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EXECUTIVE SUMMARY

Environmental waters may be impacted by faecal contamination from human and animal
sources, including the discharge of municipal sewage or animal effluents, seepage from septic
tanks, stormwater and urban run-off, agricultural run-off, and direct deposition by animals,
including birds, wildlife, and livestock (where access permits). Water that is contaminated by
faeces may contain microbial pathogens (disease-causing bacteria, viruses or protozoa), and
as such, may pose a health risk to people using the water for drinking water, recreation or
mahinga kai. Because of difficulties in monitoring waters for the presence of pathogens,
microbial water quality is routinely assessed by monitoring the presence of faecal indicator
organisms such as faecal coliforms and Escherichia coli. These organisms are not themselves
harmful to humans, but are present in high concentrations in faeces and thus indicate the
possibility of contamination. However, whilst the detection of faecal indicators is important in
highlighting that there is a risk of faecal pathogens being present, it does not identify the
source(s) of the contamination. Being able to discriminate between different faecal sources
(e.g. human, livestock, wildfowl) is an important aspect of effective water quality management,
as the risk to human health may differ between different faecal sources. The identification of
a faecal source can also assist in designing and prioritising targeted mitigation efforts.

This report details the results of a study of faecal pollution sources at 13 freshwater sites within
the Oreti Freshwater Management Unit (FMU) in Southland. Faecal coliform and E. coli
concentrations in water samples from these sites were determined as indicators of faecal
pollution being present. Campylobacter was enumerated as a pathogen of faecal origin.
Where Campylobacter was detected, isolates were analysed using molecular techniques
including polymerase chain reaction (PCR) and multiplex ligation-dependent probe
amplification-binary typing (MBIT) to determine their species, estimates of virulence, and a
likely source. Faecal source tracking (FST) tools including microbial and faecal sterol analyses
were also undertaken to characterise the pollution sources for each site.

The freshwater sites sampled in this study were variable in their water quality, with E. coli
concentrations ranging between 50 and 41,000 colony-forming units (cfu) per 100 ml of water.
Forty-two percent of all water samples collected exceeded 1,000 cfu/100 ml, and seven sites
had a median concentration exceeding 550 cfu/100 ml, highlighting their vulnerability to faecal
contamination. For comparison, the current national Microbiological Guidelines for Freshwater
Recreation Areas state that at E. coli concentrations above 550 cfu/100 ml, the local council
and health authority must advise the public that the water is unsuitable for recreation, due to
the elevated health risk. Some sites exhibited an increase in E. coli concentrations following
rainfall, while others did not. A seasonal pattern was evident whereby peak microbial
concentrations were observed during autumn and summer.

Ruminant animals (both cattle and sheep) and wildfowl were important sources of faecal
pollution in these waterways, and sites were often impacted by multiple sources (e.g. Figure
1). Both wildfowl and ruminant signatures were commonly detected under both base and high
flow conditions, however, wildfowl! pollution was the dominant faecal source under base flow
conditions, with ruminant pollution dominant following rainfall. Direct deposition into and
immediately adjacent to waterways is the likely route of transmission for wildfowl
contamination. Ruminant contamination likely enters waterways via direct deposition and
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effluent discharge during base flow conditions, with additional inputs via overland flow and
artificial tile drains following rainfall.

Human faecal contamination was also detected at five sites: Bog Burn downstream of Hundred

Line Road, Makarewa River at Lora Gorge Road, Otepuni Creek at Nith Street, the Waihopai

River upstream of Qu e e nSream & North Road. Four of thesk sitesWa i ki wi
had a human signature detected on more than one occasion, and three had a human signature

under both base flow and following rainfall. Possible sources include septic tanks, stormwater,

sewage discharge and urban runoff. Further investigations are strongly recommended at

these sites to further identify the particular sources and transmission routes of this
contamination, as human faecal sources are considered to pose the greatest risk to human

health.

Campylobacter was detected in 88% of all samples, with detections at each of the 13 sites.
Campylobacter jejuni was recovered from all Campylobacter-positive samples, with C. coli
and an unspeciated thermophilic Campylobacter additionally detected in 8% and 12% of
Campylobacter-positive samples, respectively. Campylobacter was equally present under
base flow and following rainfall, although concentrations were nominally higher following
rainfall. Wildfowl were determined to be the most common source of Campylobacter, being
more than three times as prevalent as Campylobacterf r ono tA wi podifry@mwdmjnants
(sheep, cattle or deer), which were all present in a similar number of samples. Six percent of
samples had Campylobacter consistent with a human source. The prevalence of different
sources varies depending on rainfall.

Molecular MBIT analysis of Campylobacter isolates revealed a high diversity of genotypes
across the Oreti FMU, and that there was no separation of these to particular sites. Thirty-
eight percent of the isolates obtained from waters in the Oreti FMU were found to overlap (i.e.
be indistinguishable from) human clinical isolates from the Southland area. These genotypes
are thus possible sources of waterborne human infection. Approximately one third of these
overlapping isolates were found to be of wildfowl origin, suggesting that wildfowl may be a
lesser source of illness within the community compared with other sources (e.g. human or
ruminant faeces), however their risk should not be discounted. Although the presence of other
faecal pathogens (e.g. E. coli 0157, Cryptosporidium) was not assessed, the prevalence of
Campylobacter suggests additional pathogens may be present in the environment.

Options for management and mitigation are discussed. In addition to the source attribution
work that has been undertaken in this report, site visits may provide additional information
regarding possible routes for the transmission of faecal materials to adjacent waterways (e.g.
terrain, stock management, fencing, unconsented discharge activity). Further investigation is
strongly recommended to determine the specific sources and routes of transmission of human
contamination at five sites. Subsequent mitigation may include repair and/or replacement of
infrastructure including septic tanks and sewerage pipes, and installation of improved
stormwater treatment systems. Mitigation options for non-human sources may include
additional fencing, construction of riparian buffer strips or wetlands, reduced stock densities
on land that is prone to overland and/or subsurface flow, stock rotation during inclement
weat her , irrigation management, wastewater treat
or population control. One mitigation strategy will not be effective at all sites; a site-specific
risk assessment that considers the interaction between faecal source(s), land topography, soil
type and the influence of climate variables, together with water quality modelling, will yield the
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greatest improvements in water quality. The protection of public health should be at the
forefront of this decision making, which should also include consultation with landowners and
the public.

Figure 1. An example of multiple sources of  faecal pollution (sheep and cattle). Photograph ist aken
within the Aparima FMU, Southland.  Credit: Brent Gilpin, ESR.
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1. BACKGROUND

1.1 MICROBIAL WATER QUALITY

Environmental waters may be impacted by faecal contamination from a number of different
sources, including the discharge of municipal sewage, seepage from septic tanks, agricultural
effluents, stormwater and urban runoff, and direct deposition from birds or domestic or wild
animals. The contamination of waterways with faecal material may result in the introduction of
enteric pathogens (disease-causing bacteria, viruses or protozoa that live in the gut), such as
Campylobacter, Salmonella, norovirus, Cryptosporidium or Giardia (MfE and MoH, 2003; Field
and Samadpour, 2007; WHO, 2011; Wood et al., 2016). Human contact with contaminated
water, for example through recreational activities, collection of mahinga kai or consumption of
drinking water, may result in pathogen ingestion and illness. lliness usually presents as self-
limiting gastroenteritis (vomiting, diarrhoea) or respiratory or skin infections. The risk and
severity of illness depends on the specific pathogen and dose ingested, and the overall health
of the consumer; the risk is greatest for individuals with low immunity, including young children,
the elderly, pregnant women, and people who are otherwise immunocompromised (MfE and
MoH, 2003; Wood et al., 2016). The risk may also differ based on the source of contamination;
faecal contamination of human origin is considered to pose the greatest risk to human health
due to the host-specificity of any pathogens, particularly viruses, that are present. However,
enteric pathogens from ruminant animals (e.g. cows and sheep) and wildfowl are also known
to present a risk to human health (i.e. to be zoonotic) (Field and Samadpour, 2007; Soller et
al., 2010; Atwill et al., 2012; Devane and Gilpin, 2015).

Direct routine monitoring for the presence of pathogens in waterways is impractical, as
pathogens tend to be present in the water at only low levels and are often unevenly distributed,
making detection difficult. Further, specific testing for each potential pathogen is expensive
and time-consuming, and some pathogens cannot be cultured within the laboratory (EPA,
2006; Field and Samadpour, 2007; Greening and Lewis, 2010). A simpler and accepted
approach to assess microbiological water quality is to monitor the presence of indicator
organisms. Indicator organisms are not usually pathogenic themselves, but are indicative of
faecal contamination, and therefore the potential presence of faecal pathogens. The most
commonly used indicators of faecal contamination are faecal coliforms, E. coli and enterococci
T bacteria which live in the intestinal tract of humans and warm-blooded animals, and are
found in elevated concentrations in their faeces (MfE and MoH, 2003; Field and Samadpour,
2007; Wood et al. 2016). Collectively, these bacteria are referred to as faecal indicator bacteria
(FIB). In contrast with pathogen monitoring, the presence of FIB is quick and inexpensive to
test. E. coli is the preferred indicator organism for monitoring freshwaters (MfE and MoH,
2003).
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1.2 SOURCES OF POLLUTION AND ROUTES OF TRANSMISSION

Land use surrounding a waterway and across the wider catchment is known to have major
impacts on microbial water quality. A review of the pathways and mechanisms by which faecal
microorganisms may enter a waterway was carried out Pattis (2017). Some of the most
significant faecal sources and associated pathways for transmission are summarised below.

1.2.1 Animal faeces

It is well recognised that grazing livestock are an important source of diffuse faecal
contamination of freshwaters. In New Zealand, concentrations of E. coli in agricultural streams
are typically 20 times higher than streams in forested catchments (Davies-Colley et al., 2004),
with the presence of zoonotic pathogens has also being demonstrated in impacted waterways
(Till et al. 2008).

Cattle

A number of studies have measured the presence and concentration of faecal indicators and
pathogens in the faeces of dairy and beef cattle, and have demonstrated a link between cattle
farming and degraded microbial quality of local surface and ground waters (Collins, 2004;
Davies-Colley et al., 2004; Close et al., 2008; Moriarty et al., 2008). For example,
Campylobacter has been reported in cattle faeces at sites throughout New Zealand, with the
percentage of positive animals varying between 11 and 81% (Fakir, 1986; Meanger and
Marshall, 1989; Ahmed, 1999; Wu, 2001; Adhikari et al., 2004; Gilpin et al., 2008). Devane et
al. (2005) reported that 98 and 94% of composite samples collected from five dairy and five
beef cattle farms contained Campylobacter. Studies have also reported the presence of
Salmonella enterica (Callaway et al., 2005; Sinton et al., 2007; Kunze et al., 2008), Shiga
toxin-producing E. coli (STEC; Bunic and Avery, 1997; Cookson et al., 2006), Cryptosporidium
(Grinberg et al., 2005) and Giardia (Learmonth et al., 2003) in bovine faeces. In a survey of
New Zealand dairy farms, Moriarty et al. (2008) reported median bacterial counts of 10° E. coli
and 10° Campylobacter per gram of faeces, although counts were highly variable for individual
samples. Low levels of STEC, Cryptosporidium and Giardia were also detected.

Sheep

In New Zealand, an estimated 32 million sheep graze on open pasture (Moriarty et al. 2011),
and have been implicated as significant contributors to the microbial loading of freshwaters
(MfE and MoH, 2003; Davies et al., 2004; Devane et al., 2005; McDowell, 2006). It has been
suggested that in some instances, the total E. coli burden per hectare of pasture is higher for
land being grazed by sheep than by cattle (Wilcock, 2006). Sheep are known to harbour a
range of microbial pathogens, including Campylobacter (Jones et al., 1999; Bailey et al., 2003;
Oporto et al., 2007; Milnes et al., 2008), STEC (Kudva et al., 1998), Giardia (Castro-Hermida
et al., 2007; Santin et al., 2007), and Cryptosporidium (Castro-Hermida et al., 2007; Santin et
al., 2007; Milnes et al. 2008; Quilez et al., 2008). There is some evidence that many of the
ovine Cryptosporidium and Giardia genotypes may not be zoonotic (Ryan et al. 2005).
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Moriarty et al. (2011c) undertook a survey of microbial indicators and pathogens in the faeces
of New Zealand sheep and lambs. They determined that lamb faeces contain 10-100 times
the concentration of E. coli, enterococci and Campylobacter than sheep faeces. Further, the
prevalence of Campylobacter, Salmonella and STEC was higher in lambs than in sheep. For
example, Campylobacter was present in 81% and 30% of lambs and sheep, respectively, with
mean concentrations of 10° and 10° per gram of faeces. Further, 29% and 4% of lamb and
sheep samples were positive for Cryptosporidium, while mean E. coli loads were 108 per gram
for lambs and 107 per gram for sheep.

Other ruminants

Compared with other ruminants, information as to the microbial burden of equine faeces is
limited. Several studies have enumerated E. coli in horse faces: Weaver et al. (2005) reported
a mean concentration of 3.0 x 10° cfu/g wet weight, while Moriarty et al. (2015) reported a
concentration of 1.2 x 10° cfu/g dry weight. Other studies have isolated potentially zoonotic
strains of Cryptosporidium spp. and Giardia spp. (Grinberg et al., 2009; Smith et al., 2010,
Perrucci et al., 2011; Traversa et al., 2012, Santin et al., 2013), Salmonella spp. (Wittum et
al., 2012; Jay-Russell et al., 2014), STEC (Pichner et al., 2005; Pritchard et al., 2009) and
Campylobacter spp. (Hurcombe et al., 2009; Moriarty et al., 2015). The prevalence of zoonotic
microorganisms in horse faeces varies significantly between pathogens, as well as between
studies (eg, <1% STEC, Pichner et al., 2005; 20% Cryptosporidium, Smith et al., 2010).

Few studies have investigated the microbial content of deer faeces. Pattis et al. (2017)
reported that in a survey of faecal samples from red deer, E. coli was present in all samples,
with an average concentration of 108 cfu/g wet weight. Campylobacter was isolated in 13% of
samples. Yersinia and Cryptosporidium have also been associated with deer populations (Ball
and Till, 1998), suggesting that deer may be a significant source of faecal contamination of
surface waters. Indeed, the concentrations of E. coli and Campylobacter have been reported
to be between 2 and 10 times higher downstream of deer farms than upstream (Eyles et al.,
2002), and deer wallows connected to waterways have been shown to adversely affect
microbial water quality (McDowell and Paton, 2004; McDowell, 2009).

Routes of transmission

The contamination of surface waters with livestock faeces may result from the delivery of
faecal materials through overland or subsurface flow, or where access permits, direct
defecation into a waterbody (Collins, 2004; Davies-Colley et al., 2004; McDowell, 2006; Close
et al., 2008; Moriarty et al., 2008; Moriarty et al., 2011c).

The direct deposition of faecal matter into waterways by livestock may be a significant source
of faecal contamination under base-flow conditions and may occur where stock can freely
access streams, or at herd crossings (Davies-Colley et al., 2004; Wilcock et al., 2006). In
these cases, faecal material reaches the water immediately with no opportunity for microbial
die-off or attenuation, so any pathogens present are likely to be in their most infectious state.
Bagshaw (2002) observed that in a cattle herd with free access to streams, approximately 4%
of total daily defecation occurred in the stream or riparian zone (within 2m of the riverbank), of
which half was deposited directly into the stream. Sheep tend to spend little time in or around
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flowing water compared to cattle, although they may still be associated with significant faecal
deposition around the riparian zone, which may impact water quality via wash-in (Wilcock,
2006; Robson et al., 2015).

Overland flow is an important route of indirect transmission of microorganisms from livestock
to waterways, and is one of the largest sources of diffuse pollution in New Zealand (Collins et
al., 2003; McLeod et al., 2005; Kay et al.,2008; Monaghan et al., 2008; Muirhead and
Monaghan, 2012). Overland flow occurs during rainfall or irrigation, where the infiltration rate
of the soil is exceeded and/or soils have become saturated (Hughes and Wilson, 2016).
Microorganisms associated with faecal material on the land are transferred via the flow of
water over the land surface to the surrounding waterways. The risk of overland flow depends
on factors including the gradient of the land, soil type and management practices such as
stocking density (Wilcock, 2006). Rainfall-driven overland flow from dairy farms has been
identified as the largest pathway of faecal microbial losses from agricultural catchments (Kay
et al., 2008; Muirhead and Monaghan, 2012). In Otago, E. coli losses from pasture associated
with sheep grazing were estimated at 10° E. coli per hectare per year (McDowell and Wilcock,
2008). A UK study reported farmyard runoff to contain 104-107 faecal coliforms per 100 ml
(Edwards et al., 2008). Hedley et al. (2004) reported surface runoff from dairy pasture
contained >10° MPN E. coli and 103 MPN Campylobacter per 100ml.

Faecal contaminants may also be transferred to waterways via bypass or preferential flow
routes. These routes may be natural, such as areas of cracking, subsurface erosion or root
channels, or artificial, such as mole and tile drainage systems (Hughes and Wilson, 2016).
Preferential flow channels allow for contaminants to bypass the soil matrix, reducing or almost
completely removing the opportunity for attenuation of contaminants within the soil.

Finally, animal wastes may be discharged directly to surfaces waters during the discharge of
agricultural effluents, such as those from fairy sheds. The discharge of effluents to surface
waters requires a resource consent. Alternatively, such wastes may be discharged to land
(where it may in turn be subject to overland or subsurface flow).

1.2.2 Avian faeces

Wildfowl species may contribute to the microbial loading of surface water with concomitant
impacts on recreational water quality. In New Zealand, birds including mallard ducks (Anas
platyrhynchos), Canada geese (Branta canadensis), black swans (Cygnus atratus) and
several species of gull are abundant (Heather and Robertson, 2005; Moriarty et al., 2011a).
The birds live on and around coastlines, estuaries, rivers, streams, wetlands and lakes, and
are also found in the vicinity of waste stabilisation ponds. They may defecate directly into the
water or along banks and verges, and can represent an important local source of faecal
pollution. Direct deposition by birds is considered to be an important source of faecal
contamination under base flow conditions (Wilcock, 2006).

A range of potentially zoonotic pathogens have been isolated from the faeces of wildfowl. For
example, Campylobacter, Cryptosporidium, Bacillus cereus and Clostridium perfringens have
been recovered from New Zealand ducks (Murphy et al., 2003; Moriarty et al.,, 2011a).
Salmonella, Vibrio, Listeria and Campylobacter have been recovered from various gull species
(Hatch, 1996; Moore et al., 2002; Moriarty et al., 201l1la), and Campylobacter and
Cryptosporidium from black swans (Rohela et al., 2005; Moriarty et al., 2011a). Salmonella,
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Giardia, Cryptosporidium and Campylobacter have been isolated from Canada geese
(Whalstrom et al., 2003; Jellison et al., 2004; Kassa et al., 2004; Zhou et al., 2004; Moriarty et
al., 2011a); Moriarty et al. (2011a) reported that 40% of Canada geese faecal samples
collected were positive for Campylobacter, at concentrations up to 10° MPN/g dry weight.

1.2.3 Human sources

Human sewage contains high concentrations of indicator organisms, including E. coli
(approximately 106-10% per 100 ml). A range of pathogenic microorganisms, including
Campylobacter, Salmonella, Shigella, norovirus, rotavirus, adenovirus, Cryptosporidium and
Giardia may also be present if these are present in the source population (Yang et al., 2014,
Marin et al., 2015; Kitajima et al., 2014; Haramoto et al., 2015).

Most human waste in New Zealand is treated by municipal sewage treatment systems before
being discharged to the environment, typically a waterway or the coastal marine environment.
Waste may also be treated in on-site septic systems. Untreated or partially-treated human
waste may enter the environment through inadequate treatment, or via urban runoff or
combined sewer overflows (CSO), where both sewage and stormwater flow in the same pipe
to the treatment plant; after heavy rainfall, their combined volume may exceed the capacity of
the plant and be discharged directly to the environment. Waste may also enter waterways
from failing septic tanks (e.g. through leaking systems or ineffective treatment) or leaking
sewerage pipes, and subsequent subsurface flow through the soil. A report prepared for the
Ministry for the Environment (MfE, 2008) estimated that between 15 and 50% of septic tanks,
particularly aging systems, are susceptible to failure.

Estimating the prevalence and abundance of pathogens in human sewage is complex, and
dependent on whether the sewage is raw or treated, and the type of treatment that has been
undertaken (Soller et al., 2010). The level of contamination that may reach a waterway via the
subsurface (e.g. from a failing septic tank system or broken sewerage pipe) depends on the
distance contaminants must travel, as well as soil type and saturation.

1.3 FAECAL SOURCE TRACKING

Whilst the detection of FIB provides an indication that water is contaminated with faecal
material, and thus there is a risk of pathogens being present, it does not identify the source(s)
of contamination. Discriminating between human and non-human sources of faecal
contamination, and/or the subsequent identification of the animal species are essential
components of effective water quality management (Gourmelon et al., 2010; Cornelisen et al.,
2011; Pantos, 2017). Faecal source attribution allows for risk assessment and targeted
mitigations. For example, human contamination is considered to pose a greater risk than
wildfowl contamination. The 6 t o o | lamalysés inwdived in determining the origin of faecal
contamination is known as Faecal Source Tracking (FST), and includes microbial and
chemical methods (Scott et al., 2002; Field and Samadpour, 2007; Harwood et al., 2014).

Microbial methods look to identify the presence of microorganisms that are specific to the gut
of a certain host animal. There is a wide range of microorganisms other than the traditional
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faecal indicators (i.e. coliforms, E. coli and enterococci), that are present in animal faeces, and
some of these are specific to certain animals. Although these organisms are often difficult to
culture in the laboratory, it is possible to extract the total DNA from a water sample and use
polymerase chain reaction (PCR) to identify gene fragments (dnarkersd that are unique to
these host-associated microorganisms. However, while many markers are strongly associated
with an animal source, they each have a degree of non-specificity (Devane et al., 2013;
Harwood et al., 2014). Chemical FST methods include analysis of faecal sterol and stanol
fingerprints, which differ between human and animal sources, and compounds associated with
anthropogenic pollution, such as caffeine, synthetic drugs (e.g. contraceptives) and
fluorescent whitening agents (Scott et al., 2002; Hewitt and Williamson, 2014).

1.4 CAMPYLOBACTER

Campylobacter is the most commonly reported bacterial cause of human gastroenteritis in
New Zealand, with over 6,000 notified cases each year (a rate of >135 cases per 100,000
persons; peaking at 15,873 cases in 2006) i one of the highest reported incidences in the
developed world (Savill et al. 2001; Till and McBride, 2004; Devane et al., 2005; ESR, 2007,
2017). The contamination of drinking and recreational waters with Campylobacter has been
associated in a number of outbreaks, including Havelock North (DIA, 2017). Campylobacter
spp. are found in a range of animal reservoirs including cows, sheep, deer, poultry and
wildfowl, and are readily recoverable from environmental water samples in New Zealand. For
example, in a national microbiological survey of freshwater, McBride et al. (2002) reported the
presence of Campylobacter in 60% of samples collected. Savill et al. (2001) also reported the
detection of Campylobacter in 60% of samples collected from five New Zealand rivers.
Campylobacter is therefore a priority waterborne pathogen in New Zealand.

Beyond the initial detection and enumeration of Campylobacter, speciation is important, since
different species and strains may differ in their pathogenicity. Campylobacter jejuni and
Campylobacter coli are frequently implicated in human disease, while other thermotolerant
species such as Campylobacter lari and Campylobacter upsaliensis are not commonly
reported among notified cases. Methods such as multiplex ligation-dependent probe
amplification-binary typing (MBIT) can be used to differentiate a large number of genotypes
and produce phylogenetic comparisons of isolates, which can be used to attribute a
host/source.

1.5 REPORT OBJECTIVES

Regional and local government have an obligation under the Resource Management Act
(RMA) 1991 and the National Policy Statement for Freshwater Management (NPS-FM) 2017
to monitor and report the quality of freshwater in their region. State of the Environment (SoE)
monitoring for rivers and lakes is undertaken monthly by Environment Southland (ES), and
includes determination of physical, chemical and microbiological parameters. Recreational
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water quality is monitored by assessing E. coli concentrations at freshwater swimming spots
on a weekly basis over the summer bathing season (December to March), and assessing
faecal coliform concentrations on a monthly basis (year-round) at popular shellfish gathering
sites. This data is available to the public at websites such as Land Air Water Aotearoa (LAWA,
www.lawa.org.nz) and the Environment Southland webpage
(www.es.govt.nz/services/environmental-monitoring/recreational-water-quality). Recently,
Hodson et al. (2017) reported on water quality state and trends in Southland between 2000
and 2016 by drawing together information collected by Environment Southland, National
Institute of Water and Atmospheric Research (NIWA) and GNS Science.

Routine water quality monitoring permits the assessment of the overall state of water quality,
and any trends that may be evident. However, it does not address the potential source(s) of
contamination. The current report therefore focuses on the use of research tools 1 particularly
faecal source tracking and MBIT source attribution of Campylobacter i to determine the
sources of pollution that impact freshwater sites within the Oreti FMU, Southland.
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2. MATERIALS AND METHODS

2.1 SAMPLING SITES

The sampling locations selected across the Oreti Freshwater Management Unit (FMU) are
listed in Table 1, and shown together with their sub-catchments (Figure 2). Detailed sub-
catchment information is presented for each sampling site alongside the microbiological
results.

The results described in this report relate to samples collected either as a part of a monthly
sampling regime by ES staff, or during targeted sampling events by both ESR and ES staff.

Table 1. Sampling sites selected for the Oreti FMU, with the conditions (i.e. base-flow or post-
rainfall) each site was sampled under.

Detailed sub-
catchment and
microbial water quality
descriptions

Sampling

conditions

Bog Burn, downstream of Hundred Line

Road Base-flow and rainfall Appendix B.1
Carran Creek at Waituna Lagoon Road Base-flow and rainfall Appendix B.2
Makarewa River at Lora Gorge Road Rainfall only Appendix B.3
Makarewa River at Wallacetown Rainfall only Appendix B.4
Moffat Creek at Moffat Road Rainfall only Appendix B.5
Oreti River at Wallacetown Rainfall only Appendix B.6
Otapiri Stream at Otapiri Gorge Rainfall only Appendix B.7
Otepuni Creek at Nith Street Base-flow and rainfall Appendix B.8
Tussock Creek at Cooper Road Base-flow and rainfall Appendix B.9

Wai hopali Ri ver upst r Base-flowand rainfall Appendix B.10

Waikiwi Stream at North Road Base-flow and rainfall Appendix B.11

Rainfall only Appendix B.12

Waituna Creek at Marshall Road

Winton Stream at Lochiel Base-flow and rainfall Appendix B.13
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Figure 2. The Oreti FMU, with sub-catchments, sampling site locations and rivers of order 4 to
8 shown. Inset: The Oreti FMU within the wider Southland region.

=/S/R

Sources of Pollution in the Oreti Freshwater Management Unit 12



2.2 MICROBIOLOGICAL ANALYSIS

Faecal coliforms and E. coli were measured as indicators of possible faecal contamination.
Campylobacter spp. was measured as a pathogen of faecal origin. In addition to identifying
the presence of contaminants, three methods were used to identify the possible source(s) of
faecal pollution:

1 Analysis of Campylobacter isolates by MBIT source attribution sub-typing.

9 Faecal source tracking analysis for molecular (i.e. DNA) markers associated with

human, ruminant, wildfowl and/or canine pollution.
9 Faecal sterol analysis (selected samples only).

A brief summary of the methodologies used for microbiological analysis is described below.
Detailed information regarding these methods and the interpretation of results can be found
in Appendix A.

2.2.1 Coliform and E. coli analysis

Faecal coliforms were analysed using membrane filtration with incubation on mFC agar for 22
hours at 44.5°C (Method 9222D, APHA et al. 2012). E. coli was analysed by incubating faecal
coliform-positive filters with media containing 4-methylumbelliferyl-3-glucuronidase (MUG)
(Method 9222G, APHA et al. 2012). Results are presented as colony-forming units (cfu).

2.2.2 Campylobacter isolation

Campylobacter spp. were enumerated using a 3 x 5 Most Probable Number (MPN) procedure
utilising Exeter broth and agar (Moriarty et al. 2008). Suspected Campylobacter spp. colonies
were subject to confirmation based on biochemical tests (oxidase, catalase), colony
morphology, Gram stains and multiplex polymerase chain reaction (PCR) (Wong et al., 2004).

2.2.3 Campylobacter sub-typing and source attribution

Campylobacter spp. isolates were sub-typed using multiplex ligation-dependent probe
amplification-binary typing (MBIT) (Cornelius et al., 2014). This is the first time that this method
has been used to characterise isolates recovered from water samples. Cluster analysis was
used to assign a likely source of the isolates (e.g. poultry, wildfowl, ruminant, unknown).

2.2.4 Faecal source tracking

Water samples were filtered and DNA extracted, before real-time PCR was performed as
described by Devane et al. (2007, 2013). Eight PCR markers were assayed: general
(GenBac3), human (BiADO, BacH), ruminant (BacR), cow (M2), sheep (Schill), and avian
(GFD, E2). Selected samples were also assayed for canine markers (DogBac).
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Faecal sterol analysis

Water samples were filtered onto glass fibre filters and stored at -20°C until analysis. Sterols
were extracted from the filters using methods described by Gregor et al. (2002), and analysed
using gas chromatography.

2.3

SANITARY SURVEYS

For each site, a desktop sanitary survey was carried out to identify activities that had the
potential to contribute microbial contaminants to the environment. Each survey considered:

1

=A =4 =4 =4 =

land use breakdown in the capture zone, including stock numbers
consented effluent application areas

tile drainage

consented point source discharge (municipal or industrial wastewater)
dwellings (i.e. septic tanks)

other relevant activities.

This data is presented in Appendix B.
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3. OVERVIEW OF MICROBIAL WATER
QUALITY

A high degree of spatial and temporal variation in microbiological water quality was observed
at sites across the Oreti FMU. An overview of these findings is presented below. Detailed
microbiological results for each site are presented in Appendix B.

3.1 OVERVIEW OF MICROBIAL WATER QUALITY IN THE ORETI FMU

Microbial water quality within the Oreti FMU was highly varied, with E. coli concentrations
ranging between 50 and 41,000 cfu/100 ml. The majority of sampling locations selected within
the Oreti FMU were vulnerable to very high levels of microbial contamination, with all but one
site recording E. coli concentrations Q1,000 cfu/100 ml (Figure 3, Figure 4).

Median E. coli concentrations exceeded 550 cfu/100 ml at 7 sites. In total, 42% of individual
samples collected within the Oreti FMU had E. coli concentrations of 1,000 cfu/100 ml or more.
The highest E. coli levels were observed at Tussock Creek at Cooper Road (41,000 cfu/100
ml, on two occasions), Bog Burn at Hundred Line Road (20,000 cfu/100 ml), Waihopai River
upstream of Queends Drive (19,000 cfu/100
(14,000 cfu/100 ml).

There was no discernible pattern in E. coli or Campylobacter concentrations in relation to
season or whether samples were collected under base flow conditions or following rainfall,
however, it is noted that sites that were sampled under both conditions recorded their highest
microbial concentrations following rainfall (Figures 3-5). It is also noted that the highest E. coli
concentrations were recorded in May and December, and Campylobacter in May (Figure 6).

Campylobacter was isolated at all 13 sampling locations (Figure 3, Figure 4). In total,
Campylobacter was detected in 88% of all the samples collected within the Oreti FMU, with
23% of samples having a concentrationof O1 0 MP N/ The firevatdnce of Campylobacter
was independent of antecedence rainfall, being detected in 86% of base-flow samples and
89% of those collected following rainfall, although concentrations were nominally higher
following rainfall (Figure 7). The highest concentrations of Campylobacter were observed at
Bog Burn at Hundred Line Road (460 MPN/100 ml), Makarewa River at Lora Gorge Road (240
MPN/100 ml), Tussock Creek at Cooper Road (110 MPN/100 ml) and the Otapiri Stream at
Otapiri Gorge (93 MPN/100 ml). The highest concentrations were reported in samples
collected in May (Figure 8).

All samples in which Campylobacter was detected contained C. jejuni. In addition, C. coli was
identified in 8% of Campylobacter-positive samples, and an unspeciated thermophilic
Campylobacter in 12% of Campylobacter-positive samples (Figure 9).
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Figure 3. Overview of microbial water quality in Oreti FMU under base flow conditions. Small
circles showing sampling locations on the map represent maximum E. coli levels for that site;
white circles indicate there is no data under these conditions. Larger circles adjacent to site
name represent maximum Campylobacter concentration and overall presence/absence of FST

markers for that site.
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Figure 4. Overview of microbial water quality in Oreti FMU following rainfall. Small circles
showing sampling locations on the map represent maximum E. coli levels for that site; white
circles indicate there is no data under these conditions. Larger circles adjacent to site name

represent maximum Campylobacter concentration and overall presence/absence of FST
markers for that site.
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