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EXECUTIVE SUMMARY 

This Milestone Report (#1) describes the Water Quality Baywide Monitoring Program (BMP) for 

November 2007 to February 2008 inclusive.  Its function is to provide an overall appreciation of the 

status of water quality in Port Phillip Bay (PPB) for this period. The report summarises and interprets the 

information gained during the field sampling events and documented in the monthly progress reports, 

and assesses results in the context of longer-term trends, background conditions, SEPP objectives and 

concurrent external influences (ie. rainfall/ river ).  

The objective of this program is to detect changes in water quality outside ‘expected variability’.  
Determining ‘expected variability’ requires consideration of two factors: 

·  ‘natural variability’, and 

·  the predicted effects of the CDP. 

‘Natural variability’ refers to changes in the monitored parameters that exceed background (historical) 
levels in PPB.  SEPP objectives/ANZECC guidelines and two control charting techniques have been 
employed in the analysis of the results; the latter as follows: 

�  an Exponentially Weighted Moving Average (EWMA) control chart is used to detect persistent 

changes in baseline concentration of nutrients and metals. These changes will reflect long-term 
changes in water quality. 

�  a Shewhart control chart is used to detect changes in the number or size of peak events. These 

changes will reflect short-term changes in water quality. 

Results flagged as outside natural variability are then further assessed against the predicted effects of 
the CDP - as defined in the Supplementary Environmental Effects Statement (SEES).  This assessment 

determines exceedence of expected variability, and is based on expert opinion. 

EPA is responsible for the delivery of the Water Quality BMP and provides data to Port of Melbourne 

Corporation (PoMC) in monthly ‘progress reports’, in line with monthly field sampling events and in six-
monthly ‘milestone reports’ such as this report. 

During the reporting period, although some water quality results were outside expected variability, these 
instances were small and ephemeral and did not represent significant impacts to the ecology of PPB.   

Importantly, the CDP dredging did not commence until early February 2008, and even then was 
restricted to uncontaminated material in the southern channel of PPB.  Hence data from November, 
December and January is ‘pre-dredging’ and February data is ‘pre-dredging’ of material from the 

northern channels and Entrance1.  Consequently, results reported outside expected variability for this 
period were not caused by dredging, but were due to other issues such as the prolonged drought or 
human influence. 

Overall, the level of compliance with SEPP objectives up to February 2008 was similar to historical 
monitoring.  Arsenic was detectable in all samples, at a relatively uniform level (between 2 - 4 mg/L), 

many of which exceeded SEPP objectives. This is consistent with the belief that arsenic is naturally high 
in this environment and not associated with discharges via the Yarra or other point sources.  

While almost always within control limits, ANZECC trigger values for total nitrogen, total phosphorus and 
phosphate were exceeded at nearly all sites and dates. This is a characteristic of PPB. Owing to the 
significant discharge of phosphate from the Western Treatment Plant at Werribee and the fact that the 

                                            
1 Note that all data to February 2008 is ‘pre-dredging’ of contaminated material 



Bay is nitrogen-limited, phosphate and total phosphorus are much higher than normal for marine waters. 
Also, much of the total nitrogen is in the form of quite long-lasting organic nitrogen (Harris et al. 1996). 

PPB has very efficient nitrification/denitrification processes which remove ammonium, nitrate and nitrite 
but some nitrogen is converted to organic nitrogen. Owing to the very limited tidal exchange through the 
PPB Heads, this organic nitrogen inevitably accumulates to concentrations higher than expected for 

typical marine waters. This material is considered to pose no environmental hazard.
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1. INTRODUCTION 

 

1.1 EPA’s Role in Monitoring Water Quality in Port Phillip Bay 

EPA Victoria has been monitoring the water quality of Port Phillip Bay (PPB) since 1984. The aim of this monitoring is to 

determine if there are any long-term trends in the water quality, to assess the general condition of PPB and to assess the 

success of management actions through the compliance with environmental objectives.  Inputs or loads of freshwater, 

nutrient and sediment to PPB are reasonably well understood.  These inputs enter primarily from several rivers, most 

notably the Yarra, smaller streams, about 350 storm water drains and two sewage treatment plants (STPs) — Werribee 

Treatment plant (WTP) and Altona. Groundwater discharge into PPB is considered insignificant.  Within PPB, nutrient 

and sediment concentrations can vary greatly. Spatially, concentrations are usually greater inshore or adjacent to major 

inputs. 

State environment protection policy Waters of Victoria (SEPP (WoV)) F6 Waters Schedule F61 declared in 1997 is a 

comprehensive policy framework for the protection of water quality in PPB. Beneficial uses are the basis for maintaining 

environmental quality. In marine waters they are:  

1) maintenance of natural aquatic ecosystems;  

2) water based recreation;  

3) production of molluscs for human consumption;  

4) commercial and recreational use of edible fish and crustacea;  

5) industrial water use, and  

6) navigation and shipping.  

Within PPB, six segments, or regions, are recognised. These reflect the different types and conditions of environments, 

different surrounding land uses and major inputs. These segments have different beneficial uses requiring protection: 

·  Hobsons Segment: includes the mouth of the Yarra River and the City of Melbourne and its port facilities; 

·  Werribee Segment: the part of PPB adjacent to the WTP outfalls; 

·  Corio Segment: All waters in Corio Bay; 

·  Inshore Segment: covering all waters within 600m of low tide; 

·  Aquatic reserves: those parts of the Bay afforded statutory protection as ‘protected areas’, and 

·  General Segment: all other waters in PPB. 

Environmental quality objectives are set for each segment to ensure the protection of designated beneficial uses.  The 

objectives provide targets for particular indicators of the condition of the environment in PPB. Specific objectives are set 

for each segment and are shown in Table 1. As nutrient objectives are not set in the SEPP, the Australian and New 

Zealand Environment Conservation Council (ANZECC) trigger values are used to assist interpretation (see Section 1.2).  

EPA has historically sampled water quality approximately monthly at six fixed sites in PPB: 

·  Hobsons Bay; 

·  Central Bay; 

·  Long Reef; 

·  Corio Bay; 



·  Dromana, and  

·  Patterson River. 

Two sites, Central and Dromana, are nominally considered to be reference sites for the purpose of calculating nutrient 

and suspended sediment trigger values.  These sites are distant from catchment sources of nutrient and sediment and 

are not directly influenced by any one source. Undoubtedly, concentrations of nutrient and sediment at these sites will 

reflect cumulative Baywide changes in water-quality resulting from human activities.  However inter-annual variation is 

more likely to reflect natural variation rather than direct catchment inputs.  The other four sampling sites are likely to be 

directly influenced by various human activities:   

·  Hobson Bay site is approximately 800m from shore and is primarily influenced by discharge from the Yarra 

River; 

·  ��Long Reef site is located approximately 1km from the WTP; 

·  ��Patterson River site is located about 300m from shore and to the south of Patterson River, and 

·  ��Corio Bay site is close to domestic and industrial inputs to Corio Bay. 

As part of the establishment of the Water Quality Baywide Monitoring program (WQ BMP) of the Channel Deepening 

Baywide Monitoring Programs (CDBMP) for the Channel Deepening Project (CDP), EPA’s water quality monitoring 

program was augmented by five additional sites to improve the spatial coverage across key areas of PPB. These 

additional sites are: 

·  Yarra River at Newport; 

·  PoMC DMG; 

·  Middle Ground Shelf; 

·  Sorrento Bank, and  

·  Popes Eye. 

The CDBMP requirements are discussed in the sections immediately below and further information about the selection of 

all 11 eleven sites is outlined in Section 2, Table 2.   

This Milestone Report (#1) describes the Water Quality BMP for the period from November 2007 to February 2008 

inclusive. 
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Table 1. SEPP objectives and ANZECC trigger values (N = natural)  



1.2 CDBMP - Water Quality Baywide Monitoring Program 

Good water quality is important to a variety of assets, values and uses of Port Phillip Bay. There are several influencing 

factors such as tidal flushing from Bass Strait, freshwater inflows particularly from the Yarra River and discharges from 

industry. Exchanges between the water column, sediment and atmosphere are also important. The combination of these 

factors affects a range of water quality parameters including contaminants, nutrients and turbidity, which can be variable 

in space and time. 

In interpreting PPB water quality, important considerations include: 

·  PPB is very enclosed with limited tidal exchange; 

·  In terms of trophic status it is considered to be nitrogen limited; 

·  Historically, nitrogen fixing blue-green algae have been very limited in their extent and significance in PPB (partly 

owing to the relatively high salinities which prevail);  

·  The ‘health’ of PPB, with respect to eutrophication is highly dependent upon sedimentary processes involving 

benthic infauna and areas of adjacent oxic and anoxic sediment. This favours nitrification / denitrification processes 

which allow nitrogen to be lost from PPB more rapidly than tidal exchange would achieve (Harris et al. 1996). 

For these reasons, the WQBMP includes not only metals, but indicators of trophic status such as nutrients, chlorophyll-a 

and any occurrence of algal blooms.  The parameters monitored and associated limits of reporting are listed in section 

4.1.2 and 4.1.3 of the detailed design brief for the Port of Melbourne Corporation (PoMC): Water Quality – Detailed 

Design CDP_ENV_MD_023 Rev 0, 21 December 2007 (PoMC 2007a). Algal indicators to be measured are listed in 

section 4.1.1 of the Algal Blooms-Detailed Design CDP_ENV_MD_023_Rev 0 (PoMC 2007b). 

The Water Quality Detailed Design describes the objective of this program as to: 

‘detect changes in water quality outside expected variability.’ 

‘Expected variability’ refers to changes in the monitored indicator/s that are expected due to ‘natural variability’ (ie. 

background) and the predicted effects of the CDP. 

Assessing changes against natural variability is a complex process that needs to consider not simply changes in peak 

events, but also baseline shifts in a parameter. Attributes that need to be considered include: 

·  changes in the number of peak events (e.g. are high concentrations recorded more often than expected); 

·  changes in the magnitude of peak events (e.g. are concentrations higher than expected), and 

·  changes in baseline concentrations (e.g. is the mean concentration higher than expected). 

In order to capture these types of shifts from expected concentrations, two control charting techniques have been 

employed in the analysis of the results (CSIRO/Emphron 2007): 

�  an Exponentially Weighted Moving Average (EWMA) control chart is used to detect persistent changes in baseline 

concentration of nutrients, chlorophyll-a and total arsenic. These changes will reflect long-term changes in water 

quality. 

�  a Shewhart control chart is used to detect changes in the number or size of peak events for nutrients, total metals 

and TBT. These changes will reflect short-term changes in water quality. 

EPA provides this monitoring data to PoMC in the monthly progress reports, in line with monthly field sampling events, 

and consolidates this data in the six-monthly milestone reports. This report represents the first six-monthly milestone 

report for this program.  
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1.3 Purpose of this report 

This Milestone Report (#1) is required under PoMC’s Water Quality Detailed Design (PoMC 2007a) and describes the 

water quality monitoring component of the BMP for the period from November 2007 to February 2008 inclusive. 

 

Its function is to provide an overall appreciation of the status of water quality in PPB for the stated reporting period. The 

report summarises and interprets the information gained during the field sampling events and documented in the monthly 

progress reports, and consolidates results in the context of longer-term trends, background conditions, SEPP objectives 

and concurrent external influences (ie. rainfall/ river flow).   

 

2. METHODS 

2.1 Sampling Locations 

The Water Quality Monitoring Program sampling schedule is monthly, at 11 fixed sampling sites across PPB (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 1. Water Quality Monitoring Program sampling  sites in PPB. 
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Table 2. Locations and corresponding SEPP segments 

Site name Site no. 
(PoMC) 

Segment Historical 
Data  

Purpose 

Yarra 
River at 
Newport 

8005 Yarra Port 

segment of 
Schedule 
F6/F7* 

PoMC data 
2004-2005 
and 2006-
2007 

This samples Yarra River water prior 
to entering PPB. Sediments here 
contain contaminants that may be 
mobilised by storms, shipping and 
dredging. It is near a popular fishing 
area known as the ‘Warmies’.  

Hobsons 
Bay 

7007 Hobsons 
segment of 
Schedule 
F6 

PoMC 
2004-5 and 
2006-7. ; 
EPA 1994 
to present 

Hobsons Bay is a recreational area 
and home to a Little Penguin colony. 
It is the interface between the Yarra 
River and PPB.  

Corio Bay 4321 Corio (F6) EPA 1994 - 
present 

This is a recreational area and 
supports seagrass beds.  

Long Reef 4310 Werribee 
(F6) 

EPA 1994 - 
present 

This area is influenced by the WTP. 
Links to other Baywide Monitoring 
programs in same area.  

Dromana 2808 EPA 1994-
1996 
and2005 - 
present 

This is an important recreational 
area.  

Patterson 
River 

4604 

General, 
bordering 
‘Inshore’ 
(F6) 
 

EPA 1994-
1996 and 
2005-
present 

This site is near Patterson River 
which is a significant input to PPB. 

PoM DMG 4503 General  This is at the centre of the PoM 
Dredged Material Ground, to confirm 
that placement and storage of 
contaminated material does not result 
in significant impacts to water quality. 

Central 
Bay 

4514 General EPA 1994 – 
present. 
PoMC 
nearby 
(4519) 
2004-2005 
and 2006-
2007 

This site is indicative of water quality 
across large central area of PPB. 
Links to other Baywide Monitoring 
programs in same area. 

Middle 
Ground 
Shelf 

2719 General Nearby 
(2710) 
PoMC 
2004-2005 
and 2006-
2007 

This is on the edge of the Great 
Sands area. Links to other Baywide 
Monitoring programs in same area.   

Sorrento 
Bank 

2006 General PoMC 
2004-2005 
and 2006-
2007 

Key recreational area and seagrass 
beds.  Links to other Baywide 
Monitoring programs in same area. 

Pope’s 
Eye 

2301 General PoMC 
2004-2005 
and 2006-
2007 

This is near the boundary of a marine 
national park, and is strongly 
influenced by tidal exchange with 
Bass Strait.  

*There is an anomaly within the northern boundary of SEPP (WoV) Schedule 6 such that the latitude/longitude puts the 
‘Yarra River at Newport’ site in F6 Hobsons Bay, whereas ‘Eastings and Northings’ put this site in F7 Yarra Port 
segment. For the purpose of this report both F6 and F7 values are considered for the Yarra site, although for Progress 
Reports # 1 & 2, only F6 values were considered.
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2.2 Sampling 

Vessels used for sampling events covered by Progress Reports #1 and #2 included the Noosa Cat Platycat, EPA 

Victoria's Zodiac Rigid Inflatable Boat and the EPA vessel Koorong (27 Feb. only). 

EPA Marine Science personnel, who are trained in the sampling methodology, conduct all sampling. Fieldwork involves 

both in-situ monitoring and the collection of samples for laboratory analysis. The parameters monitored and associated 

limits of reporting are listed in section 4.1.2 and 4.1.3 of the Water Quality-Detailed Design CDP_ENV_MD_023_Rev 0 

(PoMC 2007a). Algal indicators to be measured are listed in section 4.1.1 of the Algal Blooms-Detailed Design 

CDP_ENV_MD_023_Rev 0 (PoMC 2007b).  

A summary of the methods for in-situ monitoring and the collection of water quality and algal samples is provided below. 

Detailed descriptions of the methods are provided in the following EPA Standard Operating Procedures (SOPs): 

�  In-situ Monitoring; 

�  Water Quality Sampling;  

�  Algal Sampling, and 

�  Sample Handling and Custody. 

Detail on sample and equipment preparation is also contained in the SOPs. This includes sourcing sample containers 

from labs, marking up sample containers, checklists for equipment and supplies and equipment maintenance and 

inspection. The SOPs are being incorporated into the Quality System being developed and documented separately by 

EPA for delivery of the WQMP. 

2.2.1 In-situ Monitoring 

A CTD Profiler is used to measure the in-situ parameters at each site including conductivity, depth, temperature, 

dissolved oxygen (% saturation), photosynthetic active radiation (PAR), fluorescence and turbidity. Further detail on 

operation, calibration and QC checks for the CTD profiler are provided in the ‘In-situ Monitoring’ SOP. 

2.2.2 Water Quality 

Water samples are collected using a peristaltic pump with medical grade silicon tubing. Samples are collected at the near 

surface (~0.5 m) of the water column and sub-samples withdrawn for total nutrients, total metals, TBT and suspended 

solids.  Sub-samples are filtered through 0.4 mm membrane filters and stored for dissolved nutrient and dissolved metal 

analysis. Chlorophyll-a samples are collected by gravity filtration of seawater through a glass fibre filter, and stored on 

ice.  

The need for a bottom water sample is determined based on whether stratification (haloclines) is identified by the profiler.  

Sample containers, sampling and preservation methodologies, and sample handling and storage are provided in the 

‘Water Quality Sampling’ SOP. 

2.2.3 Algal Blooms 

At each site an integrated water sample is taken for algal enumeration and a net tow sample is collected for algal 

identification. Full detail including sample containers, sampling and preservation methodologies and sample handling and 

storage is provided in the ‘Algal Sampling’ SOP. 
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2.2.4 Sample blanks and replicates 

Field sampling quality control measures include the collection of field blanks and replicates. This includes: 

�  One field blank per cruise to test for contamination during sample collection/treatment/storage, and 

�  Two field replicates to test for contamination during sample collection/treatment/storage, site heterogeneity and 

laboratory precision. These are two randomly selected sites per monthly sampling cycle in each of the north and 

south of PPB, and are analysed for each of the parameters normally tested for each location.  Replicate sample sites 

are selected in advance on a random basis so they will remain blind as far as the laboratories are concerned. Where 

a replicate is taken, a filtered replicate is also collected. 

2.2.5 Sample handling and custody 

Sample storage requirements and holding times are provided in the ‘Sample Handling and Custody’ SOP. Chain of 

Custody forms accompany all samples.  

2.2.6 Quality Assurance for field sampling 

QA/QC for fieldwork includes: 

�  Sampling for metals, nutrients and TBT is carried out using powder-free, plastic disposable gloves to minimise 

contamination; 

�  Sampling equipment is left open to the water column for approximately 5 minutes allowing it to sufficiently rinse prior 

to taking a sample; 

�  All samples are stored on ice and transported to the laboratories within 24 hours of sample collection;  

�  Collection of field blanks and replicates as described in Section 2.1.4; 

�  The EPA Field Scientist provides field records for the profiler to the EPA Project Manager for the QA file including 

serial number, when new equipment is used, where used and details of calibration checks. These records will show if 

any clear ‘steps’ in the data can be tracked and attributed to changes in instrumentation; 

�  Chain of Custody forms are created and forwarded with the samples to the laboratories, and 

2.3 Laboratory Analysis 

 

The laboratory analysis of samples is contracted to Australian Laboratory Services (ALS) for metals and TBT analysis, 

Department of Primary Industries (DPI) Queenscliff for nutrients (and some physico-chemical parameters) and 

MicroAlgal Services for algal analysis.  DPI Queenscliff analyses samples for physico-chemical parameters such as 

suspended solids, dissolved oxygen, salinity, dissolved nutrients, total N and P, particulate N (and dissolved organic N), 

silicate and algal pigments (chlorophyll-a and phaeophytin). 

All laboratories, with the exception of MicroAlgal Services, are NATA-accredited for the analyses undertaken. Where 

metals in unfiltered samples exceeded SEPP objectives, filtered samples are then analysed, on the basis that the SEPP 

objective applies to dissolved metal results. 

2.4 Data Assessment Methods 

EWMA and Shewhart charts have been generated for all parameters with chart-based limits specified in Tables 3 and 4 

respectively.  Exceedence of these limits flag results as being outside of ‘natural variability’.  The next question is to 

determine whether results are also outside of ’expected variability’, based on the predicted effects of the CDP as defined 

in the SEES. Where results are considered to be outside expected variability, PoMC leads an assessment of the 
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significance to the environment, with the support of EPA. If results are significant, this initiates further risk-based 

assessments in accordance with the WQ Detailed Design, Decision Framework for Management. 

In cases where no Shewhart limits exist (asterisks in Table 4), SEPP (WoV) objectives, or ANZECC ‘trigger values’ 

where no SEPP values exist (Table 1), are used for comparison2.  Monthly progress reports and six monthly milestone 

reports also include a discussion of all applicable results compared to SEPP as a general observation of water quality at 

the program’s monitoring sites. 

In some cases, for example nutrients, SEPP objectives do not exist but EWMA and Shewhart limits have been derived. 

In other cases (e.g. some metals), either SEPP objectives are explicit or, by default, ANZECC trigger values are used. 

For most metals and sites there is insufficient data to derive Shewhart or EWMA limits.  

Interpretation of the algal analysis (species composition and enumeration) is defined in the Algal Blooms-Detailed Design 

CDP_ENV_MD_023_Rev 0 (PoMC 2007b). Algal results are compared against a threshold as a tool to identify change 

outside of expected variability. The minimum warning levels used in the Victorian Shellfish Quality Assurance Program 

(VSQAP) for toxic and nuisance species have been adopted as the threshold concentrations. These are listed in Section 

4.2.1 of the Algal Blooms-Detailed Design. The Algal Blooms Detailed Design also defines the method for interpreting 

chlorophyll-a results using an EWMA and associated limits.  

Another requirement of the Detailed Design is the inclusion of summary statistics, particularly as they relate to some 

SEPP (WoV) water quality parameter requirements for comparison with annual statistical derivations such as median 

and percentiles. 

                                            
2 SEPP/ANZECC objectives for metals apply to the dissolved fraction. 
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Table 3. EWMA (Exponentially Weighted Moving Averag e) control limits for listed water quality paramete rs 

Ammonium Nitrate plus 
Nitrite Total Nitrogen Phosphate  Total 

Phosphorus 
 

Chlorophyll-a 
 

Arsenic Sampling site 

� g/L � g/L � g/L � g/L � g/L � g/L � g/L 

Yarra River at Newport 32.42 39.52 278.39 86.19 108.01 2.0 3.23 

Hobsons Bay 19.45 39.53 266.22 85.72 105.32 3.9 2.98 

Central Bay 9.90 3.61 168.10 72.32 84.08 1.1 2.86 

PoM DMG 6.16 9.92 176.47 66.31 83.99 1.0 3.10 

Corio Bay  10.70 2.31 224.48 100.12 115.66 1.4 3.66 

Long Reef 219.05 83.74 629.12 238.83 305.50 6.8 3.20 

Patterson River 13.65 42.75 243.10 69.75 89.34 2.2 2.59 

Dromana 5.00 4.29 170.20 56.93 70.12 1.6 2.52 

Middle Ground Shelf  7.02 2.29 156.09 50.94 63.85 0.8 N/A 

Sorrento Bank 8.16 4.93 143.10 36.40 45.74 0.8 N/A 

Popes Eye 8.20 12.73 145.12 36.75 120.94 0.8 N/A 

Notes 

NA – Not available due to lack of historical data. 
 

Source: Table 5 CDP_ENV_MD_023 Rev 0 (available on the CDP website www.channelproject.com). Limits amended by Port of Melbourne Corporation on January 

28, 2008. 
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Table 4. Shewhart control limits for listed water q uality parameters 

Sampling site 

 
Total 

Nitrogen 
 

� g/L 

 
Ammonium 

 
� g/L 

Nitrate 
plus 

Nitrite 
� g/L 

Total 
Phosphorus 

 
� g/L 

 
Phosphate 

 
� g/L 

 
Arsenic 

 
� g/L 

 
Cadmium 

 
� g/L 

 
Chromium 

 
� g/L 

 
Copper 

 
� g/L 

 
Lead 

 
� g/L 

 
Mercury 

 
� g/L 

 
Nickel 

 
� g/L 

 
Zinc 

 
� g/L 

 
TBT 

 
� g/L 

Yarra River at Newport 383.31 88.78 182.90 138.91 107.54 4.75 0.20 0.58 3.08 2.79 0.10 4.29 12.77 0.02 

Hobsons Bay 382.82 50.61 257.50 135.51 129.08 4.43 0.25 1.17 1.70 0.95 0.13 2.28 9.13 0.01 

Central Bay 206.91 21.50 7.43 106.48 112.50 4.66 * * * * * 1.95 * * 

PoM DMG 217.07 7.81 28.33 107.98 76.61 4.73 * * * * * 2.82 * 0.02 

Corio Bay 275.74 25.37 5.00 140.27 127.68 5.57 * NA * * * 1.90 * NA 

Long Reef 1035.88 999.28 512.03 536.16 445.31 4.56 * NA * * * 2.17 * NA 

Patterson River 367.57 30.57 366.52 111.81 87.58 3.56 * NA * * * 1.14 * NA 

Dromana 222.84 11.03 5.71 89.64 75.42 3.58 * NA * * * 1.06 * NA 

Middle Ground Shelf 185.93 10.66 2.71 96.82 65.33 NA NA NA NA NA NA NA NA NA 

Sorrento Bank 168.74 11.54 9.50 63.20 48.44 NA NA NA NA NA NA NA NA NA 

Popes Eye 209.84 14.74 42.71 471.38 148.04 NA NA NA NA NA NA NA NA NA 

 
Notes 

NA – Not available due to lack of historical data. 
 *  - No limit, as more than half historical data is below limits of reporting. 
 
 

Source: Table 5 CDP_ENV_MD_023 Rev 0, (available on the Channel Deepening Project website www.channelproject.com); limits amended by Port of Melbourne 

Corporation on January 28, 2008.  The version of the Shewhart control limits table above, and from Progress Report #4 onwards, includes a correction to reverse the 

values for Nickel at Patterson River and Dromana from that specified erroneously in the Detailed Design (PoMC 2007a). The error within the Detailed Design will be 

corrected in subsequent reviews.
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3. RESULTS 

 

Monthly field sampling events for the reporting period were carried out over the following dates: 

Progress Report # 1 

·  November 2007:   1, 9, 12 November  

·  December 2007:   29 November, 13 December  

·  January 2008:   11, 22-23 January 

Progress Report # 2 

·  February 2008:   13, 21, 25, 27 February 

Since dredging commenced on 8 February 2008, all of the data from Progress Report # 1 was representative of pre-
dredging conditions, and all of the data from Progress Report # 2 was during the early stages of dredge activity (in the 
South Channel only). 

3.1 Quality Assurance/Control (QA/QC)  

 
Field and laboratory QA/QC data relevant to this reporting period is provided in Appendix 1.  
 
The respective laboratories for this monitoring program have reported their quality control for the sample batches 
covered by this report to be within acceptable limits.  
 
ALS employs a comprehensive QA/QC program designed to provide reliable and defensible analytical results: 

·  5% Method Blanks – one analysed within each process lot of 20 samples; 
·  10% Laboratory Duplicates – two analysed within each process lot of 20 samples; 

·  5% Laboratory Control Samples (LCS) – one analysed within each process lot of 20 samples, and 
·  5% Matrix Spikes (MS) – one analysed within each process lot of 20 samples. 

 

DPI Queenscliff laboratory’s QA/QC program includes: 

·  Lab blanks, analysed with each batch of samples; 

·  Lab spikes, analysed with each batch of samples; 

·  Spike recovery analysed periodically, and 

·  Algorithm checks are carried out periodically to assure the accuracy of nutrient calculations. 

For the field sampling events during the reporting period, QA/QC requirements were not met, particularly with respect to 

field blanks.  Consequently, limited field-generated QA/QC data is available, but duplicates for metals at the PoMC DMG 

site are included in Appendix 1. 

 

As expected the laboratory duplicates showed better agreement than the field duplicates. Both field duplicates were 

below the LOR for cadmium, chromium, copper, lead and mercury. Agreement was excellent in the case of arsenic, 

where results are significantly higher than the LOR, but there was some variation in duplicates for nickel and zinc, which 

both had results close to their respective LORs. Given the greater likelihood of variability at levels very close to limits of 

detection, as evidenced by the lab duplicates for nickel, these results are within acceptable levels of inter-sample 

variation. A more comprehensive analysis of field quality control samples will be possible for Milestone Report # 2. 
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3.2 Exception reports 

 

A number of deviations from the Detailed Design occurred during the reporting period. Formal Exception reports were 

provided with progress reports as a means of documenting events where the Detailed Design was not implemented. 

These ensure that experiences learnt are captured and improvements incorporated back into the program’s systems and 

processes. Seven exception reports were raised for the reporting period.  These are referenced in detail in the Progress 

Reports #1 and #2 listed at Appendix 2 and 3 respectively.  All exception reports from the reporting period are 

summarised in Table 5 below. 
 

Table 5. Summary of exception reports. 

Report Number 
 

Exception 
 

ER080226 Samples from the PoM DMG, Central, Patterson River and Long Reef sites during December 2007 
were not collected. 

ER080227 Top and, where necessary, bottom samples were recovered rather than an ‘integrated sample’ 
during monitoring events in November to January. 

ER080228 In December 2007, Photosynthetic Active Radiation (PAR), dissolved organic nitrogen, dissolved 
organic phosphorus and phytoplankton identification/enumeration, as well as some turbidity and 
fluorescence measurements were either not able to be collected or analysed during the reporting 
period. 

ER080229 EWMA control charts were not available as control limits for the results from November 2007 to 
February 2008 presented in Progress Reports #1 and 2. Results from this period have been 
assessed against control limits derived from Shewhart charts and also compared to SEPP water 
quality objectives. 

ER080318 For eight sites during February 2008, no data could be reported for PAR, turbidity and fluorescence 
due to technical problems in the commissioning of the new PAR sensor. 

ER080319 For the Yarra River at Newport site, no phytoplankton data could be recorded in February 2008 due 
to equipment failure. 

ER080321 The specified ten-minute plankton tow method was not used during February. Instead, a vertical 
profile procedure was used. 
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3.3 Results from Progress Reports # 1 and # 2 (November 2007 to February 2008) 

 
This subsection presents and discusses the data collected from field sampling events carried out from November 2007 to 

February 2008, as outlined in Progress Reports #1 and #2 (see Appendices 2 and 3 respectively and 

http://www.oem.vic.gov.au/WaterQuality).  

The information in this subsection highlights exceedences of the control limits (EWMA and Shewhart) as well as 

comparison with SEPP (WoV) objectives or ANZECC trigger values as applicable.  It also includes a more general 

discussion of results and is presented according to the water quality parameter categories: 

·  Physico-chemical data; 

·  Phytoplankton and Algal Pigments; 

·  Nutrients, and 

·  Metals. 

Where appropriate, results are also charted in the context of the Shewhart and EWMA control limits, SEPP/ANZECC 

values and historical means, for sampling sites in order of Yarra River at Newport, Hobsons Bay, Corio Bay, Long Reef, 

Central Bay, PoMC DMG, Patterson River, Dromana, Middle Ground Shelf, Sorrento Bank and Popes Eye (see 

Appendices 4 – 14 respectively). 

Table 6 summarises all exceedences of control limits observed during the reporting period. Assessment of these 

exceedences in terms of any implications for the ecological health of PPB and subsequently the management of this 

project is presented in the next section entitled Results outside of natural/ expected variability. 

All EWMA data for Progress Reports #1 and #2 are detailed in Appendix 15. Note that EWMA control charts had not 

been derived at the time of finalisation of these Progress Reports (see also summary details exception report ER080229, 

Table 5) and are therefore presented in this Milestone Report for the first time. 

Summary statistics are provided for physico-chemical data, nutrients (including chlorophyll-a) and metals (see 

Appendices 16-18 respectively).  It is important to note that to determine compliance with SEPP objectives against an 

annual statistic requires a minimum of 11 months of monthly data points.  Since this report covers only four months of 

sampling, statistical information is provided as preliminary indication only of how these results are tracking in the context 

of an otherwise incomplete 12-month assessment period.  This data will be used to compile the next six-monthly 

milestone report. 
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Table 6. Summary of exceedence of control limits re ported in Progress Reports #1 and #2 
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Results in Blue  colour are reported as outside the Shewhart control limits. 
Results in Green colour are reported as outside the EWMA control limits, and are a statistically transformed value. 
Results in Black colour are reported as outside the SEPP/ANZECC objectives where a Shewhart limit is not available.   
(t) - total recoverable metal, (d) - dissolved metal .  In the case of total metals the “exceedence” of SEPP/ANZECC is a conservative approach since SEPP/ANZECC 

are based on dissolved results. 
Note that there were no exceedences of Shewhart limits for Progress Report # 2 (the period post the beginning of dredging)
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3.3.1 Physico-chemical data 

The only exceedences of physico-chemical objectives/ control limits were for turbidity measured by Secchi disc depth, at 

Long Reef (November and January) and Corio Bay (December and February), as summarised in Table 6.  In the case of 

Secchi disc measurements, SEPP objectives also apply as control values since a Shewhart limit is not available. 

No EWMA limits apply for these measurements. 

Stratification (Salinity and Temperature) 

The Detailed Design states that stratification is occurring if there is a difference of >10ppt in salinity. Stratification is also 

deemed to occur if the temperature differs by more than 0.50C between surface and bottom waters. As specified by the 

Detailed Design, where temperature stratification occurs at the Yarra River site, measurements are made at both surface 

and bottom depths.  Because of the influence of freshwater inflow creating a saltwater wedge in this area, temperature 

stratification needs to be seen in conjunction with salinity.  

The trend for surface salinity in PPB is illustrated in Figure 2. This represents the surface salinity at five sites; namely 

Yarra River, Hobsons Bay, PoM DMG, Central Bay and Popes Eye. 
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Figure 2. Surface salinity trend from Yarra River t o Popes Eye. 

 

This trend in salinity between the Yarra River and the Heads illustrates the influences of: 

·  freshwater input from the Yarra;  

·  evaporation in PPB which in a dry period raises salinity above oceanic levels, and 

·  tidal exchange with Bass Strait, bringing the salinity at the Popes Eye site close to that of the ocean. 

As shown in Table 7, there was little stratification of either salinity or temperature at the Yarra River site during the 

January and February sampling periods.  

 

Minor salinity stratification commonly occurs in the Yarra mouth. Results from freshwater overlying saltwater, an 

increased rainfall and surface freshwater flows usually result in stronger degrees of stratification. However, the very 



 BAYWIDE WATER QUALITY MONITORING —  
MILESTONE REPORT NO. 1 

 17 

minor stratification shown for this site in December 2007, illustrated in both Table 7 and Figure 3, did not coincide with 

rainfall events or increased freshwater flows as shown by the recorded river level at Hawthorn and Doncaster (Appendix 

19).  

It is possible that the water temperature at this site is complicated by its proximity to the heated effluent outfall (‘The 

Warmies’) from the Newport Power Station, such that normal interpretation of temperature in the estuary is 

compromised. 

 

Table 7. Temperature and salinity stratification at  the Yarra River (Newport) site. 

Month Depth (m) Temperature 
differential (OC) 

Salinity 
differential (ppt) 

Salinity 

(ppt) 

Temperature 

(OC) 

November 2007 0.5   35.1 19.9 

 11.0 2.50 0.7 35.8 17.4 

December 2007 0.5   33.5 22.9 

 7.3 0.30 2.0 35.5 22.6 

January 2008 0.5   35.7 23.0 

 9.0 0.30 0.5 36.2 22.7 

February 2008 0.5   35.6 20.0 

 9.0 -0.50 0.1 35.7 20.5 

 
 

Salinity - Yarra River at Newport

0

2

4

6

8

10

12

33 33.5 34 34.5 35 35.5 36 36.5 37

D
ep

th
 (

m
)

November

December

January

 
 

Figure 3. Salinity/ depth profiles for the Yarra Ri ver (Newport) site. 

 

In addition to the Yarra River site, there was temperature stratification observed at Hobsons Bay, Corio Bay and at Long 

Reef in November 2007 (Figure 4). 

 
Dissolved Oxygen 

For near-surface DO, no exceedences of SEPP were seen during the reporting period; only one site being < 95% 

saturation. This was Corio Bay in December, which showed a value of 90%, which is at the limit of the SEPP objective. 
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Figure 4. Temperature/depth profile at Yarra River (Newport), Hobsons Bay, Corio Bay and Long Reef sit es 
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3.3.2 Phytoplankton and Algal Pigments 

There were four exceedences of the EWMA limit for chlorophyll-a, all at the Yarra River at Newport site for each month from 

November 2007 to February 2008. 

The Detailed Design does not include a Shewhart limit for chlorophyll-a, and for the purposes of the individual 

measurements provided in each progress report, SEPP objectives cannot be used for control chart comparisons, since the 

latter objective is based either on annual median or annual 90th percentile. 

The SEPP does not specify objectives for nutrients, but rather for chlorophyll-a as a measure of phytoplankton biomass. 

The objective of 4 mg/L as an annual 90th percentile is tracking (after 4 months of data) above the SEPP objective at Long 

Reef, owing to a single high value in November 2007. At the Yarra River site, the chlorophyll-a 90th percentile and median 

objectives are also tracking above an annual 90th percentile.   

Progress Report # 2 noted individual (ie. one sample) chlorophyll-a results as above SEPP objectives at Middle Ground 

Shelf and PoM DMG. While appropriate to flag for trending purposes, these one-off results do not represent sufficient data 

to compare with the prescribed SEPP criteria (annual median), so are not in exceedence of SEPP objectives.   

Phytoplankton data measured in Progress Reports #1 and #2 did not exceed VSQAP action levels. Other algal pigments 

data (phaeophytin-a and fluorescence (as in-situ chlorophyll-a)) do not have comparison values. 

3.3.3 Nutrients 

As discussed above, the SEPP does not specify objectives for nutrients, but control limits in the form of Shewhart and 

EWMA have been derived. The only exceedence of Shewhart limits was for ammonium at Dromana in November.  

In terms of EWMA exceedences there were six for ammonium; including four at Dromana (monthly from November to 

February inclusive) and two at Middle Ground Shelf (monthly from November to December inclusive). There was also one 

EWMA exceedence for total phosphorus at Middle Ground Shelf in February. 

3.3.4 Metals 

Many metals samples were below detection limit, but nonetheless, 2 individual results exceeded Shewhart control limits and 

13 individual results were highlighted as above SEPP/ANZECC where no Shewhart limits exist.  The latter is a conservative 

and technically incorrect approach when applied to ‘total’ fraction results, as SEPP/ANZECC are based on dissolved 

results.  While useful as a precautionary approach, all ‘total’ results discussed as above SEPP/ANZECC in this Milestone 

Report are not technically in “exceedence” of these objectives/ trigger values.  Those highlighted metals were: 

·  two x arsenic - above SEPP/ANZECC (Middle Ground Shelf, January3 and February), total and dissolved 
respectively; 

·  one x total cadmium - above SEPP (Sorrento Bank, January4); 

·  two x total chromium5 - above SEPP/ANZECC (Corio Bay and Patterson River, January); 

·  three x copper6 - one above Shewhart (Hobsons Bay, December7) and two total copper results above 
SEPP/ANZECC (Dromana, November; PoMC DMG; 

·  one x nickel above Shewhart at Dromana (November); and 

                                            
3 Progress Report #1 failed to highlight this result that was above SEPP (see Appendix 2) 
4 Progress Report #1 failed to highlight this result that was above SEPP (see Appendix 2) 
5 Progress Report #1 incorrectly highlighted two results at Yarra Newport as above Shewhart (see Appendix 2) 
6 Progress Report #1 incorrectly highlighted one result at Corio Bay as above SEPP (see Appendix 2) 
7 Progress Report #1 failed to highlight this result that was above Shewhart (see Appendix 2) 
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·  six x total zinc - above SEPP/ANZECC (Dromana, November, January and February; and Popes Eye, Long Reef 
and Corio Bay (all January respectively). 

There was also one exceedence of EWMA limits for arsenic at Dromana in February. 

Discussion of results for all individual metals measured are summarised in Table 8. Comparison of dissolved and filtered 
metals results where available is provided in Appendix 20. 

Table 8. Summarised individual metals results compa red against control limits and SEPP/ANZECC 

Metal Results Summary 

Mercury All samples were below the limit of reporting (LOR) (0.1 mg/L) and consequently within both control limits 
and SEPP objectives. 

Arsenic There were no exceedences of Shewhart control limits and one exceedence of an EWMA limit.  There 
were two total arsenic results (3.1 & 3.3 mg/L) above the SEPP objective (3 mg/L) where no control chart 
exists (Middle Ground Shelf, January & February).  The latter sample was also above SEPP in the 
dissolved fraction (3.2 mg/L), making it truly above the SEPP objective. Where Shewhart control charts 
were available and not exceeded, 16 of these samples were above SEPP levels. Analysis of filtered 
samples indicated most of the arsenic present was dissolved, although it is noted that seven out of nine 
‘total’ samples in progress report #1 that should have triggered re-analysis for the dissolved fraction were 
not re-tested. Of the nine samples retested in all, five of them remained above SEPP in the dissolved 
sample.   

In summary, where dissolved samples were re-analysed, there was one sample that did not meet SEPP 
objectives where no Shewhart exists, and five samples that did not meet SEPP objectives where 
Shewhart limits do exist but were not exceeded. 

Cadmium There were no exceedences of Shewhart control limits. Cadmium (for the General and Inshore SEPP 
segment sites) is the only metal for which the LOR (0.2 mg/L) is greater than SEPP (0.15 mg/L).  All 
samples were below the LOR except for one total cadmium result of 0.2 mg/L (Sorrento Bank, January), 
which exceeded SEPP where no control chart exists.  This sample was not re-analysed for dissolved 
cadmium. 

Chromium 33 out of 42 samples were below the LOR (0.5 mg/L) and well below the SEPP objectives (5 mg/L). Two 
samples (Yarra River at Newport) were highlighted as above Shewhart limits in Progress Report #1 but 
they were both at depth (7.3m and 8.5m), which means they were technically not exceeding, as control 
limits are derived from near surface measurements. These depth samples did not exceed SEPP 
objectives, which act as the default control limits in this case.  Two total chromium results, however, were 
above SEPP where no control charts exist - Patterson River and Corio Bay, in January.  The former was 
not re-analysed for dissolved chromium but the latter was and found to be well below the SEPP objective.  

Copper There was one exceedence of Shewhart control chart (Hobsons Bay, December), two results above 
SEPP where no control charts exist (Dromana and PoM DMG in November) and three more that did not 
exceed SEPP but could be argued to be equal to SEPP if a conservative approach of rounding of the 
SEPP number to the same reported precision as the measurement was taken.  Where Shewhart control 
charts were available and not exceeded, seven samples were also above SEPP (one marginally due to 
rounding) and these were all Yarra River at Newport samples (at both depth and surface). All results 
discussed here were from the total fraction - no dissolved samples were taken.  

Lead A minority of samples showed detectable lead but none exceeded control limits or SEPP objectives. 

Nickel There was one exceedence of Shewhart control chart at Dromana in November.  While nickel was 
detectable at the majority of sites there were no exceedences of SEPP objectives  

Zinc There were no exceedences of Shewhart control limits but six results were above SEPP objectives where 
no control charts exist.  Three of the samples analysed for dissolved zinc showed values higher than total 
zinc.  While these anomalies were only marginal, the LOR and SEPP limit are the same (5 mg/L) which 
makes conclusive interpretation difficult at this level. 

TBT All sample concentrations were less than the limits of reporting. 
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4. RESULTS OUTSIDE OF NATURAL/EXPECTED VARIABILITY 

This section provides an assessment of analytical water quality results reported in Progress Reports #1 and #2 that were 
outside (exceeded) control limits.  These results were highlighted in the previous section of this report. 

As outlined in the Detailed Design (Decision Framework for Management) PoMC led an assessment of results flagged as 
outside of natural variability in Progress Reports #1 and #2.  Their findings have been reviewed and supported by EPA 
and are presented in Section 4.1.  PoMC has also assessed EWMA exceedences for this reporting period, although this 
data has not been previously published.  This assessment is also presented in Section 4.1. 

In summary, the assessment follows the following basic steps: 

1. Are the results outside natural/expected variability? This is a two part question: 

a) Are results outside of expectations based on our understanding of ‘natural’ background conditions 
in the Bay? -  This is determined by assessing results against control limits.  

b) If the results exceed control limits then they are deemed to be ‘outside of natural variability’.  Are 
such results outside of our expectations based on the predicted effects of the CDP, as defined in the SEES 
– This assessment is based on expert opinion  

2. If results are deemed to be ‘outside expected variability’, then a decision is made to determine if these changes are 
significant to the environment. This will consider issues such as: 

·  The accuracy of the results; 

·  The magnitude of deviation from expectations; 

·  The temporal and spatial extent of changes, and 

·  The biological significance of changes. 

3. Under the Decision Framework for Management, if an assessment concludes that results are of significance to the 
environment then further risk-based investigations are initiated to identify flow on effects to the ecosystem, the 
causal factor/s and any required management measures.  

4.1 PoMC Assessment 8 

The result for ammonium at Dromana in November was reported as 11.08 mg/L and was considered to exceed the 
Shewhart limit at this site of 11.03 mg/L. However, as ammonium has a LOR of 2 mg/L and should only be reported to two 
significant figures, both the result and the control limit are more correctly reported as 11 mg/L. As such this does not 
constitute an exceedence of natural variability. 

The observed exceedences for chlorophyll-a EWMA control limits were investigated in a separate assessment within the 
Algal Blooms program. 

The remaining results however can be considered to be outside expected variability as: 

·  They are in exceedence of control limits, and therefore outside of natural variability, and 

·  They are outside of the predicted effects of the CDP, as there was no dredging during the period from 
November 2007 to January 2008. 

Multiple lines of evidence are considered to assess whether the results outside of expected variability are significant to 
the ecology of PPB.  

The first of these relates to the accuracy of the results. EPA’s review of both field and laboratory QA/QC has not 
identified any concerns with the accuracy of this data. Therefore, the data is to be considered valid and not erroneous. 

                                            
8 Extract from two PoMC reports: Water Quality Progress Report 1 – Assessment of results outside of expected 
variability (http://www.channelproject.com.au/publications/Technical_reports.asp) and Water Quality Progress Report 3 & 
4 – Assessment of results outside of expected variability (unpublished but provided to EPA for inclusion in this Milestone 
Report). 
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The second consideration is the magnitude of exceedences. A number of results exceed control limits by very small 
margins that could be within the margin of accuracy in laboratory reporting. These are demonstrated in Table 9. 

Table 9. Comparison of results, control limits and LOR for results where exceedences were marginal*. 
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Varies from Table 2 of PoMC assessment report due to correction of anomalies9, addition of date column and 

annotations (t) and **. 

Control limit means Shewhart, EWMA, ANZECC or SEPP derived, where applicable. 

** EWMA result - statistically transformed value. 

A third consideration is the biological significance of exceedences. Heavy metals can exist in the water column as free 

ionic, dissolved fractions or particulate forms attached to sediment and other particles. It is the dissolved fraction that is 

toxic and available for uptake by organisms. It is for this reason that the SEPP and ANZECC (2000) water quality 

objectives are based on dissolved metal concentrations. Most samples analysed for metals (and metalloids) were only 

tested for total recoverable fraction and not tested for the dissolved fraction. The site for which dissolved fractions were 

analysed (Corio Bay 23/01/08) indicated dissolved concentrations were significantly lower than the total recoverable 

                                            
9 PoMC reports “Water Quality Progress Report 1 – Assessment of results outside of expected variability” and “Water 
Quality Progress Report 3 & 4 – Assessment of results outside of expected variability” contain the following anomalies 
(which have been corrected for the analysis in this report): 

·  Assessment report on PR#1: Table 1 Copper results for Long Reef (9/11/07) and Corio Bay (9/11/07 & 
23/01/08) all 1mg/L were incorrectly reported as above SEPP (1.3mg/L).  It is noted that a conservative approach 
to rounding the SEPP objective to one significant figure could lead to this interpretation. 

·  Assessment report on PR#1: Table 1 reflects Progress Report #1’s incorrect highlight of Corio Bay 9/11/07 & 
23/01/08 Secchi disc depth results (both 3.7m) as above SEPP (>3m) 

·  Assessment report on PR#1: Table 1 is missing Zinc result for Popes Eye (22/01/08) of 9mg/L which is above 
SEPP (5mg/L) 

·  Assessment report on PR#1: Table 1 reflects Progress Report #1’s incorrect highlight of Yarra Newport 
13/12/07 (7.3m) Chromium result of 1.8� g/L as above Shewhart (no Shewhart limit has been derived for the 
sample taken at depth) 

·  Assessment report on PR#1: Table 1 PoM DMG (a) (23/01/08) results for Copper (2� g/L )and Zinc (12� g/L) 
incorrect – should be <1� g/L and <5� g/L respectively 

·  Assessment report on PR#1: Table 2 Cadmium result (0.4mg/L) for PoMC incorrectly reported (should be 
<0.2mg/L). 

·  Assessment report on PR#1: Table 1 is missing three SEPP exceedences from Progress Report #2: Zinc at 
Dromana (21/02/08) of 7mg/L, Arsenic at Middle Ground Shelf (25/02/08) of 3.3mg/L and Secchi disc depth at 
Corio Bay (27/02/08) of 2.3m. 

·  Assessment report on PR#3 & 4: Table 1 is missing 4 chlorophyll-a exceedences (albeit that they will be 
considered further under the Algal Blooms program): Yarra River at Newport results of 4.13, 4.69, 4.78 and 4.28 
� g/L on 12/11/07, 13/12/07, 11/01/08 and 13/02/08 respectively. 
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fraction and well within control limits. This suggests that these elevated total recoverable concentrations do not 

correspond with dissolved concentrations of biological significance. 

A fourth consideration is the historical context of exceedences. In most cases where there has been sufficient historical 

monitoring, although outside control limits, the results summarised in Table 6 are not beyond the range of results 

previously recorded in Port Phillip Bay. The exceptions to this are the results from Dromana (1/11/07) for copper, zinc 

and nickel, and the six ammonium EWMA exceedences, which are generally above the historical 90th percentiles 

(unpublished EPA data 1994-2006). 

The final consideration is spatial and temporal extent of the exceedences. Even if samples that were marginally above 

control limits are considered, the spatial and temporal extents of water quality changes are small. Exceedences are 

isolated in time and space to single events generally at individual sites. For example, while the concentrations of copper, 

zinc and nickel were elevated at Dromana in November, the results in December were all below the LOR. The exception 

is ammonium, for which exceedences of EWMA limits have occurred over several months and at more than one site 

(Dromana and Middle Ground Shelf). 

In consideration of the above lines of evidence, it is concluded that the results considered outside of expected variability 

represent generally small and short-term fluctuations in water quality that are not of significance to the longer-term health 

of PPB. This data is important in improving understanding of background variability in water quality.  

However, ammonium results will be subject to further investigation because exceedences at Dromana have occurred 

every sampling event to date in the Baywide Water Quality Monitoring Program.  The concentrations behind these 

EWMAs are generally above the historical 90th percentile. This investigation will consider the validity of the results and 

the representativeness/ appropriateness of the EWMA limits for detecting baseline changes in this nutrient at the 

sampling sites for this program. 
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5. DISCUSSION 

Although some water quality results were outside expected variability, these instances were minor and did not represent 

significant impacts to the ecology of PPB.   

Importantly, dredging did not commence in PPB until early February and even then was restricted to uncontaminated 

material in the southern channel.  Hence, data from November, December and January is ‘pre-dredging’ and February 

data is ‘pre-dredging’ of material from the northern channels and entrance.  Consequently, results reported outside 

expected variability for this period were unrelated to dredging, and likely due to impacts from prolonged drought and/or 

other human influences. 

Both ammonium and chlorophyll-a results exceeded EWMA control limits routinely in the November – February period, 

albeit only marginally for the ammonium results.  While chlorophyll-a results are the subject of more detailed discussion 

in the CDBMP Algal Blooms Milestone Report, all four exceedences of EWMA control limits occurred at one of the 

sampling sites new to the augmented program, Yarra River at Newport.  This raises the question of whether the control 

limit has been appropriately set in this case, because: 

a. Limits for the newer sites are based on a much smaller number of historical data points, which may not 

adequately represent the long term average, compared to those existing EPA monitoring sites; 

b. Exceedences of long-term averages would not be expected from the outset of the monitoring program, 

particularly given the lack of any dredging activity in the north of PPB, and the lack of any dredging at all 

prior to February 2008. 

While control limit exceedences for ammonium at Dromana and Middle Ground Shelf are not cause for immediate 

concern, further investigation of both the appropriateness of the EWMA limit and sampling and laboratory QA/QC will be 

carried out; the latter due to the ubiquitous nature of ammonium as a potential contaminant in sampling and laboratory 

activities. 

Overall, the level of compliance with SEPP objectives up to February 2008 was similar to historical monitoring.  Arsenic 

was detectable in all samples, at a relatively uniform level (between 2 - 4 mg/L), many of which were above SEPP. This is 

consistent with the belief that arsenic is naturally high in this environment, and not associated with discharges via the 

Yarra or other point sources. (Fabris and Monahan 1995).  

As expected, slight stratification was observed in the Yarra estuary. However, in these data it is less clear as to its cause 

in that salinity stratification does not appear to correlate with rainfall and the temperature stratification may be 

complicated by the warm water from the Newport Power Station.   

While almost always within control limits, ANZECC trigger values for total nitrogen, total phosphorus and phosphate are 

exceeded at nearly all sites and dates. This is a characteristic of PPB. Owing to the significant discharge of phosphate 

from the Western Treatment Plant at Werribee and the fact that PPB is nitrogen-limited, phosphate and total phosphorus 

are much higher than normal for marine waters. Also, much of the total nitrogen is in the form of quite long-lasting 

organic nitrogen (Harris et al. 1996). PPB has very efficient nitrification/denitrification processes which remove 

ammonium, nitrate and nitrite but some nitrogen is converted to recalcitrant organic nitrogen. Owing to the very limited 

tidal exchange through the PPB Heads, this organic nitrogen inevitably accumulates to concentrations higher than 

expected for typical marine waters. This material is considered to pose no environmental hazard. 
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