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NRM Estuarine, Coastal and Marine Indicator  

plus the Tasmanian Extension: 

Targeted Pathogen Counts 
This document forms part of the Tasmanian Indicator Compendium and includes:  

the NRM ECM Indicator AND the Tasmanian Extension. 

 
Please note that both the Indicator and the Extension need to be read in the 
context of the Coastal CRC Users’ Guide to estuarine, coastal and marine 
indicators for regional NRM monitoring (Scheltinga et al., 2004).  

The Coastal CRC Users’ Guide provides both the context and the required 
methods for selecting and applying the Indicator, including the identification 
of environmental Issues and Stressors. The Indicator itself is also sourced 
from the Users’ Guide. 
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Targeted pathogen counts

Indicator status: for advice

Why do we need to monitor the numbers (counts) of targeted
pathogens in estuarine, coastal and marine systems

Pathogens are organisms (bacteria, viruses, protozoa or fungi) that cause disease
in organisms—human or estuarine/marine. They are found in water and on beach
sands, and become a hazard to people when they infect a suitable part of the
body so that disease follows. Sites of infection are the alimentary canal, ears,
eyes, nasal cavity, skin and upper respiratory tract (WHO 2001a). Exposure
pathways include:

� immersion of head and face;

� swallowing of water (including splashed water during boating);

� entering water up to or beyond waist level; and

� skin abrasions.

Consumption of contaminated shellfish can also expose people to marine
pathogens.

Symptoms of exposure to human pathogens in water are:

� gastrointestinal problems;

� skin rashes;

� typhoid fever;

� acute febrile respiratory illness (AFRI) (Fleisher et al. 1996a);

� salmonellosis, meningo-encephalitis, cryptosporidiosis and giardiasis (Prüss
1998).

The recommended indicators for human pathogens in marine waters are faecal
streptococci/enterococci.

A pathogenic disease affecting fish is epizootic ulcerative syndrome—low pH
increases the susceptibility of fish to this fungal disease. (OzEstuaries,
<www.ozestuaries.org/indicators/indicators.html>).
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How will monitoring the numbers (counts) of targeted pathogens in
estuarine, coastal and marine systems help

Pathogens and shellfish closures were used as two determinants of ecosystem
integrity in the National Estuary Assessment (Stage 2: modified estuaries) by the
National Land and Water Resources Audit (NLWRA 2002).

Targeted pathogen counts are most likely to respond to changes in aquatic
sediments, freshwater flow regimes, hydrodynamics, organic matter, pH and water
temperature.

Pathogens are associated with:

� changed animal behaviour;

� incidence of animal kills, lesions and disease;

� accidental culture and release of pathogens from aquaculture;

� diffuse pollution sources such as catchment run-off, storm water and land
management practices (animal and human wastes);

� human health problems (infections, gastro, viruses, disease, etc.);

� poor water quality resulting from high bacteria/pathogen counts;

� sewage discharge from vessels and from sewage treatment plants particularly
sewage overflow events; and

� closure of shellfish/fisheries.

How can we monitor the numbers (counts) of targeted pathogens in
estuarine, coastal and marine systems

Routine measurement of all viruses, parasites and dangerous bacteria in seawater
is not possible. Hence faecal indicator bacteria (e.g. faecal/thermotolerant
coliforms, Escherichia coli, enterococci/faecal streptococci) are used as
indicators:

� high numbers indicates faecal contamination from warm-blooded animals
(including humans).

Only faecal streptococci (or enterococci) show a dose-response relationship for
both gastrointestinal illness (Kay et al. 1994) and AFRI (Fleisher et al. 1996b) in
marine waters and these are therefore recommended for monitoring marine water
quality for recreational use (WHO 2001a).

An alternative approach is to conduct a sanitary assessment of recreational water
catchments (including interviews and site visits to ascertain contamination
sources) and use the enterococci group as bacterial indicators. Guidelines for
conducting sanitary assessments have been completed by the Water Services
Association of Australia and will be considered for inclusion into National Health
and Medical Research Council guidelines.
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Monitoring methods depend on the region and particular aspects of the study.
Whenever possible, methods should be consistent with international (World
Health Organisation) or national (ANZECC/ARMCANZ 2000b) protocols to
maintain consistency between regions and allow for comparison. Expert local
advice should be obtained to ensure that monitoring is conducted at an
appropriate spatial and temporal scale to allow data to be statistically assessed
so that demonstrated changes are verifiable.

Differing levels of complexity will be required for data collection and analysis and
interpretation (see Table 1).

Table 1. Level of complexity needed to collect, analyse and interpret data. ‘Easy’ complexity would mean
that a person with little experience could easily learn how to collect/interpret the data. ‘Moderate’ would
require a person with a couple years experience and ‘hard’ would require an expert with several years of
experience.

Applicable stressors Cost† per sample Complexity Complexity
(data collection) (data interpretation and analysis)

Bacteria/pathogens <$100 Moderate Moderate

Sources of monitoring information‡

NSW: Department of Environment and Conservation, Department of Infrastructure; Planning and Natural Resources

QLD: Environment Protection Agency

SA: Environment Protection Agency; Australian Water Quality Centre

TAS: Tasmanian Shellfish Quality Assurance program

VIC: Environment Protection Agency

† Costs provided are for comparison against other potential indicators and are approximate and only for the collection and
analysis of samples. They do not include costs relating to personal salary/travel, maintenance/calibration of equipment,
or the purchase of other equipment such as boats, trailers, scuba gear, etc. which may be needed for monitoring the
indicator. The major cost for any monitoring study is usually personal salary costs. Costs given will change over time and
by location, and should be thoroughly investigated and scrutinised before being used in any financial planning.

‡ This list of organisations that can supply monitoring information is for guidance only. Roles (and names) of agencies
regularly change. Agencies listed should be the first point of contact, though many of the indicators are measured by
others, particularly university researchers and community monitoring groups, from around Australia.

Monitoring locations

Sites chosen for monitoring will depend on the region and the pathogen/bacteria
that is being monitored. In general, sites where pathogen threats are thought to be
high (e.g. sewage overflow sites) should be monitored. The movement of viruses
through estuarine and coastal waters can be predicted using conceptual models
that show sediment transport in different coastal waterway types and these are
available at the OzEstuaries website <www.ozestuaries.org/indicators/
indicators.html>. Prediction of pathogen movement may help with the choice of
monitoring location.

Monitoring frequency

Monitoring should occur at regular intervals not exceeding one month. During the
summer (i.e. the swimming season) and in waterways susceptible to faecal
contamination, monitoring should occur more frequently. Event monitoring (i.e.
after sewage overflow events) should also occur.
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Data measurement methods

Detection methods for faecal indicator bacterial densities are standardised and
should be assessed according to national guidelines (ANZECC 1992; reproduced in
ANZECC/ARMCANZ 2000a).

� Use AS4276.8 for the estimation of the most probable number.

� Use AS 4276.9 for the membrane filtration method (Standards Australia
1995a,b).

Data analysis and interpretation

Default trigger values for pathogen (microbiological) concentrations have been
listed in the Australian and New Zealand Guidelines for Fresh and Marine Water
Quality (ANZECC/ARMCANZ 2000a).

Pathogens are carried into waterways after defecation, urination or shedding from
human or animal hosts and rivers discharging into coastal areas may carry
abundant micro-organisms from these diverse sources (e.g. from sewage effluent
from land or ships, agriculture or stormwater run-off, people using the water for
recreation, industrial processes, or wildlife) (WHO 2001a).

High concentrations of pathogens usually occur after storms due to surface run-
off, sediment re-suspension and because rainwater enters sewerage pipes through
faults and illegal connections.

Many animal pathogens are not infectious to humans and contamination from
human sources (e.g. faecal pollution) presents the greater risk to humans. Risks
to humans from pathogenic organisms are higher in areas with large population
densities (either permanently or from tourism) and are perhaps best assessed by
monitoring volume of stormwater and coastal discharges.

Different pathogen–indicator organism relationships may exist between saline and
fresh waters, so the same level of faecal indicator bacteria in freshwater and
marine environments does not automatically mean the same health risk (WHO
2001b).

Information on which waterways are susceptible to pathogens, the environmental
consequences of high pathogen levels, and the factors affecting pathogen
numbers and survival is given in OzEstuaries <www.ozestuaries.org/indicators/
indicators.html>.

It is beneficial for data interpretation, if monitoring is associated with monitoring
of changes in aquatic sediments, freshwater flow regimes, hydrodynamics,
organic matter, pH and water temperature. Information on the relationship
between these stressors and water quality parameters with pathogen levels can
be found at the OzEstuaries website <www.ozestuaries.org/indicators/
indicators.html>.

Data storage

Data should be stored by state/territory agencies and by the data collectors (if
different). If possible, the public should have access to the data (and report
summaries) through a website hosted by state/territory government.
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Monitoring and reporting products

Reporting of pathogen concentrations is probably most easily represented
graphically (against time) or in box plots showing the median and 20th and 80th

percentiles for the location. Once sufficient information on pathogen levels is
available for a location, it will be possible to produce graphs showing trends and
their statistical significance. These trends can then be reported as an estimate of
change. The number of times pathogen concentrations exceed guidelines (e.g.
Water Quality ‘trigger’ values – ANZECC/ARMCANZ 2000a) should also be
reported.

Box plots are an easy way to visually compare the data with reference data (i.e.
baseline values, local guideline values or national trigger values).

Where monitoring of recreational waters and assessment of a catchment shows
contamination, contaminant sources should be identified and the contamination
reduced. Signs should also be posted advising of health risks and beaches may be
closed (OzEstuaries, <www.ozestuaries.org/indicators/indicators.html>).

Proposed responsibilities

State/territory agencies, Australian Government institutions, consultancy
companies and universities have collected and stored most of the data on
pathogens that has been gathered for many of Australia’s estuarine and coastal
waters. The National Land and Water Resources Audit compiled information on
pathogens and shellfish closures as part of its condition assessment of Australian
estuaries. These data are available in the OzEstuaries website
<www.ozestuaries.org/frame1.html>.

Regional bodies who choose to monitor species abundance should incorporate
their data into existing surveys to assist in determining regional baseline data and
later comparison to detect real change.

While consideration should be given to who is responsible for data collection,
collation, analysis and interpretation, storage and management, and the
generation of reporting products, it is most likely that where existing monitoring
by state/territory/Australian Government agencies occurs, then it should be used
by regional bodies as it is the most cost-effective and efficient option, and has
been subject to quality assurance.

Links to other indicators and matters for targets

Targeted pathogen counts are linked to:

� animal disease/lesions (indicator); and

� animal kills (indicator).
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Glossary

Baseline data
Information collected to comprise a reference set for comparison with data
collected at a later time; used to interpret changes over time usually after
some condition has been changed.

Cryptosporidiosis
A disease caused by the protozoan Cryptosporidium, which is most
commonly transmitted to humans by contact with animal faeces.

Enterococci
A group of bacteria found primarily in the intestinal tract of warm blooded
animals.

Epizootic ulcerative syndrome
Red spot disease of fish (caused by a fungus).

Giardiasis
Intestinal disease caused by an infestation with a Giardia protozoan.

Meningo-encephalitis
Inflammation of the brain and its membranes.

Salmonellosis
Infection caused by Salmonella (bacteria).

Spatial
Pertaining to space or distance.

Streptococci
Spherical gram-positive bacteria.

Temporal
Pertaining to time.

Thermotolerant
Able to survive in a wide range of temperatures.
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Tasmanian Extension 
(Note: This document MUST be read with the base Estuarine Coastal and Marine NRM 
Indicator document with the same name. The base documents can be obtained from: 
http://www.nrm.gov.au/monitoring/indicators/index.html) 

1. Indicator Name 

Targeted Pathogen Counts  
TasExtension Status: version 1.0 (draft) 

2. Summary 
Précis of the Tasmanian approach to this indicator 

Counts of targeted pathogens, including organisms such as faecal coliforms and 
enterococci, are a useful way of assessing the quality of water for public health 
concerns related to aquaculture and recreational use of coastal waters in Tasmania. 
There is a significant network of monitoring stations characterised by regular 
collection and storage of data sets over long time periods. The collection methods are 
standardised and there is a suitable statewide location for storing and retrieving any 
collected data. 

3. Tasmanian Perspective 

Environmental Context  
An explanation of the environmental and ecological context, if any, that requires a 
unique application of this indicator in Tasmania.  

None identified. 

Monitoring Requirements  
A description of the current drivers for monitoring this indicator at a statewide level 
and/or at the regional level.  

• Under the State Policy on Water Quality Management 1997 protected 
environmental values (PEVs) must be set for all Tasmanian surface waters 
(including estuarine and coastal waters). The PEVs determine what should be 
monitored and the target levels for the required use and specific waterway. PEVs 
must be shown in statutory planning instruments such as national park plans and 
marine farm plans. 

• Part 5 of the State Policy on Water Quality Management 1997 sets out the 
obligations for monitoring including ambient monitoring, quality control of 
monitoring, SoE reporting requirements and public access to the data.  

• Data are collected by the Department of Health and Human Services (DHHS) as 
part of the Tasmanian Shellfish Quality Assurance Program (TSQAP), which 
assesses shellfish growing areas for public health risk. This program is subject to 
the Public Health Act 1997 and the Food Act 1998.  

• As part of planning permit conditions, local councils are required by the 
Department of Primary Industries, Water and Environment to monitor water 

http://www.dpiwe.tas.gov.au/inter.nsf/WebPages/CDAT-53LVTP?open
http://www.thelaw.tas.gov.au/advSearch/validate.w3p?sc1=phrase&wh1=title&domain=ALL&pointInTime=10%2f3%2f2004&sortBy=title&tx1=Public+Health+Act+1997
http://www.thelaw.tas.gov.au/advSearch/validate.w3p?sc1=phrase&wh1=title&domain=ALL&pointInTime=10%2f3%2f2004&sortBy=title&tx1=Food+Act+1998
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quality parameters at the outfall of wastewater treatment plants and where 
applicable in adjacent receiving waters.  

Linkages with other Indicators 
Noted here are, firstly, whether this indicator is dependent on other indicators and, 
secondly, any overlaps with other NRM Matters for Target and Indicators.  

1. None identified.  

2. None identified. 

Indicator Critique  
A critique of the national indicator, if required.  

None identified. 

Discussion 
A brief discussion that synthesises how the current resources and data availability 
interacts with the environmental context, the monitoring requirements and criticisms 
of the proposed NRM Indicator (i.e. the CRC proposal).  

Targeted pathogen counts of indicator organisms, such as faecal coliforms and 
enterococci, are standardised methods of assessing risks to human health from, most 
typically, faecal matter, though note that pathogens may also constitute a risk to other 
organisms. The indicator provides a way of assessing both the presence and quality 
(level of treatment) of effluent delivered into the coastal and marine environment. 
Currently, monitoring efforts are generally targeted to the locations with the highest 
likelihood of producing hazardous materials, for example, wastewater treatment 
plants and stormwater discharges. 

4. Recommendations 
Note that the major Tasmanian data sources (i.e. data sets and reports) relevant to 
this Indicator are documented in Appendix 1 of this document to assist with locating 
data and data custodians. 

Preferred Methodology/s 
Identifies the methods (or methods) that have “preferred” status. Ideally, these are 
the methods with which all new data are collected, analysed and interpreted OR 
which are implemented in addition to any other methods.  

A brief explanation of the reasons for using each method is presented (e.g. “This is 
the internationally recognised methodology.” OR “Even though this methodology is 
relatively simplistic and there is currently no central data repository, it will be 
possible in the future to combine data collected with the preferred method.”). 

The preferred methodology is as defined by ANZECC/ARMCANZ (2000) and APHA 
(1998) and includes enumeration and enzyme assays. The laboratory doing the 
analysis must be NATA accredited. Note that in seawater, counts of enterococci or 
faecal streptococcus are preferred due to a more direct relationship between measured 
levels and disease risk. More recently, the NHMRC guidelines suggest that a matrix 
of microbial water quality assessment (using enterococci) and sanitary risk to faecal 
influence is used to assess the risk for faecal pollution of recreational waters. 



ECM Indicators_Targeted Pathogen Counts_Tasmanian Extension_v1_0.doc 
  Page 3 of 6 

Preferred Dataset/s 
Identifies the data set (or data sets) that have “preferred” status. Ideally, these are 
the data sets to which new data are appended.  

A brief explanation of the reasons for contributing to each data set is presented (e.g. 
“Even though these data are collected with simple technology, this is a long term 
data set that would be useful to extend.” OR “This is a well organised and resourced 
data set that is expected to be maintained by the custodian well into the foreseeable 
future and has excellent access arrangements in place.” OR “This data set is likely to 
become the new standard in this field.”). 

The Hydstra database with its associated intermediary software interfaces (Water 
Information System Tasmania (WIST) and Splashback) is the preferred location for a 
central warehouse of estuarine and marine water quality data. A number of the long-
term estuarine water quality monitoring data sets already reside in the system. 

Data management 
For each “preferred” data set, the protocols required for managing the actual data 
set are identified. This includes: 

• The identification of the “preferred” custodian. 

• The identification of suitable access, licensing, intellectual property and quality 
standards and agreements. 

• A description of the standards defined by the data custodian of the “preferred” 
dataset including the structuring and formatting required of the data itself (e.g. 
standard coordinate systems, projections, datum, scale, accuracy, file format). 

• How to achieve completion of ANZLIC compliant metadata, if required. 

The identity of a preferred custodian is unclear at this stage, though DPIWE is an 
obvious contender. Hydstra is the preferred data storage and possibly also the data 
delivery system, though Splashback and the WIST provide useful data delivery and 
interpretation options. Estuarine data is already stored on the system for the Derwent 
Estuary Program, Tamar Estuary Study and Macquarie Harbour and there is no 
technical reason why other estuarine data could not also be stored and delivered. 

5. Information Product/s 
Generally, IPs need to be specific to the level of reporting (i.e. regional, statewide or 
national) and therefore need to be defined in the context of the question to be 
answered. It is at this stage that the quality, or “fitness-for-use”, of the data sources 
is evaluated.  

This section provides a description of each of the Information Product/s (IP/s) that 
are available, if any, to support the Indicator. These can include Indices generated 
from single or multiple data sets. They may consist of text, maps, tables or charts. 
Note that it may also include proto-IPs, that is, potential or incipient IPs that can be 
reasonably anticipated to be useful in the future. 

The Tasmanian State of the Environment 2003 report (RPDC, 2003) has maps of the 
following data (1996-2001); exceedences of faecal coliforms in the Derwent estuary, 
Huon estuary and Great Oyster Bay and enterococci in the Derwent estuary (see 
Figure 1). 
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Figure 1. (1996-2001); exceedences of faecal coliforms in the Derwent estuary. Source: Data 
are collected by Department of Primary Industries, Water and Environment (DPIWE), CSIRO 
and Department of Health and Human Services (DHHS) 

6. References 
ANZECC/ARMCANZ, 2000b. Australian Guidelines for Water Quality Monitoring 

and Reporting, Australian and New Zealand Environment and Conservation 
Council (ANZECC) and Agriculture and Resource Management Council of 
Australia and New Zealand (ARMCANZ). 

APHA, 1998. Standard Methods for the Examination of Water and Wastewater, 
American Public Health Association, Water Environment Federation, American 
Water Works Association, Washington, USA. 

RPDC, 2003. State of the Environment Tasmania 2003, Resource Planning and 
Development Commission, Hobart, last modified < 2/5/2005>, 
http//www.rpdc.tas.gov.au/soer, accessed <8/3/2006>. 
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Appendix 1: Data source/s (includes Methods and “Preferred” Status 
potential for each) 
This is a listing of each of the individual data sources available to support the 
Indicator (via the Information Products). It includes the following:  

• A means of identifying the data source including a document/report citation OR 
the name and location of the data set or data custodian (e.g. via an ANZLIC 
metadata ID number with a link to the Tasmanian Spatial Data Directory – TSDD 
e.g. http://www.thelist.tas.gov.au/asdd/ANZTA0025000002.html). 

• The current methodology used to collect the data, or a reference to the 
documented method/s.  

• Information about the data source that will assist in identifying whether it should 
qualify as a “preferred” data source (please see Recommendations section above 
for more). It may also list any proto-data sources, that is, potential or incipient 
data sources that can be reasonably anticipated to be useful in the future. 

 

Data source name Ideally, the official name… 

Identifier/Citation ANZLIC ID number (ideally presented as hyperlink to 
Tasmanian Spatial Data Directory) OR other identifier ID 
code OR citation/reference 

Custodian Custodian organisation (plus contact name) 

Abstract Brief abstract describing the data source 

Method The current methodology used to collect the data, or a 
reference to the documented method/s. 

Comment Information about the data source that will assist in 
identifying whether it should qualify as a “preferred” data 
source 

 

Data source name Derwent Estuary Program - Derwent River 
Bacteriological Monitoring: Faecal Contamination 

Identifier Recreational Water Quality Monitoring Program (Part of the 
Derwent Estuary Program(DEP)) 
http://www.derwentriver.tas.gov.au/pdfs/DerwentReport.pdf 

Custodian Managers: Department of Health and Human Services (DHHS), 
Department of Primary Industries and Environment (DPIWE) 
and local councils. 

Abstract In compliance with the Health Act, bacteriological monitoring is 
conducted through the Derwent Estuary Program Partnership 
Agreement.  

Method Samples analysed for enterococci, an indicator of faecal 
contamination for estuarine and marine waters, as 
recommended by NHMRC 2005 Guidelines. 
Sampling responsibility divided between Councils (HCC, KC, 
DVC, GCC, CCC, BC and DEP). Conducted annually between 
November 1 and March 31st at 38 sites around the Derwent 
(bays, coves and beaches). Samples are collected every 
Tuesday of the monitoring season, in accordance with a protocol 
provided by the DHHS and Public Health Lab.  

http://www.thelist.tas.gov.au/asdd/ANZTA0025000002.html
http://www.derwentriver.tas.gov.au/pdfs/DerwentReport.pdf
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Data analysed by DPIWE/DEP, and stored in 
Hydstra/Splashback (Owner group DEP). Long term data set 
(1990), supplemented by DEP rivulet and stormwater monitoring 
program. Annual Technical Report and Annual Report Card 
prepared by DEP. DHHS prepare a Directors Report annually. 

Comment Last updated: 1300 8/3/2006 (standard) 

 

Data source name TSQAP (Tasmanian Shellfish Quality Assurance 
Program) 

Identifier Unknown 

Custodian Dept Health and Human Services as part of the Tasmanian 
Shellfish Quality Assurance Program 

Abstract The program assesses shellfish growing areas for public health 
risk including monitoring for faecal coliforms, temperature, 
salinity, tide stage, rainfall and algal counts. The program is 
specifically targeted to human health risks and the monitoring 
effort is typically event driven. 

Method Data collected limited to estuaries with marine farming taking 
place. Sampling is concentrated around the time of year when 
blooms are most likely. For algal cells counts the following is 
measured in estuarine and marine environments: total no. of 
algal cells/mL; total no. of toxic algal cells/mL. 

Comment This data is site and episode specific. It is not designed for 
monitoring ecosystem health.  
Last updated: 1400 17/3/2006 (standard) 

 

Data source name Wastewater Treatment Plant water quality (Permit 
Conditions) data set  

Identifier None available 

Custodian Director of the Environment Division. (contact: Steve Gallagher, 
Waste Water Unit, Industrial Operations, Environment Division 
or Danny Ray) 

Abstract Contains information regarding regulation of waste water 
treatment facilities - including monitoring many (but not 
necessarily all) of dissolved oxygen (DO), biological oxygen 
demand (BOD), pH, electrical conductivity (salinity), suspended 
solids (turbidity), nutrients (N, P), pathogens (thermo-tolerant 
coliforms, enterococci),  chlorophyll a, algal blooms, oil/grease 
and heavy metals. Monthly collection is required as a permit 
condition on each Wastewater Treatment Plant. 

Method Data is required to be collected to ANZECC 2000 standards. 
The laboratory doing the analysis must be NATA accredited or 
approved by the Director of the Environment Division and data 
submitted within 2 months of becoming available.   

Comment This database (Hydstra/Splashback) is potentially a useful 
location to store estuarine monitoring data. 
Last updated: 1400 6/3/2006 (standard) 
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