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Appendix 1 
 
 

Water Quality Assessment Criteria for this Report 

 

Beachwatch considers that waters are unsuitable for swimming if: 

a. The median faecal coliform density exceeds 150 cfu/100 mL for 5 samples taken 

at regular intervals not exceeding 1 month; or 

b. the second highest sample contains equal to or greater than 600 cfu/100 mL for 5 

samples taken at regular intervals not exceeding 1 month. 

 

Beachwatch considers that waters may be unsuitable for swimming if: 

a. The median enterococci density exceeds 35 cfu/100 mL for 5 samples taken at 

regular intervals not exceeding 1 month; or 

b. the second highest sample contains equal to or greater than 100 cfu/100 mL for 5 

samples taken at regular intervals not exceeding 1 month. 

 

Beachwatch uses a rolling median to calculate the compliance estimates for each beach  

(see page 5). 

 

Note:  

 

• Readers should be aware that there is considerable debate in the scientific community on both 

the absolute and relative usefulness in assessing public health risk of faecal coliforms and 

enterococci as indicators of faecal contamination.  Many technical issues remain to be 

resolved.   

 

• Nevertheless the EPA considers that the use of faecal coliforms as an indicator provides a 

suitable expression of the disease risks presented by contaminated bathing waters and allows 

for international comparisons to be made.  It will, however, maintain a close monitor of 

scientific developments in this area. 
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Indicator Microorganisms 

 

Various indicator microorganisms are used to test for faecal contamination of recreational waters. 

Indicator bacteria are used to indicate recent faecal contamination (‘pollution’) as well as being 

used as indicators of health risk (by referencing results to recognised guidelines).  Indicator 

bacteria are clearly very good indicators of recent faecal contamination but imperfect indicators 

of health risk.  

 

At present the direct detection of viral pathogens is not a feasible option for routine water quality 

assessment (see Viral Pathogens below).  The coliform group of bacteria has been the most 

widely used indicator organism (e.g. APHA 1992; Cabelli 1983).  Coliforms, and more 

specifically the faecal coliform sub-group, were initially chosen because of their consistent 

association with the faecal wastes of warm-blooded animals; however, due to the relatively short 

life of these organisms in the marine environment, this group of bacteria indicate the presence of 

faecal-contaminated water for a relatively short time after its release (e.g. Vivian 1986; Gerba et 

al.  1979).  The use of faecal coliforms as an indicator microorganism has been widely adopted in 

NSW waterways. 

 

However, some studies have demonstrated a number of deficiencies with the use of faecal 

coliforms as an indicator organism in marine waters (Palmer et al. 1984; Cornax et al. 1991; 

APHA 1992).  Some epidemiological studies, for example, have shown poorer relationships 

between faecal coliform densities and illness rates in bathers than are obtained using enterococci. 

For this reason many countries recommend guidelines for recreational waters in terms of 

enterococci (USEPA 1986).  However, the relationship between indicator bacteria (of any type) 

and health risk is not consistent because other factors, such as the incidence of illness in the 

catchment, also have a bearing on health risk. 

 

The use of enterococci as an indicator organism has become more common in NSW, although 

faecal coliforms are usually measured simultaneously.  The National Health and Medical 

Research Council of Australia (NHMRC) favours the use of faecal coliform bacteria as an 

indicator organism and recommends that enterococci be measured in marine waters where 

pollution is suspected, but only low numbers of faecal coliforms can be detected.  The Australian 

& New Zealand Environment and Conservation Council (ANZECC) has recommended 

guidelines for recreational water quality in terms of faecal coliforms and enterococci. 

 

Beachwatch has been testing for faecal coliforms since the program commenced in 1989, and 

others have monitored faecal coliforms in Sydney beach water since 1965.  Faecal coliform 

levels at Sydney’s ocean beaches were well above national health guideline limits prior to the 

construction of the deepwater ocean sewage outfalls in 1990 and 1991.  Once the extended 

outfalls were operational, faecal coliform levels dropped to be consistently below the national 

health guideline limits.  This trend can be seen in the following figure for Malabar Beach (Figure 

26).  Malabar Beach is located adjacent to the Malabar Sewerage Treatment Plant and was 

frequently affected by sewage before the extended outfall was constructed. 
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Figure 26: Deviation of indicator microorganisms from national health guidelines 
for Malabar Beach. 

 

As a result of the emerging scientific literature on the value of using enterococci as an indicator 

of marine faecal contamination, in 1993 Beachwatch commenced sampling for enterococci in 

addition to faecal coliforms.  Before this, samples were analysed for faecal coliforms and faecal 

streptococci.  Enterococci are a sub-group of the faecal streptococci and are differentiated from 

other faecal streptococci by growth in the laboratory at a higher temperature and salt 

concentration. 

 

Results for Sydney’s ocean beaches show that lower compliance rates with water quality criteria 

are detected for enterococci than for faecal coliforms. 

 

Faecal coliforms are extremely abundant in treated sewage (about 1 to 10 million cfu in every 

100 mL of primary treated effluent), so they are a useful indicator of faecal contamination in the 

marine environment, despite their rapid die-off after being released.  If high levels of faecal 

coliforms are detected in marine waters, the pollution event was most likely to be recent.  

Enterococci, however, due to their greater tolerance of the marine environment, indicate residual 

contamination of marine waters, and may survive in marine waters for periods which can parallel 

some pathogen survival times. 

  

The EPA is not aware of any study that has established a consistent relationship between the 

levels of faecal coliforms and enterococci, and is not aware of any study that has unequivocally 

established a clear relationship between the levels of faecal coliforms or enterococci in waters 

and enteric viral pathogen levels and associated health risks. 
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The EPA recognises faecal coliforms and enterococci as two useful indicator organisms which 

are available to test for faecal contamination of recreational waters. 

 

Viral Pathogens 

A number of enteric viral pathogens, such as the hepatitis A virus, may be detected by water 

quality testing.  These tests may detect the presence of viruses, and identify and in some 

instances count them.  This is a new and evolving field that is attracting considerable scientific 

interest and debate. 

 

However, on the basis of current state of knowledge, the direct detection of viral pathogens is not 

a feasible option for routine assessment since: 

 

• Viruses can occur intermittently in the environment and can be difficult to recover. Viruses 

can associate with insoluble particles and are typically incorporated into the bottom 

sediments.  The sampling of water may not indicate the presence of viral pathogens.  

Sediment samples may also need to be collected. 

 

• Some viral pathogens may persist in the environment, particularly bottom sediments, in some 

instances for up to several months.  Such monitoring may not be indicative of a recent 

pollution event or current water quality. 

 

• There is a lack of epidemiological data to interpret viral pathogen test results to link water 

quality to health effects.  This makes the undertaking of health risk assessments difficult at 

the present time.  Available studies from ocean sewage outfalls, as an example, may not be 

transferable to estuarine or fresh waters due to the different behaviour of viral pathogens in 

these environments.   

 

• Further to the point above, there is a lack of standards to determine ‘acceptable’ viral 

pathogen levels (if any) in water.  This makes the assessment of water quality, wastewater 

discharge quality and disinfection standards difficult at the present time.   

 

• Tests to detect the presence of viral pathogens, and identify and in some instances count them 

are relatively new and expensive.  The collection of water and sediment samples for such 

tests is specialised and labour-intensive.  A high degree of quality assurance and quality 

control is required. 

 

It is important to note that due to technical difficulties in isolating viruses from environmental 

samples, a negative result (for example no viral pathogen(s) isolated), cannot necessarily be 

interpreted as no viral pathogen(s) present or no health risk(s). 
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Glossary 
 
 

• cfu - (colony forming unit) - a colony from which one microorganism has grown.  For 

purposes of analysis, one cfu represents one organism. 

 

• Enterococci - a bacterial indicator used to determine the extent of faecal contamination 

of recreational waters.  The enterococcus group is a sub-group of faecal streptococci, and 

is differentiated from other faecal streptococci by growth at higher temperatures and salt 

concentrations in the laboratory, and the ability to survive in marine waters under adverse 

conditions. 

 

• Faecal coliforms - bacteria that inhabit the intestines of humans and other mammals.  

Faecal coliforms are present in faeces and are used as an indicator of sewage pollution in 

marine and fresh waters.  These organisms have a relatively short life span in marine 

waters, indicating the presence of relatively recent sewage contamination. 

 

• GPT - (gross pollutant trap) - a permanent installation in an urban watercourse 

designed to intercept and retain coarse sediment, trash and debris.  Traps usually consist 

of a combination of floating booms, trash racks and ponds, with provision for access to 

maintain and clean the trap. 

 

• Indicator microorganism - bacteria, generally faecal coliforms and/or enterococci, 

which indicate the presence of faecal contamination in waterways.  Indicators are 

generally used to monitor recreational water quality because searching for specific 

microorganisms that cause disease, such as viruses, is both difficult and costly 

 

• Influent - wastewater entering a sewage treatment plant. 

 

• Inter-tidal Protected Area - an area between high and low tide where the collection of 

invertebrate animals is prohibited. 

 

• Inter-tidal zone - the area between high and low tide. 

 

• NSOOS - (Northern Suburbs Ocean Outfall System) - the sewerage system that 

collects and transports household, commercial and industrial sewage from Sydney=s 

northern and western suburbs to the North Head Sewage Treatment Plant. 

 

• Pit basket - a wire basket that sits inside a stormwater drainage pit to collect rubbish.   

 

• Plume - a jet or column of water containing a high concentration of suspended materials. 

 

• Primary contact recreation – bodily immersion or submersion where there is direct 

contact with the water; includes activities such as swimming, diving, water skiing and 

surfing. 
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• Primary sewage treatment - physical treatment of sewage, designed to remove 

settleable solids (sludge) and floatable solids such as oil, fats and grease by first screening 

and then ponding the effluent. 

 

• Secondary contact recreation – where there is some direct contact with water but the 

probability of swallowing water is unlikely; includes activities such as paddling, wading, 

boating and fishing. 

 

• Secondary sewage treatment – biological and/or chemical treatment of sewage designed 

to remove the majority of organic matter and solids through several possible processes 

using anaerobic bacteria, chemicals and settling ponds. 

 

• Stencilling - painting a simple message on a street gutter adjacent to a stormwater drain 

to heighten public awareness of stormwater pollution; messages include >Drains to 

Beach= or >Drains to Creek=. 

 

• STP - (Sewage Treatment Plant) - the point of collection for household, commercial 

and industrial sewage via the sewerage system.  Sewage is treated at an STP to either 

primary, secondary or tertiary level before being discharged as effluent to receiving 

waters. 

 

• Surfactant - a surface active agent found in detergents. 

 

• Tertiary sewage treatment - designed to improve secondary treated sewage by removing 

fine suspended solids, nutrients and pathogens (disinfection).  Treatment to a tertiary 

level can involve a combination of filtration methods, chemical additives and ponding. 

 

• Trash rack - a metal grate installed in a stormwater system and designed to screen litter 

and other debris from stormwater.  An integral component of gross pollutant traps. 
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Further Reading and Information Sources  
 
 

This section provides additional sources of information on monitoring and assessment of 

bacteriological water pollution and water quality. The information given here is not 

comprehensive. The intention is to provide a starting point and to list some of the most recent 

resources available. 

 

 

1. Bacteriological Water Quality Monitoring, Assessment and Health Risk 

 

Apte, S. C., Batley, G. E. and Ashbolt, N. J. (1993). Rapid detection of faecal coliforms in 

 coastal waters.  Australian Water and Wastewater Association 15th Federal Convention 

 18-23 April 1993 Technical Papers Vol 2. 

Research and development - monitoring faecal coliforms in marine waters - rapid 

 assessment for early warning 

 

Ashbolt,  N. J. (1995). Health-related water microbiology: Australia leads: But where next?.  

 Water Journal, Vol 22  No 2 May/June 1995, Australian Water and Wastewater  

 Association, Sydney. 

Discussion on research and development for recreational and drinking water 

 quality indicators and guidelines - includes alternative health-related indicators 

 

Ashbolt,  N. J., Riedy, C. and Haas, C. N. (1997). Microbial health risk at Sydney=s coastal 

 bathing beaches.  Australian Water and Wastewater Association 15th Federal  

 Convention 16-21 March 1997 Vol 2, pp. 104-111. 

Microbial quantitative risk assessment at Sydney====s urban coastal beaches using 

 historical microbial data - models used to estimate exposure to pathogenic bacteria, 

 protozoa and a model virus - enteric viruses pose the highest risk to bathers at 

 Sydney ocean beaches 

 

Beachwatch (1995) Beachwatch Winter Season 1994. EPA NSW, Sydney. 

Bacterial monitoring results for Sydney ocean beaches, Winter 1994 - visible sewage 

 pollution indicators - correlation study between faecal coliforms and rainfall for 

 ocean beaches 

 

Beachwatch (1995). Beachwatch 1995 Season Report. EPA NSW, Sydney. 

Bacterial monitoring results for Sydney ocean beaches, Summer 1994`-1995 - visible 

 sewage and stormwater pollution indicators - correlation between visible indicators 

 and bacteria - correlations between rainfall and bacteria - effluent and plume 

 distribution study from Cronulla and Warriewood shoreline outfalls 

 

Beachwatch (1996). Harbourwatch 1995 Season Report. EPA NSW, Sydney. 

Bacterial monitoring results for Sydney Harbour, Botany Bay, Georges River and 

 Port Hacking beaches, Summer 1994-1995 - background to Harbourwatch program 

 - pollution in Sydney Harbour - factors affecting water quality in Sydney Harbour 

 

Beachwatch (1996). Beachwatch and Harbourwatch 1996 Season Report. EPA NSW, Sydney. 

Bacterial monitoring results for Sydney ocean, Sydney Harbour, Pittwater, Botany 

 Bay, Georges River and Port Hacking beaches, Summer 1995-1996 - changes to
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 Bulletin criteria - impact of drains on flagged areas - sediment bag monitoring of 

 faecal coliforms - Secchi disk - community expectations of Beachwatch 
 

Kirby, A., Van Roo, S. and Collie, T. (1995). Georges River and Botany Bay Faecal Coliform 

 Monitoring Program - February 1993 - March 1994, Interpretive Report No. 94/104, 

 Sydney Water Corporation, Sydney. 

Analysis of trends in faecal coliforms in Georges River and Botany Bay -  

 development of sampling strategies for faecal coliforms specifically for Georges 

 River and Botany Bay - correlations with rainfall  - pilot faecal coliforms recovery 

 study 

 

Van Roo, S., Garforth, S., Kirby, A. and Collie, T. (1995). Port Jackson Faecal Coliform 

 Monitoring Program - December 1992 - March 1994, Interpretive Report No. 94/103, 

 SWC, Sydney. 

Analysis of trends in faecal coliforms for Port Jackson - development of sampling 

 strategies for faecal coliforms specifically for Port Jackson - correlations with 

 rainfall and other physico-chemical parameters - pilot faecal coliforms recovery 

 study 

 

2. Water Quality/Pollution Monitoring Methods/Indicators 

 

Australian Water Technologies (1993). Long Term Beach Water Quality Reporting Series - 

 Reports I - VIII. Water Board, Sydney. 

Report 1 - Sampling Strategies and Methods of Analysis 1965-1992 - Summary of 

 bacteriological data held by AWT for the period 1965-1992 from Sydney and 

 Illawarra regions 

Report 2 - Assessment of Water Quality of Sydney=s Metropolitan Beaches - Beach 

 water quality for the period 1969-1991 for Sydney beaches - assessments are based 

 on appropriate bacteriological water quality guidelines - likely pollution sources are 

 discussed 

Report 3 - Trends in Densities of Faecal Coliforms at Seven Target Beaches in Sydney - 

 Examination of trends in faecal coliform levels at seven Sydney beaches between 

 1969 and 1991 - comparisons are made between pre and post deep ocean outfall 

 commissioning bacterial counts. 

Report 4 - Assessment of Water Quality of Beaches in the Illawarra Region 

Report 5 - Spatial and Temporal Variations in Bacterial Densities at Selected Sydney 

 Beaches - determination of the major sources of variation associated with faecal 

 coliform sampling 

Report 6 - The Influence of some Environmental Factors on Densities of Faecal 

Coliforms at Fourteen Sydney Beaches – Twenty-four hour rainfall, hours of 

sunshine, wind direction and speed and tide are examined for influence on faecal 

coliform counts 

Report 7 - Trends in Visual Sewage Pollution and Densities of Faecal Coliform Bacteria 

 and their Use as Indicators of Bathing Water Quality at Fourteen Sydney Beaches - 

 Visual sewage pollution between the years 1969 and 1990 - associations between 

 faecal coliform counts and visual sewage pollution indicators 

Report 8 - Trends in the Concentration of Grease at Thirteen Sydney Beaches 
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NSWEPA (1994). Water Quality, Hawkesbury-Nepean River System, June 1990 to June 1993. 

 NSW EPA, Sydney. 

Summarises three years of water quality monitoring by the NSWEPA in the  

 Hawkesbury-Nepean River system - results are compared with water quality 

 criteria and compliance calculated - variations of results with distance along river, 

 over time and for different flow regimes - relationships between water quality 

 parameters are examined  
 

NSWEPA (1995). Provisional Water Quality Investigations Manual: Preferred Methods for 

 Sampling and Analysis.  NSW EPA, Sydney. 

Aimed at water quality professionals - standardised monitoring for State of  

 Environment reporting - management of water quality investigations - sampling 

 procedures - parameters (physico-chemical and biological) and analytical methods - 

 quality assurance and quality control - budgeting - data handling 
 

NSWEPA (1996). Sydney Deepwater Outfalls Environmental Monitoring Program: Final Report 

Series Vols. 1-7. NSW EPA, Sydney. 
 

Sydney Water Corporation (1995). Environmental Indicators Monitoring for Sydney Water. 

SWC,  Sydney. 

Environmental indicators used by SWC to measure impact of SWC activities on the 

 environment - indicators for the following activities: catchments and storage - 

 aquatic; effluent discharges to ocean - aquatic; effluent discharges to rivers and 

 streams - aquatic; sewer overflows and sewer system operations - aquatic; water 

 and wastewater operations - air and land 
 

3. Other Sources 
 

A list of NSW EPA publications is available from the NSW EPA=s Pollution Line on 131 555. 

Alternatively the list can be viewed on the NSW EPA Internet site at www.epa.nsw.gov.au.  

This site also has links to other sites relating to the environment, such as Environment Australia 

On-Line located at http://www.erin.gov.au. 
 

Publications lists are available from several State and federal government agencies. 
 

Other sources of information on water quality include State of Environment Reports published by 

local councils and the NSW EPA State of the Environment Report, which is published every 3 

years. 
 

The NSW EPA library holds books, reports and journals relating to most aspects of water quality 

monitoring and assessment.  The library is located at Chatswood and is open to academics, 

researchers, postgraduate students, environment groups, council officers and other government 

employees.  An appointment to use the library resources is essential and can be made by calling 

the NSW EPA on (02) 9795 5000. 
 

In Sydney there are other specialist libraries and information centres that hold information on 

water quality and related issues.  These libraries include the Coastal Environment Centre, Water 

Reference Library and the Manly Environment Centre. Government authorities and agencies 

engaged in water resources management, such as the Department of Land and Water 

Conservation and Sydney Water Corporation, also have libraries open for research purposes. 


