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GLOSSARY/ABBREVIATIONS 

 

Term or 
abbreviation 
 

Description 
 

  

Attribute A measureable characteristic of freshwater (including physical, chemical and 
biological properties) that needs to be managed in order to support a particular 
value. For example, the attribute E. coli supports the value ‘human health for 
recreation.’ 
 

Attribute state/ 
attribute table 

The levels to which an attribute is to be managed. Within the attribute table, 
attribute states represent different levels of water quality for that particular 
attribute, and are defined by a numeric range and a description that 
corresponds to a scientifically-determined range of effects. 
 

cfu Colony forming units. An estimate of the number of viable (live) bacteria in a 
sample. A viable unit has the ability to multiply under controlled culture 
conditions. 
 

Commensal 
organism  

An organism that lives in relationship with another, deriving food or other 
benefits from it without either helping or hurting it.  
 

Compulsory values The national values relating to ‘ecosystem health’ and to ‘human health for 
recreation’, included in Appendix 1 of the NPS-FM, for which a non-exhaustive 
list of attributes are provided in Appendix 2. These two values must be applied 
to all FMUs. 
 

E. coli Escherichia coli. A bacteria that is found in the gut of warm-blooded animals, 
and is used to indicate the presence of faecal contamination in waterways. 
 

enteric Relating to, or occurring in, the intestines. 
 

Enterococci A group of bacteria that are commonly found in the gut of warm-blooded 
animals, and occasionally in environmental habitats. Used to indicate the 
presence of faecal contamination in water, especially marine and estuarine 
waters. 
 

Epidemiological 
study 

A study that measures the risk of certain health outcomes in a population 
exposed to a hazard (e.g. the risk of gastrointestinal illness in swimmers 
exposed to feacally contaminated water, compared with the rate of illness in 
those that do not swim).  
 

Existing freshwater 
quality 

The quality of the freshwater at the time the regional council commences the 
process of setting or reviewing freshwater objectives and limits in accordance 
with the NPS-FM. 
 

FST Faecal source tracking. A term used to describe a ‘toolbox’ of methods that can 
be used to identify the source of faecal contamination (e.g. humans, cows, 
sheep, birds etc). 
 

FIB Faecal indicator bacteria. See also indicator organism.  
 

Freshwater All water, except for coastal water or geothermal water. 
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Freshwater 
Management Unit 
(FMU) 

The water body, multiple water bodies or any part of a water body determined 
by the regional council as the appropriate spatial scale for setting freshwater 
objectives and limits for freshwater accounting and management purposes. 
May be made up of a group of water bodies that are physically and/or socially 
similar, or an individual waterbody or part of a water body. 
 

Freshwater 
objective 

Describes an intended environmental outcome in a freshwater management 
unit. Describes the environmental state required for the identified values to be 
achieved. Objectives are set using attributes from Appendix 2 of the NPS-FM, 
or others that are considered appropriate by the council. 
 

Illness The expression of symptoms as a result of infection. 
 

Indicator organism Term used to describe of microorganisms, commonly E. coli and enterococci, 
that are present in high concentrations in human and animal faeces, and 
therefore can be used to indicate the presence of faecal contamination in the 
environment. 
 

Infection When a microorganism enters the body, survives and multiplies, and is then 
shed back to the environment. Infection may or may not result in the 
expression of symptoms. 
 

Limit The maximum amount of resource available, which allows a freshwater 
objective to be met. It is a specific, quantifiable amount that links the 
freshwater objective (desired state) to the use of the resource. For quality 
attributes such as E. coli, the limit describes how much of a contaminant could 
be discharged into the water without exceeding a freshwater objective. 
 

Minimum 
acceptable state 

Where specified in Appendix 2 of the NPS-FM, is the minimum level at which a 
freshwater objective may be set in a regional plan in order to provide for the 
associated national value. It is defined by the boundary of attributes states C 
and D. The minimum acceptable states for the attributes of compulsory values 
are called national bottom lines. 
 

MPN Most Probable Number. An estimate of the number of viable (live) bacteria in 
a sample, based on ‘sub-dividing’ a sample into a series of dilutions and 
assessing the presence/absence of viable bacteria in each subdivision. 
 

National bottom 
line 

Where specified, the minimum acceptable state for the compulsory values, as 
specified in Appendix 2 of the NPS-FM. A national bottom line is the boundary 
between states C and D for the attributes associated with the compulsory 
values ‘ecosystem health’ and ‘human health for recreation.’ All FMUs must 
have freshwater objectives set above these national-defined bottom lines, with 
several exceptions. 
 

National objectives 
framework (NOF) 

Directs regional decision-making in the setting of freshwater objectives. 
Consists of a process, a set of national values (Appendix 1), and a set of 
attributes for setting objectives to achieve those values (Appendix 2). 
 

NPS-FM National Policy Statement for Freshwater Management 2014 (amended 2017). 
 

National target The national target for water quality improvement, as described in Appendix 6 
of the NPS-FM. 
 

National value Any value described in Appendix 1 of the NPS-FM – includes the two 
compulsory values ‘ecosystem health’ and ‘human health for recreation,’ as 
well as a list of other values that may be relevant in an FMU. All of these should 
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be considered by the council, and together with their communities and 
iwi/hapū, decide what additional values are locally important. 
 

Pathogen A bacteria, virus or other microorganism that can cause illness or disease. 
 

Percentile A percentile is a measure used in statistics indicating the value below which a 
given percentage of observations in a group of observations falls. For example, 
the 20th percentile is the value below which 20% of the observations may be 
found. Equivalently, 80% of the observations are found above the 20th 
percentile.  
 

Primary contact Contact with freshwater that involves immersion in the water. Includes 
swimming, but also captures the different ways people may come into contact 
with water and be affected by its quality. Not limited to recreational use, but 
reflects the compulsory value ‘human health for recreation.’ 
 

Primary contact 
site 

Any part of a specified river or lake that a regional council considers is used, or 
would be used but for existing water quality, for primary contact. Must be 
identified in regional plans, and monitored for E. coli in accordance with 
Appendix 5 of the NPS-FM. 
 

Regional target A regional target established under Policy A6 of the NPS-FM. 
 

Specified lakes and 
rivers 

Rivers that are fourth-order or above, using methods outlines in the River 
Environment Classification system, and lakes that have a perimeter of 1.5 km 
or more. 
 

STEC Shiga toxin-producing E. coli. A term used to describe strains of E. coli that are 
capable of producing either shiga toxin or a shiga-like toxin. The toxins causes 
gastrointestinal illness, enterocolitis and bloody diarrhoea, and occasionally 
severe kidney and blood disorders. 
  

Suitable for 
primary contact 
more often 

Reducing the percentage and magnitude of E. coli exceedances for rivers and 
lakes, and cyanobacteria-planktonic biovolumes in lakes, according to the 
attribute tables of Appendix 2 of the NPS-FM. Describes relative improvement 
on the status quo, rather than a standard to be met, and refer to primary 
contact generally, not just swimming. 
 

Target A limit that must be met at a defined time in the future. 
 

Value Any national value identified in Appendix 1 of the NPS-FM, as well as any value 
in relation to freshwater that is not a national value, but which a regional 
council identifies as appropriate for regional or local circumstances. Values are 
intrinsic qualities, uses or potential uses associated with freshwater, that 
people and communities appreciate about freshwater bodies and wish to see 
recognised in on-going management of those freshwater bodies. Intrinsic 
qualities include ecosystem health, and natural form and character. Uses or 
potential uses include water supply, irrigation, cultivation, hydro-generation 
and recreation. 
 

Water body Freshwater or geothermal water in a river, lake, stream, pond, wetland or 
aquifer, or any part thereof, that is not located within the coastal marine area.  
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1. INTRODUCTION 

 

1.1 BACKGROUND AND PURPOSE 

Under the National Policy Statement for Freshwater Management 2017 (NPS-FM), Escherichia coli       

(E. coli) is one of the attributes used as an indicator of the risk to human health presented by contact 

with a waterway, and therefore of the suitability of the waterway for recreational use (MfE 2017a).    

E. coli is a bacteria whose presence in surface waters signifies likely faecal contamination, and thus 

the risk that faecal pathogens (microorganisms that cause illness, such as Campylobacter or Giardia) 

may also be present (MfE and MoH 2003).  

The NPS-FM requires regional councils to undertake two kinds of monitoring for E. coli in freshwaters 

in their region: 

 Representative monitoring of a freshwater management unit (FMU) at ‘specified’ sites1 over 

a period of time, in order to establish overall water quality (i.e. attribute state), set freshwater 

objectives, and monitor progress towards achieving those objectives; and  

 Surveillance monitoring based on single samples collected at sites used for primary contact 

recreation, to determine the current microbial health risk, and identify and warn the public 

during periods of elevated risk. 

E. coli may enter waterways from a range of sources and pathways, including wastewater and 

stormwater discharges or overflows, runoff from urban and agricultural land, seepage from failing 

septic tanks, and direct deposition by livestock and wild animals. The NPS-FM requires that water 

quality in an FMU be improved so that it is suitable for recreation more often; this will require 

reductions in the amount of pathogens (as indicated by E. coli) entering waterways from these 

different sources. Regional councils must work with their communities to decide which rivers and lakes 

should be focal points for improvement, to what extent, over what timeframe, and through what 

actions or interventions. This process of setting objectives and limits for freshwaters is known as ‘limit 

setting.’ The process is complex, and requires science to translate freshwater objectives into limits on 

resource use. Environment Southland and the Southland Regional Forum are currently undertaking 

work relating to limit setting for their region.  

Environment Southland have approached ESR to assist them in preparing an information package and 

to undertake data analysis that would improve understanding around E. coli concentrations and the 

effect on attribute states, and how these relate to sites around the Southland region. This information 

will be used to inform the limit-setting process and supporting discussion around the catchment limits 

that would be required to achieve both the freshwater objectives set out in the NPS-FM, and the 

values and aspirations of the Southland community.  

                                                
1 Specified lakes and rivers are rivers of fourth order of larger under the River Environment Classification (REC), 
or lakes with a perimeter of more than 1.5 km. 



 

 
An introduction to E. coli as a water quality indicator.  8 

1.2 REPORT SCOPE AND FORMAT 

This report consists of a ‘plain language summary’ that introduces the role of E. coli as an indicator of 

faecal contamination in waterways, and the associated human health risk. It includes: 

 an overview of what E. coli is, and why it fills the role of an microbial indicator; 

 comment on the different pathogens that may be present in faeces, and the relationship 

between these and microbial indicators; 

 an introduction to the attribute state bands for E. coli under the NPS-FM, and the public health 

significance of the different statistical criteria within each band; 

 an introduction to the threshold values for E. coli used in surveillance monitoring at primary 

contact sites; 

 discussion of the idea that ‘not all faecal sources are created equal’ in terms of risk to human 

health, and that contamination from different sources (e.g. human, livestock, wildfowl) may 

present different levels of risk; and  

 an introduction to the concept of ‘faecal source tracking’ investigative tools. 

 

This report has been prepared alongside the report ‘Freshwater Analysis Support to Environment 

Southland, June 2020’; Horn 2020). In that report, E. coli monitoring data provided by Environment 

Southland was analysed to identify which of the specified monitoring sites across the Southland region 

were not meeting freshwater objectives set out by the Council. For these sites, further analysis was 

undertaken to determine which of the statistical criteria within the attribute state bands a site failed 

to meet, preventing it from achieving the intended attribute state.  The possible association of certain 

environmental conditions (e.g. rainfall or seasonality) with the high E. coli loads that prevented a site 

attaining a given attribute state was also explored for three recreational water use sites.  
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2. E. COLI AS AN INDICATOR OF WATER 

QUALITY AND HEALTH RISK 

 

2.1 MICROBIAL INDICATORS OF FAECAL CONTAMINATION 

Water that is contaminated with human or animal faeces may contain a range of associated 

pathogenic (disease-causing) microorganisms, including species of bacteria, viruses and protozoa. 

These pathogens present a health risk to people who use the water for drinking water, recreation or 

mahinga kai (MfE and MoH 2003, WHO 2003a, 2003b). However, it is not possible to routinely monitor 

for the variety of pathogens that may be present in contaminated water – there are simply too many 

different pathogens to test for, and they are often present at low concentrations and shed to the 

environment inconsistently, which makes detection difficult. Further, the methods for detecting and 

quantifying pathogens are often expensive and time-consuming (US EPA 2006, Field and Samadpour 

2007, Korajkic et al. 2018). A simplified and scientifically accepted method to determine the likelihood 

of faecal contamination is to monitor water for the presence and concentration of ‘indicator 

organisms.’ These are microorganisms that do not usually cause illness themselves, but are almost 

universally present in high concentrations in the gut (and therefore, the faeces) of humans and warm-

blooded animals. Under most circumstances, they are not usually present in the absence of faeces 

and do not multiply once shed to the environment; as such, detecting them in water provides a good 

indication that contamination has recently occurred, and that faecal pathogens might therefore be 

present (Edberg et al. 2000, WHO 2003a). Methods for detecting indicator organisms are much quicker 

and cheaper than testing for pathogens, making them suitable for use in routine surveillance. The 

most commonly used indicators of faecal contamination in water are E. coli and enterococci.  

 

2.1.1 What is E. coli? 

Escherichia coli (E. coli) is a species of bacteria that occurs naturally in the intestinal tract of humans 

and warm-blooded animals (i.e. mammals and birds). It is highly abundant, accounting for an 

estimated 1% of the total bacterial biomass in the gut (Leclerc et al. 2001), and is therefore also 

present in high concentrations in faeces (e.g. up to 109 per gram of faeces; Edberg et al. 2000). With 

some exceptions (e.g. Byappanahalli et al. 2006), most E. coli do not survive well outside of the 

intestinal environment. Thus, the presence of E. coli in water is indicative of recent faecal 

contamination, with the amount of E. coli detected indicative of the extent of contamination.  

Because water quality is typically reported in terms of the concentration of indicator organisms (e.g. 

the concentration of E. coli), it is a common misconception that it is E. coli that makes people sick. 

However, most E. coli typically does not cause harm; rather, it is a commensal organism, that thrives 

in the nutrient-rich intestinal tract while its host animal is unaffected by its presence. The high E. coli 

levels reported simply indicate that organisms that do cause harm might be present. There are, 

however, a few strains of E. coli that can cause illness. These are known as shiga toxin-producing                      

E. coli (STEC), with the most well known being E. coli O157. The symptoms of STEC infection typically 
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include gastrointestinal illness, with a small number of cases developing a severe complication known 

as haemolytic uremic syndrome (HUS), which can be fatal (MoH 2012). 

E. coli is the preferred indicator organism for detecting faecal contamination in freshwaters, as a 

number of studies have found it to be the indicator organism that best correlates with adverse health 

outcomes associated with recreational activity in freshwater (Prüss 1998, Korajkic et al. 2018). The 

concentration of E. coli in water is reported as colony forming units (cfu) per 100 ml, or Most Probable 

Number (MPN) per 100 ml. The different units reflect different test methods but give similar results, 

representing the number of viable (i.e. live) bacteria in the 100 ml water sample (WHO 2003a).  

One of the limitations to using E. coli in monitoring for health risks is that analytical methods often 

take up to 24 hours, meaning that any resultant management action (e.g. public health advisories) are 

retrospective, occurring after a period in which people may have been exposed to contaminated 

waters (MfE and MoH 2003, WHO 2003a). 

 

2.1.2 What are enterococci? 

Enterococci are a group of bacteria belonging to the genus Enterococcus. There are currently 36 known 

species of enterococci, which may grow as single bacterial cells, in pairs, or form short chains 

(Byappanahalli et al. 2012). The most common species of enterococci are Enterococcus faecium and 

Enterococcus faecalis (Aarestrup et al. 2002). Similarly to E. coli, enterococci are commensal organisms 

that are naturally present in high concentrations in the intestinal tract of humans and animals. 

However, some species of enterococci can also be isolated from environments including soils, 

sediments and vegetation, even when there is no faecal contamination; enterococci are therefore 

considered to be a ‘less specific’ indicator of faecal contamination in freshwater than E. coli (MfE and 

MoH 2003, Byappanahalli et al. 2012). Routine test methods identify bacteria belonging to the 

enterococci group but do not differentiate between species. As for E. coli, analysis takes approximately 

24 hours, meaning that any response to the results are retrospective, and results are reported as 

either cfu/100 ml or MPN/100 ml, depending on which test method is used.  

Enterococci are the preferred indicator organism for marine waters, because they are better able to 

survive in salt water than E. coli. This means they can better reflect the presence of pathogens that 

may also have some tolerance of a saline environment. The New Zealand Marine Bathing Study 

(McBride et al. 1998), as well as international studies (Prüss 1998), have found that enterococci are 

the indicator organisms that correlate best with health outcomes resulting from recreational use of 

marine beaches.   

 

2.1.3 Pathogens in freshwaters 

There is a variety of bacterial, viral and protozoan pathogens that may be transmitted through 

feacally-contaminated water. Pathogens can enter the body when they are present in water that is 

swallowed or inhaled (e.g. through aerosolised water, or ‘spray’), or that comes into contact with the 

ears, nasal passages, mucous membranes or cuts in the skin (MfE and MoH 2003, WHO 2003b). 
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Epidemiological studies2 at both marine and freshwater recreation sites have demonstrated that 

swimmers exposed to contaminated water show higher rates of illness3 than those that visit the same 

beach but do not swim. As the level of contamination increases, so too does the number of illness 

cases reported (Cabelli 1979, 1983, Dufour 1984, Kay et al. 1994, Fleisher et al. 1996, Prüss 1998, Wyer 

et al. 1999, Wade et al. 2003, Zmirou et al. 2003, Korajkic et al. 2018). Localised outbreaks of illness 

attributable to the presence of faecal pathogens in recreational waters are also reported (Sinclair et 

al. 2009, US EPA 2009, Vanden Esschert et al. 2020). In most cases, the adverse health outcomes 

resulting from recreational contact with contaminated water are minor and short-lived, such as self-

limiting gastrointestinal illness (including vomiting and diarrhoea) or respiratory, skin or ear infections. 

However, in a minority of cases there is the potential for more serious illness such as 

campylobacteriosis, STEC infection or hepatitis A (MfE and MoH 2003, WHO 2003b, Vanden Esschert 

et al. 2020). The risk of illness depends on the specific pathogen and the dose (i.e. amount) that a 

person is exposed to, as well as the overall health of the individual; people with weakened immune 

systems (e.g. young children, elderly or with immunosuppressive conditions) are more likely to 

become ill. Examples of illnesses that have been associated with water-based recreation are provided 

in Table 1. 

 

  

                                                
2 Epidemiological studies measure the occurrence of health outcomes based on exposure to a potential hazard. 
In these studies, large groups of swimmers and non-swimmers (typically several thousand people, but up to 
40,000) visiting particular beaches were interviewed to determine how many in each group experienced certain 
conditions (e.g. gastrointestinal illness or respiratory, skin, ear or eye infections).  
3 Exposure to a pathogen might result in a person becoming infected. This means the pathogen survives and 
multiplies in them, and they shed the pathogen to the environment until the infection resolves. Some infected 
people go on to develop symptoms/illness, while others may remain asymptomatic. Epidemiological studies 
typically measure the incidence of illness, while other methods such as quantitative microbial risk assessment 
(QMRA) may assess the rates of overall infection, including asymptomatic cases.  
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TABLE 1: Examples of bathing-related illness and the pathogenic organisms responsible (MfE and MoH 2003, 

US EPA 2009, Vanden Esschert et al. 2020).   

Illness Pathogen 
Type of 

pathogen 

Gastrointestinal illness 
 

Campylobacteriosis. Symptoms include acute diarrhoea with risk of 
dehydration. Usually accompanied by fever, headaches and nausea 
in the early stages. Abdominal pain can be sufficiently severe for 
patients to be hospitalised. Rare cases can result in Guillain-Barré 
syndrome. 

 

 
 

Campylobacter spp. 
including C. jejuni 
 
 

 
 

Bacteria 

Salmonellosis, also known as typhoid (enteric) or paratyphoid fever. 
Symptoms include abdominal pain, fever, nausea, constipation 
(adults) or diarrhoea (children), fatigue, muscle pain, rash on the 
abdomen/trunk of body.  
 

Salmonella spp.  
including S. typhi and  
S. paratyphi. 
 

Bacteria 

Shigellosis. Diarrhoea that may range from relatively mild to violent, 
with abdominal pain and fevers. 

 

Shigella spp. 
including S. somnei 
 

Bacteria 

STEC infection. Symptoms include diarrhoea (possibly bloody), 
abdominal cramping, vomiting. Can cause haemolytic uraemic 
syndrome (HUS), especially in children or immunocompromised 
people, which can cause kidney failure and mortality. 
 

Shiga toxin-producing E. coli 
strains, including E. coli 
O157:H7 

Bacteria 

Norwalk gastrointestinal illness (norovirus). Sudden onset with 
vomiting (may be projectile and uncontrollable), diarrhoea 
(explosive) and abdominal pain.  

 

Small round-structured viruses, 
including Norwalk virus (aka 
norovirus) 

Virus 

Enterovirus-like illness. Vomiting, diarrhoea, abdominal pain.  
 

Enteroviruses (type not 
identified) 

Virus 

Cryptosporidiosis. Acute diarrhoea. Symptoms may wax and wane 
but duration in a healthy person is typically less than 20 days with 
spontaneous complete recovery. May be fatal in 
immunocompromised patients. 

 

Cryptosporidium parvum 
 

Protozoa 

Giardiasis. Diarrhoea, abdominal cramps, bloating, flatulence, 
nausea, weight loss and malabsorption. Infection may be 
asymptomatic and/or remitting/relapsing. 
 

Giardia spp. 
Including G. intestinalis and  
G. hominis. 

Protozoa 

Respiratory illness 
 

Cold- and flu-like symptoms. May be associated with fever. 
 

Adenovirus, others not 
identified. 

Virus 

Ear infections, swimmer’s ear 
 

Otitis externa; skin infection of the outer ear.  
Otitis media; inner ear infection with exudate and earache 

 

Not identified, usually 
Pseudomonas aeruginosa, 
Streptococcus and/or 
Staphylococcus. 

Bacteria 

Hepatitis A 
 

Long incubation with gradual development of symptoms, including 
loss of appetite, malaise, fever, vomiting, jaundice. 
 

Hepatitis A virus Virus 
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2.1.4 The relationship between indicators and pathogens 

One of the key assumptions in using indicator organisms as a proxy for health risk is that the presence 

and concentration of microbial indicators varies consistently with that of pathogens (Harwood et al. 

2014). However, the presence and concentrations of some pathogens may correlate moderately well 

with some indicators, but not with others. For example, in their review of the literature, Korajkic et al. 

(2018) reported that of 23 studies that examined the indicator-pathogen relationship in freshwaters, 

only 13 reported a statistically significant relationship between at least one indicator and at least one 

pathogen. E. coli was the indicator that had the greatest number of significant pathogen relationships, 

while Cryptosporidium and Giardia were the pathogens most commonly reported to correlate with 

indicators, followed by STEC, Salmonella and Campylobacter. Significant correlations between 

indicator organisms and viral pathogens were reported less frequently.  

This lack of consistent correlation between pathogens and indicators in the environment is due to a 

number of factors (Korajkic et al. 2018). 

 Some pathogens are more commonly associated with certain host animals (and therefore 

faecal sources) than others, so are more likely to be present in the environment when those 

sources are present. In contrast, indicator organisms will be present regardless of the source.  

 Even if certain pathogens are more commonly associated with certain hosts, their presence in 

local populations can be sporadic. If there are no cases of infection with a specific pathogen 

within a source population (e.g. in a household, community, herd etc), then any faecal 

contamination from that source population would not introduce that pathogen. It would still 

introduce indicator organisms (and possibly, other pathogens), however.  

 In infected populations, the number of pathogens shed to the environment can differ between 

individuals. For example, the situation known as ‘super-shedding’ is reported for some cattle, 

where certain individuals excrete much higher concentrations of pathogens than other 

infected members of the herd, and for longer periods of time (Chase-Topping et al. 2008). 

 The concentrations of both the indicator organisms and pathogens (where present) in faeces 

may also vary between humans and different animals. The concentrations of indicators and 

of pathogens shed to the environment may therefore differ depending on the faecal source(s).  

 There is a growing appreciation that some indicator organisms (particularly enterococci, but 

in some circumstances, E. coli) may originate from a non-faecal environment, including soils, 

aquatic sediments and vegetation (Byappanahalli et al. 2006, 2012). These may be truly 

environmental strains, or faecal bacteria that were shed to the environment but were able to 

adapt and survive. These ‘naturalised bacteria’ are therefore not indicative of recent faecal 

contamination, and are not associated with the presence of faecal pathogens. However, they 

cannot be differentiated from faecal organisms using routine test methods. 

 Methodological limitations, including difficulty in detecting/enumerating pathogens, can 

make it difficult to generate sufficient data to characterise the relationship between indicators 

and pathogens. Many studies do not assess all of the potential pathogens, but focus on just 

one or a few. The lack of a significant correlation in these studies does not necessarily confirm 

that no relationship exists – it might just mean that there is not sufficient evidence to confirm 

the relationship.  

 



 

 
An introduction to E. coli as a water quality indicator.  14 

 Once shed to the environment, indicators and pathogens exhibit different patterns of survival. 

Bacteria are generally considered to be least persistent in the environment, with viruses and 

protozoa capable of surviving for longer periods. Similarly, different indicators and pathogens 

show different survival through wastewater treatment processes.  

The presence of indicator organisms does not confirm the presence of pathogens, only a heightened 

risk that they may be present. The essential idea behind the use of indicator organisms is therefore 

that they provide a representation of the overall pathogenicity of the water. Faecal indicator 

organisms, including E. coli and enterococci, have been used to assess the quality of recreational 

waters for over a century (Korajkic et al. 2018), and despite the limitations involved in using indicator 

organisms as a proxy for health risk, they remain an important tool in monitoring the suitability of 

water for recreational use (WHO 2003a, 200b).  

 

2.2 E. COLI IN THE NPS-FM: ATTRIBUTE STATES AND SURVEILLANCE MONITORING 

The NPS-FM (MfE 2017a) requires councils to undertake two kinds of monitoring for E. coli in 

freshwaters in their region: 

 Representative monitoring of an FMU at ‘specified’ sites over a period of time, in order to 

establish overall water quality (i.e. attribute state), set freshwater objectives, and monitor 

progress towards achieving those objectives; and  

 Surveillance monitoring based on single samples collected at sites used for summer primary 

contact recreation, to determine the current microbial health risk, and identify and warn the 

public during periods of elevated risk. 

Sites used for the two monitoring purposes may overlap. 

 

2.2.1 NOF attribute states 

Under the National Objectives Framework (NOF) of the NPS-FM, E. coli is specified as an attribute to 

describe objectives for the compulsory value ‘human health for recreation.’ The relationship between 

attributes, values and objectives is discussed in Appendix 1 of this report. The human health value 

applies to all freshwater, at an FMU scale, all of the time, and focuses on elements of water quality 

that are necessary to support people’s recreational use of a waterbody. E. coli was selected as an 

attribute for the human health value because of its role as an indicator of faecal contamination and 

the associated health risks.  

Attribute state is determined using a minimum of 60 samples collected at a site on a regular basis 

(typically monthly) over a maximum of 5 years, regardless of weather and flow conditions. The E. coli 

attribute table has five attribute states, or ‘bands’ (A, B, C, D and E, or excellent, good, fair, intermittent 

and poor, respectively). Each band has four statistical test criteria that need to be satisfied for water 

quality to meet that attribute state. If one or more criteria cannot be satisfied, a lower attribute state 

must apply. The four statistical measures are: 
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 The percentage of samples where E. coli concentration is greater than 260 cfu/100 ml. 

 The percentage of samples where E. coli concentration is greater than 540 cfu/100 ml. 

 The median E. coli concentration. 

 The 95th percentile E. coli concentration.  

A brief interpretation of what each measure means is provided in Table 2. 

The E. coli concentrations that are used to define each attribute state are based on those used in the 

Microbiological Water Quality Guidelines for Freshwater Recreational Areas (‘the Guidelines;’ MfE and 

MoH 2003) to describe the estimated risk of infection with Campylobacter that results from ingesting 

water during recreational water contact (Table 3). The origin of these values is discussed further in 

Section 2.2.4. The specific combination of criteria for each band are detailed in Table 4, together with 

a brief narrative as to what each band means in terms of health risk.  

As described below, the NOF attribute state provides an overall, year-round measure of water quality 

for a site. These attribute states are also the basis for the national targets for water quality 

improvements set out in Appendix 6 of the NPS-FM. The targets are intended to increase the 

proportion of specified lakes and rivers that are suitable for primary contact to at least 80% by 2030, 

and 90% by 2040. The categories for swimmability are the same as those for the attribute state table. 

Waterways that are considered suitable for primary contact recreation are those in the A, B and C 

(blue, green and yellow) categories. 
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TABLE 2: The four statistical criteria that must be considered when assessing the attribute state of a 
freshwater site.  

Statistical measure What it means 

The percentage of water samples 
where the E. coli concentration 
exceeds 260 cfu/100 ml 

Indicates how often the E. coli level exceeds a level that suggests 
the microbial health risk is starting to increase, and that additional 
monitoring is required. 

The percentage of water samples 
where the E. coli concentration 
exceeds 540 cfu/100ml 

Indicates how often the E. coli level exceeds the acceptable level 
for swimming (i.e. the microbial health risk is increasing to a point 
where swimming should not take place). 

The median E. coli concentration  

The mid-point or middle value, when the data for E. coli 
concentrations are ordered from smallest to largest. In other 
words, half the time the concentration is less than this, and half 
the time it is higher. 

The 95th percentile of E. coli 
concentration  

An indication of the highest E. coli concentrations at the site. 
When E. coli concentration data is ordered from smallest to 
largest, 95% of data will be less than this value, and 5% higher.  

 

 

 

TABLE 3: The E. coli concentrations used within the state attribute table, which correspond to levels of risk of 
Campylobacter infection. The use of these values in the attribute state table is based on Microbiological Water 
Quality Guidelines for Freshwater Recreational Areas (MfE and MoH 2003). 

E. coli concentration 

in water sample 
What it means 

130 E. coli/100 ml 
The E. coli concentration that corresponds to an estimated 0.1% (1 in 1,000) risk of 
Campylobacter infection in individuals undertaking primary contact recreational 
activities in the water.  

260 E. coli/100 ml 
The E. coli concentration that corresponds to an estimated 1% (1 in 100) risk of 
Campylobacter infection in individuals undertaking primary contact recreational 
activities in the water.  

540 E. coli/100 ml 
The E. coli concentration that corresponds to an estimated 5% (5 in 100) risk of 
Campylobacter infection in individuals undertaking primary contact recreational 
activities in the water.  
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TABLE 4: The five attribute states for E. coli in freshwaters, as detailed in Appendix 2 of the NPS-FM.  

Attribute 

state 

/band§ 

% samples 

>540 E. coli per 

100 mL 

% of samples 

>260 E. coli per 

100 mL 

Median                       

E. coli per      

100 mL 

95th percentile#                

E. coli per     

100 mL 

Narrative description – risk of Campylobacter 

infection, based on E. coli concentration 

 

Exceeds 

acceptable 

threshold for 

swimming 

Exceeds 

additional 

monitoring 

requirements 

Midpoint E. 

coli 

concentration          

E. coli 

concentration 

rarely exceeds  

Risk of Campylobacter infection, based on the 

E. coli indicator concentration 

A 

(Blue) 
<5% <20% ≤130 ≤540 

For at least half the time, the estimated risk is 
<1 in 1,000 (0.1% risk). 
 

Less then 5% of the time, the estimated risk is 
≥50 in 1,000 (>5% risk). 
 

Overall, the predicted average infection risk is 
1%.* 

B 

(Green) 
5-10% 20-30% ≤130 ≤1,000 

For at least half the time, the estimated risk is 
<1 in 1,000 (0.1% risk). 
 

5-10% of the time, the estimated risk is ≥50 in 
1,000 (>5% risk) 
 

The predicted average infection risk is 2%.* 

C 

(Yellow) 
10-20% 20-34% ≤130 ≤1,200 

For at least half the time, the estimated risk is 
<1 in 1,000 (0.1% risk). 
 

10-20% of the time, the estimated risk is ≥50 
in 1,000 (5% risk) 
 

The predicted average infection risk is 3%.* 

D  

(Orange) 
20-30% >34% >130 >1,200 

For 20-30% of the time, the estimated risk is 
≥50 in 1,000 (≥5% risk). 
 

The predicted average infection risk is >3%.*  

E  

(Red) 
>30% >50% >260 >1,200 

For more than 30% of the time, the estimated 
risk is ≥50 in 1,000 (≥5% risk).  
 

The predicted average infection risk is >7%.*  

 

* The predicted average infection risk is the overall average infection risk to swimmers based on a random exposure on a random day, 
ignoring any possibility of not swimming during high flows, during certain parts of the season, or when a surveillance advisory is in place 
(assuming that the E.coli concentration follows a lognormal distribution). Actual risk will generally be less if a person does not swim during 
high flows. 

# The 95th percentile should be calculated using the Hazen method. When categorising individual rivers or lakes using the E. coli attribute, 
the 95th percentile criteria may not apply if the council considers that there is insufficient monitoring data to establish a precise 95th 
percentile. This is to acknowledge that monitoring data at this scale may be limited, and may not be sufficient to model 95th percentile 
precisely. 

§ Attribute state must be determined by satisfying all numeric attribute state criteria.  



 

 
An introduction to E. coli as a water quality indicator.  18 

2.2.2 Why are there four criteria for each attribute state band? 

Attribute states describe the overall water quality (i.e. ‘all of the time’), including during periods of 

rainfall or rare events that might temporarily impact water quality. The four statistical measures that 

comprise each attribute state band describe a different measure of the distribution or spread of E. coli 

data that has been collected for a site. Together, they help to build a more detailed picture of this 

overall water quality, and how variable that water quality may be. For example, the median provides 

a measure of the central tendency of the data, where half of the values are higher, and half are lower. 

However, the variability in the data is not characterised; the median does not tell us whether the                     

E. coli concentrations at a site are fairly consistent around that median value, or whether they are 

highly variable, with low concentrations for some of the time and very high concentrations at other 

times (Figure 1). It is this variability – particularly the high concentrations at the top end of the 

distribution – that are of the greatest public health concern (WHO 2003b), because these values 

represent the situations where pathogens are more likely to be present (and at doses that are more 

likely to cause infection or illness). The 95th percentile measure provides some insight into this top-

end variation, or ‘how bad things are’ 5% of the time, but on the other hand, it doesn’t tell us anything 

about what the concentrations are the other 95% of the time.  

Consider a hypothetical site (e.g. site 4 below) that generally has low E. coli concentrations but which 

is occasionally impacted by rainfall-induced runoff – this period of higher risk would not be reflected 

by the median value alone. Conversely, the generally good water quality would not be apparent simply 

by looking at the 95th percentile values that reflect the occasions when the site is impacted. Together, 

the median and 95th percentile provide a more detailed picture of the distribution of E. coli values for 

the site. This is further refined by adding information as to the percentage of samples that exceed 

both 260 and 540 E. coli/100 ml thresholds. These values are used in the Guidelines (MfE and MoH 

2003) to define whether a site is suitable for recreational activity, based on the most recent water 

sample collected. Inclusion of these criteria in the attribute state bands helps to set freshwater 

objectives in terms of improving waterways so they are suitable for swimming more often.  

 

FIGURE 1: Schematic representation of hypothetical E. coli distributions for different sites that could have the 
same median or 95th percentile values. Each ‘dot’ represents the E. coli concentration of a single sample 
collected from that site. Sites A and B have the same median E. coli concentration, despite their very different 
distributions. Similarly, sites C and D have the same 95th percentile, but this does not reflect water quality the 
other 95% of the time.   
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2.2.3 Surveillance monitoring at primary contact sites 

Measuring progress towards freshwater objectives (e.g. by determining attribute states) is not the 

same as assessing the human health risk at a specific site at a point in time. The latter is achieved 

through ‘surveillance monitoring’ of E. coli. The requirements for surveillance monitoring are outlined 

in Appendix 5 of the NPS-FM, and are also based on the Microbiological Water Quality Guidelines for 

Freshwater Recreational Areas (MfE and MoH 2003). The NPS-FM does not replace the Guidelines. 

Surveillance monitoring must be undertaken at all sites that the council has identified in their regional 

plan as being a primary contact site. Samples are collected on a weekly basis over the course of the 

bathing season4, under flow conditions that represent those in which the site would be used for 

primary contact (e.g. typically excluding very high flow or flood conditions, when people are unlikely 

to swim). The most recent E. coli result is then compared as a single value to the threshold 

concentrations detailed in Table 5, to determine the immediate microbial health risk associated with 

primary contact at that site. While these threshold concentrations are the same as those that feature 

in the E. coli attribute table to describe the risk of Campylobacter infection, surveillance monitoring 

asks ‘what is the risk now?’ In doing so, it allows water quality managers to take action to protect 

public health when an increase in risk is detected (MfE and MoH 2003). 

Regional councils may choose to supplement surveillance monitoring with predictive modelling or 

sanitary surveys, to help them fully assess the health risks that are present within the catchment for 

a particular site (MfE 2017c). Detailed information on sanitary surveys is available in the Guidelines 

(MfE and MoH 2003). 

 

 

TABLE 5: E. coli concentration thresholds for single samples collected during surveillance monitoring, and the 
necessary management actions. These concentrations and actions are based on the Microbiological Water 
Quality Guidelines for Freshwater Recreational Areas (MfE and MoH 2003). 

Single sample concentration 

E. coli/100 ml 
Action required 

<260 E. coli/100ml 
Site is generally considered to be suitable for recreation. Continue routine 
(i.e. weekly) monitoring. 

261-540 E. coli/100 ml 
Sampling frequency should be increased to daily where practicable, and all 
reasonable steps taken to identify the potential causes of contamination. 

>540 E. coli/100 ml 
Sampling frequency should be increased to daily where practicable. All 
reasonable steps should be taken to notify the public that the site is 
unsuitable for recreation (until a sampling result shows <540 E. coli/100 ml).  

 

 

 

                                                
4 The bathing season for the Southland region is 1 December to 31 March. 
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Environment Southland has also proposed a set of attribute states to describe primary contact sites 

in the region. This serves as a way to set freshwater objectives specifically for these sites under 

conditions in which they would be used for primary contact (e.g. over the bathing season), and to track 

their progress against the E. coli thresholds in the surveillance monitoring framework. These attribute 

states are based on the 95th percentile concentration for E. coli, as calculated from the surveillance 

monitoring data (Table 6). The attribute states are based on the Microbial Category Assessment (MAC) 

described in the 2003 Guidelines that provides an indication of the suitability of a site for primary 

contact over an extended period of time. 

The introduction of attribute states for primary contact sites was proposed in the Draft National Policy 

Statement for Freshwater Management that was released for consultation in September 2019. The 

concentrations defining the proposed bands in the draft updated NPS are the same as those being 

proposed by Environment Southland. 

 

 

 

TABLE 6: The four attribute states for E. coli at freshwater primary contact recreation sites (lakes and rivers), 
with samples taken over the summer bathing season. 

Attribute 

state/band  

95th percentile  

E. coli per 100 ml§ 
Narrative description 

A ≤130 
Estimated risk of Campylobacter infection for an 
individual in a single exposure is <0.1%, at least 
95% of the time. 

B 131-260 
Estimated risk of Campylobacter infection for an 
individual in a single exposure is <1.0%, at least 
95% of the time* 

C 261-540 
Estimated risk of Campylobacter infection for an 
individual in a single exposure <5%, at least 95% 
of the time* 

 540 National bottom line# 

D >540 
Estimated risk of Campylobacter infection for an 
individual in a single exposure is  
>5%, 95% of the time or more* 

§ Calculated from data collected during the bathing seasons of the preceding 5 years, using Hazen percentile. 
# National bottom line proposed in the Essential Freshwater Package amendments to the NPS-FM. 
*The narrative attribute state description assume % of the time is equal to the % of samples. 
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2.2.4 Why Campylobacter? 

The E. coli concentrations that define the attribute states in Table 4 and the thresholds for surveillance 

monitoring in Table 5 (and indeed, the Guidelines on which they are based) reflect water quality 

conditions where different percentages of recreational water users at a site are at risk of infection 

with Campylobacter, as a result of ingesting water during recreational activities such as swimming. 

These ‘risk profiles’ are based on a quantitative microbial risk assessment (QMRA)5 that was 

undertaken as a part of the Freshwater Microbiological Research Programme (FMRP) 1998-2000 

(McBride et al. 2002, Till et al. 2008). The FMRP collected samples from around New Zealand to assess 

the prevalence of different indicator organisms and pathogens in New Zealand freshwaters. Based on 

the detection rates for the various pathogens and the subsequent QMRA modelling, Campylobacter 

and adenovirus were determined to be the pathogens most likely to cause illness in recreational 

freshwater users. Campylobacter was detected in 60% of the samples that were collected during the 

study. 

In addition, while the correlations between the various indicators and pathogens detected was 

generally low, there was a moderate correlation between the concentrations of Campylobacter and 

E. coli present in a given water sample. This correlation meant that the results of the risk assessment 

(i.e. the estimated risk of infection by Campylobacter, one of the pathogens most likely to cause 

infection during recreation) could be translated into an easily-measured E. coli concentration. This is 

the origin of the 130, 260 and 540 cfu/100 ml E. coli thresholds in the recreational water quality 

Guidelines – they reflect pre-determined levels of risk (being 0.1%, 1% and 5% risk of infection to an 

individual) (Figure 2). When these E. coli thresholds are exceeded, it implies that the risk of 

Campylobacter infection has increased above the pre-determined levels, and triggers certain 

surveillance or action activities such as increased monitoring or public health alerts, to help manage 

the increase in risk.  

The derivation of these concentrations are described in more detail in McBride et al. (2002). 

 

 

 
 

FIGURE 2: Diagram showing the analogy of the risk of Campylobacter infection, based on E. coli concentrations 
in the water.  

                                                
5 A QMRA is a framework that can be used to predict the risk of infection and/or illness, by accounting for the 
specific pathogen(s) of concern, how much pathogen is in the water, how much water is ingested during 
recreation, and the infectious dose of the pathogen (i.e. how much needs to be ingested to cause infection or 
illness). Because each of these factors can be widely variable, a modelling approach is undertaken that simulates 
10,000 different scenarios of exposure (e.g. using different amounts of water swallowed, or a different 
concentration of pathogen in the water etc), to generate an average predicted risk.  
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Aside from the findings of the FMRP, campylobacteriosis is the most commonly notified illness in New 

Zealand, with over 6,000 notified cases each year and a seasonal peak over summer. New Zealand’s 

rates of campylobacteriosis are among the highest reported in the developed world (>135 cases per 

100,000 persons, peaking at 396 per 100,000 in 2003; Till and McBride 2004; ESR 2019). 

Campylobacter is found in a range of animal reservoirs, including cattle, sheep, deer, poultry and 

wildfowl. Although campylobacteriosis is most commonly associated with contaminated food, 

contaminated water can also cause significant outbreaks of illness, as happened in Havelock North in 

2016 when approximately 5,500 people became ill from a contaminated water supply (DIA 2017). 

McBride et al. (2002) calculated that based on the findings of the FMRP, together with estimates of 

how often people swim at freshwater sites in New Zealand, the proportion of infections that develop 

into illness, and how many of those who become unwell go on to seek medial attention and have the 

causative agent identified, recreational contact with freshwater could account for 4% of notified cases 

of campylobacteriosis in New Zealand. The high reporting rates of campylobacteriosis and the 

frequency with which Campylobacter is detected in environmental samples means it is a waterborne 

pathogen of significant concern in New Zealand.  

 

2.2.5 Risk from other pathogens 

Whilst the increasing E. coli concentrations set out in the Guidelines and NPS-FM attribute tables and 

surveillance monitoring requirements reflect an increasing general risk from pathogens, the numeric 

limits are based only on the risk assessment for Campylobacter. From the findings of the FMRP, it was 

not possible to produce similar analogies between E. coli and other pathogens, due to either 

insufficient data to undertake a risk assessment in the first instance, or a poor correlation between 

the pathogen and E. coli. Technical limitations also meant that norovirus was not included in the 

sampling undertaken during the FMRP or associated risk assessment (McBride et al. 2002), but may 

be a significant cause of illness associated with recreation in waters contaminated with human faeces 

(Soller et al. 2010a). 

 

2.3 COMMENT ON ESTUARINE AND COASTAL WATER QUALITY 

Under Policy A1 of the NPS-FM, regional councils must have regard for the connections between 

freshwater bodies and coastal waters when establishing objectives and limits for their region. Coastal 

environments, particularly estuaries, are exposed to the influences of run-off or discharge not only 

from the surrounding landscape, but also to impacts in the wider catchment that are then conveyed 

along streams and rivers. A freshwater objective and/or limit for an FMU may therefore be driven by 

the impact that freshwater will have on a receiving environment within an estuary or coastal marine 

area. Although the NPS-FM does not specify attributes or objectives for estuarine or coastal areas, 

Environment Southland have adopted attribute states for sites in these areas.  

The attribute states used to describe and set objectives for coastal areas are based on the 

measurement of enterococci concentrations (being the preferred indicator for marine waters). The 

attribute state bands are presented in Table 7. Similarly to the attribute state bands for freshwaters, 

the concentrations of indicators used to describe coastal waters are based on the Microbiological 

Water Quality Guidelines for Marine and Freshwater Recreational Areas (MfE and MoH 2003) – this 
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time for marine areas. The origin of indicator threshold values used in these Guidelines is quite 

different to those for the freshwater, and is described in detail in the appendices of the Guidelines 

(MfE and MoH 2003). In short, they were determined from epidemiological studies that described the 

rates of gastrointestinal (Kay et al. 1994, Wyer et al. 1999) and respiratory illness (Fleisher et al. 1996) 

that were observed in swimmers at marine beaches in the United Kingdom. The results of those 

studies were used to calculate four attribute bands, based on the 95th percentile values for enterococci 

that relate to gastrointestinal risks of 1%, 5% and 10%. The risk of respiratory illness associated with 

those enterococci percentiles are 0.3%, 1.9% and 3.9%.  

The value of 280 enterococci/100 ml against which the number of exceedances is judged, is the 

concentration above which water is deemed unsuitable for primary contact, owing to the substantially 

increased risk of illness. This concentration is akin to the 540 E. coli/100 ml surveillance threshold for 

freshwaters. It is based on the epidemiological study of Cabelli (1983), where a median concentration 

of 35 cfu/100 ml was associated with a 1.9% risk of illness, together with assumptions about the shape 

of the distribution of enterococci distributions. The 90th percentile concentration of that distribution 

was estimate at approximately 280 enterococci/100 ml. 

When assessing the attribute state of estuaries, or coastal beaches where there is significant discharge 

of freshwater (e.g. Oreti beach), water samples are assessed for both freshwater and marine 

indicators (i.e. E. coli and enterococci). The site will therefore be assigned an attribute state for each 

indicator, and the lowest attribute state will apply overall. For example, a hypothetical site may be 

classified as band B for E. coli and band C for enterococci; the site will be classified overall as being in 

attribute state C.  
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TABLE 7: The four attribute states for enterococci in estuarine and open coastal waters, for objectives 
established by Environment Southland. 95th percentile concentrations are based on the Guidelines for 
marine recreation areas (MfE and MoH 2003).  

Attribute band  

95th percentile 

enterococci 

 per 100 ml* 

% exceedances   

280 enterococci  

per 100 ml* 

Narrative description 

A ≤40 ≤5% 

At least 95% of the time, the concentration 
is below that which most epidemiological 
studies report as having no observed 
adverse effects of recreation. 

 

Estimated GI risk is <1% and AFRI is <0.3% 
from a single exposure. 

 

The estimated GI risk is >10 % and AFRI risk 
is >4%, less than 5% of the time. 

B >40 and ≤200 >5% and ≤10% 

95th percentile values in this range indicate 
a possible increase in the probability of 
adverse health outcomes. 200 cfu/100 ml is 
above the threshold for illness transmission 
in most studies attempting to define a no- 
or lowest-observed adverse effects level. 

 

Estimated GI risk is 1-5% and AFRI is 0.3-2% 
from a single exposure. 

 

The estimated GI risk is >10 % and AFRI risk 
is >4%, between 5 and 10% of the time. 

C >200 and ≤500 >10% and ≤20% 

95th percentile values in this range 
represent a substantial elevation in the 
probability of adverse health outcomes. 
 

Estimated GI risk is 5-10% and AFRI is 2-4% 
from a single exposure. 
 

The estimated GI risk is >10 % and AFRI risk 
is >4%, between 10 and 20% of the time. 

 500 20% Proposed minimum acceptable state 

D >500 >20% 

95th percentile values in this range 
represent a significant risk of high levels of 
minor illness transmission. 

 

Estimated GI risk is >10% and AFRI is >4% 
from a single exposure. 

 

The estimated GI risk is >10 % and AFRI risk 
is >4%, more than 20% of the time. 

      GI – Gastrointestinal illness, AFRI – acute febrile respiratory illness 
      * Calculated using monthly monitoring data 
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2.4 FAECAL SOURCE IDENTIFICATION AND RELATIVE RISK 

Whilst the detection of indicators such as E. coli provides an indication that water has been 

contaminated with faeces, it does not provide any information as to the source(s) of contamination 

(Field and Samadpour 2007, Ahmed et al. 2011). Discriminating between human and non-human (i.e. 

animal) sources of contamination, and in the case of the latter, identifying the type of animal, allows 

for improved water management for two reasons. Firstly, mitigation will be more effective if the 

source(s) of contamination are identified and solutions appropriately targeted (Korajkic et al. 2018). 

Secondly, there is increasing evidence to suggest that faecal contamination from different sources 

may pose different levels of risk to human health. Faecal source identification is an issue of particular 

significance in rural and semi-rural communities, where there are typically a variety of potential 

human and non-human sources (Sinton et al. 1998). In some instances, the probable source(s) can be 

identified simply by surveying the area; however this is not always the case. There are often multiple 

sources present, especially as contamination may be introduced in higher reaches of waterway, to 

subsequently impact those further down a catchment than can be determined by simple site 

assessment. A ‘toolbox’ of analyses known as Faecal Source Tracking (FST) can be used to help 

determine the sources of contamination, as described in Section 2.4.2 below.  

 

2.4.1 Relative risk associated with human and non-human sources 

Our current understanding of the occurrence of pathogens in faeces suggests that the risks to human 

health posed by human and non-human sources are not equivalent (Dufour et al. 2012, Soller et al. 

2014). As discussed, faeces from different human or animal sources will likely contain different types 

of pathogens, and at different concentrations. Further, the ratio between the levels of pathogens and 

indicators in the faecal material is likely to differ. As such, for a given concentration of E. coli (or other 

indicator organisms) in the water, the type and concentration of pathogen(s) that may be present – 

and thus the associated health risk – can differ based on the contributing faecal source(s).  

It is generally accepted that contact with water contaminated by human faeces presents a greater 

health risk than contact with water contaminated by animal sources. Epidemiological studies have 

demonstrated the adverse health outcomes associated with recreational use of waters impacted by 

municipal (i.e. human) wastewaters, and that the risk of illness increases as does the concentration of 

indicator organisms (Prüss 1998, Wade et al. 2003, Zmirou et al. 2003). In contrast, very few 

epidemiological studies have focused on health outcomes where waters are impacted predominantly 

by animal sources, and the majority of those involve marine beaches (Calderon et al. 1991, Cheung et 

al. 1991, McBride et al. 1998, Colford et al. 2007). The overall conclusions from these studies are not 

especially clear. For example, most reported an increased risk of illness in swimmers compared with 

that for non-swimmers, although Calderon et al. (2007) attributed this to swimmer-to-swimmer 

transmission rather than zoonotic pathogens. However, the risk generally does not correlate with the 

concentration of indicator organisms (Calderon et al. 1991, McBride et al. 1998, Colford et al. 2007, 

Fleisher et al. 2010). McBride et al. (1998) reported that the risk to bathers at beaches impacted by 

agricultural effluents was not different to that for bathers at beaches impacted by oxidation pond 

effluents. Conversely, Cheung et al. (1991) found that for human-impacted beaches in Hong Kong, 

swimmers experienced an increase in gastrointestinal, respiratory, skin and eye infections, while 
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swimmers at beaches impacted by animal (predominantly pig) effluents experienced only an increased 

risk of skin infections.  

An alternative approach for comparing the relative risk posed by different sources of faecal 

contamination is to use QMRA, incorporating knowledge of the particular pathogen(s) that may be 

present in a certain faecal source, their estimated concentration and infectious dose, as well as 

estimated indicator concentrations. The risks are calculated for a given indicator concentration in a 

water sample, typically the regulatory limits of acceptable water quality set by the US EPA (126 cfu/100 

ml E. coli for freshwaters and 35 cfu/100 ml enterococci for marine waters). This approach basically 

asks, for example, ‘if the E. coli concentration in the water was 126 cfu/100 ml, how would the health 

risk change based on the source of the E. coli (i.e. human, or cattle, or birds)?’ Schoen and Ashbolt 

(2010) found that the predicted illness risk for swimmers at a hypothetical site with a mean 

enterococci concentration of 35 cfu/100 ml was two orders of magnitude (or 100 times) less if gulls 

were the only faecal source of contamination, compared with the risk if human sewage was the only 

source. Soller et al. (2010b) found the predicted risks for swimmers at sites impacted by gull, chicken 

or pig faeces were significantly less than if the water was contaminated by human wastes. However, 

the risk posed by cattle faeces was not substantially different to that posed by human contamination. 

US EPA (2010) predicted that the risks to swimmers at hypothetical beaches impacted by rainfall-

driven run-off of land-applied agricultural waste (cattle, pig, or chicken) were at least 20 to 30 times 

less than the risks from human-impacted waters. However, if the FIB were present as the result of 

direct faecal deposition into the receiving water rather than run-off, then the risks from cattle were 

similar to that from humans, while the risk from chickens was lower again. Wood et al. (2018) used a 

similar approach to compare the relative risks posed by human, animal and wildfowl contamination 

for a given concentration of E. coli, although they only considered the risk from Campylobacter, and 

not other pathogens. They found that treated sewage, cattle, pūkeko and Canada geese posed the 

highest level of risk, followed by sheep, other wildfowl and deer. While the relative QMRA approach 

allows direct comparison of source-related risk for a certain indicator concentration, the actual risk to 

water users may differ, because different sources may contribute different total amounts of 

contamination, and therefore different microbial burdens (e.g. due to different total faecal outputs, 

the actual microbial burden present when a site is impacted by different sources might be quite 

different to the indicator concentration for which the risk assessment is calculated).  

Because many sites are impacted by multiple sources (Ahmed et al. 2011), it is also important to 

consider that the dominant source of faecal pollution at a site might not be the one to pose the 

greatest risk to human health. For example, Schoen and Ashbolt (2010) used QMRA to determine that 

for a hypothetical site impacted by both gulls and human sewage at different ratios, the health risk 

associated with the gull contamination exceeded that posed by human contamination, only when 98% 

of the overall faecal indicator load was attributable to gull pollution.  

Enteric viruses, particularly noroviruses, are thought to be a significant cause of illness resulting from 

freshwater recreation (Sinclair et al. 2009, Soller et al. 2010a, Korajkic et al. 2018, Vanden Esschert et 

al. 2020). As viruses are relatively host-specific (meaning they tend to infect just people, or just one 

sort of animal), viruses that are able to infect people are likely to be found in human wastes, but not 

animal wastes. Viruses tend to have a very low infectious dose compared with protozoan or bacterial 

pathogens, meaning relatively few of them need to be ingested or inhaled before they cause infection. 

This potential for human viral pathogens is thought to underlie the greater risk posed by human 
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contamination. The risk posed by cattle is thought to result from the suite of different pathogens that 

they may carry, including STEC, which can result in more severe infection (Korajkic et al. 2018). The 

primary risk from wildfowl sources is thought to be from Campylobacter (Soller et al. 2010b), although 

they are known to carry other pathogens as well.  

These findings show that the risk associated with animal-impacted water may be lower than the risk 

associated with human-impacted waters; however, the contamination of recreational waters with 

animal faeces clearly presents a risk to human health. Animal faeces are known to contain pathogens 

that infect and cause illness in humans (i.e. zoonoses), as demonstrated in the epidemiological studies 

and outbreak investigations cited in this report, among others. Thus, although our understanding of 

the risks posed by animal contamination remains poor, and it is important that these risks are not 

discounted (Dufour et al. 2012). Source-specific risk assessment is an area of active research. 

 

2.4.2  Faecal source tracking analyses 

Methods to identify sources of faecal contamination include microbial and chemical methods (Ahmed 

et al. 2011).  Microbial source tracking methods identify the source(s) of contamination by detecting 

the presence of microorganisms6 that are specific to the gut of a certain host animal (or humans). 

Using molecular methods, DNA that is present in a water sample is extracted and analysed to identify 

genes fragments (‘markers’) that are unique to these gut microorganisms. The presence of a target 

marker implicates the host animal of that microorganism as a likely source of contamination (Harwood 

et al. 2014). However, the absence of a marker does not necessarily exclude the presence of the 

associated faecal source; these microorganisms are present at lower concentrations than faecal 

indicator organisms such as E. coli, and because of detection limits inherent in these tests, there must 

be enough contamination present to permit the detection of the more specific markers. For this 

reason, and because of the costs involved in analysis, samples with E. coli concentrations less than 

2600 cfu/100 ml are not recommended for testing.  

A separate analysis is required to test for each potential source, so the particular markers that a 

samples is analysed for can be tailored to suit the questions that are being asked around possible 

sources. Currently, ESR is able to undertake microbial source tracking analysis for a general faecal 

indicator (using the ‘GenBac3’ marker), as well as more specific markers for human (BacH, BiADO), 

ruminant animal (BacR), cow (M2), sheep (Schill), bird (GFD, E2), and dog (DogBac) pollution sources. 

The percentage of the overall contamination originating from ruminant animal sources (cows, sheep, 

deer, goats) can be estimated based on the level of the ruminant BacR marker relative to the general 

GenBac indicator.  

Chemical FST methods include analysis of water for faecal sterol and stanol fingerprints7, 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, 

Ahmed et al. 2011). 

                                                
6 These microorganisms are different to the general indicators such as E. coli or enterococci. 
7 Sterols are lipids that have important biological function, and a small group of these are shed in the faeces. The 
particular pattern or profile of sterols in faeces can be distinctive between animals, so that the ratio of one sterol 
to another can help determine a source of pollution.  
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2.5 FAECAL SOURCE TRACKING IN SOUTHLAND 

In 2015 and 2016, Environment Southland and ESR undertook water quality and faecal source 

tracking analysis of samples collected across the Aparima, Mataura, Oreti and Waiau FMUs. Some 

sites had a single sample collected, while others had multiple samples (up to six) collected. Some 

sites were sampled under both base flow (i.e. dry) and high flow (i.e. post-rainfall) conditions, while 

others were sampled under one or the other. Summaries of the faecal sources identified within each 

FMU are provided below; readers are referred to the original reports (Moriarty et al. 2019a-d) for 

further details. 

 

2.5.1 Animal and avian faecal pollution in Aparima FMU 

A total of 27 sites were sampled in the Aparima FMU, although many were sampled on a single 

occasion and during dry weather. Ruminant animals (including sheep and cows) and wildfowl were 

important sources of faecal pollution, and multiple source markers were often detected in the same 

sample. 

Wildfowl pollution was detected at 23 sites overall. Of the nine sites where multiple samples were 

collected, wildfowl markers were detected at six sites. Wildfowl pollution at these sites was 

ubiquitous, being present in virtually all samples collected, with similar prevalence regardless of 

whether samples were collected follow wet or dry conditions. Wildfowl was likely a dominant 

pollution source under base flow conditions. 

Ruminant faecal pollution was detected at all 27 sites, although in highly varied amounts: under base 

flow, ruminants were a minor source at some sites (~1% of total faecal pollution), and dominant (50-

100%) at others. Sheep markers were detected more frequently than cow markers at sites with 

repeated sampling. For samples collected following rainfall however, ruminants typically dominated 

the faecal input, with both sheep and cow markers being detected at similar rates.  

 

2.5.2 Animal and avian faecal pollution in Oreti FMU 

Faecal source tracking analysis of samples from 13 sites in the Oreti FMU found that ruminant 

animals (including sheep and cows) and wildfowl were important sources of faecal pollution. 

Samples often contained multiple source markers at the same time.  

Wildfowl pollution was detected at all 13 sites. Wildfowl markers were detected in 90% of the 

samples collected under base flow conditions, and 61% of samples collected following rainfall. 

Wildfowl are likely to be the dominant faecal source under dry conditions. Following rainfall 

however, ruminant animals were the dominant faecal source, with both sheep and cow markers 

being detected more frequently. Cow faecal markers were detected at all 13 sites, with sheep 

markers detected at 12 sites overall. 

Although only a small set of samples were tested for the presence of dog faeces, markers were 

detected at Otepuni Creek at Nith Street, and Tussock Creek at Cooper Road. 
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2.5.3 Animal and avian faecal pollution in Mataura FMU 

Faecal source tracking analysis of samples from 15 sites in the Mataura FMU found that sheep, cows 

and wildfowl were important sources of faecal pollution. Samples often contained multiple source 

markers at the same time.  

Wildfowl pollution was detected at 14 sites, and was detected with similar frequency regardless of 

whether samples were collected under wet or dry conditions. Birds were likely the dominant source 

of pollution under dry conditions. Following rainfall, ruminant animals became the primary source of 

pollution. Overall, cow markers were specifically detected at 13 sites and sheep markers at 12 sites, 

and both were detected more frequently following rainfall, suggesting they both contribute to the 

increased ruminant loading during high flow conditions. 

 

2.5.4 Animal and avian faecal pollution in Waiau FMU 

Faecal source tracking analysis of samples collected from five sites in the Waiau FMU indicated that 

ruminant animals (including both cows and sheep) and wildfowl were important sources of 

pollution. Ruminant markers were detected at all sites, and wildfowl at four sites.  

Although only a limited number of samples were collected, the ruminant contribution tended to be 

greater at sites further down the catchment. Whilst both sheep and wildfowl markers were detected 

under both wet and dry conditions, wildfowl was likely to be a main source of pollution under base 

flow conditions. Following rainfall, ruminant pollution became dominant. More frequent detection 

of both sheep and cow markers (the latter being detected only after rainfall) suggests they are major 

sources of pollution under high flow conditions.  

 

2.5.5 Human faecal pollution in the Southland region 

Human faecal contamination was detected at five sites across the Oreti FMU: Bog Burn downstream 

of Hundred Line Road; Makarewa River at Lora Gorge Road; Otepuni Creek at Nith Street; Waihopai 

River upstream of Queen’s Drive; and Waikiwi Stream at North Road. In particular, human markers 

were repeatedly detected in Otepuni Creek (all four samples collected), the Waihopai River (3 of 6 

samples) and Waikiwi Stream (3 of 6 samples). The repeated detection of human markers at these 

sites is perhaps not surprising, given the urban land uses immediately upstream of sampling 

locations.  

Human faecal contamination was detected at six sites in the Aparima FMU: the Otautau Stream at 

both Otautau-Tuatapere Road and at Waikouro; the Wairio Stream at both Birchwood-Wairio Road 

and upstream of the confluence with the Otautau Stream; the Opouriki Stream at Tweedie Road; 

and and the Waimatuku Stream at the Lorneville-Riverton Highway.    

There was one instance of human faecal pollution in the Mataura FMU, at Oteramika Stream at 

Seaward Downs. This was detected under base flow conditions. 

No instances of human pollution were detected in the Waiau FMU. 
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3. CONCLUSIONS 

 

Water that is contaminated with faeces may contain a variety of faecal pathogens, and therefore 

poses a risk to the health of people having contact with such water. E. coli is a bacteria that is naturally 

present in the intestinal tract, and is used to indicate the presence of faecal contamination in 

freshwater. Elevated concentrations of E. coli in recreational waters are associated with an increased 

incidence of adverse health outcomes (i.e. illness) in swimmers.  

The National Policy Statement for Freshwater Management requires the monitoring of freshwaters 

for E. coli, to determine both the overall water quality (i.e. attribute state) at representative sites 

across a freshwater management unit, and the current microbial risks at sites designated for primary 

contact (surveillance monitoring). The E. coli attribute state is used to describe the water quality and 

variability at a site over an extended period of time and under all conditions, using a combination of 

statistical measures. Attribute states are used to define freshwater objectives, with a view to 

improving water quality so that it is suitable for primary contact more often. Surveillance monitoring 

compares the results for single samples collected regularly over the bathing season to threshold 

values, to indicate the immediate health risks to people accessing a given primary contact site.   

The E. coli concentrations used to define the different attribute states and the thresholds against 

which surveillance samples are assessed, are based on the Microbiological Water Quality Guidelines 

for Marine and Freshwater Recreational Areas (MfE and MoH 2003). Concentrations specified within 

the Guidelines were derived from a national survey of freshwater quality and subsequent QMRA 

assessment. Campylobacter was determined to be one of the pathogens most likely to cause illness in 

recreational freshwater users; E. coli concentrations reflect certain pre-determined levels of risk of 

infection with Campylobacter, as a result of ingesting contaminated water during recreational 

activities. 

In addition to the requirements of the NPS-FM, Environment Southland have also adopted attribute 

state tables, based on the Guidelines, to assist in characterising and setting objectives for water quality 

at primary contact sites in freshwater, coastal and estuarine areas. Attribute states for coastal areas 

are based on the indicator enterococci, whilst estuarine sites are assessed against criteria for both E. 

coli and enterococci.  

Whilst faecal indicator organisms are important in estimating the overall pathogen risk, they do not 

provide any information as to the source(s) of contamination (e.g. human, ruminant, wildfowl). Source 

identification is important to ensure that any mitigation strategies implemented are appropriate for 

the source of contamination. Identifying faecal contaminant sources may also help to characterise the 

risk to human health, as faeces from different sources may contain different types and concentrations 

of pathogens. Human faecal contamination is generally considered to present the greatest risk, largely 

through the potential presence of human-specific viruses such as norovirus that are not typically 

present in animal faeces. However, animals including livestock and wildfowl are known to carry 

pathogens that cause illness in humans, and waters contaminated with animal faeces have been linked 

with outbreaks of illness. Despite limitations in our understanding of the relative risks posed by 

animal-impacted waters, it is therefore important that these risks are not discounted. 
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Faecal source tracking analysis of samples collected across the Southland region has shown that 

wildfowl and ruminant animals, including cows and sheep, are important sources of faecal 

contamination detected in the region’s waterways. Wildfowl pollution is commonly detected under 

both wet and dry conditions, whilst the relative impact from ruminant animals increases significantly 

following rainfall. Human faecal contamination has also been detected at a number of sites, most 

commonly at those with urban land uses in their immediate catchment.  

  



 

 
An introduction to E. coli as a water quality indicator.  32 

APPENDIX 1 

 

To help manage freshwater in New Zealand, the National Policy Statement for Freshwater 

Management (NPS-FM) contains a National Objectives Framework (NOF). The framework can be 

thought of as cascade: 

Values – Freshwater Objectives (attributes) – Limits – Methods 

The NPS-FM and NOF require regional councils to identify ‘values’ that are associated with water 

bodies in their regions. Values are qualities or uses of the water that people feel are important and 

wish to see recognised through ongoing management. These values must include the two 

compulsory values ‘ecosystem health’ and ‘human health for recreation,’ as well as any other local 

values that the community identifies.  

To support those values, the council must set freshwater objectives using a range of relevant 

attributes. The objectives describe the intended state of freshwater so that it may provide for or 

support a value (or values). Current state and progress towards the intended state is determined by 

measuring the relevant attributes, and assigning an attribute state, (typically A (best) through D 

(worst)). There are a number of attributes for which objectives must be set – these help support the 

two compulsory value, and are detailed in Appendix 2 of the NPS-FM. The council can choose to add 

other attributes that it feels are appropriate to help support the full range of values identified by the 

community (i.e. compulsory and local values). 

Once freshwater objectives have been set, the council must set limits to help achieve the objective. 

Limits are the maximum amount of ‘resource use’ that can be sustained while allowing freshwater 

objectives to me met.  

Methods are the action that need to be taken to ensure resource use meets the specified limits. This 

can include regulatory mechanisms such as rules or consent conditions, or non-regulatory 

mechanisms such as environmental enhancement initiatives like wetlands and sediment basins.  

Figure 3 provides an overview of the relationship between values, objectives and management 

actions, using E. coli as an example. More information can be found in the MfE publication A Draft 

Guide to Limits Under the National Policy Statement for Freshwater Management 2014 (as amended 

2017).  
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FIGURE 3: The relationship between values, objectives, limits and management actions in the National Policy 
Statement for Freshwater Management. 
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