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Preface

The Australian Drinking Water Guidelines provides the authoritative reference and benchmark on drinking water quality for Australian drinking water suppliers, health authorities and consumers. As such, it is essential that the scientific content of the guidelines is maintained and represents best practice. The ADWG was at the forefront of introducing a comprehensive risk management-based approach to assure drinking water quality. This process which started in the late 1990’s culminated in publication of the Framework for Management of Drinking Water Quality in the 2004 edition of the guidelines. 
However, the ADWG have not matched International developments in the setting of health-based performance targets for achieving microbial safety. These targets are required to provide measurable benchmarks for effective risk management systems. 
Performance targets derived from quantitative definitions of microbial safety are a common theme in guidelines and standards developed by WHO, USEPA, Health Canada and New Zealand where they are used to identify appropriate barriers for ensuring safety of drinking water supplies. The Australian Guidelines for Water Recycling (2006) including the module on Augmentation of Drinking Water Supplies (2008) has adopted the WHO definition of microbial safety to underpin the setting of microbial targets for pathogenic bacteria, viruses and protozoa.
This paper canvasses the inclusion of a similar approach in the ADWG. Issues discussed are:

· a definition of microbial safety, 
· the principle of setting health-based performance targets for producing safe drinking water supplies
· mechanisms for setting performance targets for different types of source water

· mechanisms for setting performance targets for urban and non-urban supplies.

The benefit of such an approach is that it provides a process for identifying appropriate barriers for producing safe drinking water.   

Introduction

“The Australian Drinking Water Guidelines are intended to provide a framework for good management of drinking water supplies that if implemented will assure safety at point of use” (NHMRC-NRMMC 2004). 
This statement includes two components:

· a preventive risk management approach and

· a definition of safety

The Australian Drinking Water Guidelines (ADWG) incorporate a risk management-based approach in the Framework for Management of Drinking Water Quality, while safety is defined for a range of chemical and radiological parameters in the form of health-related guideline values. However, although the greatest risks to consumers of drinking water arises from pathogenic organisms, microbial safety is poorly defined. 

Risk management is based on assessing risks and reducing them to acceptable levels to assure safety. This means that the ADWG needs to define what is meant by safety. In other words what are the benchmarks that need to be met by effective risk management? The lack of a quantitative definition of microbial safety is a significant limitation in the ADWG and a shortcoming that compromises the effective application of the Framework for Management of Drinking Water Quality. A number of international guidelines and standards already address this limitation.
Guidelines and standards developed by WHO (2006), USEPA (1989-2006), Health Canada (2004 a,b) and New Zealand (2008) have quantitative definitions of microbial safety. In each case the definition is used as a basis for setting risk management requirements. These typically take the form of performance or treatment targets to produce safe drinking water from raw water sources.
1 Australian Drinking Water Guidelines (2004)
1.1 Chemical safety 
Chemical and radiological safety is defined in the ADWG through health-related guideline values. These values are based on defining levels that represent no significant risk from a lifetime of exposure. If the guideline values are not exceeded drinking water is deemed to be safe. Hence, the guideline values provide measurable targets for verifying the effectiveness of risk management systems.
Guideline values for chemicals with a threshold effect are typically based on no or low effect levels (NOEL or LOEL), demonstrated in animal studies and incorporating safety factors ranging up to a maximum value of 10,000 to take into account various types of variability and uncertainty (Ritter et al 2007). The average safety factor applied in the ADWG to NOELs is 270 (95th percentile 1570). In comparison, the average safety factor applied in the 2006 WHO Guidelines for Drinking-water Quality (GDWQ) is 170 (95th percentile 1660) (NRMMC-EPHC-NHMRC, 2008).
Guideline values for non-threshold chemicals (genotoxic carcinogens) are based on an estimated upper bound risk of one additional cancer per 1,000,000 people from lifetime exposure. This is far below the level that could ever be measured. 
Hence the guideline values for both threshold and non-threshold chemicals are conservative.
1.2 Microbial safety

Pathogenic microorganisms are regarded as the largest threat to the safety of drinking water supplies but paradoxically the science of setting health-based targets to define microbial safety has lagged behind the process applied to chemicals. 
Microbial targets described in the ADWG are imprecise and based on a premise of seeking “to ensure that drinking water is free of microorganisms that can cause disease”. The only microbial guideline described in the ADWG applies to E.coli as an indicator with the recommendation that E.coli should not be detected in a minimum volume of 100mL. If E.coli is detected it is considered to indicate the potential presence of faecal contamination and, by extension, enteric pathogens. However, while the absence of E.coli may be a useful indicator of the absence of faecally-derived bacterial pathogens, it cannot be used as an indicator for viral and protozoan pathogens because it is far less robust than these organisms and more susceptible to inactivation. 
Guidance on viral and protozoan pathogens, such as rotaviruses and Cryptosporidium, is limited to advice that if specifically sought, they should not be detected. Establishing guideline values for individual pathogens is impractical and has not been done (NHMRC-NRMMC 2004, WHO 2006). 
However, this means that there are no measurable targets for verifying the effectiveness of the Framework for Management of Drinking Water Quality in preventing risks arising from the possible presence of enteric pathogens, particularly pathogenic viruses and protozoa. 
2 International Guidelines 

2.1 World Health Organization

The 2006 WHO GDWQ uses a combination of quantitative microbial risk assessment (QMRA) and the metric of Disability Adjusted Life Years (DALYs) to define microbial safety. 

QMRA is applied to determine the likelihood of infection and illness occurring from exposure to specific pathogens contained in water, while DALYs are used to convert the likelihood of illness into impacts or burdens of disease. The advantage of using DALYs is that the metric recognises that not all pathogens cause the same level or severity of disease. Some like Cryptosporidium cause mild diarrhoea in the general population while others such as E.coli 0157 and Rotavirus can result in death. In the Walkerton incident seven people died from an outbreak involving E.coli 0157 and Campylobacter (Hrudey and Hrudey 2004). Severity of consequence is an important consideration in developing risk management systems and the greatest attention should be paid to hazards that can cause the largest harm. 

DALYs represent the sum of time with an illness (i.e. loss of time in good health) and years lost through premature death. DALYs take account of each of the possible outcomes associated with a particular pathogen, for example:
· watery diarrhoea, bloody diarrhoea, haemolytic uraemic syndrome and death from infection with E.coli 0157 
· gastroenteritis, reactive arthritis and Guillain-Barré syndrome from infection with Campylobacter

Each of the outcomes is assigned a severity ranging from 0.02 – 0.12 for mild diarrhoea to 1 for death. The DALY per case is then determined by multiplying the severity by the persistence and percentage occurrence of each outcome. As shown in Box 1 the DALYs per case for illness caused by Cryptosporidium is 10 times less than illness caused by Rotavirus. 
Box 1  Disability Adjusted Life Years (DALYs)

The basic principle of the DALY is to weight each health impact in terms of its severity within the range of 0 for good health to 1 for death. Severities for outcomes of microbial infection include:

· 0.02 – 0.12 for mild diarrhoea
· 0.21 for reactive arthritis
· 0.23 for severe diarrhoea
· 1 for death 

The severity is then multiplied by duration of the effect and the relative frequency of occurrence in those who become ill. In the case of death, duration is regarded as the years lost in relation to normal life expectancy. 

Hence, DALYs = YLL (years of life lost) + YLD (years lived with a disability/illness)

In this context disability refers to conditions that detract from good health. In the context of water-related guidelines it generally relates to illness but in other areas it can also relate to physical or mental impairment.

Using an Australian example, infection with Rotavirus causes:

· mild diarrhoea (severity rating of 0.1) lasting 3 days in 97.5% of cases

· severe diarrhoea (severity rating of 0.23) lasting 7 days in 2.5% of cases

· rare deaths of very young children in 0.015% of cases (a death at < 1 years of age means a loss of up to 80 years of life) 


The DALY per case then 
= (0.1 x 3/365 x 0.975) + (0.23 x 7/365 x 0.025) + (1 x 80 x 0.00015)

= 0.0008 + 0.0001 + 0.012

= 0.013

Infection with Cryptosporidium can cause watery diarrhoea (severity weighting of 0.067) lasting for 7 days with extremely rare deaths in 0.0001 % of cases. This equates to a DALY per case of 0.0015. 

Campylobacter can cause diarrhoea of varying severity, Guillain-Barré syndrome of varying severity, reactive arthritis and occasional deaths. The calculated DALY per case is 0.0046.

Based on DALYs per case the impacts of the three pathogens is Rotavirus >Campylobacter >Cryptosporidium
Adapted from NRMMC-EPHC-AHMC 2006. DALYs per case based on Havelaar and Melse 2003 and WSAA 2004. 
2.1.1 Microbial safety and performance (treatment) targets

A key advantage of applying a quantitative metric for assigning public health impacts is that it can then be used to define safety. In the GDWQ, WHO defines microbial safety as water that does not give rise to more than 1 DALY per 1 million people per year (10-6 DALYs). This is equivalent to about 1 case of diarrhoea per 1000 people per year. This value is considered to be the upper level of tolerable risk. 
Having established the benchmark, the GDWQ shows how to use it to identify levels of treatment (performance targets) to produce safe drinking water from raw water. Setting performance targets is a four step process:

1. determining or estimating concentrations of pathogens in the source water

2. use of a quantitative microbial risk assessment to determine the extent of infection and illness arising from these pathogens

3. translating the frequency of illnesses to burdens of disease and DALYs

4. calculating required reductions in pathogen concentrations to comply with the reference level of 10-6 DALYs per person per year.
It is not practical nor is there sufficient data to develop health-based targets for all microbial pathogens. The recommended approach is to use reference organisms representing the major groups of pathogens (i.e. bacteria, viruses and protozoa). The selection criteria for reference pathogens include:

· waterborne transmission established as a route of infection

· sufficient data available to enable a quantitative risk assessment to be performed including data on occurrence in source waters, dose responses in humans and disease burden 

· a relatively high occurrence in source waters

· a relatively high survival in the environment

· a relatively high infectivity and severe disease burden

· a relatively low sensitivity to removal or inactivation by treatment processes.

There are a range of micro-organisms that could be selected as reference pathogens including Campylobacter, E.coli 0157, Salmonella, Shigella, Rotavirus, Norovirus, Giardia and Cryptosporidium. Selection of reference pathogens should take account of local conditions including the prevalence of waterborne transmission and source water characteristics, and may vary between different countries and regions. In the GDWQ, Campylobacter, Rotavirus and Cryptosporidium are used as reference pathogens to illustrate the method for calculating health-based targets (WHO 2006).  

2.1.2 Calculation of Health-based targets

Calculation of health-based targets for source water containing 1 Cryptosporidium, Campylobacter or Rotavirus per litre is illustrated in Table 1. The calculations are based on the consumption of 2 litre of water per person per day. The probability of infection from single organisms is based on QMRA using published data largely derived from human dosing experiments (Haas et al 1999; Messner et al 2001).  DALYs per case were calculated as shown in Box 1.  The required reductions range from 4.3 log for Campylobacter to 5.5 log for Rotavirus.

Table 1 Calculation of pathogen reductions for a source water containing 1 organism per Litre of Cryptosporidium, Rotaviruses and Campylobacter 1
	Step
	Equation
	Cryptosporidium
	Campylobacter
	Rotavirus

	a
	Probability of infection per organism2 
	
	5.9 × 10-2
	1.9 × 10-2
	5.9 × 10-1

	b
	Probability of infection per year 
(730 litres = 730 organisms) 
	a x 730
	43.1
	13.9
	431

	c
	Percentage of infection leading to illness 
	
	70%
	30%
	88%

	d
	Probability of illness per year 
	b x c
	30.1
	4.16
	379

	e
	DALYs per case 
	
	1.5 × 10-3
	4.6 × 10-3
	1.3 × 10-2

	f
	Percentage of population susceptible to illness 
	
	100%
	100%
	6%

	g
	DALYs per person per year
	d x e x f
	4.52 × 10-2
	1.9 × 10-2
	2.96 × 10-1

	
	Required reduction to achieve 10-6 DALY per year
	(g-10-6)
( g x 100
	99.998% 
(4.7 log)
	99.995 % 
(4.3 log)
	99.9997 % 
(5.5 log)


1 
The information in this Table is taken from WHO (2006) as adapted by the Australian Guidelines for Recycled Water (NRMMC-EPHC-AHMC, 2006). 
2   Low dose formulae used as described in Appendix 2 of the Australian Guidelines for Recycled Water (NRMMC-EPHC-AHMC, 2006) as doses in safe drinking water below 10-5
Working backwards, based on consumption of 730 litres of water per year, 10-6 DALYs is equivalent to 2.2x10-5 Cryptosporidium, 5.2x10-5 Campylobacter and 3.4x10-6 Rotavirus, Cryptosporidium per litre of water. These concentrations reinforce the impracticality of direct pathogen monitoring of drinking water.  
Depending on the source water quality, the log reductions required to produce safe water can then be calculated from the formula:

Log reduction 
= 
log (organisms in raw water per L ÷ 2.2x10-5 Cryptosporidium or 
5.2x10-5 Campylobacter or 3.4x10-6 Rotavirus)
This equation can be used to calculate the required reductions for various source water concentrations as shown in Figure 1. 

The GDWQ indicates that ideally the concentration of pathogens in source water should be determined on a system specific basis and then used to determine the log reductions that will produce safe drinking water. However, the GDWQ recognise that this is not always possible and suggests that default values could be used as an alternative. A limited range of defaults derived from International data are included in the guidelines. 
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Figure 1 Log reductions for source water containing various concentrations of Cryptosporidium, Rotaviruses and Campylobacter 

2.2 USEPA

Although the USEPA has applied a different approach to WHO it incorporates a number of similarities. USEPA regulations are based on a definition of tolerable risk derived from historical data. In the 1980s it was estimated that the level of drinking water-borne illness was 1 per 10,000 people per year and that this rate was generally being tolerated (American Academy of Microbiology 2006). This figure was translated to an infection rate of <1 per 10,000 people per year and used as a benchmark for setting microbial targets. 
The USEPA preceded WHO in defining microbial targets for Giardia, Cryptosporidium and viruses in terms of treatment requirements. This was based on the conclusion that it was not economically or technologically feasible to determine concentrations of Giardia, Cryptosporidium and viruses in safe drinking water. For example, the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) (USEPA, 2006a) is designed to reduce concentrations of infectious Cryptosporidium to less than 1 oocyst per 10,000 litres. Other estimates of concentrations of Giardia, Cryptosporidium and viruses equivalent to the upper limit of 1 infection per 10,000 people are even lower (Regli et al 1991, Gerba et al 1996, Haas et al 1996, Mena and Gerba 2008).
The Surface Water Treatment Rule (USEPA 1989) and the Long Term 1 Enhanced Surface Water Treatment Rule (USEPA 2002) derived log reduction targets from considerations of illness rates, results from surveys of US source waters and practical achievability. The targets were set at 2 log for Cryptosporidium, 3 log for Giardia and 4 log for viruses (USEPA 1989, 2002). 

The LT2ESTWR expanded the regulations to include testing of source waters for Cryptosporidium to identify log reduction requirements (USEPA 2006a). The rationale that underpinned this approach was concern that some surface water sources could contain relatively high concentrations of Cryptosporidium and require higher levels of treatment to assure safe drinking water quality than those prescribed in the existing Long Term 1 Enhanced Surface Water Treatment Rule. 

The rule requires that most supplies using surface water or groundwater under the influence of surface water undertake monthly samples for 24 months. Log reductions to produce safe drinking water are defined from monitoring results as shown in Table 2. The monitoring is to be repeated after 6 years. 

The log reductions were determined using a QMRA with outcomes compared to an annual risk of illness of 1 in 10,000 people per year. The USEPA produced a similar graph to Figure 1 showing the relationship between concentrations of Cryptosporidium in source waters, log reductions and annual risks of infection (USEPA 2006a).
As shown in Table 2, applying the WHO DALY approach to the USEPA data ranges produces similar outcomes in terms of log reductions. The final concentrations of Cryptosporidium in drinking water are consistent with those calculated using the DALY approach. 

Table 2 Required log reductions for surface water and groundwater under the influence of surface water

	Cryptosporidium

oocysts per Litre
	USEPA 
Required Log Reduction
	Final concentration in drinking water
	Log reduction using DALY approach

	<0.075
	3
	<7.5 x 10-5
	3.5

	0.075-<1.0
	4
	7.5 x 10-6 - 1 x 10-4  
	3.5 -4.7

	1.0 - < 3.0
	5
	1 x 10-5 – 3 x 10-5
	4.7 – 5.1

	3.0 -
	5.5
	1 x 10-5 - 
	5.1 -


Groundwater not influenced by surface water requires sanitary surveys and risk assessment. If prone to faecal contamination, treatment is required to provide a minimum 4 log reduction of viruses (USEPA, 2006b). It is considered that the risk of contamination by Cryptosporidium is low due to soil filtration. 
2.3 Health Canada

Health Canada guidelines for protozoa and enteric viruses refer to the USEPA approach and reference an accepted annual infection risk of <1 in 10,000 people per year (Health Canada 2004 a, b). The guidelines recommend that treatment achieves a minimum 3 log reduction of protozoa, unless source water quality dictates a higher reduction is required, and a 4 log reduction in virus concentrations. 
The guidelines note that setting specific guideline values for protozoa and viruses is not possible and would require the testing of thousands of litres of water. 

2.4 New Zealand 

The New Zealand Drinking-water Standards (2008) have followed a similar approach to the LT2ESWTR in requiring log reductions based on Cryptosporidium concentrations. 

Monitoring is required for all systems serving more than 10,000 people from sources including surface waters, springs and non-secure bore waters. The monitoring program comprises of at least 26 samples collected over a 12 month period and repeated at least every 5 years. Secure bore water does not have to be monitored or apply the log reductions. 

The log reductions described in Table 2 have been modified slightly as shown in Table 3. 
Table 3 Log reductions for surface water, springs and non-secure bore water 

	Cryptosporidium oocysts per Litre
	Required log Reduction

	<0.075
	3

	0.075-<1.0
	4

	≥ 1.0
	5


For supplies serving a population of less than or equal to 10,000 the required log reductions are determined from risk assessments based on sanitary surveys as shown in Table 4.
Table 4 Log reductions for supplies serving populations of ≤10,000 

	Catchment type
	Required log reduction

	Secure bore water 
	0

	Bore water from an unconfined aquifer >30m deep with protection from septic tanks and other waste discharges 
	2

	Bore water from an unconfined aquifer 10-30m deep with protection from septic tanks and other waste discharges
	3

	Springs and bores 0-10m deep 
	3-5

	Surface water from protected catchments
	3

	Surface water from catchments with low concentrations of livestock or humans in immediate vicinity or upstream
	4

	Surface water from catchments with high concentrations of livestock or humans or a waste treatment outfall nearby or upstream
	5 log


For small water supplies serving a population of less than or equal to 500 people, treatment requirements are based on sanitary surveys and are shown in Table 5.
Table 5 Log reductions for supplies serving populations of ≤ 500
	Catchment type
	Required log reduction

	Secure bore water 
	None 

	Protected with controlled human access and no livestock operations
	2 log reduction 

	Partially protected with no sewage discharges, human habitations and no intensive livestock operations including young and juvenile stock
	3 log reduction

	Unprotected catchment
	4 log


3 Australian Guidelines for Water Recycling

In developing the Australian Guidelines for Water Recycling (AGWR) quantifiable targets and definitions of safety were identified as important requirements (NRMMC-EPHC-AHMC 2006). The published alternatives for defining microbial safety were the USEPA target of < 1 infection per 10,000 people per year and the WHO target of 10-6 DALYs per person per year. The WHO approach was adopted because it considers severity of outcome. 

The AGWR includes the approach shown in Table 1 and Figure 2 for recycled water used to augment drinking water supplies (NRMMC-EPHC-NHMRC 2008). The approach was modified for non-drinking water uses of recycled water to account for lower exposures (i.e. << 730 litres per person per year) (NRMMC-EPHC-AHMC 2006).
4 Summary of existing guidelines

International guidelines and standards developed by WHO and countries such as the USA, Canada and New Zealand have identified numerical definitions of microbial safety and applied these definitions to the development of treatment performance targets. 
The most common form of treatment targets are log reductions of concentrations of viruses and protozoa (Cryptosporidium) in source waters that are required to achieve safe drinking water. These guidelines and standards typically describe how to achieve the log reductions using combinations of catchment protection, filtration and disinfection. In this way these guidelines have followed a similar approach to Elements 2 (Assessment of the drinking water supply system) and 3 (Preventive measures for drinking water quality management) of the Framework for Management of Drinking Water Quality. Microbial pathogens represent significant public health risks and appropriate control measures are required to reduce these risks to an acceptable levels. 
The AGWR includes a definition of microbial safety and describes how to determine performance targets to achieve the safe use of recycled water. This is applied within a Framework for Management of Recycled Water and Use, which is modelled on the framework from the ADWG. 
5 Water-borne disease

It could be argued that Australian drinking water supplies are generally safe and there is little evidence of disease transmitted through these supplies. There have been limited reports of outbreaks associated with smaller rural supplies or community-managed supplies and no outbreaks detected from large urban supplies. However, it is widely acknowledged that both endemic and epidemic water-borne illness is typically under-reported. 

Health agencies across Australia operate routine surveillance programs for a range of enteric illnesses. This surveillance has the capacity to detect endemic and epidemic illness but sensitivity is limited by reporting and testing. Only a portion of people with diarrhoea seek medical advice and not all of those are tested (OzFoodNet Working Group 2003, Hall et al 2006). In Australia it has been estimated that between 8-11% of Campylobacter and Salmonella illnesses are reported (Hall et al 2006). Reporting rates for cryptosporidioisis are likely to be lower due to milder symptoms (Perz et al 1998). 

Community intervention studies have been used to directly measure levels of disease associated with drinking water supplies. The Melbourne water study was a landmark investigation which examined the contribution of chlorinated drinking water derived from a protected catchment to gastrointestinal disease. The study found no evidence of waterborne disease (Hellard et al 2001). A similar study in Iowa of a filtered and chlorinated drinking water supply derived from an impacted catchment reached the same conclusion (Colford et al 2005). While these studies did not detect evidence of waterborne disease it should be noted that the limit of sensitivity was limited and a waterborne contribution of up to 11-15% of gastrointestinal disease could have been present. Given the rates of illness detected in the two studies this equates to over 1000 cases per 10,000 people per year. This is well above levels of tolerable risk identified in international guidelines for microbial safety and also well above levels of tolerable risk identified in the ADWG for chemical safety. The studies conducted in Melbourne and Iowa cost several million dollars and expansion to greatly increase sensitivity is impractical. It is estimated that studies to detect illness at an annual risk of 100 cases per 10,000 people per year would require a sample of 416,000 participants, while more than 8 million participants would be required to detect an annual risk of 1 case per 10,000 people per year (Eisenberg et al 2006). 

Hence, epidemiological evidence while valuable is relatively insensitive and also takes a long time to gather. The Melbourne trial was conducted between September 1997 and February 1999 and after analysis of results the outcomes were published in 2001 (Hellard et al 2001). The Iowa study was conducted in 2000-2002 and published in 2005 (Colford et al 2005). 

Detection of outbreaks is also limited by reporting, testing and surveillance. In the USA it is estimated that only 10-33% of outbreaks are detected (Frost et al 1996). The large Milwaukee drinking water outbreak was initially detected by increased sales of anti-diarrhoeal medication rather than disease reporting which was delayed by under-notification and infrequent testing (MacKenzie et al 1994). 

A study undertaken by the CRC for Water Quality and Treatment (Padiglione and Fairley, 1998) found that very large outbreaks of diarrhoeal disease (20,000-100,000 cases) could go undetected due to background rates of diarrhoeal disease from other sources, low rates of reporting and day-to-day variability. Figure 3 shows anticipated reports of disease associated with an outbreak of giardiasis. Superimposing outbreak reports on natural variation shows how outbreaks could be missed. Craun et al (2004) and Hrudey and Hrudey (2004) have also discussed the lack of sensitivity of routine surveillance in detecting waterborne outbreaks.  
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Figure 3 Modelled outbreaks of giardiasis superimposed on natural variation in reported cases.

6 Options 

6.1 Do nothing

The ADWG could retain a definition of microbial safety based on providing water that contains 0 E.coli per 100 mL and an aim that drinking water should be free of micro-organisms that can cause disease. The difficulty with this approach is that it lacks precision and means that the guidelines incorporate a risk management-based approach with limited benchmarks for measuring success in assuring microbial safety. Superficially the advantage of this approach is that it is relatively easy to apply and meet a guideline of 0 E.coli per 100 mL. 

The “do nothing” approach means that the tools available to drinking water utilities to benchmark current performance or to assess improved performance in achieving microbial safety are routine surveillance and targeted epidemiological studies which are reactive and insensitive, or the measurement of E.coli in drinking water which has little value in assessing the absence of enteric viruses and protozoa. An analysis of drinking water outbreaks has shown that monitoring for bacterial indicators is a poor predictor of risk, particularly for waterborne giardiasis and cryptosporidiosis (Craun et al 1997)
To varying degrees Australian water utilities and regulatory agencies have recognised the shortcomings in the ADWG. Many utilities have adopted features of international guidelines to overcome these shortcomings. Examples include requirements associated with disinfection and the operation of filtration plants used to treat surface water supplies. Disinfection requirements (Ct values) and turbidity targets included in USEPA regulations (1989, 2002, 2006a) have been applied in Australia. In effect this has meant application of a benchmark of 1 infection per 10,000 people per year. 

The do nothing approach would mean that the ADWG lacks precision and offers less direct human health protection than comparable guidelines from WHO and countries such as the USA, Canada and New Zealand. The ADWG also would remain inconsistent with the AGWR. 
6.2 Include a definition of microbial safety

The two alternatives are:

· the definition that underpins the USEPA drinking water standards (1 infection per 10,000 people per year) or 
· DALYs as applied by the WHO (10-6 DALYs per person per year). 
The two approaches share a number of common features and importantly both can be used to identify quantifiable and measurable performance targets for producing safe drinking water. Typically these targets have been developed for reference pathogens such as Cryptosporidium or groups of pathogens such as protozoa, viruses and bacteria. 
The difference between the two metrics is that application of DALYs includes an additional step. After calculating the likelihood of infection the additional step is to consider the likelihood and severity of resulting disease. In this way DALYs recognise that not all pathogens cause the same level or severity of disease. Infections can be asymptomatic and where symptoms occur they can range from mild diarrhoea to reactive arthritis, haemolytic uraemic syndrome and occasionally death. 
A review of acceptable risk published by the American Academy of Microbiology (2006) indicated that while a goal of less than 1 infection per 10,000 people per year is a useful benchmark it has limitations and a more descriptive endpoint, taking into account measurements of injury, may be more advantageous. The DALY metric fulfils this requirement.  

Application of DALYs requires data on disease outcomes. As discussed in Section 3.1, WHO has published a scoring system for severity of outcomes and estimates of DALYs per case for Cryptosporidium, Campylobacter, E.coli 0157 and Rotavirus (Havelaar and Melse 2003). These estimates are based on international data from developed countries. In the AGWR an adjustment was included for diarrhoea caused by Rotavirus in Australia. Further refinements based on Australian data would increase the accuracy of applying DALYs to define safety of Australian drinking water supplies. A research proposal to provide this information has been developed.
7 Practical implications – achieving safety
The major advantage of providing a quantitative definition of microbial safety is that it can be used by water utilities as a benchmark for setting targets to be achieved by combinations of catchment protection and water treatment. However, there are practical implications, including the need for data on source water quality or a mechanism for categorising source water quality. Approaches included in existing guidelines include system specific monitoring, the application of default values and sanitary surveys of water sources. Examples of each of these approaches can be found in existing guidelines.
Prior to the LT2ESWTR, USEPA regulations used concentrations of Cryptosporidium and Giardia detected in surveys of surface waters essentially as default values to develop generic log reduction targets (USEPA 1989, 2002). The LT2ESWTR added a requirement for system-specific monitoring to establish concentrations of Cryptosporidium in source water for systems serving more than 10,000 people (USEPA 2006a). Default treatment requirements and testing for E.coli, and possibly Cryptosporidium, are specified for smaller systems. 

The New Zealand Drinking-water Standards (2008) require system-specific monitoring for Cryptosporidium for larger systems (>10,000 people) and sanitary surveys for smaller systems. 
The WHO GDWQ (2006) recommend the collection of system-specific data but recognise that this data will not always be available. The GDWQ provides limited default values for different types of source water including surface waters and groundwater. The GDWQ also discusses application of default treatment technologies.
Similarly, default values for concentrations of Cryptosporidium, enteric viruses and Campylobacter in sewage and stormwater are provided in the AGWR (NRMMC- EPHC-AHMC, 2006). For grey water, default values for Cryptosporidium were extrapolated from concentrations of E.coli. These default values are used as a basis for calculating treatment requirements for different types of recycling, based on the end-use application for the recycled water.
The NHMRC (2008) and WHO (2003) guidelines for recreational water quality use a combination of sanitary surveys and numbers of Enterococci or E.coli to estimate risk and the need for intervention or control. 

A combination of these approaches could be used as the basis for deriving microbial targets. The most direct method for establishing source water quality and required log reductions is to undertake system-specific monitoring based on source water characteristics. However, system-specific monitoring is expensive, time consuming and is not always practically achievable. Methods for identifying performance targets based on source water characteristics, sanitary surveys and monitoring for indicator bacteria could be considered as alternatives. 
7.1 Source Water Characteristics 

The first step in identifying monitoring and treatment requirements is an assessment of source water characteristics including susceptibility to contamination. 

For example, source water could be described as:

· Protected groundwater with no impact from human sewage or livestock faecal material

· Unprotected groundwater 

· Protected surface water with no impact from human sewage or livestock faecal material

· Unprotected surface water with potential impacts from human sewage and livestock faecal material.
The range of pathogens potentially present in each type of source water can then be defined using the following rationale:

· human sewage is generally the only source of human infective enteric viruses with the exception of Hepatitis E which is not endemic in Australia

· human sewage and livestock faeces are the predominant source of human infective Cryptosporidium and Giardia. Native and feral animals have occasionally been associated with human infective protozoa but most drinking water outbreaks have been associated with human and livestock waste
· all types of faecal material (human, livestock, native animals, birds etc) can be a source of enteric bacteria such as Campylobacter and Salmonella.

Based on this rationale, the relationship between potential pathogen presence and source water characteristics could be defined as shown in Table 6.
Table 6 Relationship between source water characteristics and pathogen presence

	Source Water characteristics
	Pathogens present

	
	Enteric viruses
	Protozoa 
(e.g Cryptosporidium)
	Enteric bacteria

	Protected groundwater
	No
	No 
	No

	Unprotected groundwater
	Yes
	Yes
	Yes

	Protected surface water
	No
	No
	Yes

	Unprotected surface water
	Yes
	Yes
	Yes


These definitions could be applied to define monitoring and treatment requirements.

7.2 System specific pathogen monitoring
As discussed the most direct method for determining treatment requirements is to establish source water quality through system specific pathogen monitoring. As described in the previous section, the monitoring requirements for water supplies derived from protected groundwater are different from those derived from unprotected surface water. The latter can be subject to contamination by enteric viruses, protozoa and bacteria. 

Many large urban water utilities using unprotected surface water supplies have sufficient data to characterise bacterial and protozoan concentrations (based on E.coli and Cryptosporidium monitoring) but only limited data will be available for smaller water supplies. Few utilities of any size will have sufficient data to characterise concentrations of viral pathogens. 

Where bacterial and protozoan data are available conservative estimates of viruses could be applied based on sewage data. Published results show that concentrations of enteric viruses range from 0.7 to 4 times those of Cryptosporidium (NRMMC- EPHC-AHMC 2006, Rose et al 1996, 2001). Based on the calculations shown in Table 1, it could be appropriate to apply the 1 log higher reduction for viruses, as per USEPA regulations (USEPA 1989, 2002).

7.3 Sanitary surveys and indicator monitoring

In the absence of pathogen monitoring, treatment requirements could be identified using a combination of source water characterisation, sanitary surveys and monitoring for bacterial indicators. 
Concentrations of bacterial indicators, required log reductions and treatment capabilities are provided below as illustrative examples. While they have been derived from published information they could be refined based on Australia data and experience.
7.3.1 Protected groundwater

Protected groundwater could be supplied with minimal treatment. Provided that protection can be maintained, treatment could range from no treatment for small contained systems to disinfection with oxidizing chemicals or UV light for larger systems. Oxidizing chemicals provide additional protection against ingress of microbial contamination into distribution systems.
Protected groundwater should routinely contain 0 E.coli per 100 mL.

7.3.2 Unprotected groundwater

The type and extent of treatment required will depend on the level of vulnerability. This can be assessed by sanitary surveys, taking into account the depth of intake and the vulnerability to contamination by human sewage and livestock waste. 

Shallow groundwater (e.g.<10 metres based on NZ (2008)) with little protection from human sewage and livestock waste should be considered as being equivalent to unprotected surface water, requiring treatment to remove or inactivate enteric bacteria, viruses and protozoa (see section 8.3.4).

Shallow groundwater taken from a depth of at least 10 metres could be protected from protozoa by soil filtration and drinking water quality could be assured by disinfection to inactivate viruses and bacteria.

The level of vulnerability of groundwater to contamination could be confirmed by monitoring for E.coli. Low-moderate contamination could be regarded as groundwater containing 1- 10 E.coli per 100 mL and moderate-high contamination as groundwater containing 10-50 E.coli per 100 mL
.
7.3.3 Protected surface water

Provided that protection can be maintained, drinking water safety could be assured by disinfection with oxidizing chemicals or UV light. In larger systems oxidizing chemicals provide additional protection against ingress of microbial contamination into distribution systems.
Protected surface water catchments should contain low-moderate numbers of E.coli. 
7.3.4 Unprotected surface water

Unprotected surface water should be considered as being vulnerable to contamination by enteric viruses, protozoa and bacteria. 

The ideal approach for determining levels of treatment is to undertake system specific assessments. This should include a sanitary survey to determine the likelihood and extent of impacts from both human and livestock waste. Sanitary surveys should be supported by microbiological data. 
An approach similar to that described in the NHMRC and WHO guidelines for recreational water could be applied using a risk matrix derived from the AS/NZS 4360 standard on risk management as shown in Table 7. 

Table 7 Risk matrix for defining risk from unprotected surface water catchments.

	Levels of human and livestock contamination
	Concentrations of E.coli per 100 mL1

	
	0-50
	50-500
	>500

	Small numbers of livestock, low levels of treated sewage or septic waste
	Low
	Low
	Moderate

	Moderate impacts of livestock and/or treated sewage or septic waste
	Low
	Moderate
	High

	Potential for high levels of impact from livestock or septic waste
	Moderate
	High
	High


1 Concentrations shown as a 95th percentile.  The concentrations shown are used to illustrate the concept and could be refined based on Australian data and experience.
7.3.5 Treatment requirements and log reductions based on source water characteristics 
Default log reductions and treatment requirements could be established based on source water characteristics. An example of applying this method is shown in Table 8. The log reductions have been estimated using information from USEPA and NZ guidelines.

Table 8. Indicative log reductions as a function of source water characteristics

	Source Water
	Risk 
	Indicative log reductions

	
	
	Virus
	Bacteria
	Protozoa

	Protected groundwater
	Very low
	0
	0 
	0

	Unprotected groundwater
	Low - Moderate
	2
	4 - 5
	0

	
	Moderate - High
	4
	5 - 6
	2

	Protected surface water
	Very Low
	0
	4 - 6
	0

	Unprotected surface water
	Low
	3 - 4
	5 - 6
	3

	
	Moderate
	4 - 5.5
	6
	4 - 4.5

	
	High
	5.5 - 6.5
	6
	5.5


These log reductions could be achieved by using validated treatment processes as shown in Table 9. The data included in this Table has been adapted from a number of sources (Black et al 2009, Hijnen et al 2006, Lechevallier and Au 2004, USEPA 2005, 2006a)
Table 9 Indicative log reductions from well operated validated treatment processes

	Treatment process
	Dose/Ct1
	Log reductions

	
	
	Virus
	Bacteria
	Protozoa

	Coagulation, sedimentation and filtration
	
	1
	1
	3

	Slow sand filtration
	
	2
	2
	3

	Coagulation and microfiltration
	
	2
	3
	3

	Ultrafiltration
	
	2
	3
	3

	Chlorine
	10 mg.min/L
	2
	42
	0

	
	20 mg.min/L
	4
	42
	0

	UV light
	55 mJ/cm2
	1
	42
	42

	
	110 mJ/cm2
	2
	42
	42


1 Ct  = concentration x time
2
A maximum 4 log reduction allocated to disinfection barriers
7.3.6 Specified treatment for small systems

One of the challenges in operating small systems is a lack of data on source water quality. While the preference should be to obtain such data, the basic approach described in 8.3.4 and 8.3.5 could be applied by estimating the likelihood of faecal contamination (i.e. low, moderate, high) as shown in Table 7. These estimates could then be used to specify treatment requirements. 
This approach is similar to the application of specified technology targets described in the GDWQ (2006).

8 Conclusions

The ADWG has been at the forefront of international guidelines and standards in adopting a risk management framework for assuring drinking water safety. However, the ADWG does not provide a quantitative definition for microbial safety. It also does not provide benchmarks to measure the success of risk management. In this important aspect the ADWG lags behind comparable guidance provided by the USEPA (2006a), Health Canada (2004a and b), New Zealand (2008), WHO (2006) and the Australian Guidelines for Water Recycling (NRMMC-EPHC-AHMC 2006).
In the absence of microbial targets, many water suppliers have adopted parts of the USEPA regulations to provide performance benchmarks for assuring the safety of drinking water. 

The “do nothing” option means that the ADWG does not meet basic requirements of water suppliers or regulators. Reliance on the production of water containing 0 E.coli per 100 mL from unprotected water sources is not sustainable and is difficult to defend given the well established limitations of this indicator in reflecting the presence or absence of enteric viruses and protozoa. 

Internationally two alternatives have been established for defining microbial safety. The USEPA has performance targets set in drinking water standards that are based on an upper limit of 1 infection or illness per 10,000 people per year (USEPA 1989, 2002, 2006). WHO has adopted the metric of DALYs and defined tolerable risk as being < 1 x 10-6 DALYs per person per year. As noted by the American Academy of Microbiology (2006) while benchmarks based on infection or illness rates are useful a more descriptive endpoint, taking into account impacts, may be more advantageous. 

The Australian Guidelines for Water Recycling (NRMMC-EPHC-AHMC 2006), including the module on Augmentation of Drinking Water Supplies (NRMMC-EPHC-NHMRC 2008), use DALYs and the WHO definition of tolerable risk as a basis for setting performance targets for achieving microbial safety.

The adoption of a quantitative definition of microbial safety and the establishment of health-based performance targets has practical implications including the need to categorise source water quality. The most direct method is to undertake system-specific monitoring based on source water characteristics. However, this is not always practically achievable. Alternative methods could be based on source water characteristics, sanitary surveys and monitoring for indicator bacteria. 
The benefit of incorporating a definition of microbial safety and health-based targets is that they provide a mechanism for identifying appropriate barriers (catchment protection and treatment) to ensure safety of drinking water supplies.  

Feedback is sought from stakeholders, and other interested parties, as to which approach should be adopted for the establishment of health-based targets for microbial safety within the ADWG.
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� Trigger values used in the LT2ESWTR (usepa, 2006) for groundwater under the influence of reservoir water or flowing streams
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