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EXECUTIVE SUMMARY 
 
In 1995 a survey of opinions from regional councils revealed the need for freshwater 
guidelines to help in the management of fresh waters used for recreation. This request was 
supported by the Ministries for the Environment, Health, and Agriculture and Forestry. The 
study for a “Freshwater Microbiological Research Programme” was funded by the Ministry of 
Research Science and Technology in 1997. 
 
A Management Group was set up to guide and oversee the design and implementation of the 
programme, using a regional council representative, government department staff, a consultant 
from the private sector, and two Crown Research Institutes. 
 
The ten indicators and pathogens used were: E. coli, Clostridium perfringens spores, FRNA 
bacteriophage, somatic coliphage, enteroviruses, adenoviruses, Cryptosporidium oocysts, 
Giardia cysts, Salmonellae and Campylobacter. A preliminary study at 3 sites was used to test 
sampling and laboratory methods. 
 
Following the preliminary study, 25 sites distributed throughout New Zealand were selected 
on the basis of representing five different categories of predominant environmental impact 
(land use, waste discharge, and waterfowl activity). These are B (birds), D (dairy farming), F 
(forestry/undeveloped), M (municipal), and S (sheep/pastoral). In addition, five of the sites 
were also source waters for treated drinking-water supplies. 
 
The main study has measured these ten variables fortnightly at the 25 sites for 15 months, from 
December 1998 to February 2000 (with a one-month gap). Twelve regional councils carried 
out the sampling, with four accredited laboratories performing the tests. Ancillary weather and 
water quality data were also recorded at the time of each sampling along with any noted 
unusual activities (e.g., increased waterfowl and bird densities, cattle in stream). A detailed 
catchment assessment (sanitary survey) was conducted for each site, covering a minimum 
distance of two kilometres upstream for those sites on rivers. 
 
The results have formed the basis of the risk assessment presented herein. Associated studies 
have also been completed on stock-water drinking patterns and farm trough surveys, and some 
analysis of current Canadian studies on the effects of water quality on cattle.  
 
The main outcomes of the risk assessment were that: 
• Of the pathogens assessed in this study, Campylobacter and human adenoviruses are the 

pathogens most likely to cause human waterborne illness to recreational freshwater users. 
• Using data from all sites, an estimated 4% of notified campylobacteriosis in New Zealand 

could be attributable to water contact recreation. 
• The critical value for E. coli as an indicator of increased Campylobacter infection is in the 

range of 200-500 E. coli per 100mL. 
• Infection risks of other pathogens examined have not been able to be related to E. coli 

concentrations in fresh waters. 
 
Other findings include: 
 
The most commonly used faecal indicator for fresh waters, E. coli, was detected in 99% of all 
samples, with somatic coliphage being detected most of the time (89%). Both tended to be 
highest in summer/autumn. Clostridium perfringens spores and FRNA phage were detected in 
only about half of all samples (58% and 52% respectively). They tended to be elevated in 
winter. 
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The Campylobacter detection rate was 60%; furthermore 43 (i.e., 5%) of all samples were 
above the test’s detection limit. They were highest in late summer-early autumn. C. jejuni was 
the most frequent thermotolerant species identified, being present in at least 48% of the 
positive samples.  
 
Each virus group was detected in about one third of all samples, though they were strongly 
dissociated (i.e., if adenovirus was detected in a sample enterovirus was seldom detected, and 
vice versa; a virus was detected in 59% of samples). No clear temporal pattern was obvious. 
 
The Salmonella detection rate was low (10% of samples), and was highest in August and 
associated with outbreaks in sheep and associated human cases. 
 
Giardia cysts and Cryptosporidium oocysts were detected rather infrequently (8% and 5% 
respectively) and at low concentrations in all catchment types, especially compared with the 
preliminary survey. 
 
Correlations between data collected within the bathing season are very similar to those 
obtained using all the data. Correlations between indicators and pathogens were generally low. 
Somatic coliphage was well correlated with E. coli and there were moderate correlations 
between somatic coliphage and Campylobacter, between somatic coliphage and FRNA phage, 
and also between E. coli and Campylobacter. However, correlations are influenced by 
catchment types; in the catchment groups with higher levels of Campylobacter (S and M) its 
correlation with E. coli is stronger. The largest proportion of high Campylobacter values 
occurred in the S catchments and the greatest spread of values occurred in the M catchments. 
 
Bird catchments were the most contaminated, across nearly all microorganisms. 
 
Dairying catchments were often the second-most contaminated, but not for Campylobacter nor 
for adenoviruses. 
 
The Municipal (M) and Forestry/Undeveloped (F) catchments were generally the least 
contaminated. 
 
The overall pattern of distribution of Campylobacter species was similar between catchment 
types, except that the Sheep (S) catchments contained elevated levels of C. lari (33% of 
positive samples, versus 14% average for all other catchments).  
 
Turbidity and catchment type are important explicatory variables for indicators and pathogens 
in fresh waters. 
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1 INTRODUCTION 
 
1.1 Origins of the Programme 
In 1995 a survey of opinions from Regional Councils (Pyle, 1995) revealed that an important 
need for aquatic resources management information concerned microbiological water quality 
as it affects recreational use of freshwaters (i.e., swimming, water-skiing and wind-surfing). 
Their opinions were fuelled by the widespread incidence of elevated levels of microbiological 
indicators of faecal material, particularly—but not only—in areas impacted by agricultural 
activities (Smith et al., 1993). Supporting that view was a parallel understanding of the 
inevitable contribution of pathogenic microbiological material to streams and lakes both from 
point sources of treated agricultural wastes (e.g., meat processing plants, dairy sheds) and from 
diffuse sources of raw wastes from land-based animals (e.g., feral forest mammals, pastoral 
agriculture, birds). Sources of human wastes (e.g., from town oxidation ponds) make their own 
obvious contribution also. Such questions have been of concern for some time (e.g., for Lake 
Taupo, Miles 1963). 
 
Elements of the agriculture industry were expressing interest in the possible effects of poor 
microbiological water quality on the production of farming operations, via impacts on the 
health of stock and, potentially, in terms of international trade barriers.  
 
The Ministry of Health became involved in the programme, through its interest in recreational 
water quality (i.e., the health of swimmers) and drinking water quality.  
 
The Ministry of Commerce also had an interest in this study, as did the Department of 
Conservation, from a tourism and recreation perspective. These two agencies supported the 
concept of the programme. 
 
These elements were combined in a successful initiative from the Ministries for the 
Environment, Health and Agriculture,1 and were supported by the Ministry of Commerce and 
the Department of Conservation. This initiative was for a “Freshwater Microbiological 
Research Programme”, funded by the Ministry of Research Science and Technology, in 1997. 
Funding was obtained for a five-year period, from 1997 to 2001.  
 
The aims of this programme is to undertake the necessary science to enable robust guidelines 
to be developed for: 

• Bathing and contact recreation2 
• Stock watering 

 
A third objective is to improve the current Ministry of Health’s guidelines for 

• Drinking Water. 
 
It is to be noted that these objectives refer only to surface waters (ponds, lakes, streams and 
rivers) and not to groundwaters. It was considered early on in the programme that there was 
little understanding of the microbiological quality of groundwater and that this topic was 
sufficiently complex that it warranted a research programme in its own right. 
 
Also disease-causing or illness-causing agents are confined to pathogenic organisms 
(multiplying in the invaded host) and so do not include toxigenic organisms (such as 
cyanobacteria) or chemical agents. These agents can be of concern, but are beyond the scope 
of this programme. 
                                                      
1 As of 1 March 1998, this is the Ministry of Agriculture and Forestry. 
2 The current version is at www.mfe.govt.nz/about/publications/water_quality/revised_guidelines.pdf; see also the supporting 
manual at www.mfe.govt.nz/issues/water/recguide_suppman.htm 
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The main study carried out under the programme has been a 15-month national survey, 
sampling every fortnight, of 10 microbiological health-risk indicators and pathogens at 25 
freshwater recreational and drinking water abstraction sites. Twelve Regional Councils carried 
out the sampling, with four laboratories performing the tests. The results have formed the basis 
of the risk assessment presented herein. Associated studies have also been completed on stock-
water drinking patterns and farm trough surveys, and some analysis of current Canadian 
studies on the effects of water quality on cattle.  
 
1.2 Management of the Programme 
A Management Group was set up to guide and oversee the design and implementation of the 
programme, using a Regional Council representative, government department staff, a 
consultant from the private sector, and two Crown Research Institutes (see Appendix A.1). It 
has commissioned a number of reports (e.g., on literature reviews, method development, 
design of appropriate studies, analysis of results).3 A Programme Manual has also been kept 
and updated from time to time (McBride et al. 2000b). The Management Group met regularly 
through the course of the Programme. 
 
National and overseas experts have reviewed proposed work.  
• In March 1998, Mrs Janet Gough (Lincoln Environmental), provided a risk management 

discussion for the whole programme, recommending that it proceed as proposed, with 
regular review (Gough 1998). 

• In December 1998, Mr E Pike (retired Chief Microbiologist at the Water Research Centre, 
Medmenham, UK) reviewed work at that date, consisting of the results of a preliminary 
microbiological study (McBride 1998) and the design of a full study, recommending that 
the full study proceed. 

 
After the sampling programme had been completed and the results reported internationally 
(Till et al. 2000), a proposed risk analysis protocol was drafted and reviewed within the 
Management Group and also by two international experts (in April 2001): 
• Dr Peter Teunis at the National Institute for Public Health and the Environment, 

Bilthoven, The Netherlands. 
• Dr Paul Gale, Microbiologist, Water Research Centre, Medmenham, UK. 
 
These reviews have resulted in the structure of this report.  
 
Finally, the risk analysis work has been reported to and reviewed by a Risk Analysis Working 
Group (Appendix A.2). 
 
A timeline for the Programme is given in Figure 1. 
 

                                                      
3 Those commissioned by the Programme and referenced in this report are indicated by an asterisk in the references section, and 
are available on request from the Ministry for the Environment. 
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Figure 1: Overview of the Freshwater Microbiology programme 
 

 Needs Identification - Stakeholder meetings and Survey 1995-1997 

Formation of Management Group 1997 

Information Gathering and Preparation of Specialist Reports 

National Freshwater Microbiological Research 
Programme

Formation of specialist working parties 

Selection of target organisms, sample site selection protocols, 
sampling and analysis protocols, quality assurance methods 

Preliminary study completed to test proposed methods 
i l d d di i

Finalization of study methodology and study sites - Aug – Dec 1998 

Peer Review of final programme 

Main Study - Dec 1998 – Feb 2000 

Data Compilation and analysis 

Final Report 
(this document)

Risk Assessment - June 2001 – Feb 2002

Establishment of Risk Assessment methods and Peer Review

Formulation of Freshwater Microbiological Guideline - 2002/2003 
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1.3 Overall Approach 
No epidemiological studies have been undertaken. After consideration of ethical and logistical 
factors these were considered not feasible for the New Zealand freshwater environment 
(McBride et al. 1996).4 Nevertheless the following model between indicators, pathogens and 
health risks has been adopted. 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. Overall programme model. Water managers want to understand the relationship 
between easily measured indicators and health effects (dotted line). The programme aims to 
establish the relationship between indicators, environments, and pathogens and use dose 
response models together with expert judgment to establish linkages between indicators and 
health effects.  

 
Indicators may indicate the presence of particular pathogens, or their potential presence as a 
health risk. It is possible that they may be relatively poor indicators of a particular pathogen, 
yet still indicate a health risk (i.e., overall pathogenicity) generally. E. coli is used as the 
indicator of choice for example, as the indicator of faecal contamination of freshwater.  
 
To achieve the aims of the programme we seek to establish relationships between: 
 

a) Environmental sources of faecal pollution, levels of indicator microorganisms, and 
the potential for the presence of pathogens. 

 
b) Environmental sources of faecal pollution, levels of indicator microorganisms, and 

the potential risk to human or animal health. 
 

c) Environmental factors and land use that influence the presence of indicator 
microorganisms and pathogens in freshwater. 

 
Some 25 sites in a range of catchment types were selected, the pathogens and indicators 
measured every two weeks over a 15-month period.  
 
Where we have pathogen data they have been used to assess the relationships between possible 
health effects, pathogens and indicators (sufficient dose-response data have been found to 
perform quantitative risk assessments for infection). Where there are gaps in knowledge 
published information (e.g., Haas et al. 1999, Teunis & Havelaar 1999) has been used along 
with advice from the Risk Assessment Working Group. This includes advice on relationships 

                                                      
4 A limited number of freshwater epidemiological studies have been undertaken overseas, e.g., in the Ardèche river basin in France 
(Ferley et al. 1989), North American lakes (Dufour 1984) and a rural USA stream (Calderon et al. 1991), as reviewed by Prüss 
(1998). In general these studies show an increasing illness risk to bathers as a function of the concentration of a bacterial 
indicator—especially E. coli faecal streptococci or enterococci. One should also note a recent German freshwater epidemiological 
study (Wiedenmann et al. 2002) in which E. coli has been linked to swimmers’ illness risk (a full publication of this important 
study’s results is yet to come). Marine studies have reached similar conclusions, e.g., in the USA, (Cabelli 1983, 1989; Haile et al. 
1999), in the UK (Fleisher et al. 1996), and in New Zealand (McBride et al. 1998). Some freshwater studies have not reached such 
conclusions (e.g., lake studies by EHD 1980, Seyfried et al. 1985a&b, Lightfoot 1989, and the stream study by Calderon et al. 
1991—although this last finding has been challenged, McBride (1993).  

Indicators Pathogens Human health risks, 
Risks to water supplies 



   
 

   10

between the indicators5 and pathogens in this study and related pathogens not included in the 
study. The expert working group has played a key role in this risk assessment. 
 
Thus the programme's aim is to provide the scientific basis from the data collected to develop a 
decision support system that will enable water managers to estimate the pathogen levels at a 
particular site or stream. Water managers would use this information to assess: 
 

• health risks to bathers. 
 
• suitability for stock drinking water. 

 
• the level of water treatment required for domestic and possibly industrial purposes. 
 

1.4 Contents of this report 
In this report we seek to analyse and report on available data and knowledge that bear on the 
objectives of this work. We do not propose explicit form for new guidelines for recreational 
water, drinking water and stock water. Rather, the information presented should form a helpful 
basis for the future formulation of such guidelines. 
 
This report conveys the technical findings of the completed work, and some interpretation of 
it, all in the context of performing a risk analysis. Accordingly, in chapters 2 through 5 we 
outline the analysis framework being used, focussing on issues relating to human health. The 
manner in which these considerations gave rise to the work completed is presented as the 
framework is developed. In the interests of brevity, most technical details appealed to are 
contained in Appendices, and many footnotes have been used for minor detail. We have 
attempted to spell out major assumptions made in that analysis, as to the selection of data and 
methods for its analysis.  
 
A discussion of options for risk management appears in chapter 6. 
 
Stock drinking-water and potable drinking-water issues are presented in chapters 7 and 8, and 
the report finishes with Conclusions as Chapter 9. 
 
 

                                                      
5 Indicators are not considered to be risks per se. 
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2 RISK ASSESSMENT FRAMEWORK 
A number of options were considered for the risk assessment framework. In essence they all 
comprise a "… qualitative or quantitative characterization and estimation of potential health 
effects associated with exposure of individuals to hazards (materials or situations, physical, 
chemical and or microbiological agents" (Haas et al. 1999). The particular model followed 
here is that proposed for environmental issues following the recent model put forward in the 
UK explicitly for environmental risk assessment (DETR/EA/IEH 2000). This is a four-step 
process: 
 
1. Hazard identification 
 
2. Identification of consequences 
 
3. Risk Characterisation—the programme aims (as in section 1.3) are included here.6 
 
4. Risk management options appraisal. 
 
We also draw on recent material from Standards Australia and Standards New Zealand. 
 
The overall objective is to enable robust guidelines to be developed for bathing and contact 
recreation. Suitability for stock drinking water and water treatment requirements will be 
addressed in the risk assessment but are more appropriately considered as a risk management 
issue. 
 
Full account is taken of current risk analysis literature as it relates to water in the environment. 
 
 

                                                      
6 We define "risk" as the combination of the probability of occurrence of a hazard and the potential for infection (consequences 
would be illness); accordingly the phrase "Estimation of the probability of the risk occurring" (DETR/EA/IEH 2000) is 
inappropriate. 
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3 HAZARD IDENTIFICATION 
With hazard defined as a “property or situation that could lead to harm” (DETR/EA/IEH 
2000), or “source of risk”, an encompassing term that includes all sources of risk where there 
is a cause-effect relationship (AS/NZS HB 203:2000), the hazard to be addressed is  
 

The presence of pathogenic microorganisms of faecal origin from animals and 
humans in inland recreational waters (streams, rivers, pools and lakes). 

 
Having regard to the Programme's budget, and to the pattern of recreational freshwater usage 
(McBride et al. 1996), the Management Group decided on a microbiological survey at 25 
freshwater recreational sites spread through the North and South Islands. The full programme 
design noted that that health records often indicate both seasonal and regional variations in 
waterborne illness rates (e.g., for campylobacteriosis, Hearnden et al., in prep.). Evidence to 
hand suggested substantial variability of microorganism concentrations from one week to the 
next, possibly in response to upstream rainfall-runoff patterns. Also, expert advice and some 
historical data was to the effect that different levels of contamination are to be expected in 
catchments according to their predominant land uses. Accordingly, the guiding notion was that 
of five main areas of the country and five catchment types, where the predominant uses 
affecting microbiological quality are: birds/wildfowl, dairying, forestry/undeveloped, 
municipal, and sheep/pastoral. Some sites have also been selected because drinking-water is 
abstracted from them and conveyed to a treatment plant before reticulation.7 Fortnightly 
sampling over a 15 month period was selected to give coverage of two summer (recreational) 
seasons and to give some expectation of temporal variability.  
 
Staff of 10 Regional Councils and 3 District Councils, as support-in-kind, competently carried 
out the sampling.  
 
Many water-borne illnesses, candidate pathogens, microbiological methods and health risk 
indicators were considered (Ball 1997a&b, Ball et al. 1998a&b).8 This included animal 
pathogens and possible effects on animal health and weight-gain rates (Belton 1997). An 
expert panel of microbiologists considered this review and selected indicators and pathogens 
of relevance to the study based on availability and robustness of methods and cost. In some 
cases methods had to be adapted for environmental samples and enumerative assays. These 
methods were subsequently validated in a preliminary survey May – August 1998. 
 
 

                                                      
7 For this reason the hazard defined does not include possible pathogenic contamination of drinking water obtained from 
household taps. 
8 The potential use of faecal sterols was considered also (Ball 1998c), and samples have been stored for this purpose at some later 
date 
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4 IDENTIFICATION OF CONSEQUENCES 
We define “consequence” as the outcome of an event/incident expressed qualitatively or 
quantitatively as a concern. There may be a range of possible outcomes associated with an 
event (AS/NZS 4360:1999, Risk Management). The “consequences” considered are 
 

• Infection and/or illness. 
 
• Mildness of illness (for the average healthy adult-the group most estimates have 

been based on) as compared to severe health effects (immunocompromised/very 
young/very old populations) that could be experienced, including acute gastro-
enteric symptoms vs. systemic illness. 

 
• Infection of domestic animals using the water. 

 
and as a further consequence 
 

• The requirement to treat water intended for potable supplies. 
 
A fundamental issue to be resolved is whether the probability to be considered is that of 
infection or of illness—the infection risk for the general population is generally larger than the 
illness risk for that population.  
 
The Risk Analysis Working Group has recommended that infection, rather than illness, be 
treated as the end-point of the analysis. This is particularly because there can be a substantial 
number of infected people not presenting symptoms, yet whose infected faecal wastes can be 
passed through the sewerage system and into receiving waters and then on to recreational 
water users who may become ill. This choice means we will not be able to utilise data from 
many epidemiological (e.g., Ferley et al. 1989) and outbreak studies (e.g., MacKenzie et al. 
1994), as they are generally confined to measures of illness, not of infection. But we will be 
able to use dose-response data reported in controlled clinical trials as these typically assess 
both illness and infection. They are however restricted to healthy adults, e.g., for giardiasis 
(Rendtorff 1954a&b, Rendtorff & Holt 1954a&b); campylobacteriosis (Black et al. 1988); 
cryptosporidiosis (DuPont et al. 1995, Okhuysen et al. 1998, Messner et al. 2001).  
 
The routes of infection or illness include both ingestion and inhalation (the latter is likely to be 
more apposite for water-skiers than for swimmers or bathers, and is documented as a route—
Couch et al. 1966a, Baylor et al. 1977). Note that infectivity may be quite different for these 
routes.  
 
The main consequence of exposure to the hazard is a number of people being struck with mild 
illness.9 In a small minority of cases there is a possibility of severe health effects. There is 
clear evidence that this occurs with immune-compromised people (e.g., those already infected 
with the HIV virus.10) General understandings are also that babies and the very elderly may be 
at increased risk as would also be those on some medication/radiation treatment (i.e. cancer ).  
                                                      
9 For example, the following illness have been attributed to swimming in contaminated water: cryptosporidiosis (Sorvillo et al. 
1992, Baker et al. 1998—this was in a Hutt Valley swimming pool), campylobacteriosis (Koenraad et al. 1997), Norwalk 
gastrointestinal illness (Barron et al. 1982), and Hepatitis A (Bryan et al. 1974). There is also clear New Zealand evidence of 
illness being caused by contaminated drinking water (campylobacteriosis, Briesman 1987, Stehr-Green et al. 1991; giardiasis, 
Fraser & Cooke 1991; cryptosporidiosis, Duncanson et al. 2000, Eberhart-Williams et al. 1997). Severe illness outbreaks among 
recreational water users can only be expected in the presence of grossly contaminated waters, e.g., typhoid in Alexandria, Egypt 
(El Sharkawi & Hassan 1979); paratyphoid in England and Wales (Public Health Laboratory Service 1959). 
10 In 1993 a substantial outbreak of cryptosporidiosis arose in Milwaukee (Wisconsin), caused by contaminated drinking water. 
Some 403,000 people were estimated to have developed symptoms (MacKenzie et al. 1994). Another analysis inferred that 50 
deaths were caused, among immune-compromised folk (Hoxie et al. 1996). There is another (unsubstantiated) claim that more 
than 4,000 hospitalisations and 104 deaths were caused (Morris et al. 1996). It is to be noted that the fundamental paper on this 
outbreak (MacKenzie et al. 1994) does not contain any statements about mortalities, but is often cited as such! A later outbreak 
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Some seasonal variation of illness could occur. For example, influenza virus tends to occur 
predominately in autumn and winter, seasonal variation of campylobacteriosis changes from 
the north to the south of New Zealand (Hearnden et al., in prep.). Australian evidence11 has it 
that enteroviruses are more common during the late summer and autumn.  
 
The virus and protozoa data obtained during the FMRP surveys depend substantially on the 
method used. Explicit account needs to be taken of the recoveries obtained using these 
methods. 
 
Finally, the issue of subsequent additional infections needs to be considered as a possible 
consequence; that is, persons contracting mild illness from freshwater recreation may then 
become more vulnerable to other (possibly more serious) illnesses derived from any source, or 
a pre-existing condition may become aggravated. This may be particularly the case with 
respiratory illnesses. 
 
 

                                                                                                                                                         
occurred in Las Vegas and was listed as a contributing cause of the deaths of at least 20 HIV-infected adults, via drinking water 
(Goldstein et al. 1996). See also reviews of outbreak data by Rose (1997) and Craun et al. (1998). 
11 Presented by Dr G.S. Grohmann (Environmental Pathogens Pty. Ltd., Sydney) to the Environment Court in 1997 in relation to 
appeals (subsequently withdrawn) against an ARC decision to grant consents to WaterCare for the present and future Mangere 
treatment plant effluent discharges to Manukau Harbour. 
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5 RISK CHARACTERISATION FOR HUMAN HEALTH 
The three aims of this programme (Section 1.3), as they affect human health, are addressed in 
the following three sections, on: Potential for presence of pathogens; Potential for health 
effects; Environmental factors and land use. 
 
5.1 Potential for presence of pathogens 
This topic is approached by way of analysis of the surveys carried out over 1998-2000. 
 
5.1.1 Preliminary survey 
By mid-1998 the main strategy for a national survey had been mapped out, consistent with the 
budget and time available: i.e., monitoring about 10 indicators and pathogens at 25 sites 
fortnightly for 15 months. But first a set of preliminary surveys was mounted at three sites in 
May-August 1998 to validate field and laboratory testing methods to be used. The sites12 were 
selected as representative of relatively un-impacted bathing waters, waters impacted by animal 
waste material, and waters impacted by human waste material. They were:  
• Upper Ruamahanga River, at the Double Bridges bathing site, above Masterton. This is a 

short distance from the Tararua Forest Park; the upstream water is relatively free from 
major faecal input, but the catchment contains some sheep farming operations.  

• Waimakariri (Canterbury), below the PPCS Freezing Works discharge and 0.4 km below 
the rail bridge.  

• Waikato River, downstream of Hamilton City’s Wastewater Treatment Plant’s effluent 
discharge.  

 
The main study design did not include sampling for short-term (within-day) variability. To 
check on the consequences of this the preliminary survey conducted sampling at two times 
(about 1100 and 1400 hours) on each of 10 days. Samples from upstream of the effluent 
discharges at the Waimakariri and Waikato River sites were also conducted on two occasions.  
 
These surveys included methods for the following faecal indicators and pathogens: 
 
Indicators: Escherichia coli, Clostridium perfringens spores, enteroviruses (also a pathogen), 

somatic coliphage, and FRNA phage. 
Pathogens Salmonella, Campylobacter, Giardia cysts, Cryptosporidium oocysts, Human 

Adenoviruses, Human Enteroviruses. 
 
The virus assays are not enumerative; they indicate presence or absence only.  
 
Detailed results of this survey have been reported earlier (McBride 1998, MfE 1998a). Main 
findings are given in the following. 
 
5.1.1.1 Method selection 
The evaluation of the methods resulted in the following choices being made for the main 
study. Colilert Quantitray for E. coli; selective enrichment of Campylobacter using a 3x3x3 
MPN format, followed by PCR to detect thermotolerant species; PCR for viruses following 
concentration using Virasorb filters; wound polypropylene thread cartridge filtration (CUNO 
MICROWYND) of a standard volume of 100 L and IMS (Immunomagnetic Separation) 
recovery for protozoan cysts. MPN tables were designed for the Campylobacter and 
Salmonella assays (McBride in prep.13). Detection limits are: E. coli, 1 /100 mL; C. 
perfringens spores, 1 /100 mL; FRNA and somatic phages, 1 /100 mL; Campylobacter 0.3 
/100 mL; Salmonella, 1.2 /L; Human Adenoviruses and Human Enteroviruses, (detected/ not 

                                                      
12 Maps and photographs of these sites are available on request. 
13 Following occupancy theory methods promoted by Tillett & Coleman (1985). 
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detected per litre, by PCR methods).14 Details of these methods are available in the Manual of 
Microbiological Methods for the Freshwater Microbiology Programme (Donnison 1998a & b). 
 
5.1.1.2 Results 
While the primary aim of these preliminary surveys was to agree on a suite of sampling and 
laboratory methods over a range of potential contamination, a number of other findings did 
emerge, including: 
• Differences between morning and afternoon sample results tended to be small. 
• The Upper Ruamahanga site was relatively clean (as expected), with low levels of Giardia 

cysts, 6/20 positives for enteroviruses and no adenoviruses. Campylobacter was present in 
higher concentrations than anticipated. 

• The Waimakariri site was more contaminated than the Upper Ruamanhanga: Giardia cyst 
(IMS) results were up to 50 per 100 litres. Campylobacter and Salmonella were often 
detected, with the former being in excess of 100 per litre on six of the 20 occasions. 
Enteroviruses were detected on 4/20 samples and adenoviruses on 13/20. 

• The Waikato site was generally the most contaminated. Giardia cysts15 were found in all 
samples, reaching 527 per 100 litres. Campylobacter were found in all samples, with two 
being in excess of 100 per litre. Enteroviruses were detected on 15/20 samples and 
adenovirus on 10/20. 

 
 
5.1.2 Implementation of Full Survey  
Following the preliminary study, 25 recreational and water supply sites were selected on the 
basis of representing five different categories of environmental impact (land use, waste 
discharge, and waterfowl activity).16 Staffs of Regional Councils were widely consulted in 
selecting sites and in making this categorisation. These are B (birds), D (dairy farming), F 
(forestry/undeveloped), M (municipal), and S (sheep/pastoral). These categories reflect the 
dominant impact in the catchment, as reflected in the table 1 below. The site groupings are 
listed in Appendix A.3.2. 
 
Table 1: Water sampling site categories for the Freshwater Microbiological study 
 
Category Predominant Impact* OTHER POTENTIAL IMPACT ON 

SOURCE WATER 

Municipal (M) Urban development Influences from D, F and S 
Birds (B) Birds (seagulls), waterfowl Influences from M, F and S 
Dairying (D) Dairy farming Influences from F and S 
Sheep/pastoral (S) Sheep farming Influences from D and F 
Forestry/ 
Undeveloped (F) 

Forestry, exotic and/or native Influences from pastoral activities (small 
lifestyle blocks)  

*Other potential influences impacting on source water were assessed as being within 2 kilometres upstream of a recreational site. 
As all the sampling points were selected as being at recognised recreational sites, toilet facilities were available at all the D, S and 
F sites, usually in the form of septic tank disposal. 
 
 
Samples were analysed within 24 hours of collection by four nationally recognised 
laboratories. Three are “Crown Research Institute” laboratories: two within the Institute of 
Environmental Science and Research Ltd (at Christchurch and at Kenepuru—near 
Wellington), the other being at the Agresearch site at Horotiu—near Hamilton (previously 

                                                      
14 Useful reviews of viruses in the New Zealand environment are presented by Lewis & Greening (2000) and by Murray et al. 
(2000). 
15 Enumerated using the IMS methodology. 
16 All but the Ashburton River site are at or very near to a recreational site. Five sites are at water supply abstraction points, 
including the Ashburton River. Maps and photographs of site locations are available on request. 
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operated by the Meat Industry Research Institute of N.Z.). The fourth laboratory 
(MicroAquaTech, Protozoa Research Unit, Massey University, Palmerston North) performed 
Protozoa analyses. To minimise inter-laboratory variability each indicator or pathogen was 
analysed in only one of these laboratories, except for C. perfringens and E. coli—samples 
from the South Island were analysed in a Christchurch laboratory and the North Island samples 
were analysed in Hamilton. 
 
5.1.2.1 Microbiological methods 
These have been detailed in full in the Manual of Microbiological Methods for the Freshwater 
Microbiology Programme (Donnison 1998a&b). They are essentially as described in section 
5.1.1.1. It is to be noted that the primers used in the virus assays were human-specific, i.e., 
viruses of animal origin would not be discovered by these tests. Other pathogens 
(Campylobacter, Salmonella, Giardia cysts and Cryptosporidium oocysts) are found in 
animals, can infect humans, and are detected by the methods used. A summary of the 
microbiological analysis methods and laboratories used are shown in table 2. 
 
 
Table 2: Microbiological analysis methods for Freshwater Microbiology study 
 
Target Microorganism Methods Laboratory 

E. coli  Colilert (100 mL sample) ESR: Christchurch 
Science Centre. 
MIRINZ: Hamilton 

Thermotolerant 
Campylobacter  

2 Stage MPN (330 mL sample) in Preston’s 
Broth detection by group specific PCR to 
identify C. lari or “other thermotolerant 
species”. A subsequent PCR retest of positive 
samples detected C. coli and C. jejuni, but not 
C. lari or C. upsaliensis. 

ESR: Christchurch 
Science Centre 

Salmonella MPN (830 mL sample) in peptone enrichment 
media, plate to RSV and Selenite Cystine broth, 
XLD agar and confirm by ELISA or 
Biochemical properties 

ESR: Christchurch 
Science Centre 

Clostridium perfringens 
spores 

Membrane filtration on TCS-Fluorocult agar. MIRINZ: Hamilton 

Somatic coliphage Single layer plaque assay. Host E. coli WG5  MIRINZ: Hamilton 

FRNA Coliphage Single layer plaque assay. Host S .typhimurium 
WG 49 (F’lac: TN5) 

MIRINZ: Hamilton 

Giardia cysts Filtration, immunomagnetic separation of cysts 
and detection using fluorescent-labelled 
monoclonal antibody 

MicroAquaTech: 
Massey University, 
Palmerston North 

Cryptosporidium oocysts Filtration, immunomagnetic separation of 
oocysts and detection using fluorescent-labelled 
monoclonal antibody 

MicroAquaTech: 
Massey University, 
Palmerston North 

Human Enterovirus Group Virus capture on +ve charged filter, elution, 
concentration and nucleic acid extraction. 
Detection using virus group specific RT-PCR 

ESR: Porirua Science 
Centre 

Human Adenovirus 
Group 

Virus capture on +ve charged filter, elution, 
concentration and nucleic acid extraction. 
Detection using virus group specific PCR 

ESR: Porirua Science 
Centre 
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5.1.2.2 Sites and sampling 
Staff of 12 Regional Councils, carried out sampling on 29 occasions, from December 1998 
until February 2000 (with a one-month gap in July 1999). Only one sample per day was taken 
for the suite of analyses—the preliminary study had not revealed much evidence of with-day 
variability and so it was decided to maximise the spread of sites and sampling intensity within 
the available budget. 
 
On each occasion samples had to be sent by courier to the 4 laboratories. This has resulted in a 
dataset of 725 values for each of the determinands. Diligence by all concerned has resulted in 
only one missing value in all the entire set of 7250 values (Campylobacter at the Lee River, on 
3 May 199917). 
 
A detailed catchment assessment (sanitary survey) was conducted for each site, covering a 
minimum distance of 2 kilometres upstream for those sites on rivers. This was to check that 
the sites selected on information provided by Regional Councils were representative of the five 
different categories of environmental impact.  
 
Mr D. Till maintained day-to-day supervision of the programme. 
 
5.1.3 Main findings of the Full Survey  
Details of the findings are given in Appendix A.3 (and in Till et al. 2002). In the following 
sections we discuss the broad features of the determinands measured. We then look at how 
they vary with respect to: 
• Spatial patterns (between catchment types). 
• Temporal patterns.  
• Correlations determinands.  
• Statistical modelling.  
 
An exploratory data analysis approach is taken in the first three sections. It is only in the last 
category that we consider formal statistical hypothesis testing. We first examine the general 
pattern of results obtained from Appendices A.3.3–5, and then highlight any particular further 
features of temporal and spatial variations and correlations. 
 
General patterns (Appendices A.3.3–5) 
The 725 data collected for each variable data show that  
• E. coli was nearly always detected (it was detected in 99% of all samples), with somatic 

coliphage being detected most of the time (89%). Both tended to be highest in 
summer/autumn. 

• Clostridium perfringens spores and FRNA phage were detected in only about half of all 
samples (58% and 52% respectively). They tended to be elevated in winter. 

• Campylobacter were detected in 60% of all samples. Six percent (i.e., 43) of all samples 
were above the test’s detection limit (i.e., >110 per 100 mL). They were highest in late 
summer-early autumn. C. jejuni was the most frequent thermotolerant species identified, 
being present in at least 48% of the positive samples. 

• Both virus groups were detected in about one third of all samples, though they were 
strongly dissociated (i.e., if adenovirus was detected in a sample enterovirus was seldom 
detected, and vice versa). No clear temporal pattern was obvious. 

• The Salmonella detection rate was only 10%, and was highest in August. 
• Cyst/oocyst detection rates were very low (8% and 5% respectively); cyst and oocyst 

detections were strongly dissociated. 

                                                      
17 Some repeat sampling was necessary at the two Southland sites in September 1999 also. 
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• With some exceptions, correlations between indicators and pathogens were generally low. 
However, somatic coliphage was well correlated with E. coli and there were moderate 
correlations between somatic coliphage and Campylobacter, between somatic coliphage 
and FRNA phage, and also between E. coli and Campylobacter.18 

• There was a lack of correlation between viruses and phages, between viruses and C. 
perfringens spores (as revealed by scatterplots and attempts at logistic modelling—not 
shown in the Appendix). 

• Correlations between data collected within the bathing season are very similar to those 
obtained using all the data. 

 
 
Spatial patterns (see Appendix A.3.3) 
Appendix A.3.3 depicts the variation of bacteria, phages and cysts over the five catchment 
types, via boxplots. Virus results over the catchment types are shown as tables only—box plots 
cannot be calculated because these data are dichotomous (i.e., they are either present or 
absent). Similar tables are shown for the cysts to aid the interpretation of their boxplots, 
because the proportion of their positive results was so low. 
 
The following general patterns of spatial variation over the five catchment types can be 
adduced (Table 3). 
 
Table 3: Spatial patterns of occurrence of different groups of microbial pathogens and 
indicator organisms. 
Organism %Detects+ Ranking Notes 
E. coli 99 B > D ≈ S > F ≈ M 24 data greater than 2400/100 mL 
C. perfringens 
spores 

57 B ≈ D ≈ S ≈ M > F Similar pattern to E. coli 

Somatic 
coliphage 

89 B ≈ D ≈ S > F ≈ M Similar pattern to E. coli 

FRNA phage 52 B ≈ S ≈ D > M > F Few phages in F catchments 
Salmonella 10 S > B > D ≈ F > M %Detects: 21 (S), 14 (B), 7 (D), 2 (F), 0 (b) 
Campylobacters 60 S ≈ B > D ≈ F > M %Detects: 72 (B), 65 (S), 60 (D), 53 (F), 49 

(M). But S catchments had the highest 
proportion of high values (i.e., ≥110 per 100 
mL): S (13.6%) > B (9.5%) > M (9.2%) > F 
(5.9%) > D (4.1%).  
M showed the greatest variability19 

Giardia cysts 8 B > D ≈ F ≈ M ≈ S %Detects range: 15 (B) – 6 (S) 
Cryptosporidium 
oocysts 

5 B > D ≈ F > S ≈ M %Detects range: 9 (B) – 2 (S) 

Human 
Adenovirus 

32 B > S > F > M > D %Detects range: 44 (B) – 21 (D) 

Human 
Enterovirus 

33 D ≈ B > M ≈ S > F %Detects range: 38 (B) – 29 (F) 

+Percentage of positive results in the set of samples. Catchment types: B (birds), D (dairy farming), F 
(forestry/undeveloped), M (municipal), and S (sheep/pastoral). NB. Virus results between catchment types are 
considered similar if their proportion of detects differ by no more than 2%. Similarity/dissimilarity for the other 
microorganisms was judged by the closeness of their medians and similarity of their spreads.  
 

                                                      
18 This inference is based on a calling a rank correlation coefficient between 0.4 and 0.7 ”moderate”, see the Spearman Rank 
Correlation table in section A.3.5.1. 
19 This is consistent with the sporadic occurrence of campylobacteriosis on communities—while there is a general overall presence 
of this disease, there are none-the-less occasional outbreaks (e.g., at swimming pools, Baker et al. 1998). 
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The main spatial features of these data are that: 
• Bird catchments were the most contaminated, across nearly all microorganisms. 
• Dairying catchments were often the second-most contaminated, but not for Campylobacter 

nor for adenoviruses.  
• The Municipal (M) and Forestry/Undeveloped (F) catchments were generally the least 

contaminated. 
• The general spatial pattern exhibited by C. perfringens spores and somatic coliphage was 

rather similar to E. coli, but with lower proportion of positive results. 
• Salmonella is the only group for which sheep catchment types were the most 

contaminated. 
• The overall pattern of distribution of Campylobacter species was similar between 

catchment types, except that the Sheep (S) catchments contained elevated levels of C. lari 
(33% of positive samples, versus 14% average for all other catchments).  

• Giardia cysts and Cryptosporidium oocysts were detected rather infrequently and at rather 
low numbers in all catchment types, especially compared with the preliminary survey.20 

• While both virus groups have similar overall proportion of positive results (about 33%), 
the range of adenoviruses detected among the catchment types (44%-21%) is larger than 
for the enteroviruses (38-29%).21  

 
Temporal pattern (Appendix A.3.4) 
Appendix A.3.4 depicts the temporal variation of bacteria, phages and cysts over the 15 
months of the survey (with a one-month sampling gap in July 1999). These are presented as 
scatterplots of concentrations versus time. On each plot we have superposed a "smoother", the 
TREWESS smoother of Data Desk (Velleman 1997).22 This technique allows us to discover 
trend patterns in data without having to specify in advance the functional form of that trend—
classical techniques require us to specify this form, whereas a smoother "allows the data to 
speak for themselves".23 The TREWESS smoother has been chosen because is appears to be 
the most versatile24 in picking out time trends. The price one pays for this sensitivity is that a 
single very high result (e.g., FRNA phage in site type B) can cause a "blip", not necessarily 
reflecting an overall trend.  
 
We can see the following time trends in the data: 
E. coli While tending to be to be highest in summer, there was no obvious 

pattern for M catchments 
C. perfringens spores Tended to be highest in winter.  
Somatic coliphage While generally highest in summer/autumn there was a tendency to be 

highest in M catchments in autumn and spring 
FRNA phage The winter peak for group B was due to a single sample. There is some 

evidence for high results in the first summer, but not in the second. 
Salmonella Highest in August, and in late summer for group B 

                                                      
20 Some of this difference is attributable to the shifting of the preliminary survey's Waimakariri and Waikato sites upstream of 
point sources before their inclusion in the full study (so as to be at recreational sites). However, the preliminary study's 
Ruamahanga site was not shifted before its inclusion in the final study, and in the former it had 50% detects whilst in the full study 
it had only 4% (i.e., 2 detects in 27 samples). This suggests that there may have been generally less cysts present in the full survey 
than were present in the preliminary survey. 
21 A factor not considered at the time of site selection is that because all but two (Waiwhekaiho and Ashburton) are recreational 
sites (see Table A.3.1), they also have toilet facilities. Although facilities at Municipal sites are connected to city sewage systems, 
the catchment assessment identified the potential for an impact from combined stormwater/sewage overflows. Toilet facilities at 
other sites either used septic tanks or pit-privies for waste disposal that could account for the presence of human viruses. 
22 Other smoothers (e.g., LOWESS, moving averages,…) were tried but did not reveal the patterns shown by the TREWESS 
smoother. 
23 TREWESS = Trimmed Resistant Weighted Scatterplot Smooth. It accommodates unequally-spaced data and is thus suitable for 
smoothing scatterplots. It offers two parameters—the span of the smoother and the trimming percentage. We have used the default 
span of 20% of the data and the default trimming percentage is 10% trimmed mean. Setting the span larger makes the TREWESS 
smooth smoother and less willing to follow local fluctuations. Setting the trimming percentage larger makes TREWESS resistant 
to longer excursions in the data, but can also affect sensitivity and smoothness.  
24 Compared to other options, including LOWESS and MEDIAN smoothers. 
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Campylobacter Highest in April in all groups. A distinct peak in the presence of C. lari 
occurred in July-August. Peaks in presence of C. jejuni were detected 
over the April-August period, and sometimes in summer. 

 
Further examination of the data when split into three main regions (North, Central and South) 
did not reveal substantial between-region differences in pattern. 
 
Correlations/associations among the determinands (Appendix A.3.5) 
Appendix A.3.5 shows tables of correlations coefficients between determinands both over all 
sites, and within each catchment type. There are dangers in making the many comparisons that 
such tables invite, especially if one wishes to make statements about the "statistical 
significance" of each comparison (Scarsbrook et al. 2000). In this report we ignore such 
concerns.25 Instead we seek the salient features of such tables. In doing so we recognise that 
this is an issue of substantial concern in the statistical literature, having a great deal to do with 
"burdens of proof". In effect we are taking a "face-value" stances on the interpretation of these 
data. 
 
The Appendix also contains tables depicting the degree of agreement between all combinations 
of virus and cyst data.26 
 
The main features of these data, beyond that already noted, are that: 
• Correlations are influenced by catchment types. 
• In the catchment groups with greater concentrations of Campylobacter (S and M) the 

correlation with E. coli is stronger, as evidenced by Spearman's correlation coefficients 
being above 0.5. (The largest proportion of high Campylobacter values occurred in the S 
catchments and the greatest spread of values occurred in the M catchments.) 

 
General Linear Modelling (Appendix A.3.6) 
We have used a combination of analysis of variance, analysis of covariance and logistic 
modelling, all of these are components of the "generalized linear model” (McCullach & Nelder 
1995). The outcome of this modelling is a formal identification of the important variables 
explaining the patterns of microbiological contamination, as shown on Table 4. 
 
 
We expected that turbidity would be better than river flow as an explicatory variable, because 
it picks out the rising limb of a flood where contamination is much higher than at same flow 
on falling limb (Nagels et al. in press). In fact the analysis found little difference between flow 
and turbidity as explicatory factors. On that basis, turbidity would appear to be the more 
practical variable, as it is by far the more easily measured or assessed. 
 

                                                      
25 This is principally because the ability to pronounce "statistical significance" is predicated on the null hypothesis that in fact the 
true value of the coefficient is exactly zero, and then computing the probability of getting data at least as extreme as was obtained 
if that hypothesis were true. A "statistically significant" result is declared if that probability (the "p-value") is small enough (i.e., 
smaller than the a priori "significance level", typically taken as α = 0.05). This declaration is made because it would appear to be 
unlikely to get such data if the tested hypothesis is true. But we do not hold this hypothesis to have ever been tenable in the first 
place! In particular, we disdain the practice, inherent in this approach, of declaring that there was "no correlation" if statistical 
significance has not been attained: one is never entitled to infer that such a null hypothesis is true (i.e., by "accepting" it, e.g., see 
Goodman 1993, 1999). 
26 In doing so, cyst data are reduced to a present/absent scale. The measure of agreement selected is known as "Cohen's kappa", as 
explained in that Appendix. 
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Table 4: Important environmental factors identified by GLM 
 
Microorganism Important environmental factors 
E. coli  Turbidity (or flow), catchment type 
C. perfringens spores  Turbidity (or flow) 
Somatic phage  Turbidity (or flow), catchment type 
FRNA Turbidity (or flow), catchment type  
Campylobacter  Turbidity (or flow), catchment type; or E. coli, within 

bathing season and within catchment type  

Adenovirus  Catchment type 
Enterovirus  Nothing 
Cysts, Salmonella Insufficient detects to make valid inferences 
 
 
The result for Campylobacter is notable, in that if E. coli is included as a variable it turns out 
to have an important association with the levels of Campylobacter, and this effect differs 
strongly between catchment types and within or beyond the bathing season (tending to be 
higher in the bathing season). The converse is also true. This is at least partly explained by the 
pattern seen in the correlations; those between Campylobacter and E. coli are poor in 
catchment types where Campylobacter numbers tend to be low, but are higher when a greater 
spread or magnitude of them is found. 
 
5.2 Potential for health effects 
This section addresses the second programme aim: "Environmental sources of faecal pollution, 
levels of indicator microorganisms, and the potential incidence of human or animal health 
effects". The approach taken is given in details in Appendix A.3.7. In particular it is to be 
noted that for reasons given in Section 4 the analysis has focussed on infection rates, not on 
illness rates. 
 
Note too that while six pathogens were assayed in the FMRP (Campylobacter, adenoviruses, 
enteroviruses, Salmonella, Giardia cysts and Cryptosporidium oocysts), the data collected 
demonstrated elevated levels of the first three only. We therefore confine the modelling to 
these three. Also, by making some assumptions about infection versus illness rates and 
concerning illness reporting rates we can make some calculations to translate the computed 
infection rate to an illness rate and compare the result with published figures for the national 
illness burden. This we can do only for campylobacteriosis because it is the only illness 
considered herein that is formally notifiable.  
 
The calibrated dose-response parameters used to determine infection rates are based on clinical 
trials that have used selected pathogen strains prepared under prescribed methods, with in 
some cases limited numbers of subjects (e.g., for Adenovirus studies, Couch 1966a). In the 
few instances where more than one strain of a pathogen has been studied a wide range of 
infectivities has been reported (e.g., for cryptosporidiosis, Teunis et al. 2000a&b—see Table 
A3.7.1). It must therefore be recognised that a substantial degree of uncertainty may pertain to 
some of these estimated dose-response parameters.27 
 
Essentially, because the focus of this analysis is on infection rates, we use existing data on 
dose-response modelling in a Monte-Carlo simulation of the infection rates, given inputs on: 
• the duration of a swimming event  

                                                      
27 A more formal investigation of these uncertainties is to be carried out, and will be reported in a further paper. This will include 
accounting for the precision of dose-response curves, following material in Teunis & Havelaar (2000). 
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• the volume of water ingested or inhaled per hour 
• the microorganism concentration. 
 
These inputs are “sampled” many times from appropriate probability distributions, using a 
Monte Carlo approach, to build up a distribution of results (rather than a single result).  
 
The end result of this analysis is a set of risks for two target populations: a) individuals using a 
particular recreational site; and b) the population at large using a multitude of sites. These 
profiles, shown on Tables A3.7.3–5 are quite different. In the former case (a) the risk to an 
individual is usually very low, in that the median risk is zero.28 This is because the water at the 
site is uncontaminated for a majority of the time. However on those few occasions where 
substantial contamination occurs, infection risks rise rapidly. In the latter case (b) there is 
always a minority of beaches that are contaminated and so there is always some risk of 
infection. The figures in the latter category can be used to estimate the proportion of notifiable 
illness cases that can be attributed to water contact recreation, as in the following section. We 
can also compute an average risk (i.e., spread over many exposures) for both cases.29 
 
5.2.1 Campylobacteriosis 
 
Of the three infections modelled (campylobacteriosis, adenovirus, enterovirus) only the first is 
a notifiable disease in New Zealand. The notified case rates for this illness are reported 
regularly in the New Zealand Public Health Reports, and have typically averaged about 300 
per 100,000 per annum in recent years (approximately 400 in the summer months). From 
surveys of recreational water use (McBride et al. 1996) one can estimate that about 250,000 
people go for at least one swim at a freshwater site each year (MfE 1998b). Further, most folk 
have been observed to immerse the head while swimming (McBride et al. 1996). 
 
From the risk analysis reported herein, the median or mean campylobacteriosis infection rate 
spread over all recreational sites is approximately 0.04 (i.e., 40/1,000—see Table A3.7.3).30 
Therefore the typical number of infections per annum equates to 0.04 x 250,000 = 10,000. 
Accordingly, for the country’s population of about 4 million, the water-recreation infection 
rate is 250 per 100,000 persons per annum. 
 
If we assume that the notified illness rate reflects 13% of actual illness rate31, the summertime 
illness rate is around 3,000 per 100,000 persons per annum. Furthermore, the infection rate is 
held to be double actual rate, i.e., 6,000 /100,000 persons per annum.32  
 
Therefore the median proportion of Campylobateriosis illness that is attributable to freshwater 
contact recreation is 250/6000, i.e. 1 in 24, about 4%.33 
 
 

                                                      
28 There is an argument in favour of using mean pathogen concentrations to calculate mean infection risk (Haas 1996), but in our 
context this applies to calculation of risks spread across beaches, not at an individual beach where risk percentiles are of direct 
interest. 
29 Using the approach advocated by Haas (1996), in which arithmetic average pathogen concentrations are used to calculate an 
average risk. 
30 This assumes that numbers of people actually swim on all occasions.  
31 As in a UK study (Wheeler et al. 1999), where the ratio of cases of campylobacteriosis in the community to that being notified 
was 7.6:1. 
32 As a generalisation, infection rate = symptomatic infection rate + asymptomatic infection rate. Asymptomatic infection rates are, 
for protozoa about 75% (Lopez et al. 1980), for bacteria between 50% and 66% (based on Campylobacter jejuni infection because 
it is the most notified—Figueroa et al. 1989, Ani et al. 1988), and viruses about 40% (Gianino et al. 2002) Because the disease 
burden is probably weighed with virus as first, bacteria second, and protozoa third in the number of cases caused, it seems 
reasonable to take an average figure of 50% asymptomatic infection rate for gastrointestinal pathogens generally. That is, the 
actual infection rate is double the symptomatic infection rate. 
33 If the ratio of notified:actual cases is as high as 50%, the attributable illness proportion would be 5 in 32 (i.e., 15%). 
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5.3 Environmental factors and land use 
This section addresses the third programme aim: "Environmental factors and land use that 
influence the presence of indicator microorganisms and pathogens in freshwater". This will use 
the SPARROW suite of procedures (Alexander et al. in press, McBride et al. 2000a, Smith et 
al. 1997) to attempt to relate the pattern of microorganisms found with land use and catchment 
type.34 This will attempt to determine the most important source of the microbiological data 
measured in the FMRP, and also to indicate what broad-scale changes to microbiological 
quality might occur if changes are made to these sources. [Note however that being a broad-
scale (i.e., national scale) model it cannot be used to predict the consequence of local actions 
(e.g., retirement of stream riparian areas) as that must depend on local-scale studies.] This 
analysis will use land use data already obtained from AgriQuality's AgriBase dataset of the 
spatial distribution of land uses. Point source data has been obtained from Regional Councils. 
A digital elevation model has been developed from an enhancement of the contours data used 
to prepare the NZMS260 (1:50,000) map series—by "burning on" streams and lakes and 
forcing the contours into harmony with the flow of water. 
 
Progress awaits the results of SPARROW modelling being carried out by NIWA and Rich 
Alexander (USGS, Reston, VA).  
 
 

                                                      
34 The essence of the SPARROW technique (described in McBride et al. 2000 for an application to the Waikato catchment, see 
also Smith et al. 1997) is the fitting of a statistical model to monitoring data. In so doing this technique, being GIS-based and 
computer-intensive, takes explicit account of the dendritic drainage pattern of the landscape (through a digital terrain model), and 
so accounts for much more data than do standard statistical models (most of which do not incorporate an explicit spatial pattern). 
The fitting takes place by selecting many combinations of possible water quality determinants (land use, point sources, soil 
drainage) and seeing whether their inclusion in the model adequately improves its ability to match existing water quality data. 
Once a final model is thereby elected, it can be used to make predictions of future water quality. 
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6 RISK MANAGEMENT OPTIONS, RECREATIONAL WATERS 
The end result of the risk characterisation is a prediction of health risk to a hypothetical group 
of individuals with stated assumed exposures (e.g., the quantity of water ingested or inhaled 
during water recreational activities). This can then be married with data on the actual 
recreational-use patterns and the levels of pathogens and indicators measured in the FMRP to 
arrive at a community health risk (and average risks spread over all individuals in a 
community).  
 
“Risk Management” is the culture, processes and structures that are directed towards the 
effective management of potential opportunities and adverse effects. Several management 
options have been identified as the result of this study. These include: 
 
• Different intervention strategies to apply to various catchment area types that are likely to 

improve water quality (following SPARROW analysis). 
 
• Changing current recreational water quality guidelines (presently being reviewed in 

light of the findings of the FRMP study). 
 
•  Alternative strategies to reduce the microbiological hazards to fresh waters (e.g. 

improved wastewater treatment and reducing the occurrence of stormwater into 
sewerage systems). 

 
• Strategies to communicate risks to recreational water users. 
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7 ISSUES FOR STOCK DRINKING WATER 
 
The objectives of this Programme calls for consideration of the water resources used for stock 
drinking water. In doing so we have liaised with colleagues in Canada who have been carrying 
out detailed studies on the effects of different modes of drinking water supply on stock health. 
 
7.1 Canadian studies 
Canadian studies35 on the water quality effects on cattle performance concluded that water 
quality could have a significant effect on livestock performance in that cattle having access to 
fresh water will consume more forage. It was quite obvious that cattle avoid water containing 
manure when they have a choice; and will refuse it when concentrations are too high at 
0.025% fresh manure (Willms et al. 2000). Ongoing studies conducted over six years 
concluded additionally that cattle avoided water that was contaminated with 0.005% fresh 
manure by weight when given a choice of clean water and that clean water is essential for 
maximising cattle weight gains on Canadian rangeland during summer. Over a two-month 
period yearling cattle gained 23% more weight; and calves with dams 10% more weight when 
drinking clean water, than those drinking from a pond subject to stock exposure. The 
detrimental effect of pond water on weight gains of cattle appears to be mediated through feed 
intake rather than by stress induced by pathogens, toxins, or parasites. Cattle that drank clean 
water spent a longer time grazing and, in penned studies, ingested more food. Therefore, the 
proposed mechanism to explain weight gain response to water source appears to be defined by 
the palatability of water that influence water and forage consumption (Willms et al. 2001). 
 
 
7.2 New Zealand studies 
A New Zealand survey of stock drinking water on sheep, cattle and deer farms was undertaken 
with the primary objective of describing the water resources used for stock drinking water, and 
to elicit the opinions of farmers on the current quality of stock drinking water (Belton et al. 
1998). This was in support of a national goal to establish stock drinking water quality 
guidelines. 
 
The survey was stratified on a local government regional basis with a sample size of 85 farms 
per region; i.e., 1,190 properties nationally. The farm types were dairy, sheep, combined 
sheep/beef and deer. 
 
Throughout New Zealand most farmers (approximately 90%) expressed satisfaction with 
quality of stock drinking water. About half considered that drinking water quality has an effect 
on animal production. Where there were problems, half were due to either low flows of water 
(resulting in stagnant water) or high flows (resulting in dirty water); a quarter were due to 
mineral contaminants and 20% were related to microbiological contaminants (either algae or 
effluent). 
 
The survey data suggests three levels of utilisation of water resources for stock drinking water; 
(1) High use: Bore water (on 38% of properties this supplies 20% or more of water supplied). 
(2) Moderate use: Rivers, streams, springs dams and rural water schemes (10 to 25% of farms). 
(3) Limited use: Lakes, drains, water races, town water and rain water tanks (less than 5% of 
farms). 
 
The survey concluded that farmers would support measures to protect the quality of water 
resources, but at the time of the survey (June 1998) considered microbiological contamination 
to be not a major concern. Current opinion could be different. 

                                                      
35 The FMRP has had an involvement in the analysis of data from these studies (McBride et al. 1998). 
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A small farm trough water study investigated faecal contamination of trough water, by grazing 
livestock (Belton et al. 1999). Troughs are used for supplying drinking water to livestock on 
most New Zealand farms. The study confirms that faecal contamination of trough water 
supplies by grazing livestock is a normal occurrence on farms in which water is reticulated via 
troughs. Livestock contamination of trough water by regurgitation of rumen contents, and 
direct faecal splashing is likely to significantly affect trough water quality as measured by 
faecal coliforms, total coliforms and Escherichia coli (E. coli). The impact of this faecal 
contamination of trough water on animal production has not been measured in New Zealand. 
 
Such contamination impacts on requirements or guidelines that may be set for management of 
sources of stock drinking water based on these indicator organisms -–if there is significant 
faecal contamination of water occurring in farm troughs, there may be little value in stipulating 
stringent water quality standards as measured by faecal coliforms, total coliforms or E. coli.  
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8 ISSUES FOR POTABLE DRINKING WATER 
Of the 25 sites used in this study, five were source waters for treatment as community 
drinking-water supplies of which three were also recreational sites and all site types except 
forestry were represented. Viruses and Campylobacter were detected at least once at all sites. 
There was very little difference between the drinking-water supply sites and the remaining site 
types with respect to the occurrence of pathogens and the concentrations of indicator 
organisms. 
 
The main issue for source waters is the high proportion of samples that contained 
Campylobacter (60%) and viruses (54%) and the ability of drinking-water treatment to kill or 
remove them. Drinking-water treatment tends to be optimised on the destruction of E. coli 
rather than pathogens. The median concentration of E. coli in the combined sites was 
110/100mL. 
 
A fundamental question is; do drinking-water treatment processes used in New Zealand ensure 
that, by the removal or destruction of E. coli, Campylobacter and viruses are also 
destroyed/removed. 
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9 DISCUSSION 
A key outcome to be addressed in this Programme concerns the identification of the 
appropriate microbiological health-risk indicator to be used in future recreational water quality 
guidelines. In particular, should we change from the current choice (E. coli)36 to something 
better? The results of this Programme do not suggest so. This is in spite of some obvious 
concerns. 
 
First, E. coli have been shown to be capable of growth outside the gut under certain 
environmental conditions. E. coli have a temperature growth range between approximately 8 
and 45oC with a doubling time ranging from 20 minutes to 25 hours (Bettelheim 1991) and 
may grow well where nutrient and water activity are adequate. E. coli growth has been 
reported in food (including E. coli O157:H7) (Doyle 1997), tropical water (Bermúdez and 
Hazen 1988), subtropical waters and soil (Hardina & Fujioka 1991), water in animal drinking 
troughs (Lejeune et al. 2001) and in temperate waters and sediments in water reservoirs near 
Sydney (N. Ashbolt, University of New South Wales, pers. comm.). It is possible that in warm 
weather some expansion of extraintestinal E. coli populations may occur in or near water 
bodies particularly where high organic carbon levels from vegetation or animal wastes are 
present. This may in part explain the observation that E. coli numbers in this study tended to 
be elevated in summer. If, under some conditions, E. coli proliferate in surface waters in New 
Zealand then its value as a faecal indicator is lowered as environmental growth of E. coli 
distorts the indicator/pathogen relationship. However, we have no evidence of this occurring 
during this study. 
 
Second, studies have often found poor correlations between E. coli and particular pathogens 
(e.g., Borrego et al. 1987; Carter et al. 1987; Chauret & Armstrong 1995; Dutka et al. 1987; 
Sinton et al. 1993a&b37—see the review by Ball & Till 1998c). Yet, one may expect that E. 
coli may still serve as an indicator of health risk, rather than as an indicator of particular 
pathogens (i.e., the dotted line on Figure 2). 
 
Other candidate indicators can be ruled out, as follows: 
• FRNA phage was often not detected (as also reported for New Zealand marine waters by 

Lewis 1995), severely limiting its usefulness (it has often been advocated in overseas 
studies, e.g., Prof. M. Sobsey, University of North Carolina, Chapel Hill, pers. comm.) 

• C. perfingens spores were also often not detected and tended to be highest in winter when 
Campylobacter was not peaking (increased runoff and sediment disturbance is a likely 
cause of this behaviour) 

• Somatic coliphage was well-correlated with E. coli and its peak timed with 
Campylobacter, but its assay is more problematical. 

 
A most useful result that has been found is a moderate correlation between E. coli and 
Campylobacter. That being so we can use the results of the infection risk analysis to make an 
assessment of a critical value for E. coli, corresponding to Campylobacter infection. This is 
based on the individual infection risk, i.e., the left-hand-side of Table A3.7.3. In that one sees 
that the breakthrough in infection risk occurs somewhere around the 75th percentile of the time. 
That is, infection risks are appreciable for the top quartile of the Campylobacter data. 
Accordingly, we can take that percentile of the E. coli data as a trigger point for 
Campylobacter infection—the appropriate percentile varies a little between catchment types, 
as shown by the shaded numbers in the Table A.3.3.2. From that Table trigger E. coli values 
are in the range of 175–500 per 100 mL. These values are not too dissimilar from results 
                                                      
36 www.mfe.govt.nz/about/publications/water_quality/revised_guidelines.pdf 
37 Some of these studies have erroneously reported a finding of “no correlation”—because the data when subjected to a hypothesis 
test did not reject the hypothesis of “no association”. This is a common logical error; all one can say in such circumstances is that 
the hypothesis was “not rejected”. It is of course possible that the correlation may be low, or very low, but it is not tenable to claim 
it does not exist at all. 
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emerging from a recent German freshwater epidemiological study (Wiedenmann et al. 2002). 
They would need to be adjusted downward for the presence of other potential pathogens of 
course, and careful consideration would be needed regarding their statistical expression (e.g., 
as 95%iles, as is being advocated in the German study). 
 
The risk analysis presented for campylobacteriosis must be treated with some caution—this is 
a developing field with authors as recent as 1999 noting that campylobacteriosis risks 
associated with untreated water being not yet quantified (Thomas et al. 1999). Also we note 
that the dose-response data used (Black et al. 1988) is for a particular strain and that the lowest 
dose is not much less than the ID50 calculated by fitting a (beta-Poisson) model to those data 
(as noted by Savill et al. 2000, 2001).38 Yet it is the best approach available at present. And 
given the fact that another New Zealand study has reported finding Campylobacter in 60% 
(i.e., 18/30) of surface water samples (Savill et al. 2001), this is an issue that cannot be treated 
lightly. At some stage issues of “acceptable” or “tolerable” risks will need to use such an 
analysis as a guide.39 And the assumptions leading to the suggestion made (in Section 5.2.1) 
that about 4% of campylobacteriosis cases could be attributable to water contact recreation 
need careful evaluation. 
 
This analogy between E. coli and pathogens cannot be carried out for the other significant 
pathogen identified in this study (Human adenovirus). The risk analysis carried out for 
adenovirus does however suggest that it poses risks similar to that posed by Campylobacter. 
Human enterovirus appears to be rather less infective than adenovirus, so while they were 
detected in similar proportions it appears that adenovirus is of more concern. The strong 
dislocation found between these virus groups has been found elsewhere (Prof. M. Sobsey, 
University of North Carolina, Chapel, Hill, pers. comm.). 
 
The low detection rates encountered for Giardia cysts and Cryptosporidium oocysts is a 
surprise, given historical New Zealand data (Brown et al. 1992; Ionas 1997). This raises the 
prospect of cyclical patterns of their concentration over annual periods, a topic that seems 
worthy of further attention given the world-wide concern about them (in particular, 
Cryptosporidium).40 
 
Salmonella was detected rarely in this survey. Of the 69 samples in which salmonellae were 
isolated, 49 were serotyped, including S. brandenburg (21), S. typhimurium (10), S. hindmarsh 
(3), S. mississippi (1) and Salmonella rough (1) with 20 unable to be typed. Salmonella tended 
to cluster in particular sites, specifically those in the southern region. This occurrence was 
most likely associated with outbreaks of Salmonella brandenburg reported in sheep and also 
cases in the human population in the southern region at that time. 
 

                                                      
38 ID50 is the dose at which 50% of an exposed population becomes infected. This quantity is sometimes called the median 
infectious dose (e.g., Haas et al. 1996), which can be slightly confusing—it is not the median of the dose, but the dose at which 
50% become infected. 
39 Mara (2000) points out the strong differences between the UK and USA on this matter. 
40 We note that very low levels were also obtained by Simmons et al. (2001) in a New Zealand study of roof-collected rainwater in 
the period 1996-1998, although other microbiological contamination was present. 
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10 CONCLUSIONS AND RECOMMENDATIONS 
The present New Zealand Recreational Freshwater Guidelines are based primarily on trigger 
levels of E. coli. This study has demonstrated that E. coli concentrations alone are not 
sufficient to enable the health risk from recreational use of fresh waters to be assessed. This 
study has identified a number of factors that may be useful indicators of health risk (e.g., 
turbidity, catchment type etc.) that warrant further exploration. 

• The present New Zealand Recreational Freshwater Guidelines need to be reviewed. 
 
Drinking-water treatment tends to be optimised on the destruction of E. coli rather than 
pathogens. As a high proportion of samples in this survey contained Campylobacter (60%) and 
viruses (54%), the question is raised as to whether drinking-water treatment processes used in 
New Zealand ensure that, by the removal or destruction of E. coli, Campylobacter and viruses 
are also destroyed/removed. 

• Drinking-water treatment processes used in New Zealand should be reviewed to ensure 
that they are capable of protecting consumers from waterborne campylobacteriosis and 
viral infections. 

 
Technical limitations precluded the analysis in this study for some important waterborne 
pathogens (e.g. Norwalk-like viruses). 

• Consideration be given to test stored virus concentrates retained during this study for the 
presence of Norwalk-like viruses. 

 
The influence of a catchment on water quality cannot be fully assessed until completion of the 
SPARROW studies. 

• Development of management guidelines, including options for remedial actions on 
catchments, to be assessed following completion of the SPARROW studies. 

 
The survey of water quality and resources used for stock drinking water concluded that 
farmers would support measures to protect the quality of water resources, but at the time of the 
survey (June 1998) considered microbiological contamination to be not a major concern. This 
study has demonstrated (SPARROW findings to follow) that the distribution of pathogens via 
waterways is an issue. 

• That an information package of these findings be developed and communicated to farmers. 
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