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Summary  
 

This report describes the monitoring and reporting activities of Beachwatch and Harbourwatch at 

Sydney, Hunter and Illawarra ocean beaches and Sydney estuarine bathing areas during the 

Winter Season 1997 and Summer Season 1997-98, covering the period from 1 May 1997 to 30 

April 1998.   

 

The focus of this report is on the Summer Season 1997-98 (1 October 1997 to 30 April 1998). 

 

The Beachwatch program was established in 1989, and Harbourwatch in 1994.  Both programs 

involve routinely monitoring and reporting bacterial levels, to determine water quality at 

recreational sites.  Beachwatch was extended beyond two Sydney regions to the Hunter and 

Illawarra regions in 1996. 

 

Beachwatch uses two indicator organisms, faecal coliforms and enterococci, to measure 

recreational water quality, as recommended by the National Health & Medical Research Council 

(NHMRC) and the Australian & New Zealand Environment Conservation Council (ANZECC).  

Results presented in this report are described in terms of faecal coliform and enterococci 

compliance with water quality criteria (Appendix 1).   

 

This report includes an appendix describing the use of indicator microorganisms in establishing 

the suitability of a body of water for recreational use (Appendix 2).  Although faecal coliforms 

are considered the primary organism for indicating the presence of faecal contamination in water 

used for recreation, the use of enterococci as an indicator of faecal contamination in marine 

waters is growing in favour.  Enterococci may be a better indicator of pollution of marine waters, 

due to its tolerance of high temperatures and salt concentrations.  This is especially true when 

considering residual pollution, which may still contain viable pathogens (Appendix 2). 

 

The Beachwatch Program 

Sydney Metropolitan: As has been the case in previous years, the cleanest ocean beaches 

monitored by Beachwatch during the 1997-98 swimming season were the far northern beaches, 

notably those from Palm Beach to Mona Vale.  These beaches complied 100% with water quality 

criteria for both microbial indicators for the summer swimming season.  Water quality was 

marginally lower at the remainder of the northern beaches and for the city beaches of Bondi, 

Tamarama and Bronte. 

 

Clovelly, Coogee and especially Malabar recorded lower enterococci compliance than the 

northern beaches and other city beaches, most likely as a result of stormwater runoff after 

rainfall.   

 

The beaches with the lowest compliance rates were the Sutherland beaches, namely Boat 

Harbour, Shelly Beach and Oak Park, which all recorded low compliance with enterococci levels. 

 The most likely pollution sources in this area are the cliff-face sewage outfall at Potter Point in 

the north, and large stormwater drains, which discharge at the southern beaches. 
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The potential for sewage pollution at beaches in the Sutherland Shire will be significantly 

reduced with the planned upgrade of the Cronulla Sewage Treatment Plant. 

 

Early in 1998, work started on the construction of Sydney Water's Northside Storage Tunnel, 
which will be bored beneath Sydney Harbour from Lane Cove River to the North Head Sewage 
Treatment Plant.  The tunnel will capture 90% of wet weather sewerage overflows at key 
overflow points in the harbour, including Lane Cove, Quakers Hat Bay, Tunks Park and Scotts 
Creek.  The tunnel is due for completion in 2000. 
 

Hunter Region: Overall, water quality for the Hunter beaches was very good, with only Bar 

Beach and Merewether Beach failing to achieve 100% compliance for both indicators of water 

quality.  However, compliance levels for these two beaches was still high, with both achieving 

100% compliance with faecal coliform criteria, and greater than 75% compliance with 

enterococci criteria. 

 

Illawarra Region: Water quality for the Illawarra Beaches was also generally good, with results 

similar to last year.  Some improvement in water quality at Fishermans Beach was recorded this 

year, with the site monitored at the entrance to Lake Illawarra recording low compliance rates for 

enterococci (48%).   

 

Shellharbour Council received $165,000 this year from the State Government Stormwater Trust 

to undertake a project to reduce pollutant loads to Lake Illawarra. 

 

The Harbourwatch Program 

Overall, the beaches and swimming enclosures monitored in the Botany Bay and lower Georges 

River catchments were the cleanest sites monitored by Harbourwatch for the Summer Season 

1997-98.  All beaches had 100% compliance for faecal coliforms except for Foreshores Beach 

(87%), and all had greater than 80% compliance for enterococci. 

 

The swimming sites in the catchments of Middle Harbour, North Harbour, lower Lane Cove, 

Parramatta Rivers and Port Jackson, generally had high compliance rates with water quality 

criteria for faecal coliforms, but a general decrease in enterococci compliance.  This was noted 

especially at Darling Harbour, Little Sirius Point and Rose Bay, which all had less than 50% 

compliance with enterococci criteria.   

 

The swimming sites monitored by Harbourwatch in the Pittwater waterway had the overall 

lowest compliance rates for enterococci.  This was especially true at Barrenjoey Beach, Paradise 

Beach, Salt Pan Cove, Clareville Beach, Bayview Beach and Winji Jimmi Bay, which all had 

less than 50% compliance with water quality criteria for enterococci.  Gunnamatta Bay baths in 

Port Hacking, along with Winji Jimmi Bay, had the lowest compliance for enterococci for the 

season. 

 

Compared to other countries, Australian beaches are generally in good shape.  Beachwatch 
monitoring of coastal water quality over the last eight years reveals that most of Sydney's beaches 
are now safe for swimming most of the time.  Beach pollution is worst after heavy rain because 
most pollution is caused by stormwater and sewer overflows.  
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Beachwatch therefore recommends that people avoid swimming or surfing at Sydney's ocean 
beaches for 24 hours after heavy rain.  
 
Because of longer tidal exchanges in Sydney Harbour and other enclosed areas like Pittwater or 
the Lower Georges River, Beachwatch recommends that people avoid swimming in these 
estuaries for at least three days after heavy rain. 
 

The State Government has committed $3 billion as part of its Waterways Package, which 
identifies a series of goals to solve urban wastewater and stormwater problems in NSW.  As part 
of the package, $13.3 million was allocated early this year through 59 Stormwater Trust Grants 
to clean up NSW beaches, harbour areas and rivers.  Grants to local councils from the 
Stormwater Trust represent the first stage of the Government’s $60 million commitment to 
alleviate urban stormwater problems. 
 

Reports 

Two special reports have been included in this seasons report (see Chapter 4).  A report on the 

ongoing Beachwatch Microbiological Quality Assurance Program is presented.  The aim of the 

program is to gain an understanding of the reliability of routine data provided by the contracted 

laboratory.  The results show that Beachwatch microbiological data are generally reliable and 

that the results would not be substantially different if another reputable laboratory were used. 

 

A report on the communications initiatives undertaken by Beachwatch during the 1997-98 

summer season is also presented.  Initiatives of particular significance were the development of 

the Beachwatch website, and the evaluation of the beach pollution warning signage initiative 

undertaken by Manly Council. 

 

Special Studies 

There are two special studies outlined in this report (see Chapter 5).  The first is an update of the 

Harbour Post-Rainfall Recovery study.  Results for the five sites indicate that a recovery time of 

three days after heavy rainfall is appropriate.   

 

The second special study involves monitoring the bacterial density of five sites within Sydney 

Harbour which may be used for sporting events during the 2000 Olympic Games in Sydney. 

Results of this study indicate that bacterial densities at the proposed Olympic triathlon and 

sailing sites are generally low, with median bacterial densities for each site being below national 

health guideline limits for recreational use of water. 

 

Further Reading and Information Sources 

A section titled Further Reading and Information Sources has been included to help readers 

understand water quality issues relating to bacterial pollution of waterways and human health 

risks. 
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Chapter 1 

 

Introduction 
 
 

This report describes monitoring and reporting activities at Sydney Metropolitan, Hunter and 

Illawarra ocean beaches and at Sydney=s estuarine bathing areas for the period 1 May 1997 to 30 

April 1998.  The focus of this report is the Summer Season 1997-98, which covers the period 

from 1 October 1997 to 30 April 1998. 

 

Chapters 2 and 3 give overviews of each beach in the Beachwatch and Harbourwatch programs 

respectively, and present the data collected in the water quality monitoring programs.   

 

Chapter 4 contains two reports.  One describes the quality of the data collected by Beachwatch, 

and the other describes developments in Beachwatch communications, such as the Beachwatch 

website and evaluation of beach pollution warning signs. 

 

Chapter 5 reports on the special studies conducted by Beachwatch in its effort to gain a better 

understanding of water quality at harbour sites after rainfall, as well as an understanding of water 

quality at harbour sites proposed for use during the 2000 Olympic Games in Sydney. 

 

A section titled Further Reading and Information Sources has been included to help the reader 

understand water quality issues relating to bacterial pollution of waterways and human health 

risks. 

 

The Beachwatch and Harbourwatch Programs 

The Beachwatch and Harbourwatch programs are conducted by the Beachwatch Section of the 

New South Wales Environment Protection Authority (EPA) in cooperation with local councils 

and other government agencies.  Both programs have the following objectives: 

 

Χ to provide the public with daily assessments of pollution levels at major swimming areas 

within the Sydney Metropolitan area, or other areas as required 

 

Χ to provide regular information to the public and stakeholder community on the pollution 

status of coastal swimming areas and the impact of pollution sources and incidents on 

their recreational use 

 

Χ to maintain a close monitor of scientific developments to improve monitoring and 

reporting techniques to give better information and guidance to the community about the 

suitability for recreational use of ocean beaches and estuarine swimming areas from the 

Hunter Region in the north through the Sydney Metropolitan area to the Illawarra, in the 

south and other areas as required. 

 

The Beachwatch program was established in 1989.  It involves monitoring the water for bacterial 

contamination and, with the assistance of council lifeguards, visually inspecting some ocean 

beaches.  Water samples are collected from the ocean water between the bathing flags, or at the 



2      Chapter 1 - Introduction 
 

most frequently used part of the beach if there are no flags, at least five times each month.  In 

November 1996 the Beachwatch program was extended to include the Hunter and Illawarra 

regions.   

 

The Harbourwatch program, begun in November 1994, complements the Beachwatch program 

and extends the monitoring to estuarine areas of Sydney Harbour, Botany Bay, Georges River 

and Port Hacking and, since October 1995, Pittwater.  Water samples are generally collected at 

swimming baths and other sites known to be used for swimming. 

 

Daily Beachwatch bulletins issued during summer are based primarily on rainfall data, and may 

include reports of sewer overflows and other pollution incidents, to provide information to the 

community on the potential risk of bacterial contamination in bathing waters.  This information 

is recorded on a telephone information line and faxed directly to relevant authorities such as local 

councils, state government agencies and most major print, radio and television media.  The daily 

Beachwatch and Harbourwatch bulletins are also available on the Beachwatch website. 

 

In 1996, Beachwatch introduced a weekly community information service for beach users in the 

Illawarra.  A beach ‘star rating’ is published in local newspapers in the Illawarra during summer 

and is based on the results of water sampling by Sydney Water Corporation at 18 Illawarra 

beaches. 

 

At the end of each month a report on the Sydney Metropolitan monitoring summarises the results 

from water quality analyses, comparing this with rainfall.  The monthly report also includes any 

reported visual pollution or information from telemetered sewer overflows.  The report is 

released to the media and other interested parties. 

 

The annual report, issued each October, provides a comprehensive summary of the analysis 

results for a summer season (October to April) and includes the results of the winter season (May 

to September).  Beachwatch uses a rolling median (see page 5) to calculate the compliance 

estimates for each beach.  The raw data for the entire year are presented for each beach, along 

with comparisons between beaches of aggregated data.  

 

Bacterial Water Quality Analyses 

Beachwatch collects water samples for the Sydney Metropolitan area at all sites about once every 

6 days as part of the long-term monitoring program.  Samples are transported to a commercial 

laboratory and analysed for the presence of faecal bacteria which may indicate that sewage 

pollution is present in the water.  As the laboratory analyses take up to 48 hours to complete 

(APHA  1992), results of the water quality monitoring are not available for inclusion in the 

Beachwatch daily bulletin. 

 

Various indicator organisms are used to establish the suitability of a particular body of water for 

recreational use (Appendix 2).   

 

The Beachwatch and Harbourwatch water quality monitoring programs are based on guidelines 

published by the NHMRC (1990).  The guideline limit is an indication of the probability of 

swimmers developing illnesses derived from the water, but the actual risk depends on many 
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factors. These factors include, in particular, the bacterial indicator to pathogen ratio, which varies 

with time and is usually unknown. 

 

The NHMRC guideline uses faecal coliforms as the primary microbiological indicator of water 

quality, with enterococci referred to as a useful supplementary indicator.  The guidelines also 

refer to physical parameters including temperature, water clarity and turbulence.  Water samples 

collected by Beachwatch are analysed for faecal coliform and enterococci density using 

internationally recognised methods (APHA 1992).  The management of the data has also taken 

account of guidelines published by ANZECC (1992) and by the USEPA (Cabelli 1983; Dufour 

& Ballentine 1986) (Appendix 1). 

 

Compliance results are based solely on the long-term monitoring program even where extra 

samples have been routinely collected for special studies.  This allows valid comparisons to be 

made between sites as the analysis is then done on equivalent datasets.   

 

Sources of Bacterial Contamination  

The sources of pollution in waters monitored by Beachwatch are varied. Water quality is affected 

by a combination of human activities and environmental factors.  Factors such as rainfall, 

catchment characteristics, flushing times, sunshine (UV) and surf dynamics can significantly 

alter bacterial levels between sites.   

 

Rainfall has an important effect on flow conditions in sewerage systems and stormwater drains.  

In general, bacterial contamination shows a linear response to rainfall, although each site has a 

different response depending on the catchment area, extent and stage of development and the 

condition of the sewerage system.  High rainfall increases the flow in the drains and transports 

stormwater runoff into the receiving waters.  This runoff contains pollutants from both 

non-specific catchment sources (urban runoff) as well as sewer overflows and sewer exfiltration. 

Urban runoff generally contains the artificial or natural compounds found in, or derived from, the 

catchment.  Visual stormwater pollution is an element of urban runoff and is a combination of 

street litter and organic matter that has accumulated in the catchment and is flushed into the 

receiving waters during rain.  Substances frequently transported in urban stormwater runoff 

include: 

 

• silt and organic or inorganic suspended particles 

• animal faecal waste 

• oils, greases and surfactants from roadways and industrial and domestic sites 

• plant fertilisers, pesticides and chemicals from building sites and gardens 

• litter 
 

The amount of runoff is determined by factors such as geology, topography and the proportion of 

impervious surfaces in a catchment.  The constituents of runoff are generally related to the type 

and density of development in the catchment.  Runoff is typified by large volumes of fast flowing 

turbid water entering drains within minutes of a rain event and eventually draining into the local 

creeks, rivers and harbours and onto beaches. 
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Sewer overflows are a major source of pollution within Sydney=s waterways.  Overflows are 

caused by rainwater entering the sewer system and increasing the pressure within the system.  

Sewer overflows occur at designated points in the sewer system when the hydraulic capacity of 

the system is exceeded.  They direct excess wastewater into natural watercourses and stormwater 

drains as an alternative to uncontrolled surcharges onto private property.  An estimated 6,000 

discharge points exist within Sydney=s sewer systems, of which 200 contribute to approximately 

80% of the total discharge volume (Cadden & West 1995).   

 

The worst sewer overflows are located in Middle Harbour and Lane Cove River in Sydney 

Harbour and the Cooks River area of Botany Bay.  To compound this problem, flushing rates in 

these areas are slow, and it may take days before bacterial contamination falls to acceptable 

levels.  The time taken for these waterways to recover to acceptable levels is influenced by the 

quality of the water in the local tidal region and the proximity of the site to clean oceanic waters. 

 

Occasionally, during dry weather, a sewage bypass may occur, due to problems such as a 

mechanical fault at a sewage treatment plant.  At such times the sewage stream is diverted 

untreated or partially treated from the plant directly into a river or ocean and can be a significant 

cause of local beach pollution. 

  

Results presented in previous Beachwatch season reports have indicated that ocean beach water 

quality has vastly improved since the commissioning of the deep ocean sewage outfalls in the 

early 1990s.  The deep ocean outfall system was designed to divert sewage from cliff-face 

outfalls, transporting primary treated sewage from Sydney=s sewage treatment plants (STPs) at 

North Head, Bondi and Malabar, to the outfall points approximately 3 to 5 kilometres out to sea 

at a depth of approximately 60 to 80 metres.  Since the commissioning of the deep ocean outfall 

system, visual sewage indicators and bacterial levels at Sydney=s ocean beaches have been 

dramatically lowered (Beachwatch 1995).   

 

There are two remaining coastal sewage treatment plants which discharge sewage from cliff-face 

outfalls in the Sydney region.  Warriewood STP, located on the northern beaches, discharges 

sewage treated to a secondary level from Turimetta Head.  A lower level of treated sewage is 

sometimes discharged during wet weather, or during dry weather, due to system malfunctions.  

The second cliff-face sewage outfall in Sydney is located at Potter Point, on the Kurnell 

Peninsula.  Cronulla STP discharges primary treated sewage from the Potter Point outfall and is 

most likely the major source of pollution affecting the Cronulla beaches.  The Cronulla STP is to 

be upgraded to a tertiary level of treatment with disinfection. 

 

Explanation of Graphs 

Beachwatch believes that firm conclusions cannot be made based on the bacterial analysis of 

individual water samples, but that bacterial density trends can provide useful information.  

Consequently, bacterial density data is presented throughout this report in either of two graphical 

formats: season graphs, where the data is presented on a time line; and box plots, which 

summarise the distribution of all the data.  An understanding of the graphical formats will aid the 

reader in interpreting the data. 
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a) Season Graphs 

Figure 1 illustrates the key points in the graphical representation of the water quality monitoring 

data presented in Chapters 2 and 3.  In accordance with the NHMRC guidelines, water samples 

are collected every sixth day, giving a minimum of five samples each month.  All data, including 

long-term monitoring data and special studies data, are included (except in the Hunter where only 

sixth-day data was used due to incomplete data sets).  Faecal coliform results are presented in the 

top half and enterococci results are in the bottom half.   

 

Beachwatch uses a rolling median to present the data, instead of a >static= median.  Static 

median values are calculated from sample data collected each calendar month.  The monthly 

median gives one value each month for each sample location.  Although this gives an indication 

of water quality at each location on a monthly basis, it does not indicate water quality across 

monthly boundaries.  

 

The rolling median is calculated from five successive data points (based on sampling every sixth 

day, resulting in five samples per month).  The first median value is calculated from the first five 

data points in the data set.  The next median value is calculated by shifting forward one sample 

day, using that datum and the last four data points to calculate the median.  Shifting forward one 

sample day continues for the entire data set, giving successive median values using overlapping 

groups of five data points.  Each median calculated using the rolling method represents a 30 day 

period. 

 

This method gives five median values over the month, as opposed to a single median using the 

normal static interpretation.  Advantages of using a rolling median are: 

 

• it overcomes artificial boundaries between months 

• it provides a greater number of values for interpretation 

• medians are more responsive to and representative of environmental events. 
 

Although Beachwatch believes that the advantages of using a rolling median outweigh the use of 

static medians, the rolling method does have its limitations.  There is a lack of independence of 

successive rolling medians when using this method.  This can result in a pollution event being 

represented by a number of successive medians (rather than one median), thus extending the event. 

However, static medians which are calculated for each individual month, may fail to detect a 

pollution event at all if it occurs across the artificial boundary between two months. 
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Figure 1 is an example of a season graph.  Numbers have been added in bold type to explain the 

graph.  The numbers represent: 

 

1 Individual sample results 

2 Rolling median based on the nearest 5 sample results 

3 Rolling 4 out of 5 samples containing less than 600 faecal coliforms [100 

enterococci] per 100 mL 

4 NHMRC guideline criteria that should not be exceeded by the rolling median 

5 NHMRC guideline criteria that should not be exceeded by the rolling 4 out of 5 

samples containing less than 600 faecal coliforms [100 enterococci] per 100 mL 

6 Graph shows the results for summer-winter-summer.  The unshaded area is the 

1997-98 summer season. The shaded area is the previous summer and winter 

seasons 

7 Data plotted along the baseline represent a bacterial density of 1 or <1 cfu/100 mL 
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b) Box Plots 

Throughout this report data are often aggregated into populations of data for analysis.  These 
analyses are presented graphically as a box plot, except when there are fewer than 5 data points, 
when only the individual data points are shown (see page 8).  A typical example of a box plot is 
illustrated in Figure 2. 

Figure 2: Box Plot 
 

 
 
 
Each different part of the box plot represents a significant percentile value of the population; ie. 
 

• 10% of the population lies below the bottom whisker 

• 25% of the population lies below the bottom of the box 

• half the population is on each side of the middle line of the box (median) 

• 75% of the population lies below the top of the box 

• 90% of the population lies below the top whisker 
 
The box plot thus gives a clear representation of the spread, skew and distribution of the data.  

Only sixth-day data was used to generate the box plots for between-beach comparisons, with all 

data collected used to generate the rainfall graphs (see below). 

 

Rainfall Graphs 

An example of the use of box plots in this report is the graphs used to represent the effect of 

rainfall on bacterial density at each beach.  This information is based on aggregated data from the 

last three years.  Typical examples are illustrated in Figures 3 and 4. 
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Rainfall information was obtained from those rain gauges situated closest to the sample site.  

Rainfall volume is presented as a range and is for the 24 hours to 4 am on the day of sampling.  If 

there are fewer than 5 data points in a rainfall range, a box plot is unable to be generated, 

therefore individual data points are presented as black dots (Figure 4). 

 

One of the criteria of passing the NHMRC guideline is that the median value (the middle bar in 

the box plot) should not exceed 150 faecal coliforms per 100 mL.  Figure 3 demonstrates that the 

guideline median value is exceeded for the rainfall ranges 5.0-9.9 mm and above. In Figure 4 all 

rainfall ranges (including zero rainfall) exceed the guideline median value for enterococci.  

 

Only the median guideline limit is shown on these graphs, however national guidelines also 

require 4 out of 5 samples (80th percentile) should be below the criteria specified. The 80th 

percentile criteria limit is not shown; the graphs are intended to represent a trend showing the 

response of bacterial density to rainfall rather than a pass or fail of the guidelines. 

 

Explanation of Maps 

Maps have been provided to indicate the location of beaches and swimming sites, sample sites, 

surf clubs, stormwater drains (including size of drains), coastal sewage treatment plants and 

major sewer overflow points. 

 

The rational for the inclusion of sewer overflow points on the maps is the same as for last year’s 

report, i.e. sewer overflow points were included on the basis of being identified as >regular 

overflows’.  This definition comes from the initial 35 draft environmental impact statements 

(EISs) prepared by Sydney Water Corporation (SWC) in 1996, covering the entire sewerage 

system for Sydney and the Illawarra.  A regular overflow was defined as having an average 

recurrence interval (ARI) of up to 1 year.  The Illawarra overflows shown are considered in the 

EISs as >key locations=.  Overflow point locations for the Hunter region have not been provided 

to Beachwatch.  
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Response to Rainfall – Faecal coliform 
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Response to Rainfall - Enterococci 
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In June 1998, Sydney Water Corporation resubmitted 27 EISs covering the entire sewerage 

system for Sydney and the Illawarra, for assessment by the EPA.  Time did not permit the maps  

in this report, to be updated based on these resubmitted EISs.  Sewer overflow locations will be 

reassessed for next year’s Beachwatch report.   

 

Sewer overflows, when activated, usually flow into the stormwater system, which in most cases 

flows directly to the nearest beach or waterway.  Due to its detailed nature, the stormwater 

system has not been shown on the maps in this report.   

 





 

 


