...., 4

the figures in parentheses being the standard errors of the regression
coefficients,

This equation explains 79 per cent of the variation observed in
the concentration of viable.hacteria in the discharge. No improvement
was obtained by including in ﬁhe equation a tiwe factor or a third
degree term, The soil temperntures showed some posilive associntion
with flow, with a slight advantage for the soil temperature at 100 cm
depth, bul after allowing for this association, soil temperature showed
no significant, association with the concentration of viahle hacteria

in the drain diascharge.

Comporison of tofal nuwher of bacteria digcharged in drainage waler
with to fal number in the so0il of the experimental onasture

The tolal nummher of hacteria discharged in the drainspe water
during the experimental period was caleulated Crom the continunus
records of {he flew rate of drainape waler using the resression eguation
given above. During the period of Lhe experiment 3.6 x 107 1 of water

.. 4 . . .
containing 1.2 x 10 viahle bhacteria were discharped Trom the drain.




TABLE 20

Numhers of viable bacteria in the soil of different areas of

the experimental pasgture, Brickrow,

® Concentratinons of bacteria growiny on m-plate couni agar at

20°C in 48 h.



TABLE 20

Sampling area

Number of bacteria*, viable units X]Oﬁ/g
Dry weight in soil horizon

0~-10 cm 10-20 cm 20-30 cm
A 23 23 7.2
B 22 18 5.3
C a3 14 3.8
D 22 12 4.0
E 33 16 5.3
Meau 24,6 16.6 nLl
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The numbers of bacteria in the soil are shown in Table 20, Tt.
can be seen that the numhers are similar in each of (he different
areas sampled and that the numbers at a depth of 20-30 cm were
congiderably lower than those at 0-10 ¢m, If it is assumed tini the
nunbers. of bacteria in the soil are, in fact, uniform over the area
of the experimental pasture (0,7 ha) and that the numbers of hacteria
at depths greater than 30 cm can be neglected, then the total numher
of viable bacteria in the experimental pasture is estimated to he of
the order of ]017.

Thus the Lo tal number of viable bacteria in the soil ahle to

grow on the medium used wag about 1,000 times the number dischsirged

in the drainange water over a period of four months.
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PART C. THE CULBAE EXPERIMENT

INTRODUCTION

-Culbae farm was.situated at the top of the water catchment area,
and the soil was very free draining. The disposal of 81 m3 of pig
excrement each day through rain-guns onto the fields surrounding the
farmyard caused a considerable smell problem and also polluted the
open ditéhes draining the farm,

An investigation was carried out to determine il the Factors
affecting the concentrations of bhacteria and of chemical pollutanis
in the arainago water were similar to @hpsé ohserved lor the
experimental pasture atf Brickrow, ‘Bacferial and chemical pollution
of the drainage water in open ditches draining two 20 ha areas of

.
Culbae, areas A and B shown in TFig. 10, were measured. During this
period, spraving of pig excrement was confined to those [ields which
did not drain into the two sites.

In Januvary 1973, 160 m3 pig excrement was spraved onte the
Longcastle I'ield in area A, over a period of eiahl hours. The position
of the rain-guns on the field was altered every 15 min throughont Lhe
day. The following day the rain-guns were moved awav from area A.
Samples of drainage water were collected frow the open ditch about
300 m (al, Fig, 10) downstream from the Longcastle ficld, at various
intervals during the day, and the Tollowing 40 b,

The disgnlved oxypgen tension and temperature of the water in
the diteh at. the sampling point were monitored Lhroughout the
experiment, Althouzh a continuous flow recorder was installed al the
V-noteh during the experiment, (leoding at the eastern ond of the

Standing Stone field prevented accurate measunremenls heing ohtained




FIGURE 21

Nelationship between the concentration of viahle

drainage water and drainage rate of arca A,

acteria
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S : FIGURE 22

Relationship hetween the comcentration of [aecal bacterioa

in draimgoe water and drainage ratr of ares A,

b A - concentration of Yscherichia coli,

4+ . concentration of enterococci,




10

UNITS /!

VIABLE

2
10

FIGURE 22

0-01

Ge1
DRAINAGE RATE, | /s ha

1-0




FTAIBE 23

r

Ielationshiip hetween the cowrentration of viahle bacteria

.

in droinage water and drainage rate of area B,
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PIGUIE 24

Relationship between the corcentration of faccal hacteria

in drainage waler and drairage rate of area 7,

B - conceuntration of Fscherichia coli.

% . conceniration of enterovcocei,
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of the drainage rate for the area. The water samples were analysed
bacteriologically within six hours of collection and chemically

within twenty-four hours.
RESULTS

Pig excrement in the storage reservoir at Culbae contained

approximately 6.1 x 107 viable Escherichia coli per 1, 4.8 x 106

viable enterococeci per 1 and 9.5 x 108 viable bacteria per 1 pgrowing
on m-plate count broth at 20°C in 48 h,

E, coli and enterococci in samples of drainage water were
presumed to originate mainly from the pig e;cremont gpraved onto the
fields., Bacteria isolated on m-plate count broth from drainase waler
were presumed to originate f?um both the excrement spraved onte the
fields and from the natural bacterial population in the soil (cf.

soil hacteria counts on m-plate count broth frem the drainage water

at Brickrow durine winter 1971/2), .

Relationship of concentration of bacteria in drainage water to

drainage rale.

A positive relationship hetween the concentrations of hacteria

in the drainage water and the drainage rate of area A is <hown in

Figures 21 and 22, A similar relationship belween Lhe concentralisns

ol hacteria and drainage rate in area B is =hown in Figures 23 and 24
(actual concentrations of bacteria, chemical pollutanis, drainase rates,

rainfall and almospheric temperatures are given in the Appendix Tahles).




PIGURE 25

Bacterial pollution of drairage water of srea A after

apnlication of pie excrement to Longeastle field (160 m"/ha).

Continuoung line — drainage rate

. 0
viahle count on m-plate enunt broth at 20°C

4 .0-0-- .n."

v v = o= w e ~ concentration of {scherichia coli.
oo i odees o comentration of enterococei,
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Although there is insufficient data for statis£i0a1 analvsis,
and only a few samples at low flow rates have been examined, it appears
possible that the relationship between the concentrations of the three

groups of bacteria, Lscherichia coli, enterococci and bacteria capable

of growing on m-plate count broth at 20°C ‘in 48 h, and the drainage
rate is non-linear, If this is so, then the relationship is similar
to that observed between the concentrations of soil bacteria and

~drainnge rate at the experimental pasture, Brickrow,

Effect of slurry application on the bacterial pollution of drainage

water

The effects of spraying 160 m3 of slurry from the piuﬁerf at
Culbae (approximate composition: 9 g biochemical oxygen demand per
litre; 9 g suspended solids per litre; pll value 7.7) onto the
surface of the Longcastle field, over a period of seven hours, on the

’

numbers of bacteria in the drainage water are shown in Fig, 25,
Within 45 min ol starting spraying, the concentrations of Eschpriégii coli
in the water increased more than 300-fold, from 1.7 x 103 to 5.4 x ]()G
per litre, that of enterococei ahout 3,000-fold, from 5.2 x 102 to
1.5 x 106 perilitre and that of bacteria growing on m-plate count
broth at 20°C 300-fold from 6.8 x ]07 to 2.3 x 109 per litre. The
concentrations of all three groups of bacteria declined slightly during
the next hour, bul increased again to a second pealk during the following
two hours, After spraving was stopped,.the concentrations of all
three proups of bacteria steadily declinedb Within 37 h of stopping
spraving the concentratlions of hacteria had returned to ITevels

similar to those existing before the expevimeni started.




FTGURE 26

Chemical pollution of drainage water of area A after

application of pig excrement to Longcastle field (160 ms,/lm).

O ~ hiochemical oxygen demand,

D - suspended =elids comeniration.
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The position of the rain-guns on the field was altered everwv
15 miﬁ. Drainage towards the Weétern boundary of the field for
part of the time could account for the decrease in the bhacterial
pellution of the drainage water in the middle of the spraying period.
The flow rate of the draimpge water over the V-notch of area A
(Fig. 25) during the experiment was not an accurate measurement of
the drainage rate of the whole catchment area, Melting snow which
had fallen two days earlier caused flooding at the north-east end
of the Standing Stone field, Nevertheless the~fiow rate declined
during the whole of the experimental period and this, together with
Tféures for brecipitation the day before, and during the experiment,
suggests that the volume of slurry sprayed (160 m3) onto the lLongcastle
field (2.3 ha) was not sufficient to significantly affecti the drainage
rate. The volume of slurry spraved was only equivalent to 1.3 mm

of precipitation over the 12 ha of catclment area ahove sampling point a}.
Chemical pollutants in the drainage water

The concentrations of 5 day biochemical oxvgen demand and
suspended solids in the drainage water in the absence of recent slurry
4
gpraving onto either site, were generally less than 8 mp per litre
and 23 mg per litre respectively,
Within 45 min of the start,of slurry spraving onte (he surface
of the Longcastle field, there was a 360-fold increase in BOD, from
I mg to 360 mg per litre and a 10-fold increase in suspended solids

concentration, from 11 mo to 117 mg per litre (Fig. ¢8). These peaks

were followed during the next hour hy a decline of BOI} Lo 39 mg per litre,
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and guspended solids, to 35 mg per litre. Second peaks for hoth BOD
and suspended solids comcentrations probably occurred at the same time
as the second pealks of bactefial conéentrations, but hecause of the
loss of three samples they were not detected, This assumption is also
supported by changes in the per cent saturation of disselved oxyvgen
in the drainage water at the sampling site (Fig. 26).

Within 3.5 hours of stopping spraying, the per cenl saluration
of dissolved oxygen, the BOD and suspended solids éoncentrdtinns had
all returned to their original levels. Therc were small changes in
the pll values and temperature of the draimage water as a vesult of

slurry spraying. These are also shown in Figure 26.




DISCUSSION

These studies show that sub-gurface land drainage water can
contain appreciable numbers of so0il and faecal bacteria, and that the

concentrations of hacteria in the water are related to the flow rate

of the drain discharge, The concentration of faecal hacteria are also

related to the time since application of animal extrement to the land,

Since the faecal bacteria in the drainvage water of agricultural land

usually originate either from faeces deposited on the land by grazing

animals, or from excrement sprayved onto the land, it is reasonahle
to suppose that changes in the concentrations of faecal hacleria in
the drainage water also_reflect changes in the numbers or conditions
of bacteria in or onm the soil and vegetation. Thus the results can
be interpreted as indicating that the concentration ol bacteria in
drainage water from farmland may be affected hy two main laclors:
(i) the flow rate of water through the soil: and (ii) the number of
bacteria in or on the soil anda vegetation., The numbers of Faecal
hacteria are also affected by the application to the land of large
volumes of semi-liquid animal excrement over short periods of time.
Other factors are also important. Tt is evident, for instance, Lhat

the s0il type exerts some influence.

Relationship ol comeentration of bacteria Lo drainame rale

The results from the experimental pasture, Brickrow, show tlat,

in the ahsence of recent application of larvee volumes of exerement

to the land, the comcentrations of faccal baclteria in the drain dizcharge

are related to the flow rate of the discharge hv an equation ol the form:
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log baclerial concentration = a + b log flow rate ~ ¢ days,

1f the time factor (c davs) in the equation is ignoved it is secen
that the relationship between b#ctérial concentration and flow rate
is descrihed by a linecar log-~log equation having a slope defined hyv
regression coefficient b. The values of coefficient b show that Tor

a ten~fold increase in flow rate the concentration of Escherichia coli

in the drain disclarge increased 33 fold, while that of enterococci
increased 5,0 fold, Possibly,.the value of this coefficicit is related
to the relative ease or difficulty with which bacteria altached to

soil particles can be lTiberated into water percenlating thm ugh the
soil, 1If so, then the value of the coefficicnt would bhe expected

to be related to soil type, Since the coeflicient for L. coli is

significantly different from Lhat for enterococci, the intensity of

the interaction helween the bacterial cells and the soil particles
must also depend on the nature of the particular hacterial cells,

The concentration of viable bacteria, presimed to be normal
s01l inhahitants, in the drainage woater of the experimental pasture,
Yrickrow, was also g]osely asgoeciated wilh the flow rale of Lhe draio
discharre, Again, thiz max be interpreted as weanine that the rate
at which hacteria adsorbed to soil particles hecome suspended in soil
waler is determined by the flow rate of water through the anil, Thus
the higher 1he flow rate the higher the concentration of hacteric in
suspengion and the higher the concentration in sub—surface droinsee water,
At Tlow rates helow about 0.001 1/s the regreszion curve lor snil
bacteria (Iig, 20) sugrests that the concentration ol hacterin should

increase witl: decreasing flov rate, Futlure work mav confirm lhis

suggeslion, or may shov it to bhe an artefecl arisine out ol an

insufficiency of data at low llow rates.




The concentration of faecal bactefia in drainage water woas
related not only to the flow rate of the discharge but also to time,
and the occurrence of this relationship may be atirihuted Lo the
numbers of viable faecal bacteria in the gpil decliniﬁﬁ with the passage
of time. The numbers of viable so0il bacteria in Lhé discharee were
not related to time. This suggests that fhe numbers of viahle hacteria
in tﬁe soil did not change significantly during the winter, TPerhaps
thig is to he expected since thev are presumed to be normal soil
inhabitants..

At the experimental pasture, Brickrow, the concentration of «oil
bacterio and the flow rate of the drain discharpge were hest fe]nLod
by an equalion ol the form Y = a + hX + dX2 (Y = log bacterial
'connontration: X = log flow rate) whereas the dala on the concertration
ol Taeccal bacieria in tue droin diccharge was best related Yy an
equation of the form Y = a + bX, if the time relationship was ignored,
These different equations prohahlyv do not reflect any real dilferences
in Lhe behaviour of the two groups of bacteria. 11U is possible fhat
if the water samples in the carlier studies had been collected in a
few minutes instead of over 24 h andvmorﬂ samples exnmined, then the
relalionship of loe concentration of faecal bacteria Lo lor flow rate
micht alse have heen non~linecar,

To foeilitate the couwparison of the resulis on sojl hacteria
with those on Paecca! bhacteria, a linear log=~loe regvession curve was

fitted Lo the woil bacleria resulis. This equation waw

-

Y = 8,01 + 0,680 (&£ 0,043)N 4t iiivnnonnnne 5
arel it explains 68 per cent of the variation in Y, 't is noteworthy,

particvdarly since the faccal bacteria studv wes done three renrs




FTCGURE 27

Relationstip between concentralion of particles in Arninage

water ard drainage rate,

Continuous line = relationship between concentration of soil
bacterin-and draimge rate at the
experimental. pasture, PRrickrow,.

Dashed line. ~ relationship between comentration of
particulate natter ( 0.45/nﬁ) and drainage
rate of a forest in New Hampshire (data of

Bormann, Likens and Laton, 1969),
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earlier than the soil bacteria study, that the regression coeflicient

on X is not significantly different from those ohserved for I, coli

(0.521, Equation 1) and enterococci (0,701), but it is appreciably
higher than that for E, coli,(Equation 2), This would appear o
support the previous sugcestions that the value of the re&resgion
coefficient is dependent to some extent on the mtinre of particular
hacterial ée]ls and Lo soil tvpe.

The fact that the s0il hacteria data hest fitted a cufvn deseribed
by a quadratic equation is interesting because Bormann, Likens and
Eaton (1969) obtained a similar equation relating concentration of
pﬂrtinu]aﬁe matter (i.e. material passing throngh a 1 mm nmesh net
and retained on Millipore filters, pore size 0.45/um) in a siream
and the flow vute of the stream. To compare the two equations they
were both expressed in terms of drainage rate (1/s ha) ratbor than
flow rate (1/s), hecause it seems likely thal it is the rote of
movemoni of woter through soil that is imporlant, rather 1han Lhe actlual
{low rate of the drain or stream, The équation for 1he releiionship
between the conceniration of =o0il bacteria in draincoe water and
drainaze rate at Brickrow was

Y o= 0.34.+ 2.245X + 0,365X°
and that for the concentralion of particles in a siream and draincee
rate (Bormann gi_gl) was

Y = -0.37 + 0.803X + 0.328X° .

The Lwo ecurves obtained from these equatione sre nlotied in Fipure 27,
As the rew. 1t lor viable s0il bacteria refer to heeclevia in deainace
vater from 0,7 ha of farm land and Lhe resulis of “ermano ef o) reler fo
pariicvlate maller, rresumably including inanimele polerinl and viable

hacteria, in a sirea drainine 13,23 ha of forest in New lanpehire.
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the degree of similarity in the shape of the curves is surprising.
However, both curves relate mainly to sub-surfacc drainnpe water.

This raises the possibility that the relationship observed hetween

the conceutrationlof small pafticles in sub-surface drainnge water

and flow-rote may be a general one, at leést over the range of drainage
rates investigated. That this relationship is different from the
linear log~log relationship generally observed hetween suspended solids
load and flow rate of streams and rivers. (Hoak and Bramer, 1956;
Leopold and Miller, 1956; Leopeold, Wolman and Miller, 1964) can
posgibly he attributed to the different nature of the particles examived,
Sugpended g0lids in rivers and streams particularly at high [low rates,
include particles that will sediment rapidly under gquiescent conditions
whereas the particulate matter examined by Bormann et al and the
hacterial cells studied here sediment only very slaowly,

Bormann et al (1969) suggested that the shape of the curve
illustrated in Fig, 27 (i.e. the values of coefficients b and a)
reflects holh the capacity of water to do work as its velocity increnses,
and the relative ease or difficulty with which moving water of a given
velocity can rem&vc material from an ecosystem, This lalter factor
they called the erodibility of the ecosysten, a term thét could also
be ﬁsed to describe the relative ease or difficulty with which bhacilerin
adsorbed to soil particles are removed by moving waler., The similarity
of the value of constant d in both equations sugpests thal the capacity
for water to do work as its velocity increases is the same in both
casesg., The lower value for copnstant b in the equalion of Bormann ct al,
when compared with cnnstant‘b in the equation for the concentration
of soil bacteria in drainnge water, sugpests that the hacteria were
more easily removed from the soil at Rrivkrow't%an the particulate

matter was from the soil in New llampshire. This difference mav he
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due to difierences in the nature of bhacteria and particulale matter,

or it may he due to a number ol other factors. Bormann et al supgrested
that the erodibility of a component of an ecosys tem would bhe affected
by factors such as the type of particle, s0il type, the degree of
ageregation of soil particles, and the type and amount of vegetation,

Examination of the concentrationsg of the soil and Taccal hacteria
in drainage water at the experimental farm, Culbae, in the ahsence
of recent slurry application, also shows a positive relationship
hetween the concentrations of all three groups of bacteria and
dreimpge rate (Figs, 21 24)., However, the rate of increase in the
concentration of bhacteria with an increase in drainage rnte was higher
than the corresponding values obtained at Brickrow. This stiagests
that bacteria were more easily removed from the soil at Culhae, than
From the soil at Brickrow, and may reflect the differences in soil
type. At Brickrow the soil was imperfectly drained wheress at Cnlhac
the soil was very free drainivg. TFurther estimtions of bhacterial
concentrations in the draimage water at Culbae, in the absence of
recent. excrement application, particularly ot Tow flow rates, helween
0,001 and 0.1 litres per second, may confirm these sugrestions.

Apart from a paper by Leninger and McClesky (1953) 1beve is litile
information available on the relationship helween haclerial concentiration
and the flow rate of rivers and streams. These puthors did net ohgerve
a constant relationship hetween faecal bacterial concentraliors and
rainfall: in some instances, baclerial concertrations were higher
at times of high rainfall than at tinmes of low rainfall, and in others
the reverse was true, Hobhins, lowells and Kriz (1972} studied the
runoff from o variety of water catchment areas. HRegression analyvsis

revealted high correlalions between total organic carbon concentration
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in runoff water and ? variety of other pollution indices, ipcluding
faecal coliform concentration., Multiple regression shalyses with
numbers of animals, flow rate, and temperature as independént variahles
and the pollution indiées as dependent variables did not yield
significant equations for predicting stream pollution, They stated
that "high coefficients of deﬁermination for some of the land runoff
data showéd promise that such‘equutions may be developed from a more
detailed and longer—terﬁ studyv, especially if prediction equations
included effects of more hydrological variables", and also "The
pollution indexes for all sites except N'O3 a# [one sité} increased
subgtantially, with surface runoff paralleling the hydrographs except
for slower recessions tham for surface runoff. Changes in magnitude
of the imdexes were greater for higher rates.of surface runoff except
for bacterial indexes. The hacterial cbnnts were higher during the
May period even though the flow vate was 1eés because of warmer
temperatures." Apart from the ambiguity of some of these statements
the report does not make it clear whéther or wt actual or mean
results of each variable were used in the regression analyses; It is
not possible to decide whéther or not their results confirm ov
contradict the results of this report, on the relationship between
bacterial pollution of land drainage water and drainnge rate. T1 is
even doubtful if the report of Robhins, Howells and Kriz contributes
any significant information to knowledpe about Tactors affecling

stream pollution with drainage water from agricul tural land,
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Soil hacterial flora and losses in drainage water

The hacteria, isolated from the drainage water of the pasture at
Brickrow on m-plate count broth during the winter 1971-1972, are
helieved to be representatives of natural soil bacteria rather than
of an intringic drain water flora or other habitat. The ahsence of

Escherichia coli and enterococeci in the water samples excluded tle

possibility that they originated from faccal material. Tt seems
likely that some goil bacteria would find their way into drainnge
water, since the earlier results show that faecal hacteria deposited
initially on tbelsurface of the land appear in drainape water,
Furthermore, the short time interval between Lhe applicotion of large
volumes of animal exerement to 1he land and the anpearance of high
concentrations of laecal bacteria in the drainage water indicated
that the mean residence time of water in the drain is 1oo short to
alTow much orowth of bhacteria in the drains. Towever, the possibility
that some of the bacteria in the‘watnr originated from the walla of
the drains or from vegetotion from the surface of the land cannol be
excluded,

Ti it is aceceptoed that mogt of the bacteria in the drainoge waler
cawe from the =o0il, then the total number of viahle soil bacteria
in the drainame wvtef discharged over a pericd of fonr monlhs represented
about 0,1 per cent of an egtimate of the total nmumber of wviable hacieria
of the same tvpe in the soil ol the experimental pastiure, 5iﬂ?0 woaier
does nol, usnally Tlow Frowm the drain Cor more than =ix months of 1he
vear, tlhe maxinum amual losg of hacleria from the s0il b ilis route
would only he G,15 per eent of Llie total soil population., Vven if
the growlh rabe of haecterin in the soil is as low as tie lowest esiimates

(Gray and Williams, 1971) this loss is ar ineienificant fraction of
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the anrmual production of soil bacteria. This conclusion does not
exclude the possibhility that loss of bacteria by woshout in drainage

water could be important in some soil types or climatic condifions.

iffect of numhers of faecal hacteria in soil on concentrations in

.

land drainnoe water

In the absence of further additions of faeces, the numbers of
viable laecal bacteria in or on the soil and vegetation at any time
must depend on: (i) the numbers originally deposited on the land;
(ii) the rate at which viable organisms are lost from the land hy
death and/or washout. No attempt was made to determine the nmumhers
of laccal bacteria in the so0il. Therefore there is no direet information
on lhe relationship between hacterial numbers in the «0il and their
concentrations in the drainage water.

The valve of comstant a in the repression equations of tlhe
relationship hetween the comcentrations of laecal bacteria and the

flow rate of Lhe discharge at Brickrow, (i.e. lon hacterial cencentration

10
when Lhe flow rate is 1 l/s and z is zero davs) would, in some manner,
relate to {hie numbers of bacteria in the soil and vegetation, In this

connection, it mayv he sipgnificant that the valne of constant a is '

higher for Tscherichia coli than for enterococei, as E, coli arc

cenerally more mmierous in animal faeces than enlerococei. The even
higher values of econstant a in the regression equation for soil hacteria
also supports the assumplion that constant a is velanted to the hacterial
nambers in the soil and vegetation,

The time lPaclor {¢ davs) in the regression equation for faecal
bacteria can then be interpreted as a correction factor for constant a,

Ao take account of the decline in the numhers of viahle faecn! bactoria
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in the soil wifh time. 'This decline could he due ecither to death
and/or consunption hy predators or to progressive washout from hLhe
soil, or to both, Again, since faecal bacteria in the soil were not
counted, it is not possible to evaluate the relative importance of
these factlors,

The 90 per cent reduction times for bacteria in the drain diecharoe
of the experimental pasture, Brickrow, (57 davs for E. coli and 96 days
for enterococei) are more than four times lonper than those recorded
by van Donsel, fGieldreich and Clarke (1967) for L, coli and

Streptococcus faecalis var, liquefaciens which had heen inoculated

into soil., These authors recorded maximam 90 per cent rednction times

of 13.4 days for 1. coli and 20.1 days for Str. faecalis. 7The different

result may be due o the experimental method, or mav bhe due 1o other
factors, such as soil tvpe., Purther information on Lhie concentrations
ol faecal hacteria in water draining:from different soil types to

that at Brickrow, such as Culbae, in the absence of recent exerement
application, mav help to evaluatehthﬁs possibhility.

The gquantity of excrement applied annually to the land at Culbae),
abhout 300 m3 per hectare, was more than double the quantitvy applied
annually {o the experimental pasture, at Brickrow, betwecen dApril 1968
and April 1971, The range of concentrations of . coli was from
1.2 x IO] to 1.9 x 105/1, and enterococei from 8,0 x ]01 to 1.8 x ]Oﬁ/l
at Culbae, 1t has a[ready been suggested that, at Culhae, bacieria
were more easily removed from the soil by movine woter than al Hrickrow,
Unless {he numbers of faecal bacteria lost from the soil by washont
represent a large nercentape ol the nunhers depogitoed on Lhe soil,
the range of cencentrations of fanvﬂ} bacteria in drainane woler at

Culhae, in the ahsence of recentl excrement application, mav he expected

v

2%
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o he higher than 1hat at Brickrow, The fact (hal they are similar
suguesl« that the rate of decline of viabhle cells in Lthe scil is
congiderahly greater at Culhae than al Briclrow, This mav he due lo
inereased washout of cells or other factors., Turther examinations

of dreinage water samples and continuous meosurement of drainoge rate
are necessary in order to estimate Lhe annual loss of faecal bacteria
fror the soil at Culhae.

The mean annual precipitation between 1916 and 1950 in both
Wigtownshire and the Auchincruive area was about 1,000 mm
(Meteorolorical Offiece, 1971). Because of the Tree drainage
properties of the soil at Culbae, the rate of discharpe of precipitation
Llrouph the soil into the drains is greater than that at Brickrow.
Therefore, althouph {ihe annual precipitation is similar in hoth
arcas, the washout ol hacteria into drainage water may he greater at
Culbae than at Brickrow,

1t is also possible that the survival time for faeecal hacteria
in the soil at Culbae is shorter thau that at Nrickrow. Beard (1940),
and van Donsel, Geldreich anﬁ Clarke (1967), suggested that the main
factors which influence the survival of bacteria in different soilé
were pll values and moisture levels, rathev than soil type. The
drainage properties of the goil at Culhpe make it likely that the
hacteria remaining in the éoil are more frequently subjected to low
moisture levels fthan the bacteria in the soil at Brickrow and the pH
value of the soil at Culﬁae (Table 14) was lower than that al Brickrow
(Tabhle 11). Since the numbers of faecal bacteria in the soils were

o

not. monitored these posgssibilities cannot he evaluated.
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Fffect of excrement application on the concentrations ol faecal

bacteria in drainage water

The application of. large volumes of semi-liqnid pig excremenrt to
two different areas of grassland over short periods of time caused
large increnses in the concentrations of faecal hacteria in drainage
water. In each experiment the volume of slurfy applied to the land
was insulficient Lo cause any detectable increase in drainage rate,

The different maximum concentrations of faecal hacteria ohtained
in each experiment were largely due to variation in the dilulion by
ground water. At Brickrow, the water samples examined comprised only
water draining the area of pasture sprayed with excrement, but the
drainage rate during experiment 1I was twice the drainage vate during
experiment I. At Culbae, the water samnles examined comprised watcer
draining an area ahout six times the area of land spraved with cxcrement,
and the drainape rate during the experiment was ahoul one to two times
ihe drainage rate of that at ihe pasture at Briclkrow during experiment 17,
Despite the increase in dilution, the maximm numbers of L, coli fourd
in the draimage water at Culbae were abhout 117 times the maximmm ‘
concenlration reached in experimenl IT and 12 times that in experiment [.
The time inlerval between siarting to sﬁray excrement onto the land
and-the inerease in the nunbers of faecal bhacteria in the drainoage
waler was also shorter at Culbae than at Brichrow. This =horter
time interval, and the increased maximum concentrations of faecal
hacteria, are probably due to the hetter drainare characle istics of
the s0il al Culhae,

The total nuwbers ol F. coli discharged in (e drainane waler af
Arickrow in tPe 36 h followine the start of exerement applicaiion

(experimnnts T and IT) and a rouph estimate of Lhe total number applied




TABLE 21

Estimation of the fraction of Escherichia coli, applied to the

pasture in pig excrement, that was discharged in drainage water

within 36 h of the start of application to the pasture.




TABLE 21

ixperiment
I IT

Volume pig excrement applied to
pasture (litres) 2 x 107 a2 v 107

. - . 13 13
Number of E., coli in pig excrement 2 x 10 2 x 10
Water discharged during 36 h (litres) 2 x 104 4 ¥ ].04

' 9

E. coli discharged during 36 h - 7 x 107 1 x 1010
E. coli discharged/applied 1/3000 1/2000




to the land in the excrement, are shown in Table 21. fomparison of
thése ligures sugpests that the numbers of viable I, coli discharyed
in the drain represented ahout 1 in 3,000 in experiment T and 1 in
2,000 in experiment 1T, of those applied. ‘Similar calculations of
the nmumbers of faecal bacteria discharged into drainnge water at
Culbae were not possible, because of inaccuracies in the measurement
of drainage rate. Wowever, if the drainage rate is only assumed to
be equal to that in experiment TT and the concentratinon of faecal
bacteria in the drainage water before spraying started also supports
this assumption, then the numbers of viable E, coli discharged in
tﬁe 36 h following the start of excéement application represented
ahout 1 in 160 of those applied. This again may be due Lo the hetler
drainasge characteristics of the soil at Culbae, bul hecause of the
large volumes of excrement applied annually to the land, the numbers
of viable arganisms remaining in the soil would still he expreled to

be bigher than the numbers in the soil at Brickrow,
Chemical pollutants in drainage water

Iv the absence of recent excrement apnlication to {the land, the
concentralions of chemical pollutants in drainnze water al Culhae
were higher than those at Brickrow, but they were all usnalle helow
levels considered to he a pollution hazard,

When excremenl was applied to the pasture at Drickrow, only small
changes in the levels of chemical pollutants in the drainnre waler were
detected, This relative lack ol chemical polluta-tls is attributed

to the combined effect of Tillration and of adsorption of solid malerial
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to the soil particles. At Culbae however, large increases in the
loevels of chemical pollutants, in particular the concentration of
Biochemical oxygen demand, occurred during the spraving period, but
returned very rapidly to their normally low lcvels when the spraving
stopped.

The differences in the results obtained Trom @ulbae and Brickrow
are attributed to poorer adsorption and the fTree-draining properties
of the soil at Culhae, and to the different composition of the
excrement, As a result of the whev diet of the pigs at Culbae, the
volume of excrement per pig was approximtely twice that per pig at
Brickrow, The exerement at Culhae had a lower suspended solids
concentration and higher biochemical oxygen domand/suspen1ed snlids
ratio, Tt was therefore more likely to cause an increase in the

levels of biochemical oxygen demand of dratnage water,
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CONCLITSTONS

The survival of salmonellae in pig excrement on farms

The excrenment from intensive units for pig hreeding andfor
fattening is Trequently sprhyed onto adjacent grassland through
rain-guns, or by vacuum tanker; .Since pigs are often housed
throughout the vear, and not just in the winter, it is unusual to
store pig excrement as long as catﬁle excrement, It may he
sprayved onto land within a few hours of excretion, or‘after storapge
for a few days or weeks,

Tf high concentrations of galmonellae are excreted bv a numher
of pigs in an intensive unit, and the slurry is spraved immediately
onto grassland, then numbhers of the pathagens mav bhe exvected in
the aerosols produced during spraving and high numhers will he
deposited onto the land surflace,

When the exerement is stored as a slurry, the numbers of
salmonellae would be expected to decline with inereasive sfurare
time., The rrsulls of this veport provide cvidence that the activity

of annerobic hacteria influcuers the rate of deeline of vieble

Solmonella dublipn. Ninety per cent reduction of inceculated rells

oecurred in 30 dave when acid fermentalions redreed the pHowalue
of the slurry below 7.0. Later, when methanoreuesis redoced the
acid coue entrations, the 90 ner cent veduction Lime incrensed to
more than 60 davs. lowever, if larpe mmbors of spltmonellie are
excreled, hen large mmbers will still be present in {he slurev

even afler a 90 or N9 ner cenl veduction, furiher evperirents are

110

necessary to determine it the reduclion tires for othor salmanellae are
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similar to those for S. dublin, but due to the large numher of
serotvpes found in the intestines of pigs, and the dangers of
handling some of these in the laboratory, it was thought that the
use of a variety of serotypes‘would.not have provided suflicient
additienal data to merit the risks involved,

The incrensing distributionm of serotypes such as S. dublin and
S. typhimurium may he due to these serdtfpes being more tolerant to
a wider range of en%ironmental factors, than host;specific serotypes

such as 3. cholera-suis. Newell (1967) and Morvehousze (1972) surgest

that only those serotypes which are of gignificance to animal and
public health need be considered in the control of salmonellosis.

When pigs become infected with 3. cholera-suis the development of

cliniecal infections usually neccessitates control of the pathogens
within the herd, Iowever, infpction with other serotvpes of salmonellae
are not often detected or controlled. Therefore precaulions asninst

disseminmtion of salmonellae via infected excrement mav be necessary,

The survival of salmonellae during aerohic hiological treatment of

pir excrement

Aerohic biologic al treatment of pig exerement is being developed
as a melhod of reducing smell and pollution nf wanter-coursea, In
most cases lhe vroducts of lreatment are snrend over the surfece of

s

land, The studics on the survival of lscherichia coli ond

Salmonella duhlin in the aerabion vescel of a labaratorvy treotument

unit stpnort the idea that {lhese organisms become pesociabed with
the sludre flocs and only low numbers remain in (he scvernatant,
Although there wrs a reduction in fthe muwbers of I, coli in

{thie sludge, particularly at low loadine rates, a solids residence
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ﬁime of 15 days only resulted in a 99 per cent reduction from the
initial comentration. When S. dublin was inoculated into the mixed
liquor of the-aeration vesgel, there was an initial rapid reduction
of their numbers in the supernatant and it was thought that this may
have bheen largely due to such factors as protozoal pgrazing., By the
third day, however, 0.1 per cent of thé inoculated cells had bhecome
associated with the sludge flocs. These cells then survived at
least as well as E. coli in the flocs. If the salmonella had bheen
present in lhe slurry fed to the neration vessel, then it seenms
likely that their survival would have heen similar to I, ecoli.
Unless storm water from roofs and yards is piped into slurry
tanks, only small volumes of liquid effluent will he produced for
discharge. The main product of any biological svstem for treating
animal excrcﬁent will he a residual sludge. Tf, in the fulure,
this material is to be considered as a source of micymbial protein
Lo supplement animal feeds, then the possibility that pathogens
could still be present becomes an even grealer hazard to animal

health,

Bacterial pollution of water—courses following land treatment of

animal excreta.

Since il is likely that some pathogens rxcreled in animal
faeces will survive storage on a farm, then spra-ine infeelive
materinl onto prassland conld prodwee a health havard fo erazine
animal = and Lo animals drinking water from droinave ditches.

The resnlts reported lerce show thalt, frem hoth frec-drinking
and imperfect]y draining soils, high concentralions ol faecal

hacteria can he delected in the droimage walter Tor approximatel




twn days following the spraving of slurry onto land. There is no
reason to suppose thaﬁlpathogens, such as salmonellae, would hehave
any differently, The short time interval hetween spravine and the
appearance of faecal bacteria in the drainage water maies it unlikely
that die-off of less resis tant pathogens in the soil would occur,

Tn the intervalg hetween slurry applications, the nuahers of
bacteria in drainmage waler are mainly affected by the flow rate of
water through the soil and by the numbers of bacteria in the soil,
The numbers of bacteria washed oul of the soil of both catchment
areas studied appeared to be insufficient 1o significanily decreasc
Lhe numbers remaining in the so0il hetween slurryv applications, Tt
is unlikely that the numbers of enteric bacteria washed out of
clay soils wouldibe as high as the nuwhers washed out of the two
s0ils studied here. Therefore the nunher of viable pathogens in
the soil largelyv depends on the number in the slurry, their survival
time in ke s0il anl the time between slurry applications, ‘lthough
soil tvpe or the pil value of bLhe soil may influence survival, there
are répnrts (Veord, 1940; Nottingham and Urselman, 1961; fTavlor and

Burrows, 1971) that salmoncllae can survive in soil lov as long as

K. coli.

fFurther studies (ncw in proaress) on bthe numhers of hacleria
in drainnge waler from clay soilsg may show a similar relationship
hetween their concentration, drainage rate and numhers in the soil,
unless thie incrensed chances of fissuring disturhs this relalionchip,
I similar relationships do exist, it i« likel+ that (he rate of
inerepse in conucentration of hacteria in draivose water with
inereasing drainoce rate would he less for clav =oil, thon the

rates ohzsovrved for the two seils descrihed,




114

Aerohic treatment of animal excrement may reduce the numhers
of viable enteric bacteria, particularly {n the liquid phase.
This should reduce the numbers which may he discharged to a water-
course immediately following spraying of a residual sludge onto land,
So far it has not been possible to imvestipate this hvpothesis,
because of the mon-availability of & residual sludge frowm an aerchic
treatment unit at a suitable time,

I is evident, under pregsent Tarming practice, éhat relatively
high numbers of salmonellae can be discharged to a wntcf—course for
a short time following the application of contamivated slurrv to
land., 1f contﬂﬁinated slurry is applied to land at frequent
intervals then low numbers of salmonellae are likely to be continually
discharged to water-courses bhetween applications. The numhers
discharged would depend largely on tlhe amunt of precipitation,

. - \

evanotranspiration anl the drainage properties of the soil,

Teallh hazards

Little is known ahout the Qathogeninitv of salmonellae after
proloneod survival outsile of its host, in excrement, in amacrohic
or acrohic conditions, or in soil, or water., The numhers of
organists that need to be ingested before infection oecurs varies
with different serotvpes and hosts, Newell (1867) suggesied thai
il would be impossible to reduce all salmoma']]ne in the environment
to ingignificant levels, in a similar war to other nolhorens, such ne

tycobacteriun tuberculosis in Grent Iritain,




Since anly a lew serotvpes are important in animal and hwsan
tealth, it mav bhe desimahle to consider reducing their numbers only.
The "food-poisonine" saliwonellae are carried ard coxcreted by donestic
aninals, especially pirs,  The wain sources of infection are animal
feeda, infeeted animals, ahattoirs and food precessing plants,
liowever, heecause of the lack of correlation belbween serotypes
found in clinieal cases and the serotypes in the enviromment of the
diserrod animal or human, othef major sources exist (Knmpo]macher,
fuinee ond {larenherg, 1962; Skovgacrd and Nielson, 1972)., Scveral
authors (linrhes et al, 1971; Newell, 1967; Newell and Wiiliams, 1971
Horehouse, 1972;  and Skovgaard and Nielson, 1972) sugeest that
stricter controls must be maintaimed on the farm. This includes
inproved hushbandrvy techniques, detection and elimination of infectéd
animals, and greoater care in handling infected excrement.

It is evident from the results veported liere that salmonellac
mav gurvive anaerohic storage and aerobic biological treatment of pig
excrement, Prolonsed storage will reduce the numhers of viahle
salmonellae present but reduction to insignificant levels may require
storace times in excess of 12 months. The solids residence time in
aerobic treatment upits designed bto reduce smell and solub]é Ban
prior (o land {reatment of the material, or for the productieﬁ of
microbial protein, is also. unlikely to he sufficient for the reduction
of viable salmonellae to insignificant levels. Disinfection of
residual sludges and supernatants by appropriate methods such as
extended acrohic treatment, pasteurization or chlorination, may he
desirable in some cases.

When excrement containing viahle snlmonellae is sprayed onto
land some of the organisms will pass through soil intd draipmage

water and thence to a water~course. In some cases it may be




deéirahle to apply small volumes of slurry frequentl v to laund
rather than large volumeé occagionally, or it may be betler to
apply slurry during periods‘of low rainfall and/or. high
evapotranspiration, The studies at Culhae sugpest that gfeﬂLer
attention to the drainape properties of the so0il and the expected
annual precipitation of particular areas mav he advisable in the
siting of new intenéive animal production units. Where this is
impractical , alteration of the properties of the material, by

me thods such as aerohic treatment, may prn?ide a solutian, At
present it appears that the change frem the prodiction of Tarmvard
mapure to a hvdraunlic system of handling excrement increases the
chances of pathogen survival, and the prohabi]ity of 1heir
digsemination in the enviromment. This hazard exists even in areas
where.innreased chhemical pollution of water—courses dves nol oceur

and where the prohlem of smell is not imporlant.

11




APPENDIX T

Data from studies of land drainage water,
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Table iv., Data from experimental pasture, Brickrow, Octoher 1970 (Fig, 17).

Atmo spherie :
Temp G Rainfall - Flow

Date Min, Max, Hm 1/s I g_g_}_i_/l Enteroe r_mci/l
1/10/70 9.4 1.4 - 14,0  0.235 2.4 x 10° 1.5 x 10°
0/10/70 7.2 11.7 1.3 0,220 6.1 x 10° 1.9 x 10°
2/10/70 6,7 1.4 8.6 0.120 1.6 x 10° 5.4 x 10°
4/10/70 8.3 144 2.6 0.120 2.2 x 10° 1.0 x 107
5/10/70 8.9  12.2 5,0 - 0.238 1.1 x 10° 1.6 x 10°
6/10/70 7.8  10.6 2.5 0.140 - -
7/10/70 7.2 13.3 TR 0.085 8.2 x 10° 2.6 x 10°
8/10/70 7.8  11.7 - 0.036 .2 x 10° 1.1 x 10°
9/10/70 4.4  12.8 0.1 0,017 3.8 x 102 6.0 x 101
10/10/70 8,9 14,4 - 0.012 4.0 x 105 s.8x 10t
11/10/70 6.7 15.6 5.6 0.012 3.2 x 10° 5.1 x 10°
12/10/70 9.4  16.7 0 0,010 3.9 x 10° 4.0 % 10"
13/10/70 0.4 18.9 TR 0.012 3.8 x 10° 2.0 x 10
14/10/70 8.9 18,3 - 0.006 3.0 x 10° 1.0 x 10t
15/10/70 9.4 13,9 - 0,005 3.9 x 107 9,0 v 10!
16/10/70 7.2 14,4 - 0.003 2.4 x 10° 4.0 x 10!
17/10/70 8.9  12.8 TR 0,003 - L
18/10/70 8.3 13.3 7.1 0,003 6.0 x 10~ 6.0 x 10t
19/10/70 7.2 10.0 0.8 0,003 2.9 x 10° 1.0 x 100
20/10/70 4.4 7.9 TR 0,003 4.1 x 10° 9.0 x 10!
21/10/70 1.1 2.9 - 0.003 2.4 x 105 1.9y 10"
22/10/70 5.0 11,1 - 0,003 1.3 x 10" 5.0 % 10
23/10/70 7.8 11.7 6:9 0.003 2.8 x 107 1.1 v 107
24/10/70  ®,9 12,0 15,0 0,120 2.0 x 10 3.5 x 107
05/10/70 7.8  10.0 0.5  0.205 4.4 x 10° -
26/10/70 6.1 8.9 1.3 0.110 5.5 x 10° 400 x 10
07/10/70 3.3 11,7 1.1 0,142 2.0 x 10 9,1 x 107
08/10/70 1.1 5.0 6.6 0,190 8.2 x 107 1.0 ¢ 10
29/10/70 2.8 3.3 1.7 0,330 9.4 x 10 5.0 5 107
30/10/70 9.4 13.9 1,6 0.775 5.0 x 10° 1% 107

21
31/10/70 2.3 15.6 27,9 0.850 9.8 % 10 a4 x 107




Table v.. Data from experimental pasture, Brickrow.

. = O .
Experiment I, 55 m /11a pig excrement spraved onto

pasture (Fig, 18},

Time  Rainfall Flow E. coli Enterococed
Date h ey 1/ pH colonies71 colonics/1
. 3 o
28/10/70 1400 0.1 0.125 1.0 x 10 2,3 x 10
5 4
1600 0.4 0.125 6.6 ¥ 10 3.0 x 10
’ 5 4
1700 TR 0,125 9.1 x IO 9.7 x 10
1800 ™ 0.195 6.0 x 107 1.2 x 10}
2000 9.8 0.130 oo x 100 1.1 10]
r
2900 0.9 0,148 9.7 x 10 1.0 x 107
" H
2400 1.4 0.142 0.1« 107 .0 x 107
20/10/70 0200 0,2 0.150 0.7« 10" 1.0 10
0400 0.3 0,200 5.0 x 107 o v 107
N 5 3
0600 - 0,215 1.2 x 10 9,0 x 10
0200 - 0,915 1.0« 10° o w107
1000 - 0.233 7.0 % 107 a.s v 107
A 3
1200 0,0 N.250 .0 v 107 R R
. 4 M
1400 1.4 0,250 1.0 x 10 1.6 % 10
" :
1600 0.0 0,260 Ay 10t aa g 10”
1200 - 0.267 a0t s e
. - 4 3
000 - 0,967 1 x 10 a0 10
aan() 0,1 0. 967 a0y ot 1, v 10°
] 2
0400 1.4 0. 967 G v et 0 % 10
/ -‘ . . - - o - A
30/10/70 0200 2.3 0. 267 1.7~ N 1,7 x 16
1 "‘

0100 0. 0.300 SICEESE w1

Slupry application 1430-1730L oun 22710770,




Tahle vi. Data frowm experimental pasture, Priclkrow.
fi )
Experiment 11, &5 m”/ha pig excrement spraved ovto pastiwe

{(Fig. 19).

Time Bainfall 1 ow ., coli fnteroconcci
Date h v 1t l/ a pll colo nml colonie s/ 1
o5/11/70 0010 - 0.45 6.7 8.4 x10% 1.5 x 10°
1145 - 0.42 6.7  1.5x 10° 4.0 x 10>

1915 g 0,40 6.7 6.0 x 10° a8 x 107

1945 - 0.40 6.7 4.5 x 100 9.0 x 10”

1315 - 0.38 6.7  5.0x 107 3.2 x 10°

1345 - ©oouse 6.7 4.0 x 100 2.0 v 10”

1415 1.3 0.37 6.7 3.4 x 100 2.4 x 10°

1445 1.1 0.36 6.9 3.0x 10" 1.5 x 10°

1515 0.9 0.3 6.9 3.1« 10" 1.4 x10°

1545 - 0.24 6.9 2,0 x 10" 1.9 x 10

1615 - 0.3¢ 6.0 4.2x 100 1.1 x 107

1645 - 0.3%3 8,7 6.5 x 10" 1,7 x 10"

1715 - 0,33 6.7 4.8x 10" a0 x 108

1815 - 0.33 6.7 6.1 x10% 7.0 x 10°

1900 - 0.33 6.7 5.3x 107 8.2 x 10

2000 - 0.33 6.7 s.2x 10 1.6+ 108

2900 - 0.33 6.7  S.ex 107 1.8 x 10°

8400 - 0.33 6.7 a.5x 10t 1.8x 10

26/11/70 0300 - 0.30 6.6 1.5x 10"  1,5x 10°
0430 - 0,30 6.6 1.1 x 10t 8.8 x 10°

0600 - 0.29 6.7 1l.2x 10% 6.6 x 10°

0900 - 0,27 6.6 9.1 x 10° 7.6 x 10>

1200 - 0.26 6.6 5.4 x 109 5.6 x 102

1500 - 0.04 6.4  5.0x 10° 3.8 x 10°

1800 - 0.23 6.4 8.3 x 10° 4.0 x 10°

2100 - 0.22 6.4 2.6 x 10° 3.5 x 10°

2400 7.2 0.21 6.4 1.4x 10° 1.5 x 10°

Slurry apelication 1015-1215h and 1315-1445h 25/11/70,




Tahle vii. Data from experimental pasture, Brickrow 17/1]/71—24/3/72‘

o -

(o]

TGN R R
& & o =

aw]
o

26
v
28
21¢]

Ve 45

30

Date

17/11/71

18/11/71
19/11/71

22/11/71
23/11/71
24/11/71
25/11/71

26/11/71
20/11/71

30/11/71
1/12/71
3/12/71
3/12/71

6/12/71

7h2/n_

8/12/71

(rig. 20),

Flow
l/s-
0.0022
0.0022
- 0.0780
0.0280
0.,0740
0.0960
0.,0740
0,0600
0.0480
0.0270
0.0220
0,0190
0.0170
0.0130
0,0220
0.0220
0.0220
0.0220
0.0170
0,0170
0.0150
0,010
0.0095
0.,0095
0,0130
0.0110
0,0070

00070
0,0070

0,0070

Nacteria on m~PCR
Vieble Units/1

2.8
7.0
6.4
9.0
4.3

4.6

4.3
3.0

1.1 =

2.7
6.5

1,1

10°
10"
107
10

6.

106

10
109
10°

10%

107"

S0il Temp,

lgcm
C

3.9

3.3

1.7

~0,6

4,1

3.9

108 cin
C
10,0

10,0
9.1

8.0

10,0

8.3
8.3

8.1




Tahle vii (continued)

Date
31 9/12/71
32
33 10/12/71
Y R
35 13/12/71
36
37 14/12/71
38 '
39 15/12/71
40
41 17/12/71
42
43 20/12/71
44 21/12/71
45
46 22/12/71
a7
45 s/1/72
19
50 6/1/72
51
2 7/1/72
53 10/1/72
54 |
55 12/1/172
515)
57 11/1/72
58 17/1/72
59
60 18/1/72
61

Flow

l/s
0,0070
0,0065
0.0065
0,0055

- 0,0029

0,0022
0.0045
0.0055
0.0045
0.0045
0.0036
0.0036
0,0095
0.0340

- 0,0030

0.0095
0.0065
0.0044
0,0036
0,00083

0.0003

0.0003
0,0003
0.0003
0,0600
0.,0550
0.0250
0.0065
0.0085
0.0005

0.0065.

Racterin on m-PCR
Viable Units/1

6

1.7 x 10

1.4

1.6 >

2,4

X

X
X

L

“

106

106

106
10%
6

10
10°
10%

10"
10°
10°

10°

106

107

107
10"

10°
10(:

106

10°
108
10¢
10

106
10"
10

]{)U

108

C

7.6

Soil Tewp.
18 cm

100 cm
°¢
8.0

8.0

8.3

8.3

6.5

6.8

6,

-1




Table vii (continued)

62
63
64
65
66

67
68
69
70
71
72

74
75
76
7
78

Date

19/1/72
al/1/72

21/1/72
24/1/72

25/1/72
26/1/72
27/1/12
28/1/72
31/1/72
o/0/72
7/2/72
8/2/12
9/2/72

10/2/12
11/2/72

14/2/72

T"low

]./s
0.2400
0.2200
0,1100

0,0040 "

0.0510
0,0890
0,0720
0,0480
0.0440
0.0440
0,0480
0,0480
0.0440
0.0250
0.,0440
0.0027
0,0027
0.0012
0,0012
0.,0045
0,0045
0.0028
00,0028
0.0022
0,0022
0,0022
0.0370
0,0420
01,0440
0,0440

X

Bacteria on m<PCB
Viable Units/1

2.0
1.3
1.4
8.5
4,9
1,0
1.2
9.5
0.5
2.3
9.5
6.1

4.7 :

1.6
2.8
1.3

1.3 >

1.3
5.1
1‘3

1.9 3
1.6
1.3 >

1.3
1.5
9.8
3.5
4.9
3.

1.8

The rmometor

x 10°
x 10°
x 10
x 10
% 10
x 10
x 10
x 10
x 10

10

10

X
x
x 10
X
x

0 00 N =~

{]

10

(=B A . = - B R = 2]

x 10
x 10

10

x 10

10°
1o
x 107
x 107
x 107
X 107

broken,

Soil Temp,

10 em
O

2.7
2.0

P

o~ e

102 cm
C
6.7

6.7

6.6

6.6

6,0
6.4

6,3




Tahle vii (continued)

Date

92 15/2/72
93 17/2/72
94

95 22/9/72
96 24/2/72
97

98 25/9/72
99 28/2/72
100

101 29/2/72
102 ‘
103 1/3/72
104

105 2/3/72
106

107 3/3/72
108

100 6/3/12
110

111 7/3/12
112

113 8/3/72
114

115 9/3/72
116

117 10/3/72
118

119 13/3/72
120

Mlaow

l/s
0.0310
0,0450
0,0440
0.00583
0.0027
0.0024
0.0024
0.0036
0,0036
0.0036
0,0036
0.0036
0.0036

. 0.0036

00,0036

0,0036

0.0036
00,0036
0.0036
0.00186

10,0014

0.0018
0.,0016
0,0016
0.0016
0.0012
0,001
0,0007
0,0007

ﬂacteria on m-PLR
Viable Units/1

2.3
3.1
5.4
8.8
6.8
7.1
1.6
1.7
1.6
2.7
2.3
1.3
1.1
1.1
1.1
1.2
8.6
1.1
1.1
1.1
1.0
9.3
9.6
8,3
5.0
'2.7
7.7
9,0
9.6

X
he
X
X
x
X
X

X

10"
10°
10
10
10

10

10°

100

10()

106

106

10°

100

106

106

10°
|4
10”7

10°

10%

[=>1

NN

[#1]

Soil Temp,

10 cm
0.

{

100 em
0,

I
|

5.0

0.6




Soil Temp.

Flow Bacteria on m—PCRH 10 em 100 cm
Date 1/s . Viable Units/] ¢ %5
121 14/3/72 0.0005% 1.6 x 10° 1.0 5.1
122 0.0005 1.5 x 10°
123 15/3/72 0.0003 5.8 x 10° 4.1 5.5
124 0.0003 3.9 x 10°
195 16/3/72 0,0003 5.0 x 10° a1 5.4
196 0.,0003 5.3 x 10° |
197 17/3/72 0.0007 1.4 x 10° 6.2 5.4
128 20/3/72 0.0003 9.3 x 10° 7.1 5.9
129 0.0002 8.3 x 10
130 21/3/792 0.0002 8.0 x 10° 7,0 6.1
131 22/3/72 - 0,0003 8.2 x 10° 6.5 6.2
132 23/3/72 0.0003 9.2 x 10° 7.8 6.3
133 24/3/72 0.0002 1.2 x 10° 6.6 6.4
]

134 0,0003 1.0 x 10
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