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surface) for 30 days over the summer period (January/February).

Periphyton samples will be analysed for chlorophyll-a, b and c content, as a measure

of periphyton growth and composition.  Standard laboratory analytical procedures

will be employed throughout.

4.7.3 Sampling Frequency

Periphyton monitoring will be undertaken annually over summer (January/February).

4.7.4 Evaluation Criteria

The results of the periphyton monitoring programme will be assessed for compliance

with the draft Environmental Quality Guideline for algal growth potential (see

).

Table

3.1

4.7.5 Reporting 

The Water Corporation will report the results annually to the Department of 

Environment (Section 1).

4.8 Sediment Quality Monitoring

4.8.1 Background

Sediment is an integral part of the benthic habitat around the Alkimos Ocean Outlet. 

Sediments provide an integrated measure of contaminant concentrations over time,

and contaminants found only in low concentrations in the water column can 

accumulate in sediments to higher levels. Sediments also represent a potential source 

of bioavailable contaminants to benthic organisms, and thus potentially to the aquatic 

food chain.

The treated wastewater plume is positively buoyant and therefore rises rapidly to the

surface and dissipates rapidly within the boundary of the mixing zone.  There will 

thus be limited contact of any components of the plume with the sediments before

considerable dilution has occurred.  Furthermore, sediments around the ocean outlet

are generally medium to coarse, mobile sands with a low fines content (Oceanica 

2005b) and a low capacity to bind contaminants, thus the potential for the 

accumulation of contaminants in the sediments is considered to be extremely low.

Sediment monitoring is an important tool for detecting contaminants and provides

supportive information for the treated wastewater characterisation and initial dilution 

modelling, providing data to help evaluate the possible impacts of the outlet 

discharge on sediments.

4.8.2 Methods 

Sediment samples will be collected from:

The immediate vicinity of the diffuser (i.e. within the mixing zone); 

Two sites located at the edge of the E4 zone (see Figure 2.2); and 

Reference sites located approximately 4,000 m south of the diffuser. 

At each site, five replicate surface sediment samples will be collected by ADAS 

commercially qualified divers using 9.5 cm diameter polycarbonate corers

(according to the procedures set out in Australian Standard AS/NZS 5667.12:1999).
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Corers will be pre-rinsed with dilute acid, de-ionised water and a suitable solvent.

The corer will be washed between sampling sites with site water before re-sampling.

Sediment samples will be placed in pre-cleaned glass or polyethylene containers

supplied by the analytical laboratory (as prescribed in Australian Standard AS/NZS 

5667.12:1999) and kept on ice while in transit to the laboratory. 

Each of the replicate samples will be composited from five sub-samples of the top 2-

cm of sediment obtained from the four corners and the centre of a 1 m² quadrat (note 

this is consistent with the method outlined in the Environmental Protection

Authority’s Manual of Standard Operating Procedures).  The rationale for this 

design is the need to obtain a good estimate of the concentrations within the study

site, while minimising the sampling variance for trend detection.  Surficial samples

represent the best sample for detection of change in metal contamination, and are 

also an important part of the sediment profile in terms of biological effects (benthic

habitat, sediment feeding, water/sediment interactions).  The 2-cm sediment

sampling depth is also in accordance with the ANZECC/ARMCANZ (2000b) 

sampling guidelines. 

The replicate sediment samples from each of the sites will be analysed for: 

Grain-size distribution (laser diffraction and sieving); 

Nutrients (total nitrogen and total phosphorus); 

Total organic carbon (organically bound carbon); 

Organic matter content (loss on ignition at 550°C); 

Carbonate content (loss on ignition at 1000°C); 

Metals (Ag, Al, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mg, Mn, Mo, Pb, Ni, Se, V, 

Zn);

Pesticides and herbicides (organochlorine pesticides, organophosphate 

pesticides and triazine herbicides); and 

Organics (e.g. polychlorinated biphenyls). 

Standard laboratory analytical procedures will be employed throughout and 

laboratories with NATA-accredited methods (or laboratories with demonstrated

QA/QC procedures in place) will undertake the analyses. 

Metal analysis will be conducted on aqua regia (HCl/HNO3) digest extracts to enable 

comparison with the ANZECC/ARMCANZ (2000a) Guidelines which are based on 

data that have used a strong acid digestion to extract the metal.

4.8.3 Sampling Frequency

Sediment quality monitoring will be undertaken in the January/February within 12-

18 months of commencement of treated wastewater discharge.  With subsequent 

surveys at 5-yearly intervals.

4.8.4 Evaluation Criteria

The results from the sediment quality monitoring programme will be compared with

the ANZECC/ARMCANZ (2000a) Interim Sediment Quality Guidelines (ISQG)-low 

“trigger” levels for contaminants in sediments.
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4.8.5 Reporting 

The Water Corporation will report the results to the Department of Environment as 

part of the Alkimos Ocean Outlet Marine Monitoring and Management Plan annual 

reporting requirements (Section 1).  In the event that an ISQG-low “trigger” level for

sediment quality is exceeded, the Water Corporation will report the matter to the

Department of Environment within one month of determining that the exceedance 

has occurred and initiate an investigation in accordance with the framework in the 

ANZECC/ARMCANZ (2000a) Guidelines. 

4.9 Sentinel Mussel Monitoring

4.9.1 Background

Obtaining reliable measures of contaminant levels in seawater through direct

measurement in water samples is problematic because concentrations in the water 

column are generally very low and variable (for example due to water movement)

and reliable analysis is difficult.  In addition, the concentration of contaminants in the 

water column may not reflect their toxicity because, even at low concentrations,

plants and animals accumulate many contaminants to toxic levels. 

Sedentary, filter-feeding shellfish (such as mussels and oysters) are often used as bio-

monitors.  Filter-feeding shellfish process large amounts of water from a fixed 

location, and have the tendency to accumulate a wide range of contaminants in their 

tissues.  Shellfish therefore provide an integrated measure of the bioavailable portion 

of contaminants in the water column over time at a particular site.  Consequently 

contaminant levels in shellfish provide a good proxy for overall levels in the 

surrounding water column.  For many contaminants, shellfish are good indicators of 

contaminant transfer between the water column and the food web. 

The mussel Mytilus edulis has a number of features that make them suitable as bio-

monitors in this type of monitoring programme, including:

Their biology is well understood; 

They are inexpensive and easily obtained; 

They are easy to handle and process; 

They are ecologically important; and

They are frequently used in similar monitoring programmes both nationally 

and internationally. 

Deployment of sentinel mussels (bio-monitors) utilising Mytilus edulis of uniform

size, at sites around the outlet and in the path of the plume, as well as at reference 

sites will be undertaken to detect potential contamination of the marine environment.

This will include measurement of tissue coliform levels.

Studies of benthic communities in the sediments around the ocean outlet indicate that

benthic invertebrates occur in low numbers in the Alkimos Region (Oceanica 2005a).

There are therefore likely to be considerable logistical difficulties associated with the

collection of different taxonomic groups in sufficient numbers for analyses.  The 

recommended approach is therefore the deployment of sentinel shellfish as a

surrogate for biological sampling of resident fauna. 
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4.9.2 Methods 

Mussels (Mytilus edulis) of uniform size (60–70 mm in length) will be obtained from

commercially cultured stocks.  The use of a consistent size of mussel reduces any 

influence of mussel size on bioaccumulation of contaminants.

Mussels will be deployed at: 

Four sites located at the edge of the E4 zone (see Figure 2.2); and 

Reference sites located approximately 4,000 m south of the diffuser. 

At each site, five replicate mussel lines will be deployed by ADAS commercially

qualified divers.  On each line, mussels will be suspended 2-3 m below the surface

and 1-2 m above the seafloor.  Approximately 60 mussels will be suspended in mesh

baskets (Nylex GP 12 mm x 12 mm nylon mesh baskets) at each depth on each of the

mussel lines at each site.

Mussels will be deployed for a six-week period, with mussels and mesh baskets 

cleaned after three weeks to prevent the accumulation of algal growth which could 

smother and kill the mussels.  After the six-week deployment period, the mussels

will be retrieved and the number of live mussels recorded.  The live mussels will be

placed into sterile bags and kept on ice while in transit to the analytical laboratory. 

Samples will be kept frozen until analysis.

Mussels from the same batch deployed on the mussel lines will be stored frozen prior

to analysis to provide an indication of the initial contaminant load of the mussels. 

Mussel tissue will be analysed for the following:

Metals (Ag, Al, As [inorganic], B, Ba, Cd, Co, Cr, Cu, Hg, Mg, Mn, Mo, Pb, 

Ni, Se, V, Zn);

Pesticides and herbicides (organochlorine pesticides, organophosphate 

pesticides and triazine herbicides); and 

Organics (e.g. polychlorinated biphenyls). 

Standard laboratory analytical procedures will be employed throughout and 

laboratories with NATA-accredited methods (or laboratories with demonstrated

QA/QC procedures in place) will undertake the analyses. 

4.9.3 Sampling Frequency

Sentinel mussel monitoring will be undertaken in the January/February within 12-18

months of commencement of treated wastewater discharge.  With subsequent 

deployments at 5-yearly intervals. 

4.9.4 Evaluation Criteria

Contaminant levels in mussel tissue from mussels deployed at sites located at the E4 

boundary will be compared with the contaminant levels in mussels deployed at the 

reference sites.

It is important to note that the Sentinel Mussel Monitoring has primarily been 

designed to enable assessment of potential for bioaccumulation of contaminants in 

biota around the outlet.  The programme has not been specifically designed to assess 

shellfish quality for public health risk.
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4.9.5 Reporting 

The Water Corporation will report the results to the Department of Environment as 

part of the Alkimos Ocean Outlet Marine Monitoring and Management Plan annual 

reporting requirements (Section 1).  In the event that the contaminant concentrations

in mussel tissue at sites located at the E4 boundary are greater then the contaminant

concentrations of mussels deployed at the reference sites, the Water Corporation will 

report the matter to the Department of Environment within one month of determining

that the exceedance has occurred and initiate further investigation.
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5. Quality Assurance/Quality Control

A quality assurance/quality control programme is an important part of any

monitoring programme.  Maintaining consistency in field and laboratory procedures 

and ensuring that data collected are scientifically valid, comparable and adequate to 

meet the monitoring programme objectives, will be critical to the success of the 

proposed Alkimos Ocean Outlet Marine Monitoring and Management Plan.  Failure 

to do this may result in real difficulties in differentiating possible trends which may

be associated with the effects of the discharge of treated wastewater into the marine

environment in the Alkimos Region. 

Quality assurance seeks to ensure that:

1. Standard sample collection, sample processing and analytical techniques are 

applied consistently and correctly. 

2. The numbers of lost, damaged and uncollected samples are minimised.

3. The integrity of the data is maintained and documented from sample collection

to entry into the data record. 

4. All data are comparable.

5. Results can be reproduced. 

Quality assurance will be achieved by:

1. Ensuring that standard protocols are developed and implemented for sample

collection in the field.

2. Ensuring that standard laboratory protocols are developed and implemented for

handling, processing and storing samples. 

3. Ensuring that standard protocols are developed and implemented for data 

management.
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6. Reporting 

The results, interpretations and recommendations of the Alkimos Ocean Outlet 

Marine Monitoring and Management Plan will be reported annually to the 

Department of Environment and key stakeholders.  Results will be interpreted with

reference to relevant national, state and site-specific guidelines.

All the data collected during the monitoring programme will be presented in the 

report, including any Quality Assurance/Quality Control information.

The reporting will include the development of easy to understand methods of 

reporting on the results of the monitoring programme and the condition of the 

environment around the Alkimos Ocean Outlet for stakeholders and the community. 

Where appropriate this will include a ‘report card’ style format of presentation.
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7. Programme Review

All components of the Alkimos Ocean Outlet Marine Monitoring and Management

Plan will be regularly reviewed to ensure that meaningful results are obtained, that 

the objectives are still appropriate and the programme is appropriate to the nature and 

magnitude of present and predicted impacts.  The programme of environmental

monitoring needs to be responsive, adaptive and sufficiently flexible to allow 

ongoing changes to be implemented to ensure that the most appropriate programme

is in place to manage the Alkimos Ocean Outlet. 

The Alkimos Ocean Outlet Marine Monitoring and Management Plan, including 

indicators and Environmental Quality Criteria, will be reviewed at completion of the

first full year of monitoring.  Thereafter the Alkimos Ocean Outlet Marine

Monitoring and Management Plan will be reviewed at three-yearly intervals, unless

there is an indication that more frequent review is required.

The review of the Alkimos Ocean Outlet Marine Monitoring and Management Plan 

will be undertaken in consultation with the Department of Environment and key 

stakeholders.
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