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ABSTRACT

The aim of this study was to investigate the survival characteristics of verocytotoxigenic Escherichia coli 

(VTEC) and Salmonella in soil, slurry, farm water and bovine feces. Samples of each of the aforementioned 

media were inoculated with separate cocktails of VTEC and Salmonella and stored at 4 and 14 ºC, repre-

senting average Winter and Summer temperatures respectively. Samples were withdrawn periodically and 

surviving cells enumerated by directly plating onto selective media. Decimal reduction times (D-values) 

were calculated from the inverse of the slope obtained by linear regression of a plot of time versus the log 

of surviving cells. In the latter stages of the experiment, presence or absence was determined by enrich-

ment and selective plating. VTEC and Salmonella D-values ranged from 3.59 to 23.84 days. Temperature 

significantly affected VTEC survival in water (P<0.05) and Salmonella survival in bovine feces (P<0.01) but 

not in any of the other farm media tested. In general there was no significant difference (P>0.001) between 

VTEC and Salmonella survival in a given medium under similar storage temperatures.  However, Salmonella 

D-values were significantly higher in slurry (4°C) and bovine feces (4°C and 14°C).

This study provides critical comparative data on VTEC and Salmonella death rates in a range of environ-

ments commonly encountered on farms to support the development of quantitative microbial risk assess-

ment (QMRA) and provide the scientific basis for an effective good agricultural practice (GAP) food safety 

program.
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INTRODUCTION

Cattle serve as a source of both Salmonella and 

verocytotoxigenic E. coli especially E. coli O157:H7, 

which are shed in the feces without any clinical symp-

toms (Losinger et al. 1995; Alice, 1997; Rasmussen et 

al. 1993). Few studies have addressed the survival of 

E. coli O157:H7 in soil, feces, slurry and water and 

none has integrated survival in the different media 

into the same study nor have provided comparative 

data for Salmonella spp. Furthermore, data on Sal-

monella survival rates in the farming environment is 

absent. 

Under current EC regulations all food proces-

sors have a legal responsibility to provide safe food. 

Hazard analysis and critical control point (HACCP) 

is generally regarded to be the most effective ap-

proach to food safety, but is not a legal requirement 

during primary production in Europe. Effective food 

safety is therefore dependent on good agricultural 

practice (GAP) (Horchner et al., 2006). Risk assess-

ment, which provides a quantifiable metric on the 

effectiveness or otherwise of specific farming activi-

ties, is a prerequisite to an effective science based 

GAP covering such issues as farm waste manage-

ment and biosecurity.

However, there is limited information available 

for on-farm risk assessments (McGee et al., 2002; 

Semenov et al., 2008; Williams et al., 2008,) and in-

sufficient data to fully characterize verocytotoxigenic 

Escherichia coli (VTEC) and Salmonella enterica sur-

vival in the farming environment. Specific data on the 

persistence of these two pathogens in slurry, water, 

feces and in soil is therefore required. Mismanage-

ment of animal waste, in particular, will lead to direct 

or indirect infection of humans (Vernozy-Rozand et 

al., 2002; Guan and Holley, 2003). Survival data for 

VTEC and Salmonella in the main environments en-

countered on the farm will aid in the development of 

proper science-based management practices which 

will in turn decrease farm to fork transmission.  The 

objective of this study was therefore to provide com-

parative data on VTEC and Salmonella survival in 

slurry, soil, water and bovine feces.

MATERIALS AND METHODS

 Organisms

A VTEC cocktail and a Salmonella cocktail com-

posed of isolates of farm origin were chosen for this 

study. The former included bovine and ovine E. coli 

O157:H7 strains and an untypable canine strain. The 

canine strain initially serotyped as O157:H7 (hence 

its addition in this study) but was later discovered to 

be untypable. The Salmonella organisms included 

bovine Salmonella ser. Dublin and Salmonella Ty-

phimurium DT104 strains, along with a Salmonella 

Typhimurium DT193 isolated from farm trough wa-

ter.  All were obtained from the culture collection at 

Teagasc Food Research Centre (Ashtown), Dublin 15, 

Ireland. 

Collection of samples

Composite samples of farm water, slurry, cattle 

feces and soil were collected from a local farm in 

County Meath, Ireland. Approximately 10 kg each of 

slurry, feces and soil, in addition to 10 l of farmyard 

water were collected and transferred to sterile hold-

ing containers. Samples were transported in a cool-

box at approximately 2°C to the laboratory.

Preparation of inoculum

A cryogenic bead of each isolate of Salmonella 

and VTEC were  aseptically transferred to 30 ml Brain 

Heart Infusion broth (BHI, Oxoid, Basingstoke, UK) 

and incubated for 18 h at 37ºC. One ml was then trans-

ferred to a 30 ml fresh BHI and incubated at 37ºC for 

18 h to obtain a stationary phase culture. The cultures 

were then centrifuged at 3000 g (Eppendorf, Davidson 

and Hardy, Ireland). Cells were washed three times in 

sterile Maximum Recovery Diluent (MRD, Oxoid). The 

resulting pellets from the three VTEC isolates were 

then mixed in 100 ml MRD to form a VTEC cocktail. 

The same methods were used to prepare the Salmo-

nella cocktail.  A serial dilution was performed on both 

cocktails, followed by plating onto Plate Count Agar 

(Oxoid) to determine the initial inoculum.
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Inoculation of soil, fecal and slurry samples 
with VTEC strains

Soil, fecal and slurry samples (400 g) were inocu-

lated with 1 ml of approximately log10 8.0 cfu ml-1 of 

the VTEC cocktail to yield a final concentration of 

approximately log10 6.0 colony forming units (cfu) 

g-1. Samples were mixed and stored in 500 g sterile 

plastic containers, in triplicate, at both 4ºC and 14ºC 

representing mean Winter and Summer tempera-

tures, respectively. Uninoculated slurry, fecal and soil 

samples were used as controls. Sampling took place 

on days 0, 3, 9, 13, 21, 34, 42, 64, 76, 88 and 102. Sur-

viving cells were enumerated as described below.

Inoculation of Water Samples with VTEC 
strains

Water samples (400 ml) were inoculated with 1 ml 

of the VTEC cocktail to yield a final concentration of 

approximately log10 6.0 cfu ml-1. Storage and sam-

pling was as previously described.

Inoculation of soil, slurry and fecal sam-
ples with Salmonella species

Soil, slurry and fecal samples (400 g) were inoculat-

ed with log10 8.0 cfu ml-1 of the Salmonella cocktail to 

yield a final concentration of approximately log10 6.0 

cfu g-1. Storage was as per the VTEC above. Sampling 

took on days 0, 3, 7, 12, 19, 32, 40, 60, 69, 81 and 102. 

Inoculation of water samples with Sal-
monella species

Water samples (400 ml) were inoculated with the 

Salmonella cocktail to yield a final concentration of 

approximately log10 6.0 cfu ml-1. Uninoculated wa-

ter samples were used as controls. Samples were 

stored in 500 ml sterile Duran bottles. Storage and 

sampling was as previously described. 

Enumeration of VTEC

The inoculated water, slurry, soil and feces were 

first mixed using a sterile spatula. Ten g/ ml samples 

were then obtained to which 90 ml MRD was added 

before stomaching for 90 seconds. Following serial 

dilution, samples were plated directly onto CT-SMAC 

(Oxoid) in 100 μl volumes in duplicate. Plates were 

then incubated at 37ºC for 24 h. Enrichment cultures 

were used to detect the presence of low numbers of 

bacteria in the latter stages of the experiment. Ten 

g/ ml of samples were enriched 1:10 in buffered pep-

tone water (BPW) (Oxoid) and incubated at 37ºC for 

24 h. Samples were then plated onto CT-SMAC in 

duplicate and incubated as before. The enrichment 

procedure was carried out until the organism was 

not detected for two consecutive sampling days.

Enumeration of Salmonella species

Samples were diluted and stomached as previ-

ously described. Following serial dilution, samples 

were plated in 100 μl volumes onto XLD Agar (Ox-

oid) in duplicate. Plates were then incubated at 37ºC 

for 24 h. Enrichment cultures were used to detect 

the presence of low numbers of bacteria in the latter 

stages of the experiment. Ten g/ ml of samples were 

enriched 1:10 in BPW and incubated at 37ºC for 24 

h. Samples were then plated onto XLD in duplicate 

and incubated as before. The enrichment procedure 

was carried out until the organism was not detected 

for two consecutive sampling days.

Statistical analysis of the results

Each experiment was performed in triplicate. The 

rate of decline over time was obtained by plotting 

surviving cells against time. The line of best fit for 

each set of points was found using linear regression 

analysis (Genstat 5, Statistics Department, Rothamst-

ed Experimental Station, Hertfordshire, UK). The dec-

imal reduction values reported were calculated using 

the average slope (D = -1/slope). The decimal reduc-

tion values were then statistically analyzed using the 

t-test (Genstat 5, Statistics Department, Rothamsted 

Experimental Station, Hertfordshire, UK). Differences 

are reported at the 5%. 1% and 0.1% levels.
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RESULTS 

Neither Salmonella nor VTEC were detected 

in the uninoculated control samples at any stage 

throughout the experiment. At 4°C there was no sig-

nificant difference (P> 0.001) in the VTEC D-values 

which ranged from 3.9 days (slurry) to 8.79 days 

(soil) (Table 1). At 14°C the rate of decline in water 

(D14-value: 3.59 days) was similar to that in slurry 

(D14-value: 6.5 days) but significantly (P<0.001) 

faster to that observed in soil (D14-value: 8.16 days) 

and feces (D14-value: 9.79 days). A comparison of 

the effect of storage temperature found that the 

differences observed between the D-values ob-

tained at 4 and 14°C were only significant (P<0.05) 

in water.

At 4°C there was no significant difference (P> 

0.001) in the Salmonella D-values in water (4.89 days) 

and soil (6.78 days) but the rate of decline in water 

was significantly (P<0.001) faster than in feces (D4-

Table 1. VTEC and Salmonella D-values in soil, feces, slurry and water 
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VTEC 4 Soil 8.79 a 0.0343 NS
Salmo-
nella

4 Soil 6.78ab 0.0236 NS NS

VTEC 4 Feces 7.56 a 0.0169 NS
Salmo-
nella

4 Feces 15.32 c 0.0155 P<0.001 P<0.05

VTEC 4 Slurry 3.90 a 0.070 NS
Salmo-
nella

4 Slurry 11.97bc 0.0215 NS P<0.05

VTEC 4 Water 8.63 a 0.0383 P<0.05
Salmo-
nella

4 Water 4.89 a 0.0189 NS NS

VTEC 14 Soil 8.16 b 0.0132 NS
Salmo-
nella

14 Soil 9.43 b 0.0079 NS NS

VTEC 14 Feces 9.79 b 0.0288 NS
Salmo-
nella

14 Feces 23.84 c 0.0090 P<0.001 P<0.05

VTEC 14 Slurry 6.50 ab 0.0311 NS
Salmo-
nella

14 Slurry 10.51 b 0.0094 NS NS

VTEC 14 Water 3.59 a 0.0564 P<0.05
Salmo-
nella

14 Water 5.25 a 0.0302 NS NS

1 D-values with the same superscript letter are not significantly different (P>0.001). Comparisons were made within a given 
storage condition (4°C or 14°C)

2NS=non significant; for significant differences the degree of significance is indicated. Comparisons were between storage 
conditions (4°C and 14°C)

3NS=non significant; for significant differences the degree of significance is indicated. Comparisons were made within a 
given storage condition (4°C or 14°C)

S.E= Standard error
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value: 15.32 days) or slurry (D4-value: 11.97 days), 

which were statistically similar (Table 1). At 14°C 

the D-values in soil (9.43 days) and slurry (10.51 

days) were statistically the same but significantly 

(P<0.001) slower than in water (D14-value 5.25 days) 

and significantly faster (P<0.001) than in feces (D14-

value: 23.84 days)

A comparison of the effect of storage tempera-

ture found that the differences observed between 

the D-values obtained at 4 and 14°C were only sig-

nificant (P<0.001) in feces.

In general, the D-values obtained for VTEC and 

Salmonella were similar with significant differences 

only observed between the two bacterial cocktails 

in feces at 4°C (P<0.05), slurry at 4°C (P<0.05) and 

feces at 14°C (P<0.05). In each case the Salmonella 

demonstrated better survival.

DISCUSSION

The D-values for VTEC in feces at 4 and 14°C were 

7.56 and 9.79 days, respectively. The former com-

pares with the D4-value of 9.04 days reported by Hi-

mathongkham et al. (1999) for E. coli O157:H7 in the 

upper layers of manure piles. It has been reported 

that colonised cattle may shed up to 108 VTEC (Bess-

er et al., 2001; Fukushima and Seki, 2004) cells per 

gram of feces, suggesting prolonged persistence 

of these bacteria in feces for up to 60 days (Winter) 

and 78 days (Summer) based on this study. Feces de-

posited onto grassland is washed by rainfall into the 

soil (Bolton et al., 1999). During the warmer months, 

when animals are grazing outdoors, cross-contami-

nation of soil is therefore inevitable.

The VTEC D-values in soil at 4°C (8.79 days) and 

14°C (8.16 days) are similar to those previously re-

ported (Bolton et al., 1999, Besser et al., 2001; Islam 

et al,. 2004; Fremaux et al., 2008) and provide further 

evidence that once contaminated, soil will remain a 

source of these pathogenic organisms for extended 

periods, contaminating plants (Islam et al., 2004; Is-

lam et al., 2005), livestock (McGee et al., 2001) and 

posing a risk for recreational use (Moore et al., 1993; 

Chapman et al., 1997; Jackson et al., 1998).

During the Winter months, VTEC are more likely 

to end up in the slurry tank. The D4-value and D14-

value for VTEC in slurry of 3.9 days and 6.5 days were 

considerably lower than the 38.76 days reported by 

Himathongkham et al. (1999) for E. coli O157:H7 in 

slurry stored at 4°C and the 15.27 days reported by 

McGee et al. (2001) for the same organism in the 

same medium at 10 °C. This may be due to differ-

ences in slurry composition, in addition to bacterial 

strain variation.

At 14°C, survival of VTEC in water was significantly 

reduced. This was probably due to increased micro-

biological competition at the higher temperature 

(Avery et al,. 2008). The D4 and D14-values of 8.63 

and 3.59 days demonstrates a longevity that cor-

roborates the findings of other similar studies on 

the survival of these organisms in aquatic environ-

ments (Wang and Doyle, 1998; McGee et al., 2002).  

Farm water contaminated with this organism would 

remain a potential reservoir for VTEC, facilitating dis-

semination and livestock re-infection (Bolton et al., 

1999; McGee et al., 2002). 

The Salmonella D4 and D14-values in soil, slurry, 

feces and water ranged from 4.89 to 23.84 days. 

In general, the survival rates for the VTEC and Sal-

monella cocktails were statistically similar with the 

exception of feces and slurry at 4 °C and feces at 

14 °C, where the Salmonella survival rates were sig-

nificantly higher. These mixed findings are compa-

rable to those of Himathongkham et al., (1999) who 

reported similar D-values for E. coli O157:H7 and 

Salmonella Typhimurium, with the predominant or-

ganism varying depending on the temperature and 

location within the manure pile. Furthermore, in a 

study of the survival of enteric bacteria in inoculated 

feces spread on grass pasture land, Hutchinson et 

al,. (2005) also reported that there was no significant 

difference between the reduction times for the dif-

ferent bacterial pathogens including E. coli O157:H7 

and Salmonella spp.

CONCLUSIONS

In conclusion, the D-values provided in this study 

may be used in risk assessments to estimate survival 

in soil, feces, slurry and water under different envi-
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ronmental conditions and to predict the duration 

of slurry storage prior to grazing land application 

or duration of the soil resting period prior to crop 

sowing.  If the target is a minimal 105-fold reduction 

of VTEC or Salmonella spp., then slurry should be 

stored at 60 days at 4°C or 53 days at 14°C before 

spreading. Fields that may be contaminated with 

these organisms, either as a result of grazing or fecal 

waste spreading should be left for a minimum of 44 

days during Winter or 47 days during Summer be-

fore crops are grown. 
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