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PART I
MANAGEMENT OF DRINKING WATER QUALITY

Chapter 6 Physical and Chemical Quality of Drinking Water 

6.3
Chemical quality of drinking water

A number of chemicals, both organic and inorganic, including some pesticides, are of concern in drinking water from the health perspective because they are toxic to humans or are suspected of causing cancer. Some can also affect the aesthetic quality of water.

6.3.1
Inorganic chemicals

Inorganic chemicals in drinking water usually occur as dissolved salts such as carbonates and chlorides, attached to suspended material such as clay particles, or as complexes with naturally occurring organic compounds. Their presence may result from:

· natural leaching from mineral deposits into source waters;

· land-use activities in catchments leading to exacerbation of natural processes such as mobilisation of salts;

· carry-over of small amounts of treatment chemicals;

· addition of chemicals such as chlorine and fluoride;

corrosion and leaching of pipes and fittings.

Unless otherwise stated, the guideline value refers to the total amount of the substance present, regardless of its form (e.g. in solution or attached to suspended matter).

6.3.2
Organic compounds

Organic compounds are usually present in drinking water in very low concentrations. They may occur either naturally or as a result of human activities. Byproducts of disinfection are the most commonly found organic contaminants in Australian drinking water supplies.
Disinfection byproducts

The byproducts of disinfection are the products of reactions between disinfectants, particularly chlorine, and naturally occurring organic material such as humic and fulvic acids, which result from the decay of vegetable and animal matter. Of these disinfection byproducts, the trihalomethanes (THMs) are produced in the highest concentrations.

Most disinfectants used to render drinking water safe from pathogenic microorganisms will produce byproducts in the disinfection process. Factors affecting the formation of disinfection byproducts include:

· the amount of natural organic matter present;

· the disinfectant used;

· the disinfectant dose;

· pH;

· temperature;

the time available for reaction (C.t or contact time). 

Chlorine is the most common disinfectant; in the chlorination process it reacts with naturally occurring organic matter to produce a complex mixture of byproducts, including a wide variety of halogenated compounds (i.e. organic byproducts of chlorination). The main byproducts are the THMs and chlorinated acetic acids. Many other byproducts can be produced, but concentrations are generally very low (usually <0.01 mg/L and often <0.001 mg/L).

Other disinfectants can produce different types of byproducts: for example, ozone is known to produce formaldehyde and other aldehydes.

Known disinfection byproducts are considered individually in the fact sheets in Part V. It is possible, however, that other disinfection byproducts for which no health data are available are present at extremely low concentrations. It is also possible that when these compounds (both known and unknown) are ingested together, their combined effects on health may be different from their individual effects. Epidemiological studies examine disinfection byproducts as a generic group, and can be useful in determining overall effects.

A number of epidemiological studies have suggested an association between water chlorination byproducts and various cancers. This association has been most consistent in relation to cancer of the bladder and rectum, but there are insufficient data to determine concentrations at which chlorination byproducts might cause an increased risk to human health.

In experiments with laboratory mice, when concentrates derived from chlorinated drinking water were applied to the skin, there was no increase in the incidence of skin tumours compared with concentrates derived from unchlorinated supplies. Similarly, oral administration of chlorinated humic acids in drinking water did not increase the incidence of tumours compared with animals receiving unchlorinated humic acids, or with saline-treated controls. 

Studies have shown that concentrates of some chlorinated drinking water supplies are mutagenic to some strains of test bacteria. These effects were consistently found with samples of surface water that had a high content of natural organic compounds at the time of chlorination. A significant proportion of the increased mutagenicity has been attributed to a chlorinated furanone known as MX.

The International Agency for Research on Cancer has reviewed the available data and concluded that there is inadequate evidence to determine the carcinogenicity of chlorinated drinking water to humans (IARC 1991).

Action to reduce the concentration of disinfection byproducts is encouraged, but disinfection itself must not be compromised: the risk posed by disinfection byproducts is considerably smaller than the risk posed by the presence of pathogenic microorganisms in water that has not been disinfected.

Further information on disinfection of drinking water is contained in the information sheets (Part IV) and fact sheets (Part V).

Pharmaceuticals and endocrine-disrupting chemicals

Pharmaceuticals 

Pharmaceuticals comprise a large class of predominantly organic compounds. They are administered to humans and animals to achieve a variety of benefits including prevention and treatment of disease. The large variety of compounds in use and their importance to physiology, along with their widespread use and chemical characteristics contributing to persistence suggest the potential for their similarly widespread distribution in the environment and the potential for contamination of potable water supplies.

Virtually all pharmaceuticals administered to humans are excreted in varying degrees and discharged directly into the sewerage system. These compounds are then affected by treatment processes in municipal sewage treatment plants, before discharge to the environment. Depending on chemical properties including aqueous solubility, volatility, lipophilicity and susceptibility to biodegradation, pharmaceutical residues may be removed in varying degrees during conventional sewage treatment processes prior to environmental discharge.

Synthetic pharmaceutical compounds were first observed and reported in sewage during the 1970s. Since then, over 100 pharmaceutical drugs and metabolites have been identified in environmental samples, primarily in Europe and North America. Reported compounds include analgesic, anti-inflammatory, beta-blocker, lipid regulator, antiepileptic, 2-sympathomimetic, antineoplastic, antibiotic and contraceptive drugs.

No definitive link has been reported or established between pharmaceutical exposure in drinking waters and human health risk. Furthermore, current evidence does not support a general requirement for additional or specialised drinking water treatment to reduce concentrations of pharmaceuticals. Routine monitoring is not recommended, but targeted, well designed and quality controlled investigative studies could provide more information on potential human exposure from drinking water. Nonetheless, concern for the potential implications of exposure to mixtures of these biologically active chemicals exists and worldwide investigations are ongoing. 

Specific concerns have been raised by some scientists that the presence of antibiotic agents in water supplies may facilitate the development of resistant organisms, with implications for public health. While this may be a valid hypothesis, studies are yet to demonstrate that the presence of antibiotics in water supplies has any impact on the development of resistance. 

It is not common international practice to regulate or provide guidelines for pharmaceuticals in drinking water. However, the Australian National Guidelines for Water Recycling (Phase 2) have taken a pro-active approach and do provide guideline concentrations that are applicable to potable water supplies intentionally augmented by recycled municipal effluents (NRMMC, EPHC, NHMRC 2008).

Endocrine-disrupting chemicals

During the last few decades, reports of hormonally related abnormalities in a wide range of species have accumulated. Chemical contaminants are believed to be responsible for many of these abnormalities, acting via mechanisms leading to alteration in endocrine function. This phenomenon, known generally as ‘endocrine disruption’, has been identified by the World Health Organization as an issue of global concern. The chemicals implicated have been collectively termed ‘endocrine-disrupting chemicals’ (EDCs), or simply ‘endocrine disruptors’.

A particularly well documented form of endocrine disruption has been the induction of biochemical hormonal responses in freshwater fish, which can cause significant behavioural and morphological dysfunctions and lead in the worse cases to sterility. A growing number of natural and synthetic environmental chemicals have been implicated as causative agents of these observed disruptions. However, in terms of potency, the most significant have been natural and synthetic steroidal hormones. Some steroidal hormones have been observed to cause disruption of the endocrine system of fish at ambient concentrations less than 0.000001 mg/L (1 ng/L).

Environmental exposure to oestrogenic hormones has been shown to cause feminisation of male fish. More recently, exposure to androgens has been implicated in the masculinisation of fish. Furthermore, scientists suspect that anthropogenic estrogens, androgens and progestins may act as reproductive pheromones in fish, thus adversely affecting reproduction.

Much attention has focused on the discharge of hormonal steroids from municipal sewage treatment plants. Municipal sewage effluents have been generally characterised as being ‘oestrogenic’ in nature, due largely to trace concentrations of oestrogenic steroidal hormones as well as some other natural and synthetic chemicals.

While some EDCs have been detected in some drinking water supplies, concentrations have been generally insignificant compared to other dietary sources of estrogenic activity.

In 2007, a workshop assembly of researchers, policy makers, regulators, water suppliers and research investors met to discuss the matter of EDCs in Australian waters. The meeting took place at Black Mountain immediately following a 2-day symposium focussing on the broader issue of chemical contaminants in water. At the conclusion, a brief consensus document was prepared, titled The Black Mountain Declaration on Endocrine Disrupting Chemicals in Australian Waters 2007.

This document summarises the broad areas of consensus by the individuals present at the workshop. It is intended to inform a wider audience of researchers, policy makers, regulators, water suppliers, research investors and the general public regarding current expert opinion on the matter of EDCs in Australia. Regarding the human health implications of EDCs in Australian waters, it states:

Humans, as mammals, have very similar endocrine systems to other species for which impacts of environmental EDCs have been observed.  There is clear evidence that humans have been severely impacted by some EDCs when exposed to significant doses in the form of medications or extreme occupational exposure. However, exposure to EDCs via water (either through recreation or consumption) is considered relatively insignificant compared to other sources such as occupational or dietary exposure.  

Despite the valid reasons for concern, evidence of impacts to humans from environmental exposure to EDCs is yet to be established. This includes a lack of evidence of impacts via exposure from water supplies, food products and air. Given the observed susceptibility of other species and the ultimate importance of protecting public health, a precautionary approach towards minimising unnecessary exposure to EDCs in water, food and air is warranted.

It is not common international practice to regulate or provide guidelines for EDCs in drinking water. However, the Australian National Guidelines for Water Recycling (Phase 2) have taken a pro-active approach and do provide guideline concentrations that are applicable to potable water supplies intentionally augmented by recycled municipal effluents (NRMMC, EPHC, NHMRC 2008).

Other organic compounds

Naturally occurring organic compounds are not generally of human health concern, except for certain specific toxins (see fact sheets on Toxic Cyanobacteria). Other than disinfection byproducts, organic contaminants resulting from human activity are not normally detected in Australian drinking water. They have, however, been detected at times in supplies in North America and Europe, usually following an accidental spill or discharge into a water source or, on rare occasions, from rain contaminated by airborne pollutants. Fact sheets and guideline values are provided in case similar incidents should occur in Australia.

Chapter 9 Overview of monitoring

9.1
Introduction

The National Water Quality Management Strategy (NWQMS) forms an integrated set of guidance documents for water quality management within Australia. This document, the Australian Drinking Water Guidelines (ADWG), is Paper No. 6 of the NWQMS and covers drinking water quality issues specifically. Within the Australian water quality management context, water quality monitoring and reporting is informed by NWQMS Paper No. 7, Australian Guidelines for Water Quality Monitoring and Reporting 2000 (ANZECC/ARMCANZ 2000). Therefore, it is important to use both the ADWG and NWQMS Paper No. 7 together to inform approaches to water quality monitoring and reporting.

It is important to note that the monitoring advice in Chapters 9 and 10 is based on best practice, and can be used as a default sampling program, but it should be seen as complementary to, not a replacement for, a monitoring program developed as a result of a risk assessment. Therefore, monitoring and reporting relating to drinking water quality management should be set within the context of the drinking water quality management Framework set out in Chapters 2-4.

In the context of drinking water quality management, good monitoring programs should meet the following criteria: 

· The system being monitored should be described with reference to the drinking water quality system description and process flow diagrams prepared in accordance with the Framework (Section 3.2.1).

· Water quality monitoring data should be used to inform the risk assessment component of the Framework (Section 3.2.2).

· The water quality monitoring program should emerge principally from the Operational Monitoring (Section 3.4.2, covering process performance monitoring) and Verification of Drinking Water Quality (Section 3.5.1, covering final water quality testing and compliance) components of the Framework.

· Some additional monitoring may be required as part of specific Investigative Studies and Research Monitoring (Section 3.9.1) or Validation of Processes (Section 3.9.2).

· The objectives and scope of information requirements of the monitoring program should be clearly defined and realistically achievable, within a defined set of boundaries  .

· Monitoring parameters, sampling sites and monitoring frequencies should be carefully selected and defined when designing the program, and adjusted as necessary in the light of ongoing risk assessment and management;

· Sampling and analytical techniques should be explicitly described, including their measurement uncertainty, reliability and sensitivity, and should be sufficiently reliable and sensitive to meet program objectives.

· Data should be statistically analysed and reported, to inform the management and operation of the drinking water supply system, and should be reported to those who can make use of the information.

· Data should be stored and managed in a reliable and readily accessible format.

Monitoring and reporting programs should be developed in conjunction with water supply system operators, planners and health regulators or authorities responsible for auditing the performance of the drinking water supply system. In addition, monitoring and reporting programs should consider the needs of the broader range of stakeholders, such as customers, suppliers, consumers, plumbing regulators, building and site owners and operators. 

The Framework approach to drinking water quality management outlined in Chapters 2–4 is based on a preventive strategy that focuses on total system management. A key aspect of this approach to use monitoring programs to scrutinise the multiple barriers and confirm that the system as a whole is working effectively to deliver safe water.

Within the context of the Framework, there are three distinct types of monitoring, requirements for which differ in terms of water quality characteristics to be measured, sampling location and frequency of sampling (Table 9.1)

9.1.1
Operational monitoring

Operational monitoring (Section 3.4.2) is used to check that the processes and equipment that have been put in place to protect and enhance water quality are working as intended. The operational monitoring data are used, if necessary, as a trigger for immediate short-term corrective action to protect water quality. Operational monitoring data are generally not used for assessing conformance with the ADWG or compliance with agreed levels of service. 

Typically, operational monitoring would be ongoing (routine) and very frequent, often on-line, with results able to trigger corrective actions to take place before the water reaches the consumer. The objective is to provide early warning of situations that might put the safety of consumers at risk, to ensure that corrective action can be instigated in a timely fashion.

9.1.2
Verification monitoring

Verification monitoring (Section 3.5.1) is a wide-ranging verification of the quality of water in the distribution system as supplied to the consumer. The data are used for assessing conformance with the ADWG and compliance with agreed levels of service and/or regulations. If necessary, verification data are used as a trigger for corrective action to improve water quality. This type of monitoring often forms part of statutory water quality testing and reporting requirements. 

Typically, verification monitoring would be ongoing (routine), at intermediate frequency, with results able to trigger corrective actions that take place only after the water has been supplied to consumers.

9.1.3
Investigative studies and research monitoring and validation of processes

Investigative studies and research monitoring (Section 3.9.1) include strategic programs designed to increase understanding of a water supply system, to identify and characterise potential hazards, and to fill gaps in knowledge. This type of monitoring includes baseline monitoring, monitoring as part of Validation of Processes (Section 3.9.2), and emergency response monitoring (Section 3.6).

Typically, investigative studies and research monitoring, and monitoring associated with validation of processes, would not be ongoing (they would be non-routine), occurring only for a defined study period, but they could be very intensive during that study period. Results would be related to longer-term planning, risk assessment and system augmentation decision-making, rather than short-term corrective actions.

Table 9.1 Illustrative examples of water quality monitoring under the Framework approach

	Type of monitoring
	Typical program timeframe
	Typical testing frequency
	Typical timeframe for operational corrective actions
	Typical example
	Typical question answered

	Operational Monitoring (Section 3.4.2)
	Routine

Indefinite timeframe

Present tense
	On-line to weekly
	Before potentially unsafe water reaches consumers
	On-line monitoring of operational process parameters during water abstraction and treatment. Typically includes turbidity, disinfectant residual, pH and flow rate.
	Are the operational processes working?

	Verification Monitoring (Section 3.5.1)
	Routine

Indefinite timeframe

Past tense
	Weekly to five-yearly
	After potentially unsafe water has been consumed
	Weekly testing of water sampled from the distribution system. Typically includes E. coli, turbidity, pH, colour, disinfectant residual and plate count.
	Did the operational processes work?

	Investigative Studies and Research Monitoring (Section 3.9.1) and monitoring associated with Validation of Processes (Section 3.9.2)
	Non-routine

Limited timeframe

Future tense
	On-line to monthly
	Usually related to long-term planning and capital actions rather than operational corrective actions
	Performance testing of a new treatment plant before the plant is put on-line. Typically includes both operational process parameters for the plant, and chemical and microbial indicator testing of raw and treated water. Includes validation testing.
	Will the operational processes work in the future? 

How can operational processes be improved for the future?


9.2
Developing a monitoring program

Monitoring programs should be developed to track the effectiveness of the multiple barriers (set out in Chapters 2-4) and confirm that the system as a whole is working effectively to deliver safe water. 

The monitoring programs should be designed by personnel experienced in the assessment of water quality and the preventive management approach of the Framework, in conjunction with water supply system operators, planners and health regulators or authorities responsible for auditing the performance of the drinking water supply system. It is important that the program is fully documented, including the basis for decisions made. 

The programs should include the following information:

· objectives of monitoring;

· type of monitoring (operational, verification, investigative, combination);

· scope of monitoring;

· parameters to be monitored;

· sampling locations and frequency;

· sampling methods and equipment;

· schedules for sampling;

· methods for quality assurance and validation of sampling and analysis procedures;

· measurement uncertainty;

· requirements for checking and interpreting results;

· responsibilities and necessary training, experience and qualifications of staff;

· requirements for documentation and management of records, including how monitoring results will be recorded and stored;

· statistical methods to be applied to data analysis;

· requirements for reporting and communication of results;

· basis of the recommendations.

Programs should be designed to cover both random and regular variations in water quality, and to provide information that is representative of the quality of water supplied to consumers. For example, water quality is usually tested by taking samples of water from points in the system and analysing them either in an analytical laboratory or on site. It is important that the results of these tests are representative of all the water throughout the system, including the water that is there between sampling events. Also, sampling must be frequent enough to enable the program to provide meaningful information. Box 3.4 (see Section 3.5.1) details what is needed to ensure that monitoring is representative, reliable and fully validated.

Monitoring programs and the key characteristics to be monitored should be reviewed periodically and altered where necessary. The risk assessment and risk management plan arising from the implementation of the Framework should be informed by prior monitoring and should inform the design of future water quality monitoring.

9.3
Surrogates and indicators 

Some of the more common water quality characteristics can sometimes serve as surrogates or indicators for characteristics that are less common or for which testing is more difficult and expensive. Table 9.2 shows a number of indicators and surrogates that can be incorporated as part of monitoring under the Framework approach outlined in Chapters 2–4.

9.3.1
Surrogates

Surrogates are measures of performance, but are not in themselves similar to the characteristics of concern. Surrogates are typically used for operational monitoring but can be used for verification monitoring. For example: 

· Electrical conductivity (EC) is a widely used as a surrogate for total dissolved solids (TDS). 

· Turbidity is widely used as a measure of filtration system performance that can provide a surrogate for the removal of pathogens by the filter.

Surrogates provide an alternative for monitoring the effectiveness of processes to control a potentially hazardous substance, where that substance is impractical to monitor. An effective surrogate will: 

· be low cost and reliable to monitor;

· directly measure process performance characteristics that are related to the ability of the process to control hazards;

· be amenable to setting trigger levels, guideline values and/or target criteria so that results can be responded to;

· provide warning of process performance failures early enough, and at a level that allows corrective action to be implemented before unsafe water is consumed. 

9.3.2
Indicators

Indicators are physical, chemical or microbial characteristics that are representative of a broader group of related characteristics. For example: 

· Trihalomethanes (THMs), which are the most common disinfection by-products and occur in the highest concentrations, serve effectively as an indicator for the possible presence of a range of related by-products. 

· Faecal indicator bacteria, which are numerous microorganisms in faeces, serve as indicators for the possible presence of faecal contamination and, by inference, enteric pathogens.

Indicators provide an alternative for monitoring for the possible presence of other hazardous substances that are more difficult to monitor. An effective indicator will: 

· be low cost and reliable to monitor;

· be readily detectable when other hazards might be present; 

· not normally be absent when other hazards might be present; 

· be amenable to setting trigger levels, guideline values and/or target criteria so that results can be responded to.

Where indicator monitoring is possible, baseline and trend assessment monitoring should be used to establish, and then reconfirm, the background levels of the indicator, so that deviations from the background concentration can be identified.  Controlling the indicator to low levels increases the assurance that any objectionable characteristics associated with its presence are either absent or reduced. 

Table 9.2 Examples of water quality indicators and surrogates

	Hazard or hazardous events
	Operational Monitoring Characteristic
	Verification Monitoring Characteristic

	Faecal contamination of source water
	Sanitary survey observations (surrogate)
	Escherichia coli  (indicator)

	
	Turbidity (surrogate)
	Alternative faecal indicators (indicator)

	
	Rainfall (surrogate)
	

	
	River flow rate/height (surrogate)
	

	Treatment failure
	Turbidity post filter (surrogate)
	

	
	Disinfectant residual (surrogate)
	

	Faecal contamination from ingress
	System pressure (surrogate)
	Escherichia coli (indicator)

	
	Turbidity (surrogate)
	

	
	Asset integrity (surrogate)
	

	Water stagnation
	Disinfectant residual (indicator)
	Heterotrophic plate count (HPC) (indicator)

	
	Dissolved oxygen (indicator)
	Total coliforms (indicator)

	Elevated disinfection by-products
	
	Trihalomethanes (indicator)


9.4
Collection and analysis of samples

If the data collected are to be meaningful, it is vital that samples are collected from appropriate locations, by trained personnel working to a predetermined plan, and that the procedures employed in the collection, preservation and transport of samples to the laboratory are chosen with regard to the characteristic being measured.

It is important that the results obtained in analyses are valid. In some cases, different methods of analysis can give different results. For each of the characteristics listed in the ADWG, a suggested method of analysis is given that will ensure consistent results are obtained. Other methods may be used, but they must be fully documented and validated, preferably through comprehensive inter-laboratory comparison programs, and must give results consistent with other standard methods being used.

Specific details regarding preservation of samples are given in Information Sheet 2.1 Sampling Procedures.

9.4.1
Field testing

Field testing can be used for both operational monitoring and verification testing of water. It is possible to acquire, at reasonable cost, basic microbial and chemical test kits for the common microbial, physical and chemical characteristics, including hydrogen sulfide (H2S), pH, DO, EC, colour, iron, manganese, turbidity, chlorine and fluoride. These test procedures are well within the capabilities of well trained treatment plant operators and system caretakers.  

Recent advances in field tests for indicator microorganisms, such as total coliforms and Escherichia coli (E. coli), are making such tests suitable as part of verification monitoring in small and remote locations where logistical challenges to laboratory tests may be prohibitive.

The test results of field testing will not have the standing of those produced by National Association of Testing Authorities (NATA) registered laboratories, but they do permit regular and frequent monitoring. What the field tests sometimes lack in precision and reliability needs to be balanced against the benefits of the increased frequency of monitoring that is possible. Furthermore, such kits enable many tests to be performed in the field, thus avoiding the need to preserve and transport samples to a laboratory. 

Their use is encouraged, specifically for small and remote systems, but the test results should be regarded as indicative only, and should complement, not replace, more reliable laboratory tests. 

Some tests, including those for temperature, free and total chlorine and monochloramine, must be undertaken in the field. Sample storage times and conditions affect results such that unless analysis can be undertaken within a short time of sampling, field testing is the only method of deriving representative results. It is essential that those doing field-testing are appropriately trained, that analysers are calibrated as per the manufacturers’ specifications, and that an audited quality assurance program, ideally including proficiency testing, be in place to monitor testing performance.

9.4.1
Sampling procedures

Procedures for sampling physical and chemical characteristics, heavy metals, organic chemicals, pesticides and microbial characteristics are provided in Information Sheet 2.1, Sampling Information – Handling Requirements and Preservation.

9.5
Operational monitoring

9.5.1 Characteristics to monitor and location

The characteristics selected as parameters for operational monitoring are discussed under Section 3.4.2. Operational parameters should:

· serve as reliable surrogates relating to the effectiveness of operational processes; 

· provide early warning of processes trending towards control limits;

· be readily measured and trigger a response within a timeframe that would protect consumers from adverse water quality in the event of inadequate process performance.

To meet these requirements, process performance surrogates are often used as operational characteristics, as described in Section 9.3. Examples of characteristics commonly used for operational monitoring, and the monitoring location within the treatment process, are given in Table 9.3.

Table 9.3 Examples of operational monitoring characteristics

	Operational monitoring characteristic
	Raw water
	Coagulation
	Sedimentation
	Filtration
	Disinfection
	Distribution system

	pH
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	(

	Turbidity (or particle count)

	(
	(
	(
	(
	(
	(

	Temperature

	(
	
	(
	
	(
	(

	Dissolved oxygen

	(
	
	
	
	
	

	Stream or river flow
	(
	
	
	
	
	

	Rainfall
	(
	
	
	
	
	

	E. coli 
	(
	
	
	
	(
	(

	Alternative microbial faecal indicators 
	(
	
	
	
	
	

	Total coliforms
	
	
	
	
	(
	(

	Heterotrophic plate count (HPC)
	
	
	
	
	(
	(

	Colour
	(
	
	
	
	
	

	Conductivity (total dissolved solids)
	(
	
	
	
	
	

	Alkalinity
	(
	(
	(
	
	
	

	Organic carbon
	(
	
	(
	
	
	

	Algae, algal toxins and metabolites
	(
	
	
	
	
	

	Chemical dosage
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	(
	

	Flow rate
	
	(
	(
	(
	(
	

	Net charge
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	Streaming current value
	
	(
	
	
	
	

	Headloss
	
	
	
	(
	
	

	C.t
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	UV calculated dose
	
	
	
	
	(
	

	UV intensity
	
	
	
	
	(
	

	Disinfectant residual
	
	
	
	
	(
	(

	Hydraulic pressure
	
	
	
	
	
	(

	Tank integrity
	
	
	
	
	
	(

	Flush water quality
	
	
	
	
	
	(


C.t = a measure of disinfection concentration (C) and contact time (t)
9.5.2
Frequency of monitoring

Operational parameters should be monitored often enough to reveal any failures in a timely fashion – that is, early enough to implement a corrective response that protects consumers from receiving poor water quality. In practice, this means using online and continuous monitoring wherever possible, particularly at critical control points (see Section 3.3.2). For example, where filtration is used, continuous monitoring of turbidity from each filter cell and from the product water outlet of the plant is important to ensure that treatment is effective. For operational parameters that are deemed less critical or that are more stable, ‘grab’ samples may be sufficient. 

Box 9.1 EXAMPLE OF OPERATIONAL MONITORING OF FILTER PERFORMANCE

In most circumstances, where drinking water is sourced from multi-use surface catchments, the primary barrier to microbial contamination, particularly protozoan contamination, is filtration. Filters can take many forms, and usually only form part of a multi-barrier treatment system, but their prime function is to facilitate the removal of particulates from the water that is being treated. 

In some cases, such as where chlorination or chloramination provides the primary disinfection, filtration may be the only treatment barrier to contamination by chlorine-resistant protozoan pathogens. It is therefore crucial that filter performance is optimised and that the performance of each individual filter is continuously monitored.  Whilst not a perfect measure of filter performance, turbidity is currently the best practicable surrogate for the continuous monitoring of filter performance.  The monitoring of filter performance is consistent with the requirements of Element 4 of the Framework (Section 3.4, Operational Procedures and Process Control).

To ensure that filter performance is accurately monitored, it is highly recommended that continuously reading turbidimeters be installed on the outlet of each filter bed, in addition to any such turbidimeter on the combined filter outlet, as reliance on the latter may fail to detect performance issues related to individual filter beds. 

It is also recommended that the collected turbidity data are regularly plotted, for instance in the form of a frequency histogram and cumulative frequency graph, in order to provide a visual representation of filter performance (see Turbidity Fact Sheet for more information). 

9.6
Verification monitoring

9.6.1
Monitoring of key characteristics

A verification monitoring program should be designed to provide confidence that water supplied to consumers has met the ADWG and did not contain unacceptable levels of hazardous substances. However, it is neither physically nor economically feasible to test on an ongoing basis for all hazardous characteristics that may be present in water. Therefore, monitoring effort and resources should be directed at significant or ‘key’ characteristics – that is, those characteristics that require frequent monitoring. 

Each water supply system will have its own key characteristics, and these need to be identified by evaluating the significance of all water quality characteristics. As part of implementing the Framework approach, water quality data should be reviewed (Section 3.2.2) and significant risks and hazards should be identified (Section 3.2.3). Emerging from this data analysis and risk assessment should be information on the types of hazards that might be expected to be present in the water supply and, in particular, hazards that may present significant risks. Key characteristics to be monitored as part of verification include those that have the potential to present significant risks and for which reliable verification of safety is required. 

Verification monitoring for indicators can provide an efficient way of covering broad groups of hazards (Section 9.3.2). For instance, E. coli, Clostridium perfringens spores and somatic coliphages provide a useful suite of faecal indicators that can obviate the need for direct testing of pathogens in many circumstances, e.g. if the indicator microorganisms are not detected. Similarly, trihalomethanes provide a useful indicator that can obviate the need for direct testing of the full range of disinfection by-products in many circumstances, e.g. if the indicator compounds are detected only at low levels.

Approaches to determine key characteristics should include surveys of chemicals and faecal sources present in the catchment and source water, treatment chemicals used in the treatment plant, and chemicals present in the distribution system materials. Initial baseline monitoring (see Section 9.7.1) should be used to help identify key characteristics, including gathering sufficient data to establish both concentrations and variations in concentrations. Key characteristics should be measured as close to the water or contamination source as possible (as this is simpler to do and hence a more efficient use of resources), provided that the concentration does not change further down the system. Key characteristics will also be different for each of the main component parts of the system, that is:

· raw water entering the supply system from a catchment, storage or bore field;

· treated water leaving the plant;

· distributed water in the reticulation system in major mains, storage reservoirs and tanks and reticulation mains;

· water stored and distributed within large complexes and buildings (which is typically beyond the direct responsibility of water suppliers);

· water supplied to the consumer.

Key characteristics related to health will include:

· potential contaminants identified in catchment surveys;

· any characteristic that can be reasonably expected to exceed the guideline value, even if only occasionally;

· chemicals used in treatment processes and the by-products that may result from their use;

· microbial indicator organisms;

· pollutants likely to be present and identifed as significant in the risk assessment, but not listed in the ADWG.

Key characteristics that are not related to health include characteristics with significant aesthetic impacts. Customer feedback might also be considered to provide some verification of aesthetic parameters; this is dealt with under the Framework, in Section 3.5.2.

9.6.2
Water quality monitoring zones

Large, complex reticulation systems should be divided into discrete water quality monitoring zones for the purposes of monitoring and reporting. Problem areas should be singled out for additional attention. Although the following is not intended to be prescriptive, zones could be:

· divided in relation to their discreteness within the system, e.g. mainly serviced by a single trunk main, a single water source and water treatment plant, or serviced by a single service reservoir or pump station;

· identified as discrete geographical areas that can be recognised by supply operators and the community (e.g. suburbs or other discrete localities).

9.6.3
What and where to monitor

From the water supplier’s perspective, some characteristics, such as microbial parameters, may need to be monitored within the distribution system and at the boundary of the consumer’s property. Many physical and chemical characteristics, however, do not change, or change only slowly, within the distribution system, and it is more efficient to analyse for these characteristics closer to the water source. The monitoring sites for each physical and chemical characteristic proposed in the ADWG have therefore been chosen on the basis that it is unlikely that the characteristic will change further into the distribution system. In reticulated water supplies, physical and chemical water quality characteristics can be divided into different types for monitoring purposes, as shown in Table 9.4.

Table 9. 4 Monitoring required for different types of physical and chemical characteristics

	Characteristic
	Examples
	Type of monitoring required

	Substances for which the concentration depends mainly on the concentration in the water entering the supply and is unlikely to vary in the distribution system
	Arsenic, cyanide, fluoride (where fluoridation is not practised), hardness, pesticides, sodium, selenium, sulfate and total dissolved solids
	Generally sufficient to sample either the raw water or the water going into the supply a

	Substances that change in concentration within the distribution system
	Aluminium, disinfection residuals and by-products, iron, manganese, colour, turbidity, taste, odour and pH
	Requires sampling from the extremities of the distribution system but it is also of value to gather data from the treated water going into the supply, for comparison

	Substances for which the distribution system could be the main source
	Corrosion and leachate products such as plasticisers, jointing compounds, adhesives, toluene, xylene, cadmium, antimony, nickel, chromium, iron, lead, zinc, copper and asbestos
	Requires sampling from the extremities of the distribution system but it is also of value to gather data from the treated water going into the supply, for comparison

	Substances for which customers’ plumbing can provide an additional sourceb
	Corrosion and leachate products such as plasticisers, jointing  compounds, adhesives, toluene, xylene, cadmium, iron, antimony, nickel, chromium, lead, zinc and copper 
	Requires sampling from consumers’ taps to verify the relationship between the water, as supplied, and its interaction with the plumbing materials used in the community as well as to verify the adequacy of building and plumbing codes in this respect


a – Where two or more waters with different concentrations of the characteristics feed the same distribution system, additional sampling may be required within the distribution system.

b – See Section 9.8.3 for further information. 

Tables 10.3 to 10.7, in Chapter 10, provide a guide to what to measure, and where to measure it, for both operational and system performance purposes. Emphasis should be on monitoring those characteristics identified as key characteristics for a water supply system.

9.7
Investigative and research monitoring

Investigative and research monitoring can be used to:

· increase understanding of a water supply system;

· identify and characterise potential hazards;

· fill gaps in knowledge;

· inform targeted capital expenditure, system augmentation and operational improvements;

· improve understanding of the factors affecting water quality characteristics, allowing water suppliers to anticipate periods of poor water quality and respond effectively.

9.7.1
Baseline monitoring

Baseline monitoring is required for:

· all new water supplies;

· poorly characterised existing water supplies; 

· potential water supplies under consideration.

Such monitoring is imperative in order to:

· define the key characteristics that should be measured routinely as part of verification monitoring;

· identify major water quality problems;

· provide data to support the risk assessment of the water supply (Section 3.2.2);

· provide data to support water quality modelling;

· provide an indication of the need for water treatment and inform treatment plant design;

· establish a base for assessing long-term trends and variability in water quality;

· compare and select source waters for future supply;

· compare water quality during baseflow and event conditions, and characterise water quality during event conditions.

In the absence of other data or information, baseline monitoring should be carried out for all health-related characteristics that are listed alongside health-related guideline values in the ADWG. If there is credible information from verifiable system and risk assessments that certain health-related characteristics would not be present, then exceptions should be made. Examples of such exceptions would include characteristics not reasonably expected to be present due to the nature of the water source, or characteristics for which sampling is not practicable. In such cases, the basis of the decision not to monitor should be stated and referenced to the verifiable information used.

Initial baseline monitoring should be carried out for new water supplies as a basis for ongoing monitoring. Baseline monitoring of new water supplies and those not previously sampled adequately should include sampling to characterise the radiological quality of the water supply. The extent of sampling and the timeframe required to make a baseline assessment will depend on land use in the catchment, levels of pollution found, and variability or trends in both raw and treated water quality. Baseline monitoring would not be complete until it has covered the full range of seasonal, climatic and hydraulic variation anticipated to be relevant to the supply system.

An initial land-use survey of the catchment should be undertaken to:

· identify existing and planned developments;

· identify agricultural, industrial and urban pollution sources;

· assess potential continuous, intermittent or seasonal pollution patterns;

· assess geological features likely to affect water quality;

· identify chemicals used and faecal sources present; 

· locate existing or abandoned waste-disposal or mining sites.

Where catchments and supplies are beyond the water supplier’s jurisdiction, exchange of information and collaborative assessment of the quality of source waters is strongly advocated, as recommended under the Framework (Section 3.1.3).

Initial investigative monitoring has a number of limitations:

· Not all potential water quality problems may be identified.

· Long-term trends or variability in water quality may be difficult to anticipate.

· The comprehensiveness of baseline and follow-up monitoring may be limited by the available human or laboratory resources.

· The impacts for harvesting, storage, treatment and distribution of water may not be fully appreciated.

Nevertheless, it is essential that an attempt be made to characterise source waters before they are used for water supply, or even more urgently if not yet characterised but in use anyway. If sampling is initiated only when the supply is commissioned, major water quality problems that might otherwise have been anticipated could result in long-term operational problems.

An existing sampling database makes a good starting point for establishing a baseline. The baseline, however, will change as land use changes, and new characteristics may need to be monitored. Follow-up baseline sampling regimes are required to assess significant changes in water quality arising from:

· impacts of water abstraction (this is particularly important for water from unconfined aquifer systems);

· changed land-use practices;

· longer-term natural variability in water quality that may not have been evident from initial baseline monitoring;

· event-related changes in water quality not evident from the initial baseline monitoring program, due to the rarity of these events.

9.7.2
Validation monitoring

Where risk assessment relies on health-related assumptions regarding, for instance, water quality, treatment plant performance, and distribution system capability, these assumptions need to be justified through the validation of processes, as discussed in Section 3.9.2. Validation involves demonstrating the veracity of the risk management plan developed under the Framework. In some cases, validation can be entirely completed using desktop assessment based on existing evidence; in other cases, objective empirical evidence from monitoring is needed, and validation monitoring may be required to form part of the validation evidence base. The precise nature of the evidence required depends on the nature of the barriers. Table 9.5 gives examples of typical validation monitoring programs. 

In general, validation monitoring is required wherever desktop evidence alone cannot be entirely relied upon to prove that systems will operate as intended. During design, construction, installation and commissioning, as well as over time, problems may arise that may prevent proper operation of systems. As a result, process performance could be suboptimal and, in some cases, inadequate, leading to adverse health outcomes. Empirical validation monitoring is a valuable tool to test assumptions about process performance, reveal problems that are not immediately obvious, and help provide confidence in water safety.

One of the most common applications of validation monitoring is during or just after commissioning of new unit processes. Once the process is thought to be operating as intended, but before it is brought on line to supply water to the community, microbial and/or chemical determinands can be assessed in samples taken before, during or after the unit process to confirm that it can reduce the concentration of substances to the extent required. Many drinking water treatment plant suppliers will undertake such tests on modular units and then market those units as being pre-validated. This is commonly true for membrane and UV treatment systems. However, validation monitoring can be undertaken for all unit processes, and to test all assumptions, including those in the source water and distribution system. Examples of validation monitoring would be:

· monitoring cyanotoxin concentrations pre and post a powdered activated carbon (PAC) dosing system to check the toxin reduction capability of the batch supplied;

· monitoring microbial indicator and particle count concentrations pre and post a filtration plant to check its pathogen-reduction capability;

· monitoring arsenic concentrations pre and post an arsenic treatment plant to check its arsenic-reduction capability;

· monitoring microbial indicator concentrations at the inflow and outflow of a large dam to check its microbial indicator-reduction capability.

Table 9. 5 Validation monitoring examples

	Process step to be validated
	Validation monitoring
	Associated monitoring: items that will subsequently be routinely monitored during operational monitoring

	Media filtration plantb
	Establishment of optimal filter run times and associated operational envelope

Establishment of optimal ripening periods and associated operational envelope

Inlet and outlet microbial indicator concentrations:a
· Monitoring should at the very least include plate count and E. coli; it would ideally include coliphage and clostridial spores; and it may include some pathogens.
	· Turbidity upstream and downstream of system

· Pressure loss across each filter bed

· Particle counts on outlet

· pH and temperature

· Coagulant dosage rate

· Streaming current

	Membrane plantc
	Inlet and outlet microbial indicator concentrations:a
· Monitoring should at the very least include plate count and E. coli; it would ideally include coliphage and clostridial spores; and it may include some pathogens.
	· Turbidity upstream and downstream of system

· Pressure loss across membranes

· Particle counts on outlet

· EC and possibly TOC (for RO systems)

· Membrane integrity testing (for microfiltration and ultrafiltration systems)

	Ultraviolet plantc
	Establishment of operational envelope with respect to factors such as lamp age, lamp power, flow, UV transmissivity and turbidity

Inlet and outlet microbial indicator concentrations: a
· Monitoring should at the very least include plate count and E. coli; it would ideally include coliphage and clostridial spores; and it may include some pathogens.
	· Turbidity upstream of disinfection system

· UV transmissivity

· UV intensity and/or calculated dose

· Flow rate to enable calculation of retention times

· Ballast functionality, lamp power and lamp status

	Chlorination plant
	Inlet and outlet microbial indicator concentrations:a
· Monitoring should at the very least include plate count and E. coli; it would ideally include coliphage and clostridial spores; and it may include some pathogens.
	· Turbidity upstream of disinfection system

· Free chlorine, temperature and pH at downstream monitoring point, certainly well after the point at which the immediate chlorine demand has been satisfied, and ideally at a point representing a significant proportion of the total required contact time

· Flow rate to enable calculation of contact time (Ct)

	Backflow controls
	Check pressure at lowest pressure parts of system on peak flow days to ensure no negative pressure events
	· Pressure measured at pump stations and tank levels at service reservoirs


Ct = concentration x contact time

aIf inlet microbial indicator concentrations are too low to enable validation of the required microbial reduction performance, seeding of challenge microorganisms is required. 

bValidation testing of media filtration systems is a highly specialised and complex task.

cThe USEPA provides definitive guidance on the validation of these types of unit processes.

9.7.3
Emergency response monitoring

General aspects of incident and emergency response are discussed at Section 3.6. Any emergency or incident should trigger an increase in monitoring frequency. In general, if a hazardous substance is found to be out of compliance with the ADWG, testing frequency should be increased until at least two sequential compliant results have been obtained. The testing frequency should generally be at least doubled (sampling interval at least halved) during the incident testing period until water quality is confirmed as being within specification.

Emergency incident plans need to take into consideration the capability and availability of water and laboratory personnel. Experience shows that overwhelming laboratories with samples during incident conditions can cause major problems for laboratory quality control and can lead to adverse outcomes. It is important to maintain the quality of laboratory analysis regardless of the urgency of testing. It may be necessary to have contracts in place with back-up laboratories that can provide support during incident or emergency response conditions.

9.8
Choosing sampling locations

9.8.1
Catchment to tap sampling points

Sampling points must provide data that are representative of the water in that particular component of the system. To establish such points, short-term investigative monitoring programs may be needed. 

Water suppliers

Water suppliers should sample water at locations such as:

· rivers and streams within the catchment and recharge area;

· raw (source) water storages and aquifers;

· treatment plant (for process control, and plant performance assessment);

· treated (finished) water;

· headworks of the distribution system (also known as entry points);

· service reservoirs and storage tanks;

· points representative of the distribution system;

· points representative of the quality of water supplied to consumers’ properties (e.g. at or close to water meters);

· points where previous samples have revealed unsatisfactory water quality.

Building and site owners and managers and plumbing oversight agencies

Building and site owners and managers and plumbing oversight agencies should sample water at locations such as:

· points within consumers’ properties, including the storage and distribution systems in large buildings and complexes (e.g. overhead tanks, water storage tanks, fire services);

· points representative of the quality of water actually consumed by consumers (e.g. at kitchen taps);

· points where previous samples have revealed unsatisfactory water quality.

9.8.2
Distribution system sampling points

When selecting sampling points within the distribution system, the following factors should be considered:

· The distribution of sampling points throughout the system, including the extremities, must reflect the numbers of people supplied by the different parts of the system, especially for systems drawing on surface water. Criteria relevant to demonstrating adequate sample sites include hydraulic arrangements, asset materials and hydraulic residence time of the water. For example, if five per cent of consumers are serviced by distribution loops, then five per cent of samples should be taken from distribution loops. 

· Water quality in a given pressure zone can be affected by the specific conditions in that zone; therefore, each pressure zone must be adequately monitored, even if that means having multiple monitoring points within a larger water quality zone.

· When a system has more than one water source, the location of sampling points must be in relative proportion to the number of people served by each source, and sampling points must be located at the entry points to the system for the different sources. Similarly, systems with one source and more than one treatment plant must be sampled at the entry point from each plant to the system. Any areas where supply is likely to alternate between different sources should be sampled, as such changes may be noticeable to the consumer and be a source of complaint.

· If a service reservoir has no sampling tap, it is preferable to install one; if this is not possible, a sampling point should be located sufficiently close to the reservoir to represent the water quality within the reservoir.

Routine distribution system samples should be taken from a number of dedicated or fixed sampling points that are spread across the distribution system. The spread of these fixed points should be such that all parts of the distribution system are sampled.

Ideally, the sampling program should be randomised. This is done in order to ensure that there is no sampling bias attached to the program. The use of fixed points allows for trend analysis over time, and the spatial distribution of the samples ensures that sampling results are representative of the quality of the water being supplied to customers. 

The system shown in Figure 9.1 is representative of a town with a population of approximately 5,000 people with one source of water. A similar approach should be used by larger authorities to determine sampling points within supply districts of larger schemes. The selected sampling points used in this example would satisfy the requirement to sample as close as practicable to the point of use, and to sample over the whole water supply system.

Figure 9.1 Example of a water distribution system for 5 000 people

· Point A is representative of the quality of raw water.

· Point B is representative of the quality of water leaving the treatment plant.

· Point C is representative of the water quality within the elevated ser vice reservoir.

· Points D and G are representative of water quality in a distribution loop such as in a sub-development.

· Points E and H are representative of the water quality in a branch line or a branch line dead end.

· Point F is representative of water in the main line.

· Points D to H are representative of the quality of water supplied to consumers.
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9.8.3 
Sampling points within buildings and sites

The two most commonly reported adverse outcomes from an incompatibility between the drinking water chemistry as supplied and the quality and nature of the internal plumbing and fittings are:

· plumbosolvency – that is, mobilisation of copper (leading to “blue” water) or lead (which is increasingly rare) into solution from pipes, copper and brass fittings (which may contain traces of lead), and the solder used to join pipes, as a result of the supply of plumbosolvent water;

· hardness – scaling of pipes, and of water elements in kettles and hot water services, resulting from the supply of very hard water.

Other impacts that may arise include:

· the supply of desalinated water into areas not traditionally supplied with water of reduced salinity may exacerbate corrosion, particularly in hot water systems;

· microbial and chemical issues can be associated with the flow of water in and around large buildings, particularly where large volumes of water are stored in on-site header tanks;

· drinking water sitting unused in pipe networks for extended periods of time leading to elevated levels of metals.  This is seen particularly in schools, after lengthy holiday breaks, where the water supplying drinking fountains has been sitting in pipes and has resulted in children consuming water with elevated levels of copper (Scholz et al 1995, Walker 1999, Brodlo et al 2005).

Under most jurisdictional legislation and arrangements within Australia, the responsibility of water suppliers ends at the point of supply to the customer, typically the water meter.  

Under the catchment-to-customer tap risk management framework promoted by these guidelines, water quality should be managed up to the point of consumption, usually the customer tap, to account for water quality changes that may arise as a result of the internal plumbing arrangements on customer properties. 

In many international jurisdictions, the point of compliance for water suppliers is, in effect, the customer tap (for instance the European Union, Singapore, United Kingdom and United States of America). However, in Australia the primary responsibility for ensuring that water supplied beyond the water meter remains safe and aesthetically acceptable rests with various stakeholders including:

· building and site owners; 

· building and site managers;

· plumbing regulators;

· building regulators;

· plumbers;

· plumbing material suppliers; 

· private individuals.

Role of building and site owners and managers and plumbing oversight agencies

The Trade Practices Act 1974 requires plumbing and fittings to be fit for purpose, and that purpose includes being fit for the safe conveyance, storage and use of water of a chemistry as supplied within a particular area. The stakeholders identified in the above bulleted list are responsible for ensuring that the plumbing systems and fittings used within their areas of responsibility are fit to convey the water of the chemistry that is supplied within the area without leading to water quality guidelines being exceeded. Ongoing verification sampling programs to confirm this fitness for purpose should include first draw sampling at customer taps within smaller properties, and at system extremities within large sites and buildings. In addition, these stakeholders should liaise with standards-setting bodies and water suppliers to ensure that the procedures for approving plumbing materials, fittings and systems are adequate to manage any short-, medium- and long-term risks associated with those materials, fittings and systems when carrying the water supplied in any particular supply area.

To avoid difficulties with gaining property access, where plumbing oversight agencies wish to source samples from random distribution system points from consumer properties (e.g. kitchen taps), samples can be randomised to the level of the street or neighbourhood rather than to specific properties. 

Role of water suppliers

Although not responsible for the actions related to water quality management beyond the point of supply, Australian water suppliers should be aware that the drinking water that they supply may interact with internal plumbing and cause unintended water quality issues (either aesthetic or health-related). The Trade Practices Act 1974 requires water supplied by water suppliers to be fit for purpose, and that purpose includes the conveyance, storage and use of that water within approved plumbing assets, fittings and plumbed in systems available in water supply areas. 

Some recommended actions that water suppliers can take to minimise the risks associated with interaction of internal plumbing and supplied drinking water are:

· liaise with relevant state-based plumbing authorities to ensure that plumbers only use materials that meet the requirements of AS/NZS 4020:2005: Testing of Products for Use in Contact with Drinking Water;

· liaise with standards-setting bodies and plumbing regulators to ensure that the procedures for approving plumbing materials, fittings and systems are adequate to manage any short-, medium- and long-term risks associated with those materials, fittings and systems when carrying the water supplied in any particular supply area;

· prepare information, as appropriate, for customers on water quality issues that may have an adverse impact on their internal plumbing;

· provide advice, as appropriate, to customers with large reticulated networks, on water quality issues that arise from having stagnant water within their pipe networks;

· develop and disseminate information to schools, highlighting, in particular, issues related stagnant water, and suggesting that drinking fountains be flushed before school returns after holiday periods;

· ensure, wherever practicable but particularly in remote communities, that each property is separately metered so that areas of low flow can be identified;

· in liaison with building and site owners and managers and plumbing oversight agencies, consider undertaking investigate monitoring studies to examine the interactions of water as supplied with the plumbing and fittings used in the water supply area.

Useful additional references on this issue include Rajaratnam et al (2002), and WHO and World Plumbing Council (2006).

9.9
When and how often to sample

How often a key characteristic should be sampled will depend on its variability, whether it is of aesthetic or health signiﬁcance, and the timeframe between adverse test results being recorded and an effect on those consuming the water. 

Monitoring frequencies should be thoroughly appraised when a new water source is used and immediately following any major change in treatment processes. Substances that might realistically be expected to reach acutely hazardous levels should attract more frequent monitoring than chronically hazardous substances. In general:

· Microbial components typically change concentrations very rapidly and have a short time-to-effect on health. 

· Chemical components typically tend to change concentrations more slowly and have a long time-to-effect on health. 

Therefore, generally, sampling and analysis are required most frequently for microbial constituents and less often for health-related organic and inorganic compounds. However, this is not always the case. Some chemical substances can be acutely hazardous and can change concentration rapidly and locally. For example, for copper, the acute effect level for a single exposure is only about double the lifetime exposure guideline value for health, and it can be sporadically present at elevated concentrations in first-draw water samples. Such substances can be acutely hazardous even at concentrations that are not greatly above the health-related guideline value, and that may realistically be found in drinking water supplies under certain circumstances.

The use of cost-effective surrogate characteristics and indicators of overall water quality should be considered, as discussed above (see Section 9.3). Where surrogates and indicators are used, these characteristics would normally be sampled more frequently, and specific hazards less frequently. For instance, a suite of microbial faecal indicators might be monitored weekly whilst specific enteric pathogens might be monitored quarterly, or not at all if microbial indicators are generally absent. 

For both the initial baseline survey and the ongoing monitoring program, sufficient samples must be collected over a representative period, covering variations in time, season, climate and operational arrangements, to enable the data for each characteristic to be statistically evaluated, significant trends or changes identified, and performance against the ADWG assessed. The number of samples required depends on the desired level of precision with a known degree of confidence. Generally, the closer the mean value of a characteristic is to the guideline value, and the greater its variability, the greater the number of samples required to assess performance (see Information Sheet 3.5, Number of Samples Required). For small supplies with infrequent sampling programs, it may take several years to accumulate sufficient data for statistical evaluation.

Minimum suggested sampling frequencies are given in the monitoring tables included in Chapter 10. The frequencies are suggested minimums only; local knowledge and experience may dictate different frequencies, based on the variability of different characteristics and the size of the water supply scheme. Individual water suppliers need to work out their own monitoring needs. 

The minimum sampling frequency recommended for disinfectant residuals, turbidity, pH and microbial indicators is weekly for all water supply systems. These frequencies are likely to necessitate the use of field testing kits in remote locations.

For most key physical and chemical characteristics the minimum recommended sampling frequency is monthly when the population serviced is greater than 5,000, and six-monthly for smaller populations. 

Contamination potentially able to enter the drinking water supply and reach consumers at hazardous concentrations would require more intensive verification monitoring. Sampling frequencies need to yield sufficient results to provide reasonable confidence that water is of satisfactory quality (See Chapter 10). Hazards not potentially able to enter the water supply system can be omitted from verification monitoring, or assessed infrequently. 
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Chapter 10Monitoring for speciﬁc characteristics in drinking water

10.1 Introduction

This chapter discusses monitoring for specific characteristics or specific situations. It covers microbial indicators (Section 10.2), physical, chemical and radiological characteristics (Section 10.3), and small water supplies (Section 10.4). The chapter also provides a summary of guideline values for monitoring and sampling frequency (Section 10.5), evaluating results (Section 10.6) and a series of summary tables (Section 10.7).

It is important that the whole process of water quality sampling, testing, analysis and reporting be as independent as practicable. Typically in Australia, water utilities undertake all their own sampling, analysis and reporting either directly, or through appointing their own contractors to do so. Independence is maintained throughout the process by having the work undertaken by distinct business units within utilities, using independent laboratories, and through the use of quality assurance systems, accreditation processes and audits. The World Health Organization recommended that independent agencies, such as health authorities, should ideally undertake the verification sampling, analysis, interpretation and reporting on behalf of the community – this is termed “surveillance”. 

10.2 Microbial monitoring

Routine monitoring for specific pathogens (Table 10.1) is not recommended. Monitoring of specific bacterial, viral and protozoan pathogens is usually complex, expensive and time-consuming, and may fail to detect their presence. It may take days to weeks to determine whether a sample contains a particular pathogen. For these reasons results cannot be used to support day-to-day management of water quality. 

Microbial monitoring under the Framework approach (Chapters 2-4) is used both for operational purposes and as a final check to verify water quality. Monitoring for microbial indicator organisms, which is relatively simple and inexpensive, is also used for this purpose. Escherichia coli (E. coli) is the recommended indicator for faecal contamination, while total coliforms and heterotrophic plate counts can be used for operational monitoring. Other surrogate parameters that can also be used to provide assurance of microbiological quality include contact time (Ct) (for disinfected supplies) and turbidity (for filtered supplies).

Tests for the presence of specific pathogens are appropriate for investigative and research monitoring, or in response to outbreaks of waterborne disease. In particular, there may be value in monitoring source waters for pathogens to characterise the level of challenge presented to the water supply, to help inform decisions on selective abstraction rules and treatment requirements. However, pathogen concentrations vary by many orders of magnitude between seasons and under varying climatic and hydrodynamic conditions. Reliance on a small number of sample results, or results from sampling that misses peak events, is likely to be highly misleading. If source water monitoring for pathogens is undertaken to characterise the level of source water challenge, the monitoring program should be carefully designed, taking into account the factors that influence this source variability, and the analysis should undertaken by suitably accredited analysts.

Table 10.6 Specific pathogens 

	Microorganism
	Comments

	Bacteria
	

	Aeromonas
	Has been isolated in Australian drinking water but the relationship of isolates to disease is not clear.

	Burkholderia pseudomallei
	Causes Melioidosis. Found in soil and muddy water in tropical regions. Limited evidence for the involvement of drinking water in its transmission in Australia.

	Campylobacter
	Causes gastroenteritis. Can be transmitted in water or food. Has been detected

in Australian drinking water

	Klebsiella
	Widespread environmental organism, spread by handling, especially in hospitals. Has been detected in Australian drinking water, but no evidence of disease caused through this route.

	Legionella
	Frequently occurs in natural water but of no health concern unless numbers are ampliﬁed at speciﬁc sites and conditions (usually thermal enrichment); may then be spread by aerosols and inhaled, causing legionellosis and Pontiac Fever.

	Mycobacterium
	Some species associated with opportunistic infections in a minority of susceptible people.

	Pseudomonas aeruginosa
	Common in faeces, soil, water and sewage. Opportunistic pathogen causing wound and respiratory infections, often in hospitals, though not usually through drinking water. Has been detected in Australian drinking water.

	Salmonella
	Can cause outbreaks of gastroenteritis. May enter water through faecal contamination. Has been found in various Australian source waters and occasionally in reticulated waters. Occasionally present in the absence of microbial indicators.

	Shigella
	Causes bacillary dysentery; highly infective. Presence in water indicates recent faecal contamination. Australia has a low incidence of infection with no conclusive evidence of transmission by drinking water.

	Vibrio
	V. cholerae 01 causes cholera and is associated with waterborne epidemics. Vibrio spp have been found in source waters in Australia but not in reticulated supplies.

	Protozoa
	

	Acanthamoeba
	Free-living amoeba common in soil and water. Some species can cause encephalitis, particularly in immunocompromised people, or corneal infection in contact lens wearers. Signiﬁcance in drinking water unknown; of most concern in water for use in hospitals, renal dialysis and eyewash stations. Resistant to normal disinfection.

	Cryptosporidium
	May cause diarrhoeal illness. Extremely resistant to disinfection. Drinking water may play a role in transmission. If detected in source waters, appropriate treatment may be warranted to stop entry to distribution system. If in distribution system, seek detailed advice from the relevant health authority.

	Giardia
	May cause diarrhoeal illness, though symptomless infection is common. Drinking water may play a role in transmission. If detected in source waters, appropriate treatment may be warranted to stop entry to distribution system. If in distribution system, seek detailed advice from the relevant health authority.

	Naegleria fowleri
	Free-living organism. Bathing or swimming in contaminated water can cause rare but fatal meningoencephalitis. Signiﬁcance in drinking water not known. Water continually >25°C or seasonally >30°C can support growth. Action is indicated if the organism is detected (minimum sample size 500 mL).

	Viruses
	

	Adenovirus
	Causes pharyngitis, conjunctivitis, gastroenteritis. Spread by inhalation, ingestion, direct contact. May contaminate water through sewage.

	Enterovirus
	Can cause gastroenteritis and other diseases, often symptomless. May enter water via faecal contamination or sewage. Can probably be spread by drinking water.

	Hepatitis viruses
	A and E viruses can be spread in drinking water contaminated with faecal material or sewage efﬂuent.

	Norovirus
	Causes gastroenteritis. Can be spread in drinking water, bathing, food (especially shellﬁsh) contaminated with sewage/faecal material. 

	Rotaviruses
	Widespread in environment. Can cause serious gastroenteritis in children, the elderly, and hospital patients. May enter water through faecal material/sewage contamination.

	Toxic cyanobacteria
	

	Cyanobacteria
	Occur in all natural waters; of no concern in small numbers. Health risks can arise from ingestion (blue-green algae) 

· 500 cells/mL – increase monitoring; 

· >2,000 cells/mL – consider need for toxicity testing (seek expert advice).

(Biovolume and toxin concentrations also need to be considered ​– see relevant cyanobacteria fact sheets)

	Note: If any of these organisms is detected, advice should be sought from the relevant health authority.


10.2.1 Microbial indicator organisms

An ideal indicator organism for inferring the presence of pathogenic microorganisms in drinking water should:

· always be present when pathogens of like origin are present;

· be present in relatively large numbers so that they can be detected after considerable dilution;

· not be present in the absence of contamination;

· be easy and quick to detect;

· survive in water as long as waterborne pathogens;

· be similar to pathogens in their sensitivity to disinfection. 

No single organism has all these inherent qualities.

Escherichia coli is recommended as the most suitable indicator for the possible presence of pathogens arising from faecal contamination. Monitoring drinking water for E. coli as a verification measure is a useful tool within a risk management approach to water quality.

Total coliforms have, in the past, been used as indicators for potential faecal contamination; they are no longer recommended for this purpose. Total coliforms are now recognised as being a poor parameter for measuring the potential for faecal contamination in water because they are present as normal inhabitants of soil and water, and can grow in water distribution systems in the absence of faecal contamination. However, total coliforms can be used (together with other parameters) as indicator organisms for operational monitoring to assess disinfection performance.

When indicators provide evidence of faecal pollution in a drinking water supply, an increased health risk to consumers is implied. Whether this will manifest in clinical cases of disease will depend (as discussed in Section 5.5) on whether pathogens are actually present, the immunity of the community served, and how the water is being used. 

Some enteric pathogens can occur in the absence of bacterial indicators. For example, Giardia cysts, oocysts of Cryptosporidium and some viruses are relatively resistant to environmental inactivation and chlorination, and may survive the natural and disinfection processes that may kill the vegetative bacterial indicator microorganisms. Therefore, disinfectant-resistant indicators, such as spores of Clostridium perfringens, or environmentally robust indicators, such as somatic coliphages, can be used to provide an indication of the presence of faecal contamination resulting from inadequate barriers to the more resistant groups of pathogens. These ‘alternative’ indicators are increasingly being used in water quality monitoring. However, compared to the traditional indicators, such as E. coli, there is less experience available to support the design of monitoring strategies and the interpretation of results when using these alternative indicators.

The limitations in the ability of indicators to predict health risk underlines the importance of maintaining effective barriers to prevent faecal material entering the water supply. Tests of microbial quality are a valuable adjunct to, but not a substitute for, assessing source water protection, providing adequate treatment, and ensuring the integrity of treatment barriers through to the consumer’s tap.

10.2.2 Indicators of faecal contamination 

Escherichia coli 
The ADWG recommend testing for E. coli to indicate the presence of faecal contamination. Thermotolerant coliforms have been, inaccurately, associated with faecal contamination. While tests for thermotolerant coliforms can be simpler, E. coli is a better indicator because some environmental coliforms (e.g. some Klebsiella and Enterobacter species) are thermotolerant. E. coli is the most common thermotolerant coliform present in faeces (typically greater than 90 per cent of thermotolerant coliforms present) (Edberg et al 2000) and is regarded as the most specific indicator of recent faecal contamination. Therefore, using thermotolerant coliforms as an indicator of faecal contamination is not recommended.

E. coli and thermotolerant coliforms come from the family of bacteria known as Enterobacteriaceae (meaning ‘family of bacteria living in the intestine’). E. coli is nearly always present in the gut of humans and other warm-blooded animals. It is usually present in high numbers, and is found in fresh faecal matter at densities of more than 109 organisms per gram (Brenner et al 1982).

The presence of E. coli in drinking water indicates recent faecal contamination because the organism does not generally multiply in drinking water systems. It is not possible to determine readily if E. coli in water samples is of human origin, but as animals and birds can harbour human intestinal pathogens, the presence of any E. coli indicates that there may be a health risk.

E. coli and thermotolerant coliforms are gram-netative facultative anaerobic bacilli that can ferment lactose at 44.5 ± 0.2°C, with the production of acid in 24 hours, in media containing bile salts (naturally found in the gut). E. coli are thermotolerant coliforms that produce indole from tryptophan at 44.5 ± 0.2°C.

There are a number of laboratory methods that directly measure the fermentation of lactose using selective media. Alternatively, E. coli can be detected by the presence of the enzymes ß galactosidase and ß glucuronidase. ß galactosidase is responsible for the first step fermentation of lactose.

Only a few strains of E. coli may themselves be pathogenic; however, this is irrelevant to the use of E. coli as an indicator organism. Both pathogenic and nonpathogenic strains are equally significant as indicators of faecal contamination. 

See also Fact Sheets on Escherichia coli and Thermotolerant Coliforms. 

Other indicators of faecal contamination

Enterococci are gram-positive cocci found in the faeces of humans and other animals. Despite being approximately an order of magnitude less numerous than E. coli in human faeces (Feacham et al 1983), they can still be detected after significant dilution. Enterococci occur regularly in faeces, but not in such numbers or as invariably as E. coli; also, certain species of Enterococcus are not reliably associated with the gut. Enterococci survive longer in water than E. coli and have been suggested as a better indicator of the presence of certain pathogens that are persistent and die off slowly (e.g. viruses) (McFeters et al 1974).

Clostridium perfringens is a bacterial spore former and is thus highly persistent and resistant to environmental inactivation and disinfection. This indicator is useful as a measure of both fresh and aged faecal contamination and is relatively unaffected by most forms of disinfection. As such, it is particularly useful in confirming that faecal contamination arising from human sewage sources has been removed, by filtration or advanced disinfection processes, to a level that would indicate adequate control of protozoan parasite transmission.

There are a number of other alternative indicators, including Bacteriodes fragilis, Biﬁdobacteria, bacteriophages and non-microbial indicators such as faecal sterols and turbidity. None of these alternatives is sufficiently widely accepted at present to recommend them as general indicators of faecal contamination. However, the bacteriophages, particularly the somatic coliphage group, are increasingly being used as an indicator to confirm that faecal contamination arising from human sewage sources has been removed to a level that would indicate adequate control of viral pathogen transmission.

Further information on indicators is provided in the NHMRC Review of Coliforms As Microbial Indicators of Drinking Water Quality (NHMRC 2004).

10.2.3 Indicators used in operational monitoring

Microbial indicators that may be useful for verifying the effectiveness of treatment and disinfection, and for assessing system cleanliness, include total coliforms and heterotrophic bacteria.

Coliforms (total coliforms)

Total coliforms include E. coli, Citrobacter, Enterobacter, Klebsiella and other related enterobacteria. Coliform bacteria other than E. coli are capable of multiplying in water to high numbers, given the right conditions. They form a small component of the normal intestinal population in humans and animals, and may have an environmental origin, as they and are also inhabitants of soil and water.

Coliforms can be present in drinking water as a result of:

· faecal contamination;

· the presence of bioﬁlms on pipes and ﬁxtures;

· contact with soil as a result of leaks, fractures or repair works.

Due to their widespread occurrence in soil and water environments, total coliforms (in the absence of E. coli) are not regarded as a speciﬁc indicator of faecal contamination.

The relative abundance of coliforms, however, makes them useful in monitoring the efﬁciency of water treatment and disinfection processes. They should not be detected in water sampled immediately after disinfection.

If used for operational monitoring, system-speciﬁc targets should be established for water within distribution systems. An understanding of system characteristics, together with an analysis of historical results, should be used in setting such targets.

See also Fact Sheet on Coliforms, in Part V.
Heterotrophic plate count

Heterotrophic plate count (HPC) can be a useful indicator of operational performance. This test reﬂects the number of heterotrophic microorganisms in the water supply that are able to grow and produce colonies on the growth medium used for the test under speciﬁed conditions (e.g. incubation time, temperature). Not all microorganisms in water will grow under these test conditions.

HPCs are usually determined after incubation at 20-22˚C or at 35-37˚C. Plate counts of bacteria able to grow at 20-22˚C or at 35-37˚C in a standard nutrient medium may be relevant to the nutrient status of the water, but not to faecal pollution.

The count at 20-22˚C will favour many environmental organisms; the count at 35-37˚C will include some environmental organisms and possibly some from faecal material. HPC has little sanitary value, but may be useful in assessing the efﬁcacy of water treatment – speciﬁcally the processes of coagulation, ﬁltration and disinfection, each of which reduces bacterial numbers. It may be used to assess the cleanliness and integrity of the distribution system and the suitability of water for manufacturing food and drink, where high counts may lead to spoilage. A signiﬁcant increase in counts may be an early sign of contamination.

10.2.4 Sampling frequency

Samples that are representative of the quality of water supplied to consumers should be collected and analysed for E. coli at the minimum frequency shown in Table 10.2.

Table 10.7 Guidelines for microbial quality – sampling frequency

	Samples that are representative of the quality of water supplied to consumers should be collected and analysed for E. coli at the following minimum frequency: 

	Population serviced
	Minimum number of samples

	>100,000
	Six samples per week per monitoring zone, plus one additional sample per month per monitoring zone for each 10,000 above 100,000.

	5,000–100,000
	One sample per week per monitoring zone plus one additional sample per month per monitoring zone for each 5,000 above 5,000.

	<5,000*
	One sample per week per monitoring zone (52 samples per year). See also advice for small communities (Section 10.4, Monitoring of Small, Remote Community Water Supplies).

	Sampling frequency should be increased at times of ﬂooding or emergency operations and following repair work or interruptions to supply. With small water supply systems, periodic sanitary surveys are likely to yield more information that infrequent sampling.


*In the specific case of water supplies that service populations of <1000, the recommendation to collect weekly samples needs to be balanced against the logistics of collecting the samples, the risk profile for the supply, and the risk mitigation processes that are operating on the supply. 
Sampling frequency needs to take account of the fact that any sample of water analysed represents only a single point on a probability curve, which could be on a tail that underestimates the numbers of indicator bacteria actually present. The recommended number of samples to be tested for bacterial contamination, shown in Table 10.2, is based on World Health Organization recommendations. For populations below 5,000, the minimum number of samples has been set at one per week. The statistical basis for this is discussed in the Information Sheet 3.5, Number of Samples Required. Essentially, however, contamination can occur quite rapidly, and fewer samples than this would leave substantial periods when the supply was not being monitored, with a good chance that the monitoring program would fail to detect the contamination. From a statistical viewpoint, if the water is sampled less than once a week, then even if all samples are free of contamination, there is only a low degree of conﬁdence that the supply is free of contamination.

The frequency of sampling should be increased at times of ﬂooding or emergency operations, or following interruptions of supply or repair work. With systems serving small communities, periodic sanitary surveys are likely to yield more information than infrequent sampling (see Chapter 4).

Investigative surveys should include samples taken throughout the distribution system, including:

· ﬁxed points, such as pumping stations and tanks;

· random locations throughout the distribution system;

· near the extremities of distribution systems;

· taps representing the quality of water supplied to consumers.

10.3 Physical and chemical monitoring

10.3.1 Methods of analysis for physical and chemical characteristics

If analysis of water supplies is to be useful, it must yield consistent results; however, different methods of analysis can in some cases give different results on the same water sample. To ensure consistency, a method of analysis is suggested in the fact sheet for each chemical and physical characteristic. 

Where possible, the recommended method is well documented, has undergone extensive evaluation (preferably through comprehensive inter-laboratory comparison programs), is readily available and is widely used by larger water suppliers.

Other methods can be used; however, it is important that they also meet these criteria, and give results that are consistent with standard methods. Even minor variations to documented methods can lead to inaccurate measurements.

The guideline values must be measurable by existing analytical techniques. The limit of determination for each suggested method has therefore been quoted as a guide.

The whole analytical process, from sampling through to presentation of results, needs to be managed to in accordance with sound quality assurance principles and should include some quality control checks as part of the quality assurance process. Quality assurance principles are set out in documents such as the ISO 9001 standard, and supported by programs such as the NATA schemes relating to specific tests and facilities.

10.3.2 Detection limits for chemical analyses

In discussing chemicals and their detection, the concept of detection level needs to be taken into consideration. As detailed in Section 1010C of APHA’s Standard Methods for the Examination of Water and Wastewater (2005), the following detection levels can be reported:

· Instrumental detection limit (IDL) is the constituent concentration that produces a signal greater than five times the signal/noise ratio of the instrument. This is considered similar in many respects to “critical level” and “criterion of detection”. The latter level is stated as 1.645 times the standard deviation of blank analyses.

· Lower Level of Detection (LLD) is the constituent concentration in reagent water that produces a signal 2(1.645) times the standard deviation above the mean of blank analyses. Other names for this level are “detection level” and “level of detection” (LOD).

· Method Detection Level (MDL) is the constituent concentration that, when processed through the complete method, produces a signal with a 99% probability that it is different from the blank. For seven replicates of the sample, the mean must be 3.14 times the standard deviation of the replicates above the blank. 

· Level of Quantification (LOQ)/Minimum Quantification Level (MQL) is the constituent concentration that produces a signal sufficiently greater than the blank that it can be detected within specified levels by good laboratories during routine operating conditions. Typically, it is the concentration that produces a signal 10 times the standard deviation above the reagent water blank signal.

The level of determination is typically quoted as the level of detection.  

Although these definitions are broadly accepted, the use of these terms in the scientific literature and water quality reporting is somewhat inconsistent, and some published analytical methods and data collections may have applied the terms variably.
The handling of data that are reported below the level (or limit) of detection is discussed further in Information Sheet 3.3. 
10.3.3 Measurement of uncertainty

There is an inherent level of uncertainty associated with the measurement of water quality parameters. This uncertainty arises from a number of sources, but it primarily relates to the accuracy of the laboratory equipment used to produce a result, and various measurement errors that may be introduced through the analytical process. 

In some cases, the level of uncertainty may be insignificant relative to the quoted result; in some cases, however, it can be quite significant. Under the ISO Standard to which NATA accredits laboratories, AS ISO/IEC 17025—2005 - General Requirements for the Competence of Testing and Calibration Laboratories, accredited laboratories are required to estimate the uncertainty associated with the results they produce (known as the Measurement of Uncertainty). 

Upon request, NATA-accredited laboratories are required to provide the Measurement of Uncertainty (MU) associated with a particular analytical result, which should be expressed by the laboratory as: x ± MU. 

Organisations performing water quality testing are encouraged to request that their laboratories provide MU data as part of their analytical results reporting. This will promote an appreciation of the variability in the analytical data being received. 

10.3.4 Monitoring of physical and chemical characteristics

Chapter 9 gives general information and advice on the design and implementation of a monitoring program. Some more speciﬁc advice is offered here in relation to the physical and chemical characteristics of drinking water quality. Further information on monitoring is also available in the NWQMS Australian Guidelines for Water Quality Monitoring and Reporting (2000).

The importance of understanding the water supply system cannot be over emphasised. Such understanding entails appreciating the impact that activities in catchments can have on the quality of source waters, and the changes in water quality that can occur in storage reservoirs, service reservoirs, the treatment process and distribution networks. In particular, in relation to organic compounds, it entails understanding the effect of disinfectants such as chlorine on naturally occurring material derived from humus. These factors (which are discussed individually in Chapter 6) must be taken into account in developing a monitoring program.

In any monitoring program for physical and chemical characteristics, the minimum requirement is routinely to collect representative samples from a location towards the end of a supply system. Using a ﬁxed sampling point (or points) allows meaningful comparisons to be made over time. It may be necessary to conduct a more intensive investigation for a short period to establish that water quality at the chosen sampling point is representative of the water quality in the system.

If complaints are received, more frequent sampling should be carried out to determine the cause. Once the problem has been remedied, routine sampling can be resumed.

In addition to the ﬁxed point sampling program, including random samples from locations representing the quality of water supplied to consumers is encouraged.

Sampling locations and frequency are discussed in Section 9.8.
Monitoring for organic compounds

No single method of analysis is suitable for all the organic compounds that may be present in water. Each compound, or perhaps group of compounds, has speciﬁc analytical requirements, so monitoring for all of them would be extremely costly, time consuming, and probably unjustiﬁed.

Disinfection by-products

When chlorine is used for disinfection, the by-products produced in the highest concentrations will normally be trihalomethanes (THMs); and for disinfection by-products, a monitoring program based on the analysis of THMs is thus the minimum requirement. If the concentration of THMs is above the guideline value, then other by-products may also be present in signiﬁcant concentrations and those with guideline values should then be analysed speciﬁcally.

Water samples should be taken at representative sampling points at or near consumers’ tap towards the extremities of a distribution system. This will allow the maximum time for THM formation, and should be representative of the water supplied to consumers. As a minimum, a monthly sample of this type should be collected from each distribution system, to provide a reliable estimate of variations in the system. More frequent samples should be taken if the chlorine disinfection dose is increased substantially, if THM values exceed the guideline value or if the source of supply is changed.

Other organic compounds

Most of the organic compounds listed in this document are unlikely to be present in Australian drinking water. Source waters in this country are generally relatively free of contamination by organic compounds, particularly those associated with industrial, chemical or manufacturing industries. There is little industrial use of rivers and streams upstream of drinking water intakes; accidental spills into major rivers are uncommon and catchment areas are usually fairly well protected. There may be agricultural activities within some catchments, but industrial and chemical industries are generally absent. Thus, regular monitoring for organic compounds may not be justiﬁed. There may, however, be instances where local knowledge or accidental spillage justiﬁes an increased level of surveillance.

Contaminated groundwater, water from unprotected or partially protected catchments, and water that may be contaminated with industrial discharges or efﬂuent should be monitored more frequently than water from protected catchments. The type of analyses needed will be determined by knowledge of the types of contaminants likely to be present in the water, which can be informed by the risks identified during the implementation of the Framework (Chapter 2-4).

For persistent contaminants, monitoring must be based on knowledge of the individual system. A detailed initial monitoring program should be carried out to determine the optimum sampling frequency. The minimum frequency should be one sample per month from each supply; however, conditions, and therefore sampling frequency, can vary with local circumstances. (See Section 9.8 for a discussion of sampling locations and frequency, and Information Sheet 3.3 for a discussion of their statistical basis.)

Monitoring for inorganic and physical characteristics

Water drawn from a large storage reser voir or ground supply

In large storage reservoirs, many water quality characteristics remain relatively stable over long periods. Nevertheless, it is possible for rapid changes to occur, particularly during periods when a large amount of water ﬂows into the system. Factors such as algal growth and temperature stratiﬁcation can also produce rapid change.

Any treatment process will change the quality of the water. Once water passes into the distribution system, microbial and slime growths, corrosion and disturbance of pipe sediments due to ﬂow variations can affect the physical characteristics and the concentrations of some inorganic chemicals (see Section 5.6).

Tables 10.3 to 10.7 provide a guide to frequency of monitoring that takes account of these variables, based on wide experience with a number of large distribution systems in different parts of Australia. This information should not be regarded as a substitute for a detailed assessment of individual systems: local knowledge and experience may dictate a different monitoring program. (See Section 9.8 for a discussion of sampling locations and frequency, and Information Sheet 3.3 for a discussion of their statistical basis.)

Water drawn from a small storage reservoir or a river
The physical characteristics and the inorganic constituents of water drawn from small storage reservoirs or rivers can vary rapidly. Monitoring requirements will depend on whether the water passes through a water treatment plant before entering the distribution system. If the water is fully treated, then the monitoring frequency given in Table 10.3 can be used. If the water passes directly into the distribution system, the frequency of monitoring should be based on the rate at which the quality of the supply can change. This should be determined by an intensive initial monitoring program, and then scaled back once variations have been assessed (see Section 9.7.1 and Section 10.4).

Monitoring for pesticides

Although guideline values have been provided for a large number of pesticides, most are unlikely to be present in Australian drinking water supplies. Monitoring should be undertaken for those pesticides that have been detected in the source water, or where local usage suggests that they might be detected. Inlets to storage reservoirs or other water sources should be sampled monthly for relevant pesticide residues. 

Monitoring for corrosion products

Corrosion can occur both within the main water supply distribution system and within customer properties. Therefore, sampling should be undertaken by water suppliers at supply interface points between utility service providers and consumers’ properties (e.g. water meters) and by building and site owners and managers and oversight agencies at the points of water consumption (e.g. taps within customer properties normally used for drinking, such as kitchen taps). 

In sampling water within customers’ properties to test for corrosion products, the samples should be taken from drinking water taps, and should be first-draw samples (i.e., the taps should not be flushed beforehand), as the objective is to draw water representative of what would actually be used by the consumer. Consumer tap samples should be randomly drawn from accessible properties randomly identified within selected sampling streets, not drawn from the same sampling tap each time, so that over time, trends and issues associated with consumer plumbing and its interaction with the water supplied in the area can be monitored. For large buildings and complexes, the sampling needs to consider possible re-contamination risks associated with overhead tanks, pumps and other water storages as well as extensive plumbing systems.

The first-flush sampling strategy is specifically designed to determine whether a corrosion issue exists. If first-flush samples indicate that corrosion is occurring, then a more detailed monitoring program would need to be undertaken, which would include first-flush and post-flushing samples.

Monitoring for radiological hazards

New water supplies and those not previously sampled should be sampled often enough to characterise the radiological quality of the water supply and to assess any seasonal variation in radionuclide concentrations. This should include analysis for radon. Quarterly sampling over the first year should provide sufﬁcient data to establish the baseline. Once the radiological quality of a supply has been established, sampling can be less frequent – every two years for groundwater supplies, every ﬁve years for surface water supplies. For further details on radiological monitoring, see Section 10.8.

10.4 Monitoring of small, community-managed water supplies

For the purposes of this section, a small water supply is considered to be one that is managed by a community group or a small private operator. Monitoring of small water supplies should be based on the principle that it is much more effective to test for a narrow range of key characteristics as frequently as possible, supplementing this with sanitary inspection, than to conduct comprehensive but lengthy (and possibly largely irrelevant) analyses less often. In addition to health-related characteristics, small communities need to include other analyses relevant to the operation and maintenance of water treatment and distribution systems.

Decisions on monitoring should be informed by the risk assessment and management plan arising from implementation of the Framework for the Management of Drinking Water Quality (Chapters 2-4), possibly supported by the use of the NHMRC Drinking Water Guidelines: Community Water Planner - A tool for small communities to develop drinking water management plans. Emerging from this data analysis and risk assessment should be information on the types of hazards that might be expected to be present in the water supply and, in particular, hazards that may present significant risks. 

The operational monitoring parameters identified for critical control points should be the principal input to the development of operational monitoring. The limitations in the ability of indicators to predict health risk underlines the importance of maintaining effective barriers to prevent faecal material entering the water supply. Tests of microbial quality are a valuable adjunct to, but not a substitute for, assessing source water protection, treatment, and the integrity of the barriers through to the consumer’s tap.

Key characteristics to be monitored as part of verification should include those that have the potential to present significant risks and for which reliable verification of safety is required. Regulatory and formal requirements will dictate the reporting requirements for water quality performance.

As a minimum, small community supplies should be monitored for characteristics that best establish the hygienic state of the water and the potential for other problems to occur. This entails:

· weekly sanitary inspection of the accessible components of the source water catchment or recharge area, the source water reservoir or source bore, and any system storage tanks;

· daily to continuous treatment system operational monitoring as identified in the risk management plan arising from the implementation of the Framework;

· weekly faecal indicator microorganism testing in both the source water and the treated water, and at system extremities, using field kits if required. In the specific case of water supplies that service populations of less than 1000, the recommendation to collect weekly samples needs to be balanced against the logistics of collecting the samples, the risk profile for the supply, and the risk mitigation processes that are operating on the supply;

· daily disinfectant residual, and weekly pH and turbidity, as the water enters the water supply and at system extremities, using field kits if required (see Section 9.4.1 for further information).

Except for the faecal indicator microorganisms (see Section 10.2.1), these characteristics can be determined on site using relatively unsophisticated testing equipment. It is essential to determine disinfectant residual at the site at the time of sampling. It is also important to do this for the other characteristics where laboratory support is lacking or where transportation problems would render conventional sampling and analysis unreliable or impossible. 

In remote locations, more frequent monitoring with good quality field kits can be better than infrequent monitoring using distant laboratory tests. Less frequent laboratory tests can be used to check the quality of the field tests.

More specific information on field-base testing can be found in Section 9.4.1.

Health authorities and water suppliers should also be aware of other specific regional or local sources of contamination, such as chemical or radiological contamination, and monitoring should be undertaken for the relevant characteristics. A level of expertise, skill and judgement is required to design a verification monitoring program, and small water supply operators and caretakers often do not have, and would not be expected to have, such expertise. Therefore, the verification monitoring program for a small water supply should be developed in liaison with the local area health authorities, such as local or regional government environmental health officers. Oversight by such local or regional government agencies should include pooling and analysing data from the analysis of small supplies to provide a broader body of evidence against which to review water quality performance.

Extensive advice on monitoring and surveillance of small community water supplies can be found in the World Health Organization Guidelines for Drinking-water Quality, Second Edition, Volume 3 Surveillance and Control of Community Supplies (1997). In addition, the NHMRC Drinking Water Guidelines: Community Water Planner - A tool for small communities to develop drinking water management plans is a resource to help small community water supplies develop their risk management plans in accordance with the Framework.

10.5 Guide to monitoring and sampling frequency

Tables 10.3 to 10.7 provides guidance for operational and verification drinking water quality monitoring by location. Operational monitoring is used to check that the processes and equipment that have been put in place to protect and enhance water quality are working properly, whereas verification monitoring is a wide-ranging assessment of the quality of water in the distribution system as supplied to customers.

The table, based on experience from a number of water suppliers throughout Australia, is intended to provide a guide to monitoring frequency. It does not preclude the need to carry out a comprehensive survey to determine the monitoring requirements of an individual system, but can be used as a starting point for this process.

Individual water suppliers should develop their own monitoring programs in consultation with personnel experienced in water quality assessment. The emphasis should be on identified key characteristics, local knowledge and the known variability of these key characteristics. The size of the water supply scheme may dictate a different sampling program from that suggested in Tables 10.3 to 10.7.

Tables 10.3 to 10.7 should be used in conjunction with the more detailed information on monitoring provided in relevant sections of the ADWG. In particular, the implementation of the Framework should be a key informant in deciding what to monitor, where and when. The risk assessment should identify hazards that present significant risks to the quality of water supplied, against which the verification monitoring program should be reviewed. The development of operational monitoring of critical control points should be the principal input to the development of operational monitoring. The identification of regulatory and formal requirements should establish the reporting requirements for water quality performance.

Table 10.3 Operational monitoring in raw water

	Location
	Operational monitoring at each abstraction point*

	
	Characteristic
	Sampling frequency
	Considerations

	Raw water 

(surface water or groundwater)
	Pesticides
	Monthly for specific pesticides and event-related 
	If catchment surveys have not been performed or if there is no history of baseline monitoring, the full range of pesticides can be sought as part of a baseline monitoring program. If there is good evidence from a period of baseline monitoring, or if there are reliable surveys of catchment pesticide use, then the monitoring program can be narrowed down. For instance, the program might gather one sample per month for those pesticides previously detected in the source water, or where their likely use would indicate that they might be detected, whereas testing might be reduced to quarterly, seasonally or event-related for other pesticides.

Events relevant to the presence of these hazards in surface water include storm events and spill events. 

	
	Organic toxicants:

Benzene, chlorobenzene, dichlorobenzenes, dichloroethanes, dichloroethenes, ethylbenzene, ethylenediamine tetraacetic acid, hexachlorobutadiene, nitrilotriacetic acid, organotins, styrene, tetrachloroethene, trichlorobenzene (total), 1,1,1-trichlorothane, trichloroethylene, vinyl chloride 
	Monthly if persistent, otherwise event-related
	If catchment surveys have not been performed or if there is no history of baseline monitoring, the full range of organics can be sought as part of a baseline monitoring program. If there is good evidence from a period of baseline monitoring, or if there are reliable surveys of catchment organic chemical presence, then the monitoring program can be narrowed down. For instance, the program might gather one sample per month for those organics previously detected in the source water, or where their likely use would indicate that they might be detected, whereas testing might be reduced to quarterly, seasonally or event-related for other organics. 

Events relevant to the presence of these hazards in surface water include storm events and spill events.

	
	Inorganics noted internationally as causing disease from water supplies: 

Arsenic, nitrate, uranium, fluoride, selenium, mercury
	Quarterly (groundwater)

Annually or event-related (surface water)
	If there is no history of baseline monitoring, the full range of substances can be sought as part of a baseline monitoring program. If there is good evidence from a period of baseline monitoring, then the monitoring program can be narrowed down. For instance, the program might gather one sample per quarter for those substances previously detected at concentrations close to, or above, guideline values in the source water, whereas testing might be reduced to annually, seasonally or event-related for other substances. 

Events relevant to the presence of these hazards in surface water include storm events and reservoir turnover events . 

	
	Other inorganics: 

Tin, silver, beryllium, iodide, molybdenum, boron and barium
	Annually (if at all) 
	These substances are generally not present at hazardous concentrations in Australian source waters and may not require monitoring unless, by exception, there is reason to believe that they may be present at hazardous concentrations

	
	Radionuclides
	Every 2 years (groundwater) 

Every 5 years (surface water).
	Undertake monitoring more often if trigger values are exceeded. 

Radiological quality should be assessed quarterly for one year when a new supply is brought into service, and then every two years for groundwater supplies, and every ﬁve years for surface water supplies.



	
	Water treatment-related: 

Colour, turbidity, pH, alkalinity, iron, manganese, hardness

Fluoride (if fluoridation is practised 

Ultraviolet light Transmissivity UVT (if UV disinfection is used).
	Weekly (river) to monthly (reservoir or bore) and event-related
	Frequency depends on variability in water quality. River water typically has a higher variability than bore or dam water. 

Events relevant to the presence of these hazards include storm events and reservoir turnover events.

	
	Faecal indicators: 

Escherichia coli (E. coli) 

Clostridium perfringens and somatic coliphages if catchments or recharge areas contain potential sewage inputs
	Weekly and event-related
	Events relevant to the presence of these hazards include storm events and spills/discharges in catchments.

Monitoring for specific pathogens, particularly Cryptosporidium spp. oocysts, is potentially useful where there is uncertainty as to treatment requirements. However, pathogen monitoring assays are subject to high levels of measurement uncertainty (around one order of magnitude), are equivocal with respect to health relevance (virulence in humans and viability), and pathogen occurrence in raw waters is subject to extreme variability (several orders of magnitude). Therefore, to be meaningful, a pathogen monitoring program needs to be expertly designed, would be lengthy (years), must capture events, and needs specialist interpretation.

	
	Taste/odour and toxin-producing organisms (e.g. cyanobacteria and actinomycetes) and characteristics affecting their growth (e.g. nutrient concentrations, dissolved oxygen levels and depth profiles).
	Weekly (surface water) 
	In seasonal parts of Australia, frequencies would be increased during summer (e.g. to weekly) and during bloom events (e.g. to twice weekly) and reduced (e.g. to monthly) in the absence of bloom events during winter. 

Detections of problem genera above trigger values should be followed up by testing for relevant toxins and taste/odour compounds. 

	
	Hydrogen sulphide (H2S), total dissolved solids and dissolved oxygen
	Monthly (groundwater)
	Related to taste/odour formation. Monitoring can be reduced to quarterly if concentrations from monthly sampling are not close to values indicative of problems.

	
	Copper if used as an algicide 
	Event-related (surface water)
	Events relevant to the presence of this hazard in surface water are copper dosing events. 

	
	Disinfection by-product precursors: 

Total organic matter for oxidant halogen disinfectants

Bromine for ozone as a disinfectant
	Monthly (surface water) to quarterly (groundwater) 
	These characteristics are relevant to the long-term characteristics of water quality and frequent monitoring is not usually necessary.


* Where the raw water supply is managed by the water supplier, the catchment-to-tap sampling program will be undertaken by the same organisation. 
Where the raw water supply is not managed by the water supplier, an arrangement between the water supplier and the manager of the raw water supply needs to be put in place to ensure the required level of operational monitoring in the raw water is undertaken.

Where the treatment barriers in place will not remove particular contaminants, operational monitoring in the raw water may also function as verification monitoring. 

Table 10.4 Operational monitoring in treatment process 

	Location
	Operational monitoring during the treatment process**

	
	Characteristic
	Sampling frequency
	Considerations

	
	Critical Limit parameters:

May include disinfectant residuals, UV dose signals and turbidity
	Continuous (high risk source waters), daily (low risk source waters) to weekly (confined aquifers)
	These characteristics require highly reliable control commensurate with the reliability required for the treatment process to adequately manage source water risks.

	Treatment plant monitoring 
	Treatment-related characteristics: 

Colour, turbidity, pH, iron, manganese.

Aluminium if used in water treatment.
	Daily (rivers) to weekly and event-related (reservoirs and bores)
	Events relevant to the presence of these hazards include storm events in catchments and turnover events in storages.

	
	Taste/odour, flavour profile
	Daily (rivers) to weekly and event-related (reservoirs and bores)
	Events relevant to the presence of these hazards include storm events in catchments and turnover and bloom events in storages.

	
	Total coliforms and Heterotrophic Plate Counts (HPC)
	Weekly and event-related
	Events relevant to the presence of these hazards include storm events and spills/discharges in catchments.


** Monitoring to be undertaken by the organisation undertaking the water treatment process (which may be separate to the water supplier).

Table 10.5 Operational monitoring at entry point to the distribution system

	Location
	Operational monitoring at each system entry point to be undertaken by water suppliers

	
	Characteristic
	Sampling frequency
	Considerations

	Treated water 

(water entering distribution system after clariﬁcation or disinfection)
	E. coli 

Clostridium perfringens and somatic coliphages if catchments or recharge areas contain potential sewage inputs.
	Weekly and event-related
	Events relevant to the presence of these hazards include storm events and spills/discharges in catchments.

	
	Total dissolved solids, sodium, chloride, sulfate and boron. 

Bromide if desalination is used.
	Weekly (if reverse osmosis is carried out), otherwise quarterly 
	These characteristics are relevant to the long-term characteristics of water quality and frequent monitoring is not usually necessary.

	
	Fluoride
	Weekly (if ﬂuoridation is carried out) otherwise quarterly
	Fluoride dosing needs to be rigorously controlled and verified with a higher frequency to maintain public confidence in the safety of fluoridation

	
	Hardness
	Monthly (if water is treated for hardness), otherwise quarterly
	This characteristic is relevant to the long-term characteristics of water quality and frequent monitoring is not usually necessary.

	
	Organic contaminants from water treatment chemicals: Selected according to the treatment chemicals used, e.g. this may include acrylamide, carbon tetrachloride or epichlorohydrin.
	Quarterly
	These characteristics are relevant to the long-term characteristics of water quality and frequent monitoring is not usually necessary.

Relevant guideline fact sheets and treatment chemical supply maximum contaminant levels should be reviewed to determine which chemicals need to be verified in treated water for a particular water supply.


Table 10.6 Verification monitoring within distribution system

	Location
	Verification monitoring to be undertaken within each monitoring zone by water suppliers 

	
	Characteristic
	Sampling frequency
	Considerations

	Distribution 
(at representative points well into the system, such as at final service reservoirs and at meters or front garden taps at consumers’ properties)
	Microbial indicators:

E. coli 
	At least weekly (depending on population)
	It is necessary to sample frequently for microbial verification since microorganisms have an acute effect on health

	
	Opportunistic pathogens:

Naegleria fowleri for systems with warm above-ground pipe networks where water temperatures exceed 25°C for months at a time, or 30°C for weeks at a time. 
	Monthly 

(at points representative of areas with the lowest disinfectant residuals and warmest water temperatures)
	This is not necessary in systems supplying water via buried pipes that do not reach elevated temperatures

	
	Materials widely used in distribution systems:

May include plasticisers, jointing compounds, adhesives, toluene, xylene, benzo(a)pyrene (from bitumen), cadmium, antimony, nickel, chromium, lead, zinc, asbestos and copper.
	Monthly 

(at designated sampling taps/points)
	These parameters can be generated by corrosion and leaching into the water. 

Analysis should cover those substances used within the specific distribution system.

	
	Indicator organic and inorganic by-products of oxidant disinfection.

Chlorine or chloramine: Trihalomethanes (THMs).

Ammonia, nitrite and nitrate if chloramine is used.

Ozone: bromate. 

Chlorine dioxide: chlorate and chlorite. 
	Monthly (if oxidant disinfection practised) 


	These characteristics are relevant to the long-term characteristics of water quality and frequent monitoring is not usually necessary.

If guideline values are exceeded for the indicator chemicals, other by-products with guideline values should be analysed speciﬁcally. For instance, haloacetic acids (HAAs) and chloral hydrate should be assessed if THMs are elevated.

	
	Aluminium 
	Weekly (if aluminium salts used in ﬂocculation), otherwise, not at all
	Aluminium is unlikely to be present at hazardous levels in water supplies unless introduced during water treatment

	
	Disinfectant residuals
	Daily (warm water networks requiring Naegleria control, or chloraminated systems requiring nitrifying and ammonia oxidising bacteria control) 

Weekly (other water supplies). 
	Frequency will depend on the criticality of maintaining a disinfectant residual.

For chloraminated systems, it is important to avoid the formation of excessive bacterial growth that can lead to the loss of residual.

	
	Total coliforms, HPC, pH, manganese, iron, colour, temperature, dissolved oxygen and turbidity, taste/odour, flavour profile.
	Weekly 
	These parameters vary within distribution systems due to interactions with water supply asset surfaces and biofilms.

These indicators can help identify areas of the network that need cleaning


Table 10.7 Verification monitoring beyond the point of supply

	Location
	Verification monitoring within customer properties to be undertaken by building and site owners and managers and building and plumbing oversight agencies 

	
	Characteristic
	Sampling frequency
	Considerations

	Water as consumed 

(samples should be taken from points representing the quality of water supplied to consumers at the point where it’s consumed. e.g. at taps in kitchens and food preparation areas). 
	Materials widely used in plumbing systems:

May include plasticisers, jointing compounds, adhesives, toluene, xylene, cadmium, antimony, nickel, chromium, iron, lead, zinc and copper.
	Monthly


	These parameters can be generated by corrosion and leaching into the water. 

Analysis should cover those substances used within the specific plumbing system.

This sampling program will build a body of evidence relating to the interactions of the water as supplied in each monitoring zone with the plumbing materials permitted to be used within that zone.

Sampling should take place at first draw, not after flushing, to represent what a consumer might ingest.

Building and site owners and managers and their regulators should be responsible for this sampling rather than water utilities, although the water utilities could include this as part of their programs and undertake it on a fee for service basis as part of the water bill.

	
	Microbial indicators:

E. coli, total coliforms and HPC in large buildings and complexes that include their own water tanks that break the system pressure, or have their own pumps that supply overhead tanks.
	Monthly
	It is necessary to sample frequently for microbial verification since microorganisms have an acute effect on health.

Building and site owners and managers and their regulators should be responsible for this sampling rather than water utilities, although the water utilities could include this as part of their programs and undertake it on a fee for service basis as part of the water bill.

In many buildings there will be additional requirements relating to Legionella control that, although outside the scope of these guidelines, need to be taken into consideration.


Notes for Tables 10.3 to 10.7
(1)
The frequencies and locations shown are intended only as a guide to assist in establishing monitoring programs. They are based on the experience of water suppliers throughout Australia, but are not a substitute for a detailed assessment of individual systems.

(2)
Water supplied to consumers should occasionally be monitored for all characteristics. Monitoring by the water authority would normally be under taken outside the consumer’s proper ty from a ser vice pipeline directly off a main selected to represent the quality of water supplied to a consumer. Some speciﬁc investigations (e.g. leaching of metals by corrosive water) will require sampling from consumers’ taps.

(3)
In large storages or groundwater, many water quality characteristics remain relatively stable over long periods. Rapid changes may occur during periods of large water inﬂow, and in the case of storages, through other factors such as thermal stratiﬁcation/destratiﬁcation and algal growth. In streams and small storages, the concentration of water quality characteristics can vary rapidly. Sampling frequencies shown are based on the rate of change in the supply, and are provided as a guide only. More frequent monitoring may be required depending on local conditions and circumstances.

(4)
Unless otherwise stated:

· ‘raw water’ is water in a storage reservoir, river, stream or underground source, that has not been treated; 

· ‘treated water’ is water entering a distribution system after disinfection or clariﬁcation;

· ‘distribution system’ refers to water in the distribution system, but at points well into the distribution system where off-take to consumers has occurred and representative of what is supplied to consumers’ properties and is normally monitored by the water authority outside the consumer’s property from a service pipeline directly off the main selected to represent the quality of water supplied to the consumer; 

· ‘water as consumed’ refers to the point of use within the consumer’s property (e.g. the kitchen tap).

10.6 Guide to evaluating results

Results from both operational and verification monitoring should be evaluated over the short- and long-term. Results should be documented appropriately and a system of regular reporting of results to relevant staff, departments and external stakeholders such as regulators should be implemented. 

Results should be reviewed frequently to assess performance against target criteria and critical limits, as well as against guidelines or agreed levels of service. Where results show that critical limits have been exceeded or deviated from, or control of the process has been lost, corrective actions should be undertaken immediately. However, the purpose of this section is not to consider such incidents in isolation or offer advice on the immediate action to take if a guideline value is exceeded. Its aim is provide water suppliers with a means of using the results of a planned monitoring program to assess the performance of the water supply system over a given period. 

The typical reporting period is a rolling 12-months, reported in summary at the end of each financial year. However, it is recommended that in addition to reporting 12-month statistics, longer time periods, such as ten years, are also considered as part of long-term system analysis and trend analysis. 

The performance of a water supply system over time is an important issue both for consumers and for the managers and operators of water systems. Such an assessment may be of use, for example, in an annual report. From a capital works viewpoint, comparisons of performance can be used to evaluate the need to upgrade supplies and to set priorities to achieve these improvements in a rational and systematic way.

This guideline sets out three tiers of recommended performance reporting, detailed in the following section, and summarised as follows:

· 100% of samples representative of water supplied to the consumers should be free from E. coli. 

· For chemicals where a health-related guideline value has been set, the 95th percentile concentration of the chemical in samples representative of the water supplied to consumers should be below the guideline value.

· For chemicals or parameters where an aesthetic guideline value has been set, the arithmetic average concentration of the chemical or parameter in samples representative of water supplied to the consumer should be below the aesthetic guideline value.

In practice, most jurisdictions will set their own regulatory compliance requirements that are distinct from these. In particular, with regard to E. coli compliance, jurisdictions may decide to set a compliance value of 98% or 99% of samples being free of E. coli, recognising that some E. coli detections occur in the absence of an identifiable source of faecal contamination.

It is essential that data used to assess long-term system performance are from independent samples; therefore the criteria for evaluating performance deliberately exclude repeat and special purpose samples. Repeat samples are taken when contamination has been detected, and hence cannot be regarded as independent of the first sample. Special purpose samples are also unlikely to be independent samples; they might, for example, be part of an investigative survey to assess problem areas in a supply. If such samples were included in performance assessment requirements, this could discourage water suppliers from conducting investigative and research monitoring, which are, on the contrary, to be encouraged as a means of identifying sources of contamination.

10.6.1 Assessing long-term performance: physical, chemical and radiological characteristics

The information provided here applies to the physical, inorganic, organic and radiological characteristics of water quality.

Data for key characteristics should be displayed in a ‘control chart’ format (see Information Sheet 3.4). 

For chemical characteristics for which health-related guideline values have been set, a reasonable objective is to be conﬁdent that the 95th percentile of results over the preceding 12 months is less than the lifetime exposure guideline value. In addition, it is important to respond to any value greater than a guideline value (nonconformity) using a standardised set of actions, such as the following:

· A repeat sample should be triggered immediately upon receipt of a health-related monitoring parameter exceeding guideline values. The repeat sample should include sampling from the same point as that from which the nonconforming sample was collected as well as an upstream sample (e.g. a service reservoir or system entry point) and a downstream or adjacent sample (e.g. a nearby sampling location). Until three or more consecutive samples are within compliance, the sampling frequency should remain elevated, typically at double the normal routine frequency. 

· There should be an attempt to understand the short-term implications of the nonconformity and take actions to protect consumers if there is a health concern. This will usually mean referring nonconformities to health regulators. Understanding the health implications of the nonconformity involves assessing the measured concentration against both long-term lifetime-exposure guideline values, as given in the ADWG, and short-term acute-effect guideline values.

· It is important to understand the broader implications of the nonconformity. For instance, there may be highly exposed populations who are likely consistently to receive water that does not conform with the ADWG. This may include people at the end of distribution systems or people with problem plumbing on site. No matter how small these highly exposed populations, and no matter how good the overall monitoring zone compliance is against 95th percentile reporting targets, nonconformities should always be followed up to ensure that no individual or small group is frequently receiving water that does not conform to the ADWG. 

· It is worth seeking to understand the root cause of the nonconformity. For instance, it may be associated with plausible causal events that took place around the time as the sample was taken. This may include climatic, seasonal or operational events.

Water quality characteristics that are not health-related should be the subject of community service agreements. Where these agreements involve meeting certain aesthetic guideline values, a reasonable objective is to be conﬁdent that the mean value (or average) of results over the preceding 12 months is less than the guideline value. 

Information Sheets 3.1 to 3.4 provide more detailed guidance on the statistical treatment and presentation of water quality data.

10.6.2 Assessing long-term performance: microbial characteristics

The assessment of long-term performance for microbial quality requires a different approach, and this is summarised below.

Table 10. 8 Guidelines for microbial quality – assessing system performance

For samples representative of the quality of water supplied to consumers, performance can be regarded as satisfactory if over the preceding months:

· E. coli has not been detected in any 100mL sample of drinking water. 

· If detected in drinking water immediate action should be taken including investigation of potential sources of faecal contamination.
In practice, E. coli may occasionally be present in drinking water in the absence of any identifiable source of faecal contamination. In recognition of this uncertainty attached to some E. coli results, various jurisdictions may decide to set their performance figure between 98% and 100% of samples being free of E. coli. 

Within the context of the Framework, water suppliers should take all reasonable actions to meet the guideline value for E. coli.

The recommended response to any detection of E. coli is:

· A repeat sample should be triggered immediately upon receipt of an E. coli detection in a treated water supply. The repeat sample should include sampling from the same point as that from which the nonconforming sample was collected as well as an upstream sample (e.g. a service reservoir or system entry point) and a downstream or adjacent sample (e.g. a nearby sampling location). Until at least two consecutive samples are free of E. coli, the sampling frequency should be set at daily sampling with results reported with 18 to 24 hours of sampling. 

· There should be an attempt to understand the short-term implications of the nonconformity and take actions to protect consumers if there is a health concern. This will usually mean referring nonconformities to health regulators at the same time as gathering relevant information to establish whether the presence of faecal indicators represents a significant health threat, or merely a sporadic result. Relevant information includes interrogation of water treatment performance to check for malfunctions, sanitary inspection of both source water and distribution systems to look for signs of possible contamination, and checking related results, such as HPC, total coliforms, turbidity, pH and disinfectant residuals. The concentration (or count) may also be relevant, with a single most probably number (MPN) or colony forming units (CFU) per sample being less of a concern than a higher count. If possible, elevated disinfection, tank disinfectant dosing and system flushing may be advisable in response to an E. coli nonconformity. In general, the detection of an E. coli will trigger a full incident response to manage the required follow-up actions. 

· It is worth seeking to understand the root cause of the nonconformity. For instance, the nonconformity may be associated with an identifiable source of contamination which may have taken place at around the same time as the sample was taken. If sampling, sample transport or analytical errors are suspected, it is important to introduce and maintain improved sampling and analysis training, competency training, quality assurance and quality control systems to prevent a recurrence.

10.7 Summary of guideline values

Table 10.9 Guidelines for microbial quality - monitoring of E. coli 
	Guideline
	 Escherichia coli (E. coli) should not be detected in any 100 mL sample of drinking water.

	Action
	If E. coli are detected, then irrespective of the number of organisms, both the following steps should be taken immediately:

1)
Another sample (a repeat sample) should be taken from the same site and from the immediate upstream treated sources of supply and tested for the presence of E. coli (or thermotolerant coliforms).


– 
If the additional samples are negative for E. coli, then routine sampling can resume, but only after step 2 (below) has been completed. 


– 
If any additional sample is positive for E. coli, then increased disinfection and a full sanitary survey should be implemented immediately. The sanitary survey should include a review of the integrity of the system. 

AND

2)
Disinfection should be increased and/or an investigation undertaken to determine possible sources of contamination. These might include a breakdown in disinfection, a mains break, interruption to the supply, surges in supply, or deliberate or accidental contamination of the system. The investigation may include a visual inspection of the system and associated service reservoirs by trained personnel. When found, the source of contamination should be eliminated. 



Table 10.10 Guideline values for physical and chemical characteristics 
	Characteristic
	Guideline values*
	Comments

	
	Health
	Aesthetic
	

	1,3-Dichloropropene
	0.1 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	2,2-DPA
	0.5 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	2,4-D [(2,4-Dichlorophenoxy)
acetic acid]
	0.03 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Acephate
	0.008 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Acrylamide
	0.0002
	
	Minor impurity of polyacrylamide, used sometimes as a flocculant aid.

	Aldicarb
	0.0035 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Aldrin & Dieldrin
	0.0003  (com-bined)
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Aluminium 

(acid-soluble)
	c
	0.2
	Guideline value based on post-flocculation problems;
< 0.1 mg/L desirable. Lower levels needed for renal dialysis. 
No health-based guideline value can be established currently.

	Ametryn
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Amitraz
	0.009 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Amitrole
	9 g/L
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Ammonia 

(as NH3)
	c
	0.5
	Presence may indicate sewage contamination and/or microbial activity. High levels may corrode copper pipes and fittings.

	Antimony
	0.003
	
	Exposure may rise with increasing use of antimony–tin solder.

	Arsenic
	0.01
	
	From natural sources and mining/industrial/agricultural wastes.

	Asbestos
	c 
	
	From dissolution of minerals/industrial waste, deterioration of asbestos-cement pipes in distribution systems. No evidence of cancer when ingested (unlike inhaled asbestos).

	Asulam
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Atrazine
	0.02 
	
	Pesticide, has occasionally been reported in Australian drinking waters, but unlikely to be found at levels that may cause health concerns

	Azinphos-methyl
	0.03 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Barium
	2
	
	Primarily from natural sources.

	Benomyl
	0.09 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Bentazone
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Benzene
	0.001
	
	Could occur in drinking water from atmospheric deposition (motor vehicle emissions) and chemical plant effluent. Human carcinogen.

	Beryllium
	0.06
	
	From weathering of rocks, atmospheric deposition (burning of fossil fuels) discharges.

	Bioresmethrin
	0.11 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Boron
	4
	
	From natural leaching of minerals and contamination. <1 mg/L in uncontaminated sources; higher levels may be associated with seawater intrusion.

	Bromacil
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Bromate
	0.02
	
	Possible byproduct of disinfection using ozone, otherwise unlikely to be found in drinking water.

	Bromoxynil
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Cadmium
	0.002
	
	Indicates industrial or agricultural contamination; from impurities in galvanised (zinc) fittings, solders and brasses.

	Captan
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Carbaryl
	0.03 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Carbendazim
	0.09 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Carfentrazone-ethyl
	0.1
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Carbofuran
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Carbon tetrachloride
	0.003
	
	Sometimes occurs as impurity in chlorine used for disinfection (it is not a disinfection byproduct).

	Carboxin
	0.3 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chloramine — see monochloramine
	
	
	

	Chlorantraniliprole
	5.5 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chlorate
	0.3
	
	Byproduct of chlorine dioxide disinfection.

	Chlordane
	0.0015
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chlorfenvinphos
	0.002 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chloride
	c
	250
	From natural mineral salts, effluent contamination. High concentrations more common in groundwater and certain catchments.

	Chlorinated furanones (MX)
	c
	
	Byproduct of chlorination.

	Chlorine
	5
	0.6
	Widely used to disinfect water, and this can produce (free) chlorinated organic byproducts. Odour threshold generally 0.6 mg/L, but 0.2 mg/L for a few people. In some supplies it may be necessary to exceed the aesthetic guideline in order to maintain an effective disinfectant residual throughout the system.

	Chlorine dioxide
	1
	0.4
	Oxidising agent and disinfectant in water treatment.

	Chlorite
	0.8
	
	Byproduct of chlorine dioxide disinfection.

	Chloroacetic acids

chloroacetic acid

dichloroacetic acid

trichloroacetic acid
	0.15

0.1

0.1
	
	Byproduct of chlorination.

	Chlorobenzene
	0.3
	0.01
	Could occur in drinking water from spills or discharges. Taste/odour threshold (0.01 mg/L) is well below health level.

	Chloroketones
1,1-dichloropropanone

1,3-dichloropropanone

1,1,1-trichloropropanone

1,1,3-trichloropropanone
	c

c

c

c
	
	Byproduct of chlorination.

	Chlorophenols
2-chlorophenol

2,4-dichlorophenol

2,4,6-trichlorophenol
	0.3

0.2

0.02
	0.0001

0.0003

0.002
	Byproduct of chlorination of water containing phenol or related chemicals.

	Chloropicrin
	c
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns. Data are inadequate to set a health-based guideline.

	Chlorothalonil
	0.05 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chlorpyrifos
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chlorsulfuron
	0.18 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Chromium (as Cr(VI))
	0.05
	
	From industrial/agricultural contamination of raw water or corrosion of materials in distribution system/plumbing. If guideline value exceeded, analyse for hexavalent chromium.

	Clopyralid
	1.8 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Colour (true)
	
	15 HU
	An important aesthetic parameter for customer acceptance. Treatment processes can be optimised to remove colour.

	Copper
	2
	1
	From corrosion of pipes/fittings by salt, low pH water. Taste threshold 3 mg/L. High concentrations colour water blue/green. >1 mg/L may stain fitings. >2 mg/L can cause ill effects in some people.

	Cyanide
	0.08
	
	From industrial waste and some plants and bacteria.

	Cyanogen chloride 

(as cyanide)
	0.08
	
	Byproduct of chloramination.

	Cyfluthrin, Beta-cyfluthrin
	0.05 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Cypermethrin isomers
	0.2 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Cyprodinil
	0.09
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	DDT
	0.009 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Deltamethrin
	0.04 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Diazinon
	3.5 g/L
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dicamba
	0.1 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dichlorobenzenes

1,2-dichlorobenzene

1,3-dichlorobenzene

1,4-dichlorobenzene
	1.5

c

0.04
	0.001

0.02

0.0003
	Could occur in drinking water from spills, discharges, atmospheric deposition, leaching from contaminated soils. Health levels are well above offensive taste/odour thresholds.

	Dichloroethanes
1,1-dichloroethane

1,2-dichloroethane
	c

0.003
	
	Could occur in drinking water from industrial effluents, spills, discharges.

	Dichloroethenes

1,1-dichloroethene

1,2-dichloroethene
	0.03

0.06
	
	Rarely found in drinking water; found occasionally in groundwater from wells heavily contaminated by solvents.

	Dichloromethane (methylene chloride)
	0.004
	
	Widely used solvent, commonly found in ground and surface waters overseas. Volatilises from surface waters and biodegrades in the atmosphere.

	Dichloroprop / Dichlorprop-P
	0.11 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dichlorvos
	0.005 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Diclofop-methyl
	0.11 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dicofol
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dieldrin see Aldrin
	
	
	

	Diflubenzuron
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dimethoate
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Diquat
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Dissolved oxygen
	Not necessary
	>85%
	Low concentrations allow growth of nuisance microorganisms (iron/manganese/sulfate/nitrate-reducing bacteria), causing taste and odour problems, staining, corrosion. Low oxygen concentrations are normal in groundwater supplies and the guideline value may not be achievable.

	Disulfoton
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Diuron
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Endosulfan
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Endothal
	0.13 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Epichlorohydrin
	0.0005d
	
	Used in manufacture of some resins used in water treatment.

	EPTC
	0.3 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Esfenvalerate
	0.03
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Ethion
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Ethoprophos 
	0.001 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Ethylbenzene
	0.3
	0.003
	Natural component of petrol and petroleum products.

	Ethylenediamine tetraacetic acid (EDTA)
	0.25
	
	Metal-complexing agent widely used in industry and agriculture, and as a drug in chelation therapy.

	Etridiazole
	0.1 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenamiphos
	0.0005 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenarimol
	0.035 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenchlorphos
	c
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenitrothion
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenthion
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fenvalerate
	0.06 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fipronil
	0.0007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Flamprop-methyl
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fluometuron
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Fluoride
	1.5
	
	Occurs naturally in some water from fluoride-containing rocks. Often added at up to 1 mg/L to protect against dental caries. 
>1.5 mg/L can cause dental fluorosis. 
>4 mg/L can cause skeletal fluorosis.

	Fluproponate
	0.009 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Formaldehyde
	0.5
	
	Byproduct of ozonation

	Glyphosate
	1 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Haloacetonitriles

dichloroacetonitrile

trichloroacetonitrile

dibromoacetonitrile

bromochloroacetonitrile
	c 

c 

c 

c 
	
	Byproduct of chlorination

	Haloxyfop
	0.001
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Hardness 

(as CaCO3)
	Not necessary
	200 
	Caused by calcium and magnesium salts. Hard water is difficult to lather.
<60 mg/L CaCO3 – soft but possibly corrosive.
60-200 mg/L CaCO3 – good quality.
200-500 mg/L CaCO3 – increasing scaling problems.
>500 mg/L CaCO3 – severe scaling.

	Heptachlor
	0.0003 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Hexachlorobutadiene
	0.0007
	
	Industrial solvent.

	Hexazinone
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Hydrogen sulfide
	c 


	0.05
	Formed in water by sulfate-reducing microorganisms or hydrolysis of soluble sulfide under anoxic conditions. Obnoxious ‘rotten egg’ odour, threshold 0.05 mg/L.

	Imazapyr
	9
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Iodide
	0.5
	
	From mineral and salt deposits.

	Iodine
	c
	
	Can be used as an emergency water disinfectant. 
Taste threshold 0.15 mg/L.

	Iprodione
	0.14
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Iron
	c 


	0.3
	Occurs naturally in water, usually at <1 mg/L, but up to 100 mg/L in oxygen-depleted groundwater. Taste threshold 0.3 mg/L. High concentrations stain laundry and fittings. Iron bacteria cause blockages, taste/odour, corrosion.

	Lanthanum
	0.002
	
	An important active in phosphate binders, which are growing in use to prevent and manage algal blooms.

	Lead
	0.01
	
	Occurs in water via dissolution from natural sources or household plumbing containing lead (e.g. pipes, solder).

	Lindane
	0.01 
	
	Pesticide, has occasionally been reported in Australian drinking waters, but unlikely to be found at levels that may cause health concerns

	Maldison (Malathion)
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Mancozeb
	for ETU: 0.009
	
	Mancozeb degrades in the environment to ethylene thiourea (ETU), hence the health-based guideline is based on the toxicity of ETU. 

Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Manganese
	0.5
	0.1
	Occurs naturally in water; low in surface water, higher in oxygen-depleted water (e.g. groundwater at bottom of deep storages). 
>0.1 mg/L causes taste, staining. 
<0.05 mg/L desirable.

	MCPA
	0.04 
	
	Pesticide, has occasionally been reported in Australian drinking waters, but unlikely to be found at levels that may cause health concerns

	Mercury
	0.001
	
	From industrial emissions/spills. Very low concentrations occur naturally. Organic forms most toxic, but these are associated with biota, not water.

	Metaldehyde
	0.018 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Metham
	for MTIC:

0.0014
	
	Metham degrades to methylisothiocyanate (MITC) in the environment, hence the health-based guideline is based on the toxicity of MITC. 

Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Methidathion
	0.006 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Methiocarb
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Methomyl
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Metolachlor/s–Metolachlor
	0.3 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Methyl bromide
	0.0014
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Metiram
	for ETU:

0.009 
	
	Metiram degrades in the environment to ethylene thiourea (ETU), hence the health-based guideline is based on the toxicity of ETU.

Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Metribuzin
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Metsulfuron-methyl
	0.04 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Mevinphos
	0.006 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Molinate
	0.0035 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Molybdenum
	0.05
	
	Concentrations usually <0.01 mg/L; higher concentrations from mining, agriculture, or fly-ash deposits from coal-fuelled power stations.

	Monochloramine
	3
	
	Used as water disinfectant. Odour threshold 0.5 mg/L.

	Naphthalophos
	c
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns. No value set, as the health concerns have not been fully evaluated.

	Napropamide
	0.4 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Nicarbazin
	1.4 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Nickel
	0.02
	
	Concentrations usually very low; but up to 0.5 mg/L reported after prolonged contact of water with nickel-plated fittings.

	Nitrate (as nitrate)
	50
	
	Occurs naturally. Increasing in some waters (particularly groundwater) from intensive farming and sewage effluent. Guideline value will protect bottle-fed infants under 3 months from methaemoglobinaemia. Adults and children over 3 months can safely drink water with up to 100 mg/L nitrate.

	Nitrilotriacetic acid
	0.2
	
	Chelating agent in laundry detergents (replacing phosphate). 
May enter water through sewage contamination.

	Nitrite (as nitrite)
	3
	
	Rapidly oxidised to nitrate (see above).

	N-Nitrosodimethylamine 
(NDMA)
	100 ng/L
	
	Byproduct of chloramination and to a lesser extent chlorination

	Norflurazon
	0.05 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Omethoate
	0.001 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Organotins

dialkyltins

tributyltin oxide
	c 

0.001
	
	Stabilisers in plastics. May leach from new polyvinyl chloride (PVC) pipes for a short time. Tributyltins are biocides used as antifouling agents on boats and in boiler waters.

	Oxamyl
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Ozone
	
	
	As ozone used for disinfection leaves no residual, no guideline value or fact sheet has been provided.

	Oryzalin
	0.4
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Paraquat 
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Parathion
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Parathion-methyl
	0.0007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pebulate
	0.025 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pendimethalin
	0.44 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pentachlorophenol
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Permethrin
	0.2 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	pH
	c
	pH 6.5–8.5
	While extreme pH values (<4 and >11) may adversely affect health, there are insufficient data to set a health guideline value.
<6.5 may be corrosive.
>8 progressively decreases efficiency of chlorination.
>8.5 may cause scale and taste problems.
New concrete tanks and cement-mortar lined pipes can significantly increase pH and a value up to 9.2 may be tolerated provided monitoring indicates no deterioration in microbial quality.

	Picloram
	0.25 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Piperonyl butoxide
	0.6 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pirimicarb
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pirimiphos methyl
	0.09 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Plasticisers

di(2-ethylhexyl) phthalate

di(2-ethylhexyl) adipate
	0.01

c 
	
	
Used in all flexible PVC products, and may leach from these over a long time. Could also occur in drinking water from spills.

	Polihexanide
	0.7 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Polycyclic aromatic hydrocarbons (PAHs) 

Benzo-(a)-pyrene
	0.00001 

(10 ng/L)
	
	Widespread. Contamination can occur through atmospheric deposition, or leaching from bituminous linings in distribution systems.

	Profenofos
	0.0003 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Promecarb
	c
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns. 

	Propachlor
	0.07 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Propanil
	0.7 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Propargite
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Propazine
	0.05 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Propiconazole
	0.14 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Propyzamide
	0.03
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pyrasulfatole
	0.04 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pyrazophos
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Pyroxsulam
	3.5 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Quintozene
	0.25 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Selenium
	0.01
	
	Generally very low concentrations in natural water.

	Silica
	
	80 
	An important parameter for both aesthetics and treatment processes. Can form films on glass and can also affect reverse osmosis. 

	Silver
	0.1
	
	Concentrations generally very low. Silver and silver salts occasionally used for disinfection.

	Simazine
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Sodium
	Not necessary
	180
	Natural component of water. Guideline value is taste threshold.

	Spirotetramat
	0.2 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Styrene (vinylbenzene)
	0.03
	0.004
	Could occur in drinking water from industrial contamination.

	Sulfate
	500


	250
	Natural component of water, and may be added via treatment chemicals. Guideline value is taste threshold.
>500 mg/L can have purgative effects.

	Sulprofos
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Taste and odour
	Not necessary
	Not offensive to most people
	May indicate undesirable contaminants, but usually indicate problems such as algal or biofilm growths.

	Temephos
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Temperature
	Not necessary
	No value set
	Generally impractical to control; rapid changes can bring complaints.

	Terbacil
	0.2 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Terbufos
	0.0009 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Terbuthylazine
	0.01 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Terbutryn
	0.35 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Tetrachloroethene
	0.05
	
	Dry-cleaning solvent and metal degreaser. Could occur in drinking water from contamination or spills.

	Thiobencarb
	0.035 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Thiometon
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Thiram
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Tin
	Not necessary 
	
	Concentrations in water very low; one of the least toxic metals.

	Toltrazuril
	0.004 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Toluene
	0.8
	0.025
	Occurs naturally in petrol and natural gas, forest-fire emissions. Could occur in drinking water from atmospheric deposition, industrial contamination, leaching from protective coatings in storage tanks.

	Total dissolved solids
	Not necessary
	
	Based on taste:
<600 mg/L is regarded as good quality drinking water.
600-900 mg/L is regarded as fair quality
900-1200 mg/L is regarded as poor quality
>1200 mg/L is regarded as unacceptable.

	Triadimefon
	0.09 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Trichlorfon 
	0.007 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Trichloroacetaldehyde (chloral hydrate)
	0.02
	
	Byproduct of chlorination.

	Trichlorobenzenes (total)
	0.03
	0.005
	Industrial chemical.

	1,1,1-Trichloroethane
	c 
	
	Could occur in drinking water from contamination/spills.

	Trichloroethylene
	c 
	
	Industrial solvent, cleaning fluid, metal degreaser. Could occur in drinking water from direct contamination or via atmospheric contamination of rainwater.

	Triclopyr
	0.02 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Trifluralin
	0.09 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Trihalomethanes 
(THMs) (Total)
	0.25
	
	Byproduct of chlorination and chloramination

	True Colour
	Not necessary
	15 HU
	15 HU is just noticeable in a glass.
Up to 25 HU is acceptable if turbidity is low.
If colour is high at time of disinfection, then the water should be checked for disinfection byproducts such as THMs.

	Turbidity
	1 NTU 
	5 NTU
	5 NTU is just noticeable in a glass.
<1 NTU is desirable for effective disinfection.

	Uranium
	0.015
	
	Occurs naturally, or from release from mill tailings, combustion of coal and phosphate fertilizers

	Vernolate
	0.035 
	
	Pesticide, unlikely to be found in drinking water at levels that may cause health concerns

	Vinyl chloride
	0.0003
	
	From chemical spills. Used in making PVC pipes. Human carcinogen.

	Xylene
	0.6
	0.02
	Could occur in drinking water as a pollutant, or from solvent used for bonding plastic fittings.

	Zinc
	c 


	3
	Usually from corrosion of galvanised pipes/fittings and brasses. 
Natural concentrations generally <0.01 mg/L. 
Taste problems >3 mg/L.


* All values mg/L unless otherwise stated.

HU = Hazen units; NTU = nephelometric turbidity units; THMs = trihalomethanes.

a 
Aesthetic values are not listed if the compound does not cause aesthetic problems, or if the value determined from health considerations is the same or lower.

b 
If present at all in Australian drinking waters, concentrations of all organic compounds other than disinfection byproducts are likely to be very low relative to the guideline value.

c 
Insufficient data to set a guideline value based on health considerations.

d 
The guideline value is below the limit of determination. Improved analytical procedures are required for this compound.

Note: 
All values are as ‘total’ unless otherwise stated.

Note: 
Routine monitoring for these compounds is not required unless there is potential for contamination of water supplies (e.g. accidental spillage).

Note: 
The concentration of all chlorination byproducts can be minimised by removing naturally occurring organic matter from the source water, reducing the amount of chlorine added, or using an alternative disinfectant (which may produce other byproducts). Action to reduce trihalomethanes and other byproducts is encouraged, but must not compromise disinfection.
10.8. Radiological monitoring and assessment of compliance

10.8.1 Screening of water supplies

The process of identifying individual radioactive species and determining their concentration requires sophisticated and expensive analysis, which is normally not justiﬁed because concentrations in most circumstances are very low. A more practical approach is to use a screening procedure, where the total radioactivity present in the form of alpha and beta radiation is determined without regard to the identity of speciﬁc radionuclides.

The ‘screening’ levels that are recommended for both gross alpha and gross beta activity are 0.5 becquerels per litre (Bq/L). The gross beta measurement includes a contribution from potassium-40, a natural beta emitter, which occurs naturally in a ﬁxed ratio to stable potassium. Potassium is an essential element for humans, and is absorbed mainly from ingested food. Potassium-40 does not accumulate in the body but is maintained at a constant level independent of intake. The contribution of potassium-40 to beta activity is therefore subtracted following a separate determination of total potassium. The speciﬁc activity of potassium-40 is 30.7 becquerels per gram of potassium. However, not all the radiation from potassium-40 appears as beta activity. The beta activity of potassium-40 is 27.6 becquerels per gram of stable potassium, which is the factor that should be used to calculate the beta activity due to potassium-40. Although potassium-40 can make a signiﬁcant contribution to the gross beta activity of drinking water (in Bq/L), this translates into a trivial dose in mSv. For example, assuming potassium-40 activity was at the 0.5 Bq/L screening level for total beta activity, the dose would only be 0.003 mSv per year, based on the calculation given in Section 7.6.2 and using the ICRP (1996) ‘dose per unit intake’ value for potassium-40 of 6.2 x 10-6 mSv/Bq.

If the ‘screening’ levels are not exceeded, there is no need for further assessment. The recommended screening levels provide a good margin of safety against the dose-based guideline values. The likely worst case leading to the highest exposure is where these gross activities are due entirely to radium-226 (an alpha emitter) and radium-228 (a beta emitter). The total dose corresponding to total alpha and total beta activities just within the respective screening level of 0.5 Bq/L will be approximately 0.35 millisieverts (mSv) per year, with 0.1 mSv from radium-226 and 0.25 mSv from radium-228. Water that meets the screening guideline will result, at worst, in an annual dose of approximately one-third of the minimum dose at which intervention should be considered (see Table 10.11).

If either or both screening levels are exceeded, further investigation is necessary to identify the nature of the radioactivity. It should be emphasised that the screening level is intended only as a practical means to ascertain if further consideration of the radiological quality of the water supply is needed. It should never be regarded as a guideline value, or even as an indicative water quality target.

10.8.2 Dose assessment

If the screening level for gross alpha or gross beta activity is exceeded, speciﬁc radionuclides should be identiﬁed and their activity concentrations determined. This may involve taking a resample if the volume of the original sample is inadequate to allow speciﬁc radionuclide analysis. Activity concentrations for the most common sources of emissions, radium-226 and radium-228, should be evaluated at this stage. If radium does not account for all the gross alpha and beta emissions, then additional radionuclides will need to be identiﬁed. In accounting for all gross alpha and beta activity, the analytical service provider needs to provide information on counting and other errors associated with the determinations.

The annual dose rate from each radionuclide can be calculated using the method described in Section 7.6.2.

If the sum of the annual doses from all radionuclides is less than 0.5 mSv, no further action is required and routine monitoring can continue. If the sum of the annual doses from all radionuclides exceeds 0.5 mSv, it is not appropriate to rely on a single analysis to determine annual exposure. In this case, radionuclides should be sampled quarterly to obtain a proﬁle of radiological water quality, as some water supplies show seasonal variations.

The quarterly results should be reviewed as they become available, to ensure that there are no immediate problems. Otherwise, a ﬁnal assessment of annual dose can be made when at least four results are available and the average concentration of each radionuclide can be used to calculate the annual doses.

10.8.3 Operational response

The operational response will depend on the estimated annual dose determined by the sum of the contribution from each radionuclide present in the water.

If the total annual dose is less than 0.5 mSv, the guideline level for intervention has not been exceeded and routine monitoring can be maintained.

If the total annual dose lies between 0.5 and 1.0 mSv, the guideline value for intervention has not been exceeded; however, discussions should be held with the relevant health authority to determine the frequency of ongoing sampling.

If the total annual dose exceeds 1.0 mSv, the guideline exposure for considering intervention has been exceeded. The water service provider and the relevant health authority should assess the results and examine options to reduce the levels of exposure. Water supply providers should consider operational changes that can be implemented at minimal cost to reduce annual exposures. For example, water could be preferentially taken from bores with the lowest radionuclide concentrations wherever possible.

A total annual dose that exceeds 10 mSv is unacceptable for drinking water and immediate action should be taken to reduce the dose to below guideline levels.

Recommendations on the response process are presented in Table 10.11. The monitoring and assessment process is further illustrated in Figure 10.1.

Table 10.11 Summary of operational responses 

	Dose level (mSv per year)
	Response


	< 0.5
	1. 
Continue routine monitoring

	0.5-1
	1. 
Consult with relevant health authority

2. 
Review frequency of ongoing sampling.

3. 
Evaluate operational options to reduce exposure.

	>1-10
	1. 
Consult with relevant health authorities.

2. 
Assess in detail possible remedial actions, taking into account potential cost-effectiveness of actions.

3. 
Implement appropriate remedial action on the basis of the cost-beneﬁt evaluation.

	> 10
	1.
Water not suitable for consumption on the basis of radioactivity levels. 

2.
Consult with relevant health authorities.

3.
Immediate intervention is expected and remedial action must be taken to reduce doses to below the guideline value of 1.0 mSv.



Figure 10.1 Flowchart showing how to determine whether the radiological quality of drinking water complies with the Guidelines
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10.8.4 Methods of analysis

Gross alpha and beta activity concentration

For analysis of drinking water for gross alpha and beta activity, the most common approach is to evaporate a known volume of the sample to dryness and measure the activity of the residue. As alpha radiation is easily absorbed within a thin layer of solid material, the reliability and sensitivity of the method for alpha determination may be degraded in samples with a high content of total dissolved solids (TDS).

Where possible, standard methods should be used to determine concentrations of gross alpha and beta activities. Table 10.12 lists the three procedures that are recommended.

Table 10.12 Recommended methods for the analysis of gross alpha and beta activities in potable water

	Method reference
	Technique
	Detection limit
	Application

	ISO 9695 and ISO 9696 (1991)
	Evaporation
	0.02-0.1 Bq/L
	Groundwater with TDS greater than 0.1 g/L

	AS 2531 (1982)
	Evaporation
	0.02 Bq/L
	Surface water and groundwater with TDS 0.1 g/L

	APHA, AWWA,WEF(1998)
	Coprecipitation
	0.02 Bq/L
	Surface and groundwater (low Fe) (TDS not a factor)


AS = Australian Standard (of Standards Australia)

 AWWA = American Water Works Association

APHA = American Public Health Association

Bq = becquerel

ISO = International Organization for Standardization

TDS = total dissolved solids

WEF = Water Environment Federation.

The determination of gross beta activity using either of the evaporation methods in Table 10.6 includes the contribution from potassium-40. An additional analysis of total potassium is therefore required.

The coprecipitation technique shown in Table 10.12 excludes the contribution due to potassium-40, so determination of total potassium is not necessary. This method is not suitable for assessment of water samples containing ﬁssion products such as caesium-137. However, under normal circumstances, concentrations of ﬁssion products in Australian drinking water supplies are so low that they cannot be detected

Analytical methods for speciﬁc radionuclides

Generally, Australian standard or international standard methods are not available for key natural radionuclides such as radium-226 and radium-228; however, suitable methods have been published in the literature. Suggested methods for speciﬁc radionuclides are included the relevant Fact Sheets.

Sample handling and pretreatment

Water samples should be pretreated to prevent signiﬁcant losses of radionuclides from solution following collection and in transit to a laboratory. Details of appropriate procedures for the handling of water samples, including suitable containers and pretreatment methods, are described in the relevant Australian/New Zealand Standards (AS/NZS 1998a and 1998b).

Analytical methods for potassium-40

It is impractical to use a radioactive measurement technique to determine the concentration of potassium-40 in a water sample. This is because gamma ray analysis is not very sensitive and it is difﬁcult chemically to isolate the radionuclide from solution. Because the ratio of potassium-40 to stable potassium is ﬁxed, chemical analysis for potassium is recommended. A measurement sensitivity of 1 mg/L for potassium-40 is adequate for monitoring purposes; this can readily be achieved by atomic absorption spectrophotometry or speciﬁc ion analysis. The activity due to potassium-40 can then be calculated using a factor of 0.0276 Bq of beta activity per milligram of potassium.

Sampling frequency

New water supplies and those not previously sampled should be sampled often enough to characterise the radiological quality of the water supply and to assess any seasonal variation in radionuclide concentrations. This should include analysis for radon. Quarterly sampling over the first year should provide sufﬁcient data to establish the baseline. Once the radiological quality of a supply has been established, sampling can be less frequent – every two years for groundwater supplies, every ﬁve years for surface water supplies.

Reporting of results

The analytical results for each sample should contain the following information:

· sample identifying code or information;

· reference date and time for the reported results (e.g. sample collection date);

· identiﬁcation of the standard analytical method used or a brief description of any non-standard method used;

· identiﬁcation of any radionuclides or type of total radioactivity determined;

· calculated concentration or activity value using the appropriate blank for each radionuclide;

· estimates of the counting uncertainty and total propagated uncertainty;

· decision level (in units consistent with the counting uncertainty) and nominal minimum detectable concentration for each radionuclide or parameter analysed.

The estimate of total propagated uncertainty of the reported result should include the contributions from all the parameters within the analytical method (i.e., counting and other random and systematic uncertainties).
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