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EXECUTIVE SUMMARY

Faecal matter and urine from domestically farmed animals, including sheep, cattle,
pigs and poultry, contributes to the microbial contamination of water, crops and food.
This faecal and urine contamination represents a pathway through which human-
relevant pathogens enter the environment. Sheep and lambs excrete considerable
less faeces per day than dairy cattle (Sheep 1-2 kg; Cattle 20 kg approx.), but their
faeces containing significantly more E. coli per gram- adult sheep 1.67 x 107, dairy

cattle 8.2 x 10 per gram).

Studies carried out in Southland have demonstrated that significant ovine pollution
exists in a number of waterways. Due to the large number of sheep in Southland (4.1
million), the prolonged survival of E. coli in ovine faeces during the warmer seasons
and their daily faecal output (approximately 1 kg per day), a potentially large reservoir
of contamination exists in Southland. During rainfall or irrigation generated overland

flow could result in considerable contamination of the waterways.
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INTRODUCTION

Sheep excrete a number of zoonotic micro-organisms. Several studies worldwide have
guantified the indicator and pathogen loadings from sheep (Cookson, Taylor et al 2003;
McCluskey, Rice et al 1999; Mueller-Doblies, Giles et al 2008; Oporto, Esteban et al 2007;
Stanley and Jones 2003). A study in New Zealand compared the microbial loadings of sheep
and lambs and found that lambs excrete significantly higher concentrations of E. coli,
enterococci and Campylobacter than adult sheep. The same study reported a prevalence of
80.9 % for Campylobacter in lambs’ faeces, which reduced to 30.4% in adult sheep (Moriarty,
McEwan et al 2011).

1.1 SHEEP COMPARED TO OTHER LIVESTOCK

Based on studies carried out by ESR Christchurch on the prevalence and concentration of E.
coli, enterococci and Campylobacter per gram of faeces of different animals and birds the

following table has been developed.
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Table 1Concentration of E. coli in the faeces of various animals

Animal Micro- Conc. Pre- Mean Mean daily Mean daily
(reference) organisms valence | daily excretion of excretion by
(%) excretion organisms 100 animals
of faeces
(kg)

Horse E. coli 4.78 x 10° 98.3 12.5-21 8.0 x 108 7.87 x 10%°
(Moriarty etal | Enterococci 1.01 x 107 100 1.69 x 1010 1.69 x 1012
2015) Campylobacter | 13 34 2.16 x 10° 7.34 x 10°
Sheep E. coli 1.67 x 107 100 1-2 2.51 x 1010 2.51 x 1012
(Moriarty et al. | Enterococci 6.80 x 105 100 1.02 x 10° 1.02 x 10
2011b) Campylobacter | 2.08 x 103 | 30.4 3.12x 106 9.48 x 107
Lambs E. coli 6.04 x 108 100 1-2 9.06 x 1011 9.06 x 1013
(Moriarty et al. | Enterococci 1.44 x 107 100 2.16 x 10%0 2.16 x 1012
2011b) Campylobacter | 3.33x10° | 80.9 4.99 x 10° 4.04 x 1010
Dairy Cattle E. coli 8.2 x 104 99.05 24.8 2.03 x 10° 2.01 x 1011
(Moriarty et al. | Enterococci 4.5 x 102 93.3 1.12 x 107 1.05 x 10°
2008) Campylobacter | 4.3 x 102 63.9 1.06 x 107 6.77 x 108
Black Swan E. coli 1.91 x 108 94 0.418 7.98 x 108 7.50 x 1010
(Moriarty et al. | Enterococci 1.10 x 108 79 4.59 x 108 3.63 x 1010
2011a) Campylobacter | 2.04 x 102 | 45 8.53 x 10° 3.84 x 10°
Duck (Moriarty | E. coli 9.4 x 107 95 0.336 3.18 x 100 3.02 x 102
etal. 2011a) Enterococci 1.01 x 108 100 3.39 x 101° 3.39 x 1012

Campylobacter | 5.92 x 10! 29 1.99 x 104 5.77 x 10°
Canada Goose | E. coli 3.62 x 10* 95 0.250 9.03 x 108 8.57 x 108
(Moriarty et al. | Enterococci 2.51 x 104 98 6.25 x 106 6.13 x 108
2011a) Campylobacter | 4.84 x 10° | 40 1.21 x 10° 4.84x 107
Gull (Moriarty | E. coli 1.87 x 107 | 96 0.05 9.35 x 108 8.98 x 10%°
etal. 2011a) Enterococci 8.96 x 105 | 99 4.45 x 108 4.41 x 1010

Campylobacter | 7.66 x 10% | 59 3.83 x 10* 2.26 x 10°
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Lambs excrete the highest daily loading of E. coli at an estimated 9.06 x 10 E. coli per day
per 100 sheep with adult sheep slightly lower at 2.51 x 102, Sheep and lambs excrete
considerable less faeces per day than dairy cattle (approximately 10%), but their faeces
containing significantly more E. coli per gram - Adult sheep 1.67 x 107, dairy cattle 8.2 x 10*

per gram).

1.2 SURVIVAL IN THE ENVIRONMENT

A field study was carried out by ESR in Christchurch investigating the comparative survival of
two bacterial indicators and one pathogen in ovine faeces on pasture over four seasons. The
selected indicators were E. coli and enterococci, which are recommended by the Ministry for
the Environment in New Zealand for monitoring fresh and marine recreational waters,
respectively. The selected pathogen was Campylobacter spp., because New Zealand has a
high annual incidence of campylobacteriosis (166.3 per 100,000 people). The major finding
from this study was the significant initial increase, in every season, in concentrations of
enterococci in the deposited sheep faeces. Similarly, although less marked, increases were
also recorded for E. coli. These results suggest that both indicators can grow in sheep faeces

when they are deposited on pasture.
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OVINE MICROBIAL CONTAMINATION

Few studies have quantified E. coli losses from pasture due to sheep grazing. A study of a
catchment in Otago estimated the loss at 8.6 x 10° E. coli per hectare per year when the
pasture was grazed by sheep (McDowell and Wilcock 2008; McDowell and Paton 2004).
Another study carried out in New Zealand that compared contributions to microbial pollution
from sheep and cattle, noted that sheep grazing at a density of five animals per hectare may
deliver an E. coli loading rate that is one order of magnitude higher than that delivered by dairy

or beef cattle grazing at a typical stocking rate of three animals per hectare (Wilcock 2006a).

A report from a study of a stream in the Peak District in the United Kingdom noted that as the
guality of the land improved through a stream catchment and the number of sheep grazing
increased, the microbial quality of the water decreased significantly. Also, as sheep stocking
densities increased in the summer and decreased in the winter, the same seasonal pattern
was reflected in the stream in relation to the concentrations of indicator bacteria present in the
water (Hunter, Perkins et al 1999; Rodgers, Soulsby et al 2003).

2.1 FAECAL SOURCE TRACKING IN SOUTHLAND TO DATE

In 2013 a number of State of Environment water samples in Southland (n=11) were included
in a pilot study and analysed for the presence of viruses which are indicative of different
sources of faecal pollution such as ovine, bovine and human Table 2. This study was a pilot

study not a regional survey.

Table 2 E. coli per 100 ml and FST results for a selection of Waterways in Southland

| Location Faecal Source
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E. coli
per 100 Human [ Bovine Ovine
mL (HAdV) | (BPyV) | (OPyV)
water
Waikawa River at Progress Valley 600 X X v
Waituna - Carran Creek at Waituna 4
320 X X
Lagoon Road
Waituna Creek at Marshall Road 320 X v v
Winton stream at Lochiel 1600 X X v
Otapiri Stream at Otapiri Gorge 1100 X X v
Tussock Creek at Cooper Road 800 X v v
Otepuni Creek at Nith street 1600 v X v
Waikaia River at Waikaia 260 X X v
Waikaia River at Waipounamu Br 100 X X v
Mataura River at Otamita Br 170 X X v
Sandstone Stream 300 X v v

Human pollution was detected in water from one site, Otepuni Creek at Nith Street. Bovine
faecal pollution was detected in three of the sampling sites; Waituna Creek, Tussock Creek
and Sandstone. All river water samples tested positive for the ovine marker, indicating that
sheep farming was the main source of faecal pollution into the Southland waterways analysed.

Waituna creek and Waikawaa River were the most ovine-impacted waterways, whereas
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Tussock creek and Otepuni creek the least ovine-impacted based on the concentration of the
ovine specific markers detected.

In 2014, as part of the Human Health Programme within the Mountain to Sea 2020
programme, ESR was commissioned to carry out Faecal Source Tracking (FST) on a number
of waterways in Southland. This work has to date concentrated on the Aparima Freshwater
Management Unit (FMU). This work is still at a very early stage, but to date ovine pollution
has been detected in a number of rural waterways. This research will continue for the next
three years and will help inform policy on the best mitigations against livestock pollution of
rural and urban waterways.
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Transport Mechcanisms

3.1 DIRECT DEPOSITION

Research is currently underway by AgResearch Invermay to evaluate the amount of time, if
any, sheep spend in close proximity to rivers. This research will allow for the area of direct
deposition to be more clearly understood and an estimate placed on the amount of direct

deposition which occurs.

3.2 OVERLAND FLOW

Heavy rainfall is well documented as causing an increase in the turbidity of surface waters and
an increase in the microbial burden of a catchment (Atherholt et al. 1998; Kistemann et al.
2002; Auld et al. 2004). This has led to failures in drinking water treatment facilities and cases
of waterborne outbreaks (MacKenzie et al. 1994; Hrudey et al. 2003).

In a study carried out by ESR, ovine faeces up to 21 days old was subjected to simulated
rainfall and the resultant runoff collected. The concentration of E. coli in control non-rainfall
impacted faeces, the ovine faeces post-rainfall and the runoff was monitored. This experiment
was carried out twice: once in late spring / early summer and once in autumn. This study has
shown that rainfall can cause the release of significant numbers of E. coli from fresh and aged
sheep faeces. This contamination may then enter waterways and lead to a deterioration in

water quality within a catchment.

In this experiment which was carried out by ESR there was no correlation between the
concentration of E. coli in the leachate in the autumn experiment and the turbidity or total
suspended solids. After Day One the turbidity of the runoff was less than 3 ntu and remained
low for the remainder of the experiment. The E. coli however remained constant,
demonstrating that although run-off appears clean it can still contain a high concentration of

E. coli per ml and represent a significant pollution source.

This study highlights the impact of rainfall on fresh and aged faecal samples. It demonstrates
that aged faeces are still a source of faecal bacteria, which under rainfall can release the
bacteria. This study confirms our previous findings that faecal bacteria can replicate in faeces

in the environment, thus increasing the reservoir for release under rainfall.
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3.3 SUBSURFACE BYPASS FLOW

This area in particular is lacking the necessary research to determine if ovine pollution is
entering the rivers and stream via this pathway. ESR is planning to sample a number of outlets
from tile drains in Southland to establish the microbial loading and origin of faecal pollution in
the discharge from these. To date from the very limited number (n=2) tested no ovine pollution

was detected in them.

3.4 DEPOSITED FINE SEDIMENT AS A RESERVOIR SOURCE

Once the microorganisms enter a water body they may remain free in suspension,
agglomerated together, or attached to particulate matter. Microbes which are attached to
sediments have been shown to survive for longer than those free in suspension. Sediment
particles may act as a shield protecting the microorganisms from UV light rays,
predators/grazers and may act as a source of nutrients (Walters et al. 2014). These
sediments may then accumulate in a riverbed and act as a reservoir for bacterial indicators

and pathogens (Haller et al. 2009; Devane et al. 2014).

A number of studies have shown that microorganisms which have accumulated attached to
sediment in the riverbed, can be re-suspended upon disturbance. This includes recreational
activity, heavy rainfall events and flood events. Once suspended, the microorganisms can
contribute significantly to the microbial quality of the river water. The size of the sediment
particles in the riverbed also influences the potential microbial composition. Sediment sizing
is a method that groups particles sizes into three broad groups: Silt, Sand and Gravel.
Research has suggested that sediment rich in sand has the highest microbial population.
Faecal pollution from sheep may attach to sediments in waterways and become a source of

ovine pollution which can be released upon disturbance.
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4. CONCLUSION

Due to the large number of sheep in Southland (4.1 million), the prolonged survival of E. coli
in ovine faeces during the warmer seasons and their daily faecal output (approximately 1 kg
per day), a potentially large reservoir of contamination exists in Southland. During rainfall or
irrigation generated overland flow could result in considerable contamination of the waterways.
While overland flow of microbial contamination originating from bovine faeces and its effect
on water quality is well recognised (Wilcock et al. 1999; Collins et al. 2004; Muirhead et al.
2006; Brennan et al. 2010), the impact of ovine faeces on the water quality in Southland and

New Zealand needs to be recognised and addressed.
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5. GLOSSARY

FMU Freshwater Management Unit
E. coli Escherichia coli

FST Faecal source tracking

Kg Kilogram

HAdV Human Adenovirus

BPyV Bovine Polyomavirus

OPyV Ovine Polyomavirus

NTU NephelometricTurbidity Units
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