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1 Introduction

1.1 Background

Sydney Ports Corporation (SPC) is proposing an expansion of shipping facilities in north-eastern Botany
Bay. The new facility will comprise a major new terminal, the construction of which will involve
dredging and reclamation works.

URS Australia Pty Ltd (URS) has undertaken a review of the ecotoxicological and human health issues
that may arise due to potential changes in the hydrodynamics and contaminant concentrations in the
project area, as a result of the proposed development. The assessment has focussed on changes in risks to
the environment and human health that may arise as a result of the development, rather than an evaluation
of risks associated with existing contamination issues in this part of Botany Bay.

The review has drawn on related studies undertaken for SPC namely:

• hydrodynamic studies by Lawson and Treloar Pty Ltd (L and T);

• groundwater studies by AccessUTS Ltd (AccessUTS);

• terrestrial ecology by URS; and

• aquatic ecology by The Ecology Lab Pty Ltd (TEL).

The study has been developed to assist in meeting the following Director-General’s requirements:

• NSW Environment Protection Authority –

– an assessment of the potential impacts on the bay from disturbance of potentially
contaminated groundwater/soil/sediment during dredging and land reclamation;

– actions to address existing soil and/or groundwater contamination;

– describe the catchment including proximity of the development to any waterways and
provide an assessment of their sensitivity/significance from a public health, ecological and
economic perspective;

– provide details of site history and contamination investigations with regard to sediment
contamination;

– describe existing surface water quality and an assessment of any water resource likely to be
affected by the proposal under all conditions;

– apply the Australian and New Zealand Environmental Conservation Commission
(ANZECC)/Agriculture and Resource Management Council of Australia and New Zealand
(ARMCANZ) (2000) water quality guidelines to assess potential ecosystem impacts of
contaminants in water;
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– describe the effects and significance any pollutant loads may have on the receiving
environment;

– describe water quality impacts and their significance resulting from changes to hydraulic
flow regimes (such as nutrient enrichment, or turbidity resulting from changes in
frequency, or magnitude of stream flow);

– identify impacts associated with the disturbance of acid sulphate soils and potential acid
sulphate soils;

– identify any likely impacts resulting from the construction or operation of the proposal,
including dredging and land reclamation – this should include the likelihood of disturbing
any existing contaminated soil and/or sediment;

• NSW Fisheries –

– describe contaminated sediment mobilisation and use/reuse of spoil;

– impact on water quality, particularly turbidity;

– impact on fish and invertebrate populations;

• Healthy Rivers Commission

– the suitability of water quality for recreational activities;

• Department of Land and Water Conservation –

– reduce or halt any decline in water quality in estuaries or rivers;

– water entering natural wetlands will be of sufficient quality so as not to degrade the
wetland;

• Rockdale City Council

– examine the impacts on water quality; and

• Botany Environment Watch

– assess the impacts of dredging

– assess the impact of the development on water quality.

1.2 Objectives

The specific objectives of the review were to address the following questions:
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• Will changes to the hydrodynamic regime in Penrhyn Estuary associated with the proposed
development alter the risks to aquatic and terrestrial organisms?

• Will changes to the hydrodynamic regime in Penrhyn Estuary with the proposed development alter
the risks to human health, either through the consumption of fish caught by recreational anglers, or
the recreational use of Penrhyn Estuary (e.g. children swimming and wading)?

• Will changes to the hydrodynamic regime in north-eastern Botany Bay between the new terminal
and the Parallel Runway alter the risks to aquatic organisms?

• Will changes to the hydrodynamic regime in north-eastern Botany Bay between the new terminal
and the Parallel Runway alter the risks to human health either through the consumption of fish
caught by recreational anglers or the recreational use of this area?

• Will disturbance of the marine sediments and subsequent reclamation drainage in the areas to be
reclaimed, or dredged during the construction of the proposed development, alter the risks to aquatic
organisms and human health through consumption of fish caught from these areas?

• Will disturbance of sediments/soil in Penrhyn Estuary associated with the construction of the rail line
and habitat enhancement works alter the risks to aquatic organisms and human health through
consumption of fish caught and the recreational use of the estuary?

In answering these questions the review has:

• briefly described catchments adjacent to the new terminal;

• briefly described land use focussing on the ecology of areas potentially affected by the development
and human usage of these areas (e.g. fishing and swimming);

• summarised previous contamination investigations of water (ground and surface) and sediments in
Penrhyn Estuary and north-eastern Botany Bay;

• documented existing surface water quality and applied ANZECC (2000) water quality guidelines to
assess potential impacts of contaminants in water on the ecosystem;

• documented existing sediment water quality and applied ANZECC (2000) sediment quality
guidelines to assess potential impacts of contaminants in sediment on the ecosystem;

• identified chemicals of potential concern (COPC) relevant to assessment of risks to human health
and the environment;

• identified other potential environmental stressors including water quality issues (e.g. salinity,
temperature and suspended solids);

• assessed water quality along Foreshore Beach for recreational activities;

• assessed possible disturbance of acid sulphate soils and potential acid sulphate soils;
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• assessed potential contaminant release from sediment during dredging and land reclamation in
Botany Bay;

• assessed impacts on water quality resulting from changes to flow regimes in Penrhyn Estuary and
Botany Bay;

• assessed impacts on contaminant concentrations in sediment from changes to flow regimes in
Penrhyn Estuary and Botany Bay;

• assessed potential for remobilisation of contaminated sediment in Penrhyn Estuary and Botany Bay;
and

• assessed the sensitivity/significance of identified impacts from a public health and ecological
perspective.

1.3 Assessment Criteria and Methodology

This review characterises changes to ecotoxicological and human health risks associated with the
proposed development, variation in the concentration and distribution of chemicals of concern, as well as
changes in environmental stressors, that may occur as a consequence of the port development.

Assessment of changes of risks to human health has been undertaken using the following approach:

• comparison of chemical concentrations (either measured or estimated) with environmental quality
guidelines relevant to the protection of human health; and

• for the relevant contaminants a comparison with the risks identified in the Orica Stage 2 risk
assessment study has been made.  

This latter approach is considered the most appropriate basis for assessment of the proposed development
for the following reasons:

• the Orica Stage 2 risk assessment study presents the full range of exposure scenarios relevant to the
recreational use of Penrhyn Estuary after development; and

• the Orica Stage 2 risk assessment effectively presents a quantitative baseline assessment of risks for
the principal contaminants of concern associated with groundwater discharges to Springvale Drain,
Floodvale Drain and Penrhyn Estuary prior to the proposed port expansion.

Environmental risks have been assessed on a qualitative basis with reference to environmental quality
indicators relevant to the protection of the environment.  Where possible environmental quality indicators
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specific to ecological receptors have been utilised (e.g. sediment quality guidelines relevant to benthic
organisms, water quality guidelines relevant to aquatic organisms, environmental benchmark values for
birds etc.).  

Key factors contributing to significant changes in risk to both human health and the environment have
been identified.
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2 Description of Study Area

2.1 Site Location

The proposed development at Port Botany is located in north-eastern Botany Bay, a shallow embayment
12 km south of the CBD of Sydney (Figure 1). The proposal incorporates reclamation and creation of a
new terminal north-west of an existing container terminal (Brotherson Dock).

The study area in north-eastern Botany Bay, referred to in the text as the area between the Parallel
Runway of Sydney Airport and Molineux Point, includes Penrhyn Estuary and Foreshore Beach. Penrhyn
Estuary was formed by the construction of the Port Botany container terminal and is located east of the
Parallel Runway. Foreshore Beach forms the shoreline between Penrhyn Estuary and the Parallel
Runway. The proposed dredge area for reclamation of the new terminal lies between the existing
container terminal and the Parallel Runway. The study area also includes the catchments of the Mill
Stream and Floodvale and Springvale Drains (Figure 2). The proposed port development layout is shown
in Figure 3.

2.2 Botany Bay

Botany Bay is a major estuary (approximately 7 km in diameter) south of Port Jackson. The bay shoals
westward from the heads and previous dredging operations have provided deepwater access to berths at
Port Botany.  The tidal regime in Botany Bay is essentially the same as in Port Jackson. Generally two
high tides and two low tides occur each day (semi-diurnal) and occur almost simultaneously throughout
the bay. The tidal amplitude varies fortnightly, on a high and low range tidal cycle (spring and neap tides,
respectively) and the maximum and minimum heights of each successive tide varies significantly (i.e. a
pronounced diurnal inequity). The range of astronomical tides is 2.1 m, mean high to mean low water
spring tides is 1.3 m and mean high to mean low water neaps is 0.9 m. Water circulation is tidally
dominated in the upper layers. Wind-generated waves are locally important in controlling circulation and
resuspension of bottom sediment. Diurnal north-easterly winds (~8 m s-1) during summer produce waves
with heights up to 0.3 m along the southern shoreline of Botany Bay. Botany Bay is stratified
immediately after heavy rainfall (>50 mm d-1) and turbid, buoyant, freshwater plumes exit the mouth of
the bay (Kingsford, 1994). Water temperatures range from ~11o C in winter to ~25o C in mid summer.

The water quality in the bay is affected by a variety of factors, with contaminant inflows and outflows
dominated by tidal water movement from the Georges River. Other sources of contaminant input to
Botany Bay include:

• major tributaries including Mill Stream and Cooks River;

• minor tributaries (e.g. Floodvale and Springvale Drains);

• surface runoff from foreshore catchments;

• infrastructure in, or around the bay (e.g. Sydney Airport); and
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• groundwater inflows.

2.3 Penrhyn Estuary

Penrhyn Estuary was formed by development of Port Botany in the late 1970s. It is bounded by Foreshore
Road to the north, Penrhyn Road to the east and the existing container terminal to the south. The estuary
(~30 ha) is characterised by intertidal sand/mud flats. A deeper pool (~1 m deep at LAT) has formed at
the confluence of Springvale and Floodvale Drains north of the old boat ramp. At low tide, much of the
bed is exposed and reveals incised channels ~1 m wide. The channel narrows upstream of the current boat
ramp before widening out to Botany Bay (Figure 2).

Penrhyn Estuary receives stormwater from Floodvale and Springvale Drains, as well as groundwater
discharge to intertidal areas. Water quality in the estuary is also dependent on circulation and processes
operating in Botany Bay (L and T, 2003).

Sediment consists of medium grained, well-sorted quartzose sand and minor gravel composed of shell
material at the estuary mouth.  To the west of the constriction, Penrhyn Estuary is subject to little wave
action and is a low energy environment in Botany Bay. The mean sediment grainsize decreases upstream
of the present boat ramp and muddy sands and thin surficial mud layers predominate in the upper estuary.

Topography is low lying in the vicinity of Penrhyn Estuary, with sand dunes reaching 2.5 to 3 m in
elevation.  The upper reaches of the Springvale Drain inflow branch have been extensively colonised by
mangroves.  Observation made between 1996 and 2002 indicate spreading of mangroves to include areas
adjacent to the outlet of Floodvale Drain.  The fringe of the estuary comprises well-vegetated saltmarsh
(samphire, sea blight etc.) and deeper areas of the estuary have been colonised by seagrass beds.

2.4 Foreshore Beach

Foreshore Beach (1.5 km long) forms the north-eastern shoreline of Botany Bay, west of Penrhyn
Estuary, to the confluence of the Mill Stream. Foreshore Beach is exposed to waves generated over a long
fetch by southerly winds.  The south-eastern end of the beach is currently subject to moderate wave
energies and is receding, as evidenced by undercutting of the fence constructed to assist dune
stabilisation. The beach consists of well-sorted, clean quartzose sand. Behind the beach’s low lying
topography lies Foreshore Road, Sir Joseph Banks Park and Recreation Area and Botany Golf Course.

2.5 Catchment Description

Four catchments (Mill Pond, Springvale, Floodvale and Foreshore Beach) totalling 24.7 km2 affect water
quality in Penrhyn Estuary and north-eastern Botany Bay in the vicinity of the proposed new terminal.
Springvale and Floodvale Drains discharge stormwater to Botany Bay via Penrhyn Estuary (Figure 2).
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Drainage infrastructure within each catchment is managed by local Councils (City of Botany Bay,
Randwick, Waverley, Woollahra and South Sydney Councils) or Sydney Water Corporation, i. e. the Mill
Pond drainage.

2.5.1 Mill Pond Catchment

The Mill Pond catchment (1,773 ha) comprises Centennial Park in the northern, upper reaches and the
Botany Wetlands. Ponds in Centennial Park and the Botany Wetlands are connected by a stormwater
drainage system that discharges to Botany Bay near Sydney Airport. The Botany Wetlands are the largest
freshwater wetlands in the Sydney Region and contribute to stormwater attenuation and water quality
treatment.  The Mill Stream is tidal and is defined as the channel that flows parallel to the Parallel
Runway from the weir at Foreshore Road to Botany Bay.  The natural landform of the Mill Pond
catchment comprises rounded sand dunes and expanses of gentle slopes. The maximum elevation is
approximately 100 m AHD at the north-eastern corner of the catchment.

2.5.2 Floodvale and Springvale Drainage Systems

The total areas drained by the Floodvale and Springvale Drainage Systems are 118 and 241 ha,
respectively. The total length of Floodvale Drain is 2.9 km, with about 2.1 km of closed conduit and 0.8
km of open channel. The total length of Springvale Drain is about 3.9 km, comprised of 2.5 km closed
conduit and 1.4 km of open channel. A stormwater quality improvement device (trashrack) is located on
Springvale Drain approximately 400 m upstream of Foreshore Road.

2.5.3 Foreshore Beach Catchment

The Foreshore Beach stormwater drainage system (339 ha) has five outlets to Botany Bay along
Foreshore Beach. The total length of the five drains (closed conduits) is approximately 5.5 km.

2.6 Land Use

Land use in the northern part of the fluvial catchments which drain into Botany Bay is mainly residential
with some large open space areas such as parks and a golf course. Other open areas are largely low-lying,
swampy land that act as flood storage areas.

The southern part of the catchments is predominantly industrial and contains large- and small-scale
developments including petroleum and chemical industries, food processing plants, transportation
facilities and various light industries.  There are some residential areas located to the north of Foreshore
Beach, but the area to the north of Penrhyn Estuary is commercial/industrial (Figure 4).



SECTION 2Description of Study Area

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\FINAL REPORT\21_05_03\FINAL-21 MAY
03.DOC\21-MAY-03

2-4

2.6.1 Industrial

A number of premises within the catchments are licensed under the NSW EPA's load-based licensing
regulations and discharge pollutant loads to the stormwater system and Botany Bay. Industrial activity in
the catchment includes production of paint, paper, petrochemicals, detergent and plastics.

Sydney Airport Corporation Ltd (SACL) operates Sydney Airport west of the proposed new terminal.
Runoff from the airport discharges via the Mill Stream and Cooks River to Botany Bay.

Sydney Ports Corporation (SPC) owns land at Port Botany including two container terminals and the
Bulk Liquid Berth. Runoff from the terminals discharges via Brotherson Dock to Botany Bay.

2.6.2 Residential

The closest residential area, located to the north of Foreshore Road, Botany Golf Course and Sir Joseph
Banks Park and Recreation Area, is approximately 300 m from Foreshore Beach and is characterised by
the presence of single dwellings.

2.6.3 Recreational

The foreshore areas of north-eastern Botany Bay are used for a number of recreational pursuits, including.
fishing, walking and dog exercise. Existing infrastructure for recreational boating in Penrhyn Estuary
includes a boat ramp, jetty, carpark and fish cleaning table, which are highly utilised particularly on
weekends. Signs erected by the City of Botany Bay advise the public not to swim in Penrhyn Estuary, or
eat any form of marine life “due to possible danger to health”.

2.7 Ecology

The ecology of the study area has been described by Woodward-Clyde (1997) as well as the supporting
studies undertaken for the EIS by URS and The Ecology Lab Pty Ltd (TEL). The following sections
provide a summary of the ecology of Penrhyn Estuary and north-eastern Botany Bay.  Detailed
descriptions are provided in the other reports, in particular the TEL (2003) report.

2.7.1 Penrhyn Estuary

Penrhyn Estuary is a small (about 600 m long) estuarine ecosystem on the northern shore of Botany Bay
north of the existing Port Botany container terminals.  Aerial photographs from 1978 show Penrhyn
Estuary as a barren, sandy area.  In recent years, various wetland vegetation communities have colonised
the estuary and surrounding sand dunes. Penrhyn Estuary presently contains several small, but significant
habitat types for a diversity of species. Successional vegetation communities developing within the
estuary include Saltmarsh and Herbland (with some small mangroves) forming a Closed Heathland and
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Rushland in low-lying areas and Open to Closed Shrubland of mainly Acacia shrubs on the surrounding
sand dunes.

Key ecological features within Penrhyn Estuary include generally supratidal saltmarsh, shallow waters
fringing extensive intertidal mudflats and an open, deeper water area supporting fish and other aquatic
organisms. Penrhyn Estuary can be described as consisting of three key areas:

• an upper section consisting of the lower portions of Springvale Drain and Floodvale Drain south of
Botany Road;

• a middle intertidal area within the estuary (at the confluence of Floodvale and Springvale Drains)
containing mudflats and open water; and

• deeper, open water areas at the mouth of the estuary fronting Botany Bay.

Floodvale and Springvale Drains incise narrow channels in the upper sections of Penrhyn Estuary. Birds
roost in saltmarsh areas in the upper estuary where approach of predators can be detected.

An abundance of benthic organisms live in, or on the intertidal mudflats in Penrhyn Estuary.  The
supporting studies undertaken by TEL (2003) made the following conclusions in relation to Penrhyn
Estuary:

• The benthos within Penrhyn Estuary were found to be relatively diverse and abundant.

• The presence of a diversity of feeding types and life styles in the subtidal benthic communities in
Penrhyn Estuary indicate a functioning ecological unit, which TEL expect to interface with other
components of the Botany Bay ecosystem.

Whilst differences at a number of levels were measured between the various reference sites and Penrhyn
Estuary, there is no evidence to suggest that the biota at Penrhyn Estuary is being adversely affected by
contamination.

The mudflats therefore provide suitable foraging habitat for a variety of shorebird species. The waters of
the estuary support a range of fish species and other aquatic organisms. Waterbirds forage and rest on the
open waters within the estuary.

The intertidal flats decrease in mud content downstream in the estuary. The mouth of the estuary consists
of intertidal sandflats and sandy beaches. Shrub-lined sand dunes predominate in elevated areas,
particularly on the northern section of the estuary (Figure 2). Sand dunes covered by Shrubland occur at
most elevated areas around the estuary. The sandy beaches and sand spits are used for roosting by various
seabird species. Intertidal sandflats line the foreshores of the estuary mouth. These are used for foraging
by various shorebirds (waders), at low tide.

Seagrasses occur in discontinuous beds within open water areas of the estuary and provide habitat for a
variety of organisms including juvenile fish.
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2.7.2 North-eastern Botany Bay

The habitats represented in north-eastern Botany Bay include the open waters of Botany Bay, and the
sandy beach and associated intertidal zone of Foreshore Beach.  Foreshore Beach is a recently formed
(1970s) beach comprised of estuarine sands dredged from Botany Bay during the construction of Port
Botany and Sydney Airport. Coastal dune heath has colonised the sand dunes located behind the beach.
Foreshore Beach is commonly used by dog walkers and for general recreation purposes.  The beach also
provides habitat, albeit disturbed, for wading birds. A deeper water area immediately west of the existing
port facilities was previously dredged during the construction of the Parallel Runway.  

2.8 Geology and Climate

2.8.1 Geology

Regional geology is characterised by recent sand deposits overlying thick Quaternary sedimentary units.
Sediment has infilled drowned river valleys incised into bedrock of Triassic Hawkesbury Sandstone
during periods of lower sea level.

The Geological Series Sheet No 9130 (NSW Department of Mineral Resources, 1983), describes the soil
type in the Mill Pond catchment (Botany Sands) as “medium to fine grained marine sand with podsols”.
The Botany Sands provide an extensive, shallow groundwater aquifer.

In the vicinity of the proposed new terminal, three units of estuarine sediment have been identified
(Coffey, 1999). Subunits of these sediments are highly variable in distribution, thickness and origin.
Clays, silts and clayey sand (Unit1) probably represent recent deposition, disturbed by dredging activities
and overlie a dense, fine to medium grained sand (Unit 2). Organic rich clays and peat/lignite layers were
penetrated at depth and represents Unit 3.

2.8.2 Climate

Sydney has a temperate coastal climate, summers are humid and winters rarely produce frosts. Rainfall
has average 1,223 mm annually over 141 years, but is highly variable (700-1600 mm y-1)
(Commonwealth Bureau of Meteorology, Summary Statistics, [1999]). Mean monthly rainfall is higher in
the first six months of the year (~120 mm) and is generally <80 mm from July to December. Daily
rainfall is substantially higher during the first half of the year, predominantly due to intense summer
storms.

The summer wind pattern in Sydney is dominated by diurnal sea and land-sea breezes punctuated by
strong southerly gales associated with frontal systems. Offshore (westerly) winds that prevail during
winter are caused by high pressure systems at low latitudes. Winds during winter (April to September) are
generally west to north-westerly during the morning, but variable in the afternoons. Wind velocities
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exceeding 7 m s-1 are more frequent during winter, i. e. July to October, but storms and cloudy conditions
are most prevalent from November to April.
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3 Previous Contamination Investigations of North-eastern Botany Bay

3.1 Introduction

Numerous investigations have been undertaken in the study area to address site-specific contamination
issues including:

• Stage 2 Groundwater Study, undertaken by Woodward-Clyde (now URS) on behalf of Orica, which
includes a human health risk assessment and a biota sampling program; and

• studies related to the Penrhyn Road Boat Ramp (Johnstone Environmental Technology, 1993).

In addition, construction proposals and scientific research have investigated possible contamination of
water and sediment using a more regional approach including:

• EIS for the Parallel Runway for Sydney Airport (Kinhill, 1990, 1991);

• Healthy Rivers Commission Inquiry into Georges River and Botany Bay System (Final Report,
2001); and

• research and other investigations (e.g. Birch, 1996 and van Senden et al., 1993).

In addition, environmental monitoring is carried out within the study area by:

• Sydney Water Corporation;

• City of Botany Bay Council (2001); and

• NSW EPA.

The following sections present a summary of the previous investigations undertaken in the study area.

3.2 Previous Water Quality Investigations

3.2.1 Surface Water Investigations

ICI (Orica) Botany Environmental Survey Stage 1 AG Environmental Engineers & Woodward-
Clyde, (1990)

Four samples were collected in Penrhyn Estuary and analysed for volatile and semi-volatile halogenated
compounds, mercury, chromium and sulphide.

Proposed Third Runway Sydney (Kingsford Smith) Airport Draft EIS (1990) and supplement to
the Draft EIS, Kinhill (1991)

Surface and bottom water samples were collected at six sites adjacent to Foreshore Beach, between
Floodvale Drain and the Mill Stream. Freshwater samples (five) were also collected from the Mill Stream
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drainage. Samples were analysed for nutrients, hydrocarbons, phytoplankton, chlorophyll-a, suspended
solids, organochlorine pesticide residues (OCs) and heavy metals.

Additional Baseline Water Quality Data in Botany Bay, Aquatec (1992).

Four sites near Foreshore Beach and in Botany Bay were sampled on two dry weather occasions and
during a rain event.

Suspended solids, dissolved oxygen, temperature, pH, salinity were determined and samples were
analysed for chlorophyll-a, faecal coliform bacteria, nutrients, hydrocarbons, polychlorinated biphenyls
(PCBs) and a suite of heavy metals.

The City of Botany Bay (CBB)

Water quality data has been collected at  numerous sites under dry weather conditions (three monthly to
annual sampling intervals) since 1996:

• Springvale Interceptor Drain (Council Site 21) (no estuarine influence);

• McPherson Street West (Floodvale Drain) (Council Site 22);

• Penrhyn Estuary (Council Site 23) (estuarine influence);

• Botany Golf Club (Council Site 24) (no estuarine influence);

• Sir Joseph Banks Park (Council Site 25) (no estuarine influence);

• Springvale Drain (upper reaches) (Council Site 26) (no estuarine influence);

• Wool Stores (Mill Stream) (Council Site 30) (estuarine influence); and

• Mill Pond (upstream of SWSOOS) (Council Site 31) (estuarine influence).

Samples were analysed for the following parameters: total suspended solids, pH, conductivity, ammonia,
dissolved oxygen, Biological oxygen demand (BOD), faecal coliform, faecal streptococci, nitrate,
oxidised nitrogen, Total Kjeldahl nitrogen (TKN), total nitrogen (TN), phosphorus, reactive total
phosphorus, total petroleum hydrocarbons (TPH), total oil and grease, phenols, arsenic, cadmium,
chromium, copper, lead, mercury and zinc.

Harbourwatch Annual Reports, NSW EPA (2000-2001)

The NSW EPA's Harbourwatch program samples a site at Foreshore Beach (EPA Site 93) every 6 days.
The water sample is analysed for enterococci and faecal coliforms. Compliance with the guideline values
is highly variable. However, during periods of heavy rainfall resulting non-compliance with guideline
values is common. Maximum recorded values followed a prolonged rainfall period in April 1998.
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ICI (Orica) Botany Groundwater Stage 2 Survey, Woodward-Clyde (1996)

Monitoring was conducted to assess the impact of groundwater contamination associated with the historic
operations of the ICI petrochemical facility. Samples were collected at low and high tide heights in fluvial
and estuarine sections in Penrhyn Estuary and along Foreshore Beach.  The samples were analysed for a
range of volatile and semi-volatile halogenated compounds and several inorganic compounds and
physico-chemical parameters (conductivity, temperature, pH, redox, and dissolved oxygen).

Orica Botany Stage 3 Investigations, Woodward-Clyde (1996 to 2001)

Since completion of the Stage 2 program, surface sampling has been typically conducted quarterly
between May 1999 and July 2001, with additional samples from 21 July 1999 to 9 September 1999 at low
and high tide conditions.

Samples were collected at the following sites within the study area:-

• Springvale Drain outlet (SW031);

• Floodvale Drain outlet (SW029);

• Penrhyn Estuary near the old boat ramp (SW028);

• Penrhyn Estuary near the existing boat ramp (SW048);

• Within the Orica facilities (stormwater pipe to Springvale Drain) (SW006); and

• Within the Orica facilities (Springvale Drain) (SW046), McPherson Street (Springvale Drain)
(SW0005), McPherson Street (Floodvale Drain) (SW0053).

Sydney Airport Corporation Limited

As part of ongoing monitoring programs, Sydney Airport Corporation Limited (SACL) has determined
surface water quality at sites within the airport. Analytes include cadmium, chromium, copper, iron, lead,
manganese, zinc, TN, total phosphorus (TP), hydrocarbons, ammonia and suspended solids.

Third Runway EIS, Kinhill (1993)

Surface and groundwater was sampled between 1989 and 1993 for the environmental impact statement of
the Parallel Runway at Sydney Airport. Surface water (7 sites) from the Mill Pond catchment (November
1989) and groundwater (6 sites) from the Botany Aquifer (November 1989) were sampled. Analytes
included calcium, magnesium, sodium, potassium and zinc cations, carbonate, chlorine, sulphate, nitrate
and phosphate anions, total iron, molybdenum, zinc, lead, cadmium, arsenic, silicon, total coliform
bacteria, pH, water temperature and conductivity. Surface water samples (11 sites) from Botany Bay
(February to May 1990) were analysed for faecal coliform bacteria, suspended solids, total nitrogen, total
phosphorus, chlorophyll a, total hydrocarbons, PCBs, aluminium, cadmium, total chromium, manganese,
mercury and zinc.
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Other

Other relevant data collection programs are not specific to the investigation area affected by the proposed
port development and include, random or one-off sampling programs and other miscellaneous data. These
sources include:-

• van Senden et al. (1993) (turbidity, Secchi depths and suspended solids sampling over period April -
July 1992); and

• OzGreen (2001) environmental network unpublished data, reported faecal coliform counts from 24
sites.

3.2.2 Groundwater Investigations

ICI (Orica) Botany Environmental Survey Stage 1 (1990) AG Environ. Engineers & Woodward-
Clyde

Samples from 39 boreholes at the ICI Botany site and adjacent industrial land were analysed for a suite of
volatile and semi-volatile halogenated compounds as well as mercury, chromium and sulphide.

ICI (Orica) Botany Groundwater Stage 2 Survey (1996) Woodward-Clyde

Samples from 56 boreholes at 26 locations in and around the ICI Botany site were analysed for a range of
volatile and semi-volatile halogenated compounds and several inorganic compounds.

Orica Botany Stage 3 Study 1996 to present

The Stage 2 monitoring bores have been sampled and monitored on an approximate quarterly basis.
Additional bores have been installed as part of on-going investigation and remediation programs.

3.3 Previous Sediment Quality Investigations

ICI Botany Environmental Survey Stage 1 (1990) AG Environ. Engineers & Woodward-Clyde

Sediment samples were collected from Floodvale and Springvale Drains and Penrhyn Estuary. Seven
depositional sites were sampled in Penrhyn Estuary using a clean PVC sampling tube and analysed for
volatile and semi-volatile halogenated compounds, and hexachlorobenzene (HCB), mercury and
chromium.

Proposed Third Runway Sydney (Kingsford Smith) Airport Draft EIS (1990) Kinhill

Kinhill (1990) collected six surface sediment samples in the proposed dredge and reclamation areas.
Samples were analysed for heavy metals, OCs, TPH, TP, organic nitrogen and total organic carbon
(TOC).
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Proposed Third Runway Sydney (Kingford Smith) Airport. Supplement to the Draft EIS (1991)
Kinhill

Two surface sediment samples in the proposed dredge and reclamation area were analysed for heavy
metals and OC pesticides.

Penrhyn Road Boat Launching Ramp Woodward-Clyde (1992)

Eleven surface sediment samples in Penrhyn Estuary were analysed for HCB, chromium and mercury.

Johnstone Environmental Technology (1993)

JET (1993) collected 25 sediment samples (October 1993) from sites in Penrhyn Estuary to assess
contamination issues regarding relocation of the Penrhyn Road boat ramp. These sites included five push
cores, five surface sediment samples and four hand auger samples. In addition to grain size analysis,
analytes included mercury, chromium, chromium V1 and HCB in core and grab samples.

Third Runway EIS (Kinhill, 1993)

Kinhill (1993) collected sediment quality data for the Parallel Runway EIS (23 sites, 2 grab samples, 3
core samples).  Sample analytes included: arsenic, cadmium, chromium, cobalt, copper, lead, mercury,
tin, zinc, HCB, alpha-BHC, TPH, phosphorous, TOC and organic nitrogen.

ICI Botany Groundwater Stage 2 Survey (1996) Woodward-Clyde

Seven surface sediment samples and samples from three cores in Penrhyn Estuary were analysed for a
range of volatile and semi-volatile halogenated compounds as well as mercury and chromium.

Teutsch (1992) (University of Sydney, Honours Thesis) summarised in Birch (1996)

Teutsch (1992) and Birch (1996) reported heavy metal concentrations in surficial sediment throughout
Botany Bay. Six samples (out of a total of 196 samples) are relevant to the study area and were collected
from four sites between the Parallel Runway and Penrhyn Estuary.

Sydney Ports Corporation Additional Port Facilities, Port Botany Vol. 1, Factual Data – Part A
Coffey Partners International, (1999).

Coffey Partners (1999) assessed subsurface stratigraphy and design considerations for the container
berths and hardstand areas of the new terminal. Contaminant concentrations in dredged material were
assessed for possible disposal at sea. A total of 27 boreholes were completed and 8 boreholes (CP 20-27)
were located within the proposed dredge area.

Thirteen push cores (S1-13) of surficial sediment and samples from 17 boreholes (CP6 to 12, CP17, 18
and CP 20 to 27) were collected at surface, 1.0 and 3.0 m depths. Twenty-three sediment samples were
analysed for contaminants in the proposed dredge material (heavy metals, PCBs, OCs, TPH, polynuclear
aromatic hydrocarbons (PAHs), organotin compounds and radionuclides).
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An additional, seven borehole samples (to 1 m depth) and two composite samples (3 m depth) were
collected in the proposed dredge and reclamation area and analysed for heavy metals and organotin
compounds.



SECTION 4Chemicals of Potential Concern

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\FINAL REPORT\21_05_03\FINAL-21 MAY
03.DOC\21-MAY-03

4-1

4 Chemicals of Potential Concern

4.1 Introduction

Chemicals of potential concern (COPC) are defined as chemicals present at concentrations sufficiently
high to warrant further assessment in relation to the potential to cause unacceptable risks to human health,
or the environment.  Identification of COPC relies on the use of environmental quality guidelines.  COPC
are identified as contaminants present at concentrations above the environmental quality guideline values,
while contaminants having concentrations less than the guideline values do not warrant further
assessment. This screening process is aimed at eliminating contaminants that are unlikely to present an
unacceptable risk to human health, or the environment.  Further assessments are required to determine
whether a COPC may present an unacceptable risk to human health or the environment.

In addition to the use of environmental quality guidelines, the identification of COPC has drawn on the
human health risk assessment studies undertaken by Orica (Woodward-Clyde 1996) as these
investigations have specifically evaluated risks to human health associated with recreational use of
Penrhyn Estuary and include the consumption of fish.

4.2 Environmental Quality Guidelines

The environmental quality guidelines relevant to the assessment of Penrhyn Estuary and north-eastern
Botany Bay are contained in:

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Australian and New
Zealand Environmental Conservation Commission (ANZECC)/Agriculture and Resource
Management Council of Australia and New Zealand (ARMCANZ), October 2000 (ANZECC, 2000).

The ANZECC (2000) guidelines provide trigger values relevant to the assessment of surface water quality
and sediment quality.

The trigger values for marine water are appropriate environmental quality guidelines for the protection of
marine aquatic species. ANZECC (2000) also provides water quality guidelines for recreational use
relevant to primary contact (swimming) and are considered appropriate to this assessment.

Due to a paucity of local ecotoxicity data, ANZECC has compiled interim sediment quality guidelines
(ISQG), based on the North American effects range approach. The ISQGs are relevant to the protection of
benthic (bottom dwelling) organisms and provide screening levels for sediment assessment in a tiered
decision making approach. Sediment contaminant concentrations are compared to guideline values and
those samples above the lower limit (ISQG-L), or trigger value are further examined for bioavailability,
e.g. subjected to acute and chronic toxicity testing.

The trigger values for marine waters, and sediment quality guidelines are not relevant to the assessment of
risks to wildlife (e.g. birds) that may be exposed to contaminants via consumption of food or incidental
ingestion of water and sediments during feeding.  To assist in the evaluation of surface water quality in
relation to wildlife the following document has been referenced:



SECTION 4Chemicals of Potential Concern

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\FINAL REPORT\21_05_03\FINAL-21 MAY
03.DOC\21-MAY-03

4-2

Toxicological Benchmarks for Wildlife: 1996 Revision.  Prepared by the Risk Assessment Program
Health Sciences Research Division Oak Ridge for the US Department of Energy Office of Environmental
Management. (Sample et al., 1996) (extract of this report in Appendix A).

This document provides several benchmark values for birds including food, drinking water and water
concentrations relevant to piscivorous species that incorporates consumption of water and fish.  There are
a number of uncertainties in the derivation of the benchmark values and as such should only be used for
broad screening purposes.

Appendix A provides a summary of the relevant ANZECC (2000) guideline values and the toxicological
benchmarks.

The following sections present a summary and discussion of COPC identified for the study area.  These
have been separated into COPC relevant to human health and COPC relevant to the protection of the
environment.

4.3 Human Health

The identification of COPC for human health is based on recreational use of Penrhyn Estuary and north-
eastern Botany Bay (i.e. Foreshore Beach). These areas are considered separately in the following section,
however the majority of available data pertains to previously identified higher contaminant concentrations
in Penrhyn Estuary.

The potential effects of sediment-bound contaminants have been assessed as part of the previous Orica
risk assessment (Woodward-Clyde 1996).  The findings of this risk assessment show that sediment-bound
contaminants within the project area do not pose a significant risk to human health. Therefore the
following discussion of COPC relevant to human health is based on contaminant concentrations in water.

4.3.1 Penrhyn Estuary

The following COPC (and maximum measured concentrations) have been identified based on the
ANZECC (2000) water quality guidelines for recreational purposes and the Orica risk assessment studies
(Woodward-Clyde 1996):

• Volatile halogenated compounds:

- 1, 2 dichloroethane (EDC), (ANZECC [2,000] recreation guideline value, 10 µg L-1) in
Floodvale and Springvale Drains (max. 2000 µg L-1) and  Penrhyn Estuary  (max. 100  µg
L-1);

- 1, 1 dichloroethene, (ANZECC [2000] recreation guideline value, 0.3 µg L-1) in Floodvale
Drain (max. 10 µg L-1) and Springvale Drain (max. 100 µg L-1);
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- vinyl chloride (VC) or chloroethene was determined to be a COPC in the Orica risk
assessments (max. 3,800 µg L-1, total chloroethene);

- carbon tetrachloride (CTC) (ANZECC [2000] recreation guideline value, 3.0 µg L-1) in
Penrhyn Estuary (max. 10 µg L-1) and Floodvale and Springvale Drains (max. 1,000 µg L-

1).;

- trichloroethene (ANZECC [2000] recreation guideline value, 30 µg L-1) in Floodvale (max.
300 µg L-1) and Springvale Drains (max. 2000 µg L-1); and

- tetrachloroethene (ANZECC [2000] recreation guideline value, 10 µg L-1) in Floodvale
(max. 80 µg L-1) and Springvale Drains (max. 200 µg L-1).

• Semi volatile organic compounds:

- benzene (ANZECC [2000] recreation guideline value, 10 µg L-1) in Floodvale and
Springvale Drains (max. 20 µg L-1).

• Inorganics:

- mercury (ANZECC [2000] recreation guideline value, 1.0 µg L-1) in Springvale Drain (max.
2 µg L-1); and

- sulphide (ANZECC [2000] recreation guideline value, 50 µg L-1) in Penrhyn Estuary and
Floodvale and Springvale Drains (max. 700 µg L-1).

Concentrations of VHCs in Penrhyn Estuary are influenced by tide height and are notably higher at
low tide (Woodward-Clyde, 1996). Mixing with Botany Bay waters and the volatility of many of the
halogenated compound, restricts high concentrations of these contaminants to an area upstream of the
present constriction in Penrhyn Estuary.  As a consequence, the monitoring data shows concentrations
of the VHCs to be less than the laboratory reporting limits within a short distance of the current
constriction of Penrhyn Estuary.

4.3.2 North-eastern Botany Bay (Foreshore Beach)

The main focus of surface water quality monitoring outside Penrhyn Estuary to-date has been the
occurrence of faecal contamination indicators, determined as part of the Harbourwatch program.  Water
quality monitoring undertaken by Orica indicates that VHCs present at elevated concentrations within
Penrhyn Estuary decrease to below laboratory detection limits in the open waters of north-eastern Botany
Bay.

Organic compounds in waters collected off Foreshore Beach have not exceeded ANZECC (2000)
guideline values for recreational purposes. Data on concentrations of organic compounds are not available
for waters from other parts of Botany Bay and the Mill Stream. Chromium and mercury concentrations
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have been reported to exceed guideline values in north-eastern Botany Bay (Kinhill, 1990), but these
metal concentrations analysed in water are higher than and inconsistent with, other sampling programs.

Based on available data, no COPC have been identified in north-eastern Botany Bay.  Therefore, the
prime issue of concern relating to risk to human health outside Penrhyn Estuary is related to faecal
contamination discharged to Botany Bay predominantly via the Mill Stream (Section 6.4.1).

4.4 Environment

4.4.1 Water Quality

Volatile halogenated compounds (VHC) are a group of chemicals with a wide range of densities,
solubilities and chemical properties.  These compounds have a low affinity for particulate materials
including soil and sediment, are generally stable in groundwater, but volatilise rapidly (half-lives from
less than one hour to several days) in surface waters. Halogenated compounds do not readily hydrolyse in
water or soils, but are subject to biodegradation, particularly in anaerobic conditions.  Once released to
the atmosphere, the halogenated compounds may be subject to photo-oxidation.  These chemicals
generally have a low potential to accumulate in organisms indicated by low octanol/water partition
coefficients.

Water sampling in Penrhyn Estuary and along Foreshore Beach indicates that a steep gradient of VHC
concentrations currently exists seaward of the constriction in Penrhyn Estuary (URS, 2002). The
ANZECC (2000) aquatic ecosystem guideline values for marine waters available for concentrations of
1,1,2-trichloroethane, 1,2,4-trichlorobenzene and benzene were not exceeded in Penrhyn Estuary or off
Foreshore Beach. Guideline values are not specified by ANZECC (2000) for other chemicals occurring in
high concentrations in Penrhyn Estuary.

Wildlife benchmark values for birds are available for 1, 2 dichloroethane (EDC) but not for other VHCs
identified in Penrhyn Estuary. Drinking water NOAEL1 based benchmarks fall in the range of 70 mg L-1

to 525 mg L-1 EDC dependent on the size of the bird.  In contrast, water benchmarks protective of
piscivorous birds range from 4 mg L-1 to 12 mg L-1. Existing concentrations of EDC in Penrhyn Estuary
water vary with the state of the tide and have been recorded at up to 41.3 mg L-1 (Site SW028, May
1999). The latter benchmarks assume consumption of food (following uptake) and water.  These
benchmarks are not relevant to Penrhyn Estuary as it would not provide a drinking water supply.  The
benchmarks are useful for broad screening purposes and suggest that high concentrations of EDC would
be required before adverse effects in wading birds would be expected.

The concentration of mercury (max. 2 µg L-1) in Penrhyn Estuary has exceeded the ANZECC (2000)
guideline value (0.4 µg L-1) on several occasions (Appendix B).  Copper concentrations have exceeded

                                                     

1 No Observed Adverse Effect Level
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the ANZECC (2000) guideline value (1.3 µg L-1) in the Mill Stream, along Foreshore Beach and in
Botany Bay (max. 11, 8 and 8 µg L-1, respectively).

Kinhill (1990) reported concentrations of cadmium, mercury and zinc in water exceeding ANZECC
(2000) guideline values. However, the concentrations of metals appear anomalously high and are not
representative of typical concentrations from other investigations in north-eastern Botany Bay.

4.4.2 Sediment Quality

Mercury, chromium and HCB present in Penrhyn Estuary originated from historical sources in the
catchment. These contaminants are generally affiliated with sediment and bound to fine grained material.

Mercury may be present as different species in the environment including elemental (metallic) and stable
mineral forms, soluble inorganic salts (e.g. mercuric chloride), and amalgams with other elements (e.g.
silver and gold). Organic complexes, especially methylated forms of mercury are highly toxic. The
solubility, environmental fate and toxicity of mercury are dependent on the speciation. Hence, total
mercury concentrations determined in sediment (and water) samples from Penrhyn Estuary are only
indicative of toxicity. Unlike the majority of heavy metals, mercury has potential to bioaccumulate in
organisms, hence increasing in concentration in species higher in the food chain. Mercury is present in
sediment in Penrhyn Estuary at concentrations up to 183 mg kg-1, considerably in excess of the ANZECC
(2000) ISQG-L value (0.15 mg kg-1)(Appendix B). The average concentration of mercury in available
sediment data from Penrhyn Estuary is 11.5 mg kg-1, but excluding two exceptionally high samples, the
average concentration is 3.7 mg kg-1.

The maximum chromium concentration (130 mg kg-1) in sediment exceeds the ANZECC (2000) ISQG-L
value (80 mg kg-1) in Penrhyn Estuary. However, chromium is unlikely to constitute a COPC, as the mean
concentration of chromium in estuarine sediment is low (17.3 mg kg-1).

Hexachlorobenzene (HCB) has a strong affinity to particulate material and is persistent in estuarine
sediment. HCB has low solubility in water, is non-volatile, but can bioaccumulate in fish and other
aquatic animals. Limited data indicates that HCB is present in sediment of Penrhyn Estuary at
concentrations up to 2.2 mg kg-1 (ICI Botany, 1990)(Appendix B). ANZECC (2000) does not include a
guideline value for HCB in sediment.  By way of comparison, a study of estuarine sediment in Port
Jackson (140 samples) determined that the maximum and mean concentrations of HCB in sediment were
0.14 and 0.06 mg kg-1, respectively (Taylor, 2000).

Kinhill (1990) reported concentrations of DDT, DDE and dieldrin in sediment exceeding ANZECC
(2000) guideline values from sample locations in the proposed dredged area (Appendix B). These
concentrations appear anomalously high relative to data from other studies and are therefore not
representative of typical concentrations in north-eastern Botany Bay.

Organotin compounds (and mercury) detected in surficial sediment in the proposed dredge area (Coffey,
1999) are discussed in Section 7.1.1.   
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5 Summary of Contamination Issues

5.1 Introduction

This section presents a summary of the contamination issues based on the studies undertaken by L and T,
AccessUTS, TEL and URS, as well as previous investigations (refer to Section 3). Contamination of
sediment and water identified by previous studies in Penrhyn Estuary is not related to past or current
operations of the Port Botany container terminal.

5.2 Groundwater

Groundwater to the north of Penrhyn Estuary and Foreshore Beach has been subject to extensive
investigations over an extended time.  Most of the available studies and data relate to investigations of
groundwater issues associated with the Orica petrochemical facility.  These studies indicate the following:

• both shallow and deep groundwater has been contaminated as a result of historic operations at the
Orica petrochemical facility;

• the prime contamination issues relate to the presence of VHCs;

• VHC is present in both shallow and deep groundwater and has the potential to affect surface water
quality in Floodvale Drain, Springvale Drain and Penrhyn Estuary;

• the source of VHCs in surface waters of Penrhyn Estuary is a result of the discharge of both shallow
and deep groundwater; and

• the groundwater contamination is the subject of ongoing investigation and remediation programs by
Orica under voluntary agreements with the NSW EPA.

The available groundwater data has been utilised by AccessUTS (2002) in their groundwater assessment
report prepared for SPC.

5.3 Surface Water

5.3.1 Penrhyn Estuary

The prime contamination issue in the surface waters of Penrhyn Estuary is the presence of VHCs
associated with groundwater contamination. Concentrations of several VHCs (listed in Section 4.3.1)
currently exceed ANZECC (2000) water guideline values in Penrhyn Estuary, notably at low tide. Water
quality in Penrhyn Estuary is currently affected by discharge of groundwater to Springvale and Floodvale
Drains as well as Penrhyn Estuary.  These processes are described in the AccessUTS (2002) report.  The
monitoring data collected by Orica indicates that surface water concentrations of 1, 2 dichoroethane (also
known as EDC) and to a lesser extent vinyl chloride (VC) and carbon tetrachloride (CTC) have increased
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since sampling commenced in the early 1990s. These contaminants have been identified as COPC in risk
assessment studies (Woodward-Clyde 1996). Penrhyn Estuary, situated within an urban and industrial
catchment is also subject to a range of gross contaminants and nutrients as described by L and T (2003).
The volatility of VHC contaminants is responsible for the rapid seaward decline in concentrations and the
reported low concentrations of VHCs in north-eastern Botany Bay outside Penrhyn Estuary.

AccessUTS (2002) describe three deep groundwater plumes that are characterised by high concentrations
of EDC.  These plumes are predicted to ultimately discharge to surface waters via the intertidal zones of
Penrhyn Estuary and along Foreshore Beach.  The discharge of the so called “central plume” has the
potential to result in higher concentrations of VHCs in surface waters of Penrhyn Estuary, because the
area of discharge is predicted to occur in the intertidal zone between Floodvale and Springvale Drains.
The final discharge concentrations of VHCs will be dependent on the amount of attenuation (by dilution
and volatilisation) occurring during transport and at the point of discharge, as well as the implementation
of remedial measures by Orica.

5.3.2 North-eastern Botany Bay

Water quality issues within north-eastern Botany Bay are dominated by the Mill Stream outflow and are
influenced by overflows from the SWSOOS.  The Harbourwatch monitoring program indicates that
Foreshore Beach has, on a relative scale, poorer water quality with respect to indicators of sewage
contamination than most other beaches monitored by Harbourwatch.

The available data indicates that VHCs in north-eastern Botany Bay are below the laboratory detection
limits within a short distance from the current constriction in Penrhyn Estuary.  Under current conditions,
VHCs would not be expected to be detected off Foreshore Beach.  Furthermore, under the current
configuration the discharge of VHCs in deep groundwater would not be expected to have a significant
effect on the water quality outside of Penrhyn Estuary (i. e. Foreshore Beach) due to rapid dispersion and
volatilisation.

5.4 Sediment

Concentrations of HCB and mercury in sediment exceed ANZECC (2000) guideline values in Penrhyn
Estuary. These contaminants were derived from historical sources in the Floodvale and Springvale Drain
catchments. Sources of HCB and mercury in the catchment have been mitigated and no longer provide a
significant flux to Penrhyn Estuary, therefore surficial sediment concentrations of these COPC are
expected to decrease over time. However, Penrhyn Estuary is the receiving water for an industrialised and
urbanised catchment and a flux of contaminants, typical of developed catchments will continue to
accumulate in the estuary. Sediment-bound contaminants are generally associated with fine grained
material and contaminant concentrations of total sediment are “diluted” by higher sand content.
Therefore, the steep seaward gradient of concentrations from Penrhyn Estuary to north-eastern Botany
Bay with increasing distance from source is also accentuated by an increase in grainsize.
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Heavy metal concentrations in north-eastern Botany Bay, in particular the proposed dredge area are
enriched above background values for the Sydney Region (Birch, 1996; Taylor, 2000), but are generally
below ANZECC (2000) guideline values.

5.5 Biota

There has been limited sampling and analysis of biota within Penrhyn Estuary and north-eastern Botany
Bay.  Sampling has been undertaken as part of the environmental investigations for the Orica
petrochemical facility to address risks to human health associated with the consumption of fish.  These
studies have focussed primarily on the concentration of potential contaminants associated with the Orica
petrochemical facility that have the potential to bioaccumulate namely, mercury, chromium and semi-
volatile halogenated compounds.  The biological monitoring has focused on potentially edible species of
fish, but has also included a number of invertebrate species.  The studies indicate accumulation of HCB in
some species at concentrations greater than that found at reference sites elsewhere in Botany Bay
(Woodward-Clyde 1996).  In contrast, mercury and chromium concentrations in biota have been
generally found to be not significantly different from those found at reference sites.
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6 Post Construction Changes to Hydrodynamics and Sedimentation in Penrhyn Estuary

6.1 Introduction

The proposed development at Port Botany involves the dredging of sediment from Botany Bay and
reclamation of the new terminal west of Penrhyn Estuary and the existing Brotherson Dock. Under
present conditions, the exchange of water is largely unrestricted between Botany Bay and the outer
section of Penrhyn Estuary. Post-development water exchange between Botany Bay and Penrhyn Estuary
would be via a 130 m channel approximately 700 m long, north of the new terminal and adjacent to
Foreshore Beach (Figure 3).

COPC to human health, identified in Section 4, are predominantly dissolved phase contaminants
including VHCs. This section considers likely changes to concentrations of dissolved contaminants as a
result of the proposed development. Mercury and HCB, also identified as COPC in Penrhyn Estuary, are
associated with particulate material and likely changes in hydrodynamic conditions that affect the
concentration and distribution of these contaminants are also discussed.

Nutrients, including total nitrogen and phosphorous, are not considered to pose a direct risk to human
health. Ecological risks from possible changes to nutrient concentrations in Penrhyn Estuary are related to
the propensity of nutrients to accentuate phytoplankton growth, i.e. algal blooms and are discussed by
TEL (2003).

6.2 Dissolved Contaminants in Penrhyn Estuary

6.2.1 Changes to Dissolved Contaminant Concentrations

Changes to the distribution and concentrations of VHCs in Penrhyn Estuary, as a result of the proposed
development, have been estimated from predicted changes to the concentrations of TN and TP modelled
by L and T (2003). Due to the complex relationship between volatilisation of volatile COPC (i.e. VHCs)
and water exchange with Botany Bay, likely changes to concentrations of halogenated compounds in
Penrhyn Estuary cannot be determined with a high degree of certainty. Locations A to G refer to output
locations of modelling conducted by L and T (2003) (Figure 3).

The concentration of nutrients at Locations B and D in Penrhyn Estuary are predicted to increase by
factors up to 3.0 and 2.8 times for TN and TP, respectively as a result of the proposed new terminal
(Table 1). However, the concentration of nutrients at these locations is predicted to remain lower than
concentrations at Location C, upstream of the constriction in the estuary. Modelling results indicate that
concentrations of nutrients are highest at location C, but are predicted to increase by a factor of 1.7 and
1.6 for TN and TP, respectively. The model predicts marginally lower nutrient concentrations at
Locations E and G than at present, at the seaward extent of the proposed channel and along western
Foreshore Beach, respectively.  At Location A, i.e. the south-east corner of the existing terminal,
concentrations of TN and TP are unaffected by the proposed development.
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Table 1 Predicted changes to low flow nutrient concentrations in north-eastern Botany Bay
Location A B C D E G

Increase factor for
dry weather TN
concentrations

1.0 2.6 1.7 3 0.9 0.9

Increase factor for
dry weather TP
concentrations

1.0 2.5 1.6 2.8 0.9 0.9

      Source (L and T, 2003; Vol. 2, Tables 7.4 and 7.5)

The output of nutrient modelling may represent a reasonable estimate of changes in concentrations for
conservative (non-volatile) halogenated compounds in Penrhyn Estuary, however the model input
incorporates nutrient influx from the Mill Stream and Foreshore Beach drains, which is not appropriate
for modelling halogenated compounds in north-eastern Botany Bay. The modelling of nutrients does not
incorporate all of the complexities of nutrient dynamics (denitification, sediment uptake etc.) which
would not be relevant to other contaminant concentrations. However, the model parameters include a
(small) exponential decay rate (0.05 days-1) for nutrients that would be considerably lower than the
volatilisation rate of VHCs. For these reasons the modelled approach represents a worse case scenario for
halogenated compound concentrations in north-eastern Botany Bay.

The modelling was aimed at estimating existing concentrations of nutrients and other parameters in north-
eastern Botany Bay and changes in concentrations as a result of the new terminal construction.
Interpretation of data available for a suite of volatile and non-volatile halogenated compounds in
Springvale and Floodvale Drains, and Penrhyn Estuary demonstrates that the environmental fate of
volatile compounds is markedly different to that predicted for nutrients. Modelled output concentrations
of TN and TP in Penrhyn Estuary and north-eastern Botany Bay are substantially higher than
concentrations in estimated fluvial input. For example, TN and TP concentrations at Location C in
Penrhyn Estuary are more than 60 times higher than estimated catchment load concentrations from
Springvale and Floodvale Drains. The opposite is true of concentrations of VHC, where concentrations
measured in estuarine waters were always significantly lower than measured in the drains, presumably
due to the rapid volatilisation and loss to the atmosphere. Hence, modelling of nutrient concentrations
cannot be used to predict concentrations of halogenated compounds in estuarine waters, but some data on
present concentrations of VHCs in Penrhyn Estuary are available (Section 4.4.1). However, changes in
nutrient concentrations in Penrhyn Estuary attributed to the development can be used to predict the likely
magnitude of change in VHC concentrations in the estuary.

Analogies from modelling conducted by L and T on conservative elements (nutrients) suggests that due to
restricted exchange of water:

• the concentration of VHCs will increase upstream of the constriction in Penrhyn Estuary, i. e. at
Location C; and
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• the total areal extent where VHCs occur at concentrations above the laboratory level of reporting is
likely to increase after construction of the new terminal.

The increase in both the extent and maximum concentration of halogenated compounds is highly
dependent on the environmental fate of each chemical and is expected to be greatest for non-volatile,
persistent chemicals. Halogenated compounds with short half-lives in surface waters are expected to
occur at detectable concentrations over a smaller area in Penrhyn Estuary than those with longer half-
lives.

Volatilisation and degradation of a VHC from a body of water is dependent on factors including
temperature, water turbulence and microbiological activity. Half-lives for VHCs have been estimated
from theoretical data and modelled in rivers, lakes and ponds. Using a reported Henry's Law constant of
0.0560 atm/cu m-mole, a half-life of 0.805 h was estimated for volatilisation of vinyl chloride from a
river 1 m deep with current and wind velocities of 3 m s-1 (US EPA, 2003). Similar calculations estimate
the half-life of EDC from several hours to 10 days. These calculations are based on dynamic riverine
conditions, which may approximate conditions in Floodvale and Springvale Drains. Half-lives for highly
volatile halogenated compounds in a less dynamic environment, such as Penrhyn Estuary, are probably in
the order of hours to many days.

Results of water sampling have shown that existing concentrations of VHCs in Penrhyn Estuary are
substantially higher at low tide, relative to high tide concentrations.  The existing rapid decline in
contaminant concentrations in Penrhyn Estuary is therefore due to mixing with water in Botany Bay, as
well as volatilisation. At present, the concentration of volatile COPC are close to, or below detection
limits seaward of the existing boat ramp. A decrease in flushing of Penrhyn Estuary, post construction of
the new terminal, would probably result in higher concentrations of VHCs throughout the majority of
Penrhyn Estuary, including Locations B and D.  A rapid decline of concentrations is likely to occur along
the proposed channel, i. e. from Location D to Location E due to mixing with Botany Bay waters.

The current source of VHCs in Penrhyn Estuary is predominantly from the discharge of shallow
groundwater into Springvale and Floodvale Drains and subsequent flow to the estuary. As reported by
AccessUTS (2002), monitoring by Orica shows that a deep groundwater plume discharges into Penrhyn
Estuary.  A substantial additional flux of halogenated compounds from two other deep groundwater
plumes is expected to discharge to the intertidal zone in Penrhyn Estuary within seven years.  Hence,
irrespective of whether the development proceeds, the concentrations of VHCs are expected to increase
within the confined area of Penrhyn Estuary, as a result of historical contamination of groundwater.

6.2.2 Dissolved Contaminant Concentrations During High Rainfall Events

Catchment storage of TN and TP and periodic flushing by heavy rainfall, is predicted to substantially
increase concentrations (>7 times at Location D) of these nutrients in Penrhyn Estuary during storm
events (L and T, 2003; Vol. 2; Tables 7.1 & 7.2 and Figure 7.3 & 7.4). Modelling results show that the
highest nutrient concentrations are predicted to occur upstream of the existing boat ramp (Location C)
during high rainfall events. Nutrient concentrations are likely to decrease at Locations A and E. However,
the modelling indicates that nutrients reach higher peak concentrations over a greater areal extent of
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Penrhyn Estuary (at locations B, D and G) and that elevated concentrations persist for longer periods (L
and T, 2003; Vol. 2; Figures 7.3 and 7.4), as a result of the new terminal construction.

In contrast to results based on nutrients, the distribution, maximum concentration and persistence of
VHCs in Penrhyn Estuary during high flow events is unlikely to be accurately represented by modelling
for the following reasons:

• the source of VHCs is groundwater;

• the distribution of VHCs is not catchment wide; and

• VHCs are assumed not to accumulate in the catchment during prolonged dry periods.

The concentrations of VHCs in Penrhyn Estuary are likely to decrease substantially during high flow
events, due to dilution by stormwater and flushing of the estuary. The effect of stormwater dilution on
VHC concentrations has been observed in regular monitoring of water quality in Penrhyn Estuary. For
example, a marked decrease in concentrations of VHCs in Springvale and Floodvale Drains, and Penrhyn
Estuary in February 2001 was attributed to heavy rainfall prior to sampling (URS, 2002; p 2-3).

Over longer time intervals, groundwater levels and prolonged periods of heavy rainfall may vary the flux
of halogenated compounds to Penrhyn Estuary. However, there is insufficient data available to determine
the long term temporal variability of the contaminant flux to Penrhyn Estuary.

6.3 Fate of Sediment-bound Contaminants in Penrhyn Estuary

6.3.1 Wave Energy and Sediment Transport

Lawson and Treloar (2003; Vol. 3) addressed the bay wide impacts of the proposed new terminal and
focussed on possible changes to swell wave conditions along the wall of the Parallel Runway. No change
is expected to the swell/wave climate in Botany Bay (outside Port Botany) due to the new terminal.
Changes to swell wave climate would be limited to an area between the Parallel Runway and Molineux
Point. A marginal decrease in wave height is predicted at some locations along the eastern side of the
Parallel Runway due to the new terminal. Long waves are not expected to affect sediment transport on
Foreshore Beach, as current velocities generated by these waves are estimated to be <0.02 m s-1.

Eastern Foreshore Beach is currently undergoing recession, with transportation of sediment towards the
Parallel Runway occurring by longshore drift. The proposed new terminal would significantly reduce
wave energies (particularly local sea waves) and sediment transport at the existing mouth of Penrhyn
Estuary. The resultant lower ambient wave energies would allow fine grained sediment that is currently
remobilised to accumulate in the larger confined area of Penrhyn Estuary. Comparison with photographs
taken in 1996 shows that sand has accreted in intertidal zones of outer Penrhyn Estuary over the last 5-6
years. This well-sorted (clean) sand in intertidal areas near the existing boat ramp would probably
increase in mud content.
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Sediment in Penrhyn Estuary is enriched in mercury and HCB from historical sources. New sediment
particles arriving in Penrhyn Estuary will be of lower concentration due to a reduction of catchment
contaminant sources. These contaminants are commonly preferentially bound to fine-grained fraction of
sediment due to the high cation exchange capacity of clay material. Fine sediment at the estuary mouth is
presently mobilised and redistributed by wave action. A seaward gradient of sediment contaminant
concentrations from Penrhyn Estuary to Botany Bay is therefore partly due to a seaward increase in mean
grainsize in the estuary. Effective dispersion of fine grained material from the mouth of Penrhyn Estuary
has probably restricted accumulation of sediment-bound contaminants to within the estuary. Decreases in
mean sediment grainsize resulting from lower energy regimes in Penrhyn Estuary due to the new
terminal, would potentially increase contaminant concentrations in total sediment in the larger confined
area of the estuary. However, changes in particulate-bound contaminant concentrations as a result of a
decrease in sediment grainsize are likely to be offset by a lower contemporary contaminant influx.

Depressions in the seabed of Botany Bay are known to be preferential sites for accumulation of fine
grained sediment and contaminants (Birch, 1996). Heavy metals are substantially enriched in north-west
Botany Bay in a location previously dredged for the original runway at Sydney Airport. The
concentration of contaminants in surficial sediment of the proposed dredge area in north-eastern Botany
Bay have been investigated (Coffey, 1999), however, interpretation of the most recent contaminant
depositional history (i.e. in a thin surface layer) is confounded by sampling over wide intervals.

6.3.2 Siltation of Penrhyn Estuary

Siltation from sediment deposited during high flow events is currently low in Penrhyn Estuary and the
highest siltation rates (2.6 cm y-1) occur in the upstream reaches of the estuary (L and T, 2003; Vol. 2;
Fig. 7.9 and 7.10). Fine particulate material is not expected to accumulate along the shorelines, but
disperse to lower energy environments. Due to decreased wave energies in Penrhyn Estuary, fine
sediment and contemporary contaminants are expected to accumulate in the estuary over a larger area,
seaward of the current distribution.

Under low flow conditions, fine particulate material arriving in Penrhyn Estuary via Springvale and
Floodvale Drains is expected to flocculate when mixed with water of increased salinity (1-2 mg L-1).
Suspended sediment represents an insignificant risk during low flow meteorological conditions in
Penrhyn Estuary. High flow conditions are discussed below.

6.3.3 Remobilisation of Historical Contaminants During High Rainfall
Events

Resuspension velocity thresholds are highly dependent on physical parameters including grainsize,
cohesivity and temperature, and vary seasonally due to biological influences. Lawson and Treloar (2003)
predict peak current velocities of 0.26 m s-1 in Penrhyn Estuary post construction of the new terminal (5
year average recurrence interval [ARI]). Velocities in excess of 0.25 m s-1 are probably sufficient to
resuspend unconsolidated fine grained sediment, therefore only freshwater flow events with a frequency
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lower than 5 years ARI are likely to resuspend sediment. Fine sediment deposited upstream of Location C
may be resuspended and transported further seaward.

Post development, peak flow velocities for 1 year ARI events in Penrhyn Estuary are predicted to
marginally decrease and flows <0.11 m s-1 are predicted throughout the estuary. At Locations B and C, a
marginal reduction in flow velocity is expected. In contrast, at Location D, the flow velocities increase
from 0.05 to 0.10 m s-1, but remain low. The area of Penrhyn Estuary likely to experience peak flow
velocities at 5 year ARI flows would be increased (0.6 to 0.12 m s-1 at Location D) by the proposed
development, however the maximum flow velocities in the outer Penrhyn Estuary are predicted to be low
(0.12 m s-1).

In many areas the formed waterway created by the proposed habitat enhancement works would provide
only a very small channel in the overall water column, especially in the proposed seagrass area. During a
fresh water flood that coincides with high tides, it would be likely the flow would at least be partially
outside the formed waterway and may create additional channel(s). Historical sediment-bound
contaminants including mercury and HCB in Penrhyn Estuary may be dispersed into Botany Bay if deep
scouring occurs. Creation of sea grass habitats within Penrhyn Estuary and the proposed channel adjacent
to eastern Foreshore Beach may assist in stabilising existing sediment-bound contaminants in areas with
sufficient water depth to allow long term establishment.

Habitat enhancement for wading birds proposed in Penrhyn Estuary would redistribute sand in dunes to
the north of the estuary to create larger areas of intertidal flats suitable for wading birds. The proposal
may include importation of additional clean material. An additional benefit of the habitat enhancement
would be to cover existing contaminated sediment with a layer of clean material. Fine grained organic
rich material may also be imported to promote the colonisation of estuarine sediment for benthic
invertebrates which would form part of the food supply for the birds. The long term stability of the newly
created intertidal flats would be dependent on flow regimes in the estuary under various hydrodynamic
conditions.

6.4 Other Water Quality Issues in North-Eastern Botany Bay

6.4.1 Sewer Overflows

The Sydney Water Sewer Overflow Licensing Project (SOLP) and an Environmental Impact Statement
(SWC/SKM, 1998) indicate significant sewer input from the Southern and Western Suburbs Ocean
Outfall Sewer (SWSOOS), to Botany Bay. The reports detail typical raw sewage microbiological
characteristics, which includes concentrations of faecal coliforms, viruses, Giardia and Cryptosporidium.
High volumes of trade waste from the heavily industrialised area immediately north of Botany Bay also
degrade water quality in the Mill Stream. Water quality issues concerning the source of faecal
contaminants and sewer overflows are not related to current or future port activities. Sydney Water
Corporation (SWC) is undertaking a program of activities to improve the management and capacity of the
sewerage system (SWC, 2002). The proposed devices are expected to reduce the catchment load of
pollutants to the Botany Bay.
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Primary and secondary contact recreation on Foreshore Beach poses considerable human health risks due
to faecal contamination from the Mill Stream at present. Relocation of the existing boat ramp from
Penrhyn Estuary to Foreshore Beach and creation of public recreation areas at the north-western end of
Foreshore Beach may increase exposure of humans to poor water quality particularly after heavy rains.
However, remedial action being undertaken by SWC is designed to significantly reduce this risk by the
time the proposed new terminal is due to be constructed. Modelling of faecal coliform concentrations
indicates that the concentrations may decrease slightly near the Mill Stream outlet during high rainfall
events. However, the same modelling indicates that concentrations of faecal coliform are likely to
increase during high rainfall events in Penrhyn Estuary as a result of reduced flushing caused by the new
terminal (L and T 2003).

6.4.2 Changes in Other Water Parameters

Salinity in Penrhyn Estuary is not expected to vary significantly from existing conditions with the
construction of the new terminal (D. Treloar, Penrhyn Estuary Workshop 13/11/02).

Only minor changes (<0.3
o C increase) in water temperature are predicted within Penrhyn Estuary (L and

T, 2003; Vol. 2). Slightly lower temperatures are predicted to occur where water depths are increased.
The overall change in temperature is negligible compared to natural variation.

Nutrient concentrations during low rainfall periods are predicted to increase (by a factor between 1.7 and
3.0) within the confined area of Penrhyn Estuary as a result of the new terminal. The peak concentrations
of nutrients during high rainfall events are also predicted to increase, due to decreased flushing of the
estuary and extend throughout the larger confined area of the estuary. Elevated nutrient concentrations in
estuarine waters would persist longer.

The range of DO concentrations is expected to be less in Penrhyn Estuary post development, however a
small reduction in average dissolved oxygen concentrations is predicted in the estuary. Overall, the
proposed port expansion would not negatively impact DO concentrations in Penrhyn Estuary.
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7 Changes to Human Health Risks

7.1 Introduction

As part of the ongoing groundwater investigation and remediation program, Orica has undertaken
assessments of risks to human health associated with contamination arising from historical operations of
the Orica petrochemical facility.  The Orica studies provide a basis for assessment of the changes to risk
associated with the proposed port development, as they have focussed on a range of potential receptors
and exposure pathways, including recreational activities at Penrhyn Estuary and the consumption of fish.
These assessments have been made on a quantitative basis.  In contrast to human health, there have been
only limited studies on risks to the environment associated with contamination of water and sediment at
Penrhyn Estuary.

The following sections provide a summary of potential changes in risks to both human health and the
environment during the construction and operation of the proposed Port Botany Expansion.

7.2 Human Health

7.2.1 Exposure Pathways and Existing Risk

The receptor group relevant to the proposed port development is recreational users of Penrhyn Estuary
and Foreshore Beach.  The AccessUTS (2002) study indicated no significant changes to groundwater
levels north of Penrhyn Estuary and Foreshore Beach, and to the fate of the plume, as a consequence of
the development.  Hence, there is no need to consider risk associated with VHCs in groundwater to
residential and industrial receptors in the catchment, as the existing risks will not be altered by the
development .

Recreational users of Penrhyn Estuary and Foreshore Beach may be exposed to contaminants by the
following mechanisms, or exposure pathways:

• contact with surface water while swimming.  Water may be swallowed during swimming and
chemicals present in the water may be absorbed through skin in contact with water;

• contact with sediment, which may be accidentally swallowed. Chemicals present in sediment may be
absorbed through skin;

• inhalation of VHCs that volatilise from surface water and enter the breathing zone of swimmers; and

• consumption of fish caught from Penrhyn Estuary.

In general, young children are the most sensitive group due to their greater tendency to wade and swim,
their potential greater sensitivity to chemicals and lower body weight.

The studies undertaken by Orica indicated that:
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• the most significant exposure pathways for recreational users of Penrhyn Estuary are incidental
ingestion of surface water and dermal contact with water during swimming.  These pathways account
for >95% of the total risk;

• the VHCs that contribute most to health risk are EDC, VC and CTC; (Woodward-Clyde 1996);

• the most sensitive group is young children (5 to 12 years); and

• consumption of fish caught from Penrhyn Estuary represented a negligible risk for both adults and
children.

The concentrations of VHCs within the existing constricted area of Penrhyn Estuary have approached
values that exceed commonly accepted risk goals for recreational use of this area, should the estuary be
visited on a regular basis.  Recreational use near the existing boat ramp, which lies outside of the
constriction, did not present an unacceptable risk to human health.  Due to the generally muddy and
unattractive nature of the upper reaches of Penrhyn Estuary, current recreational use occurs
predominantly on the sandier and more open area near the existing boat ramp.  The concentrations of
VHCs in this area are substantially lower than those measured within the confined area of Penrhyn
Estuary and have been identified as being acceptable with respect to risk to human health.

Risks to human health may increase as a consequence of the discharge of deep groundwater plumes into
Penrhyn Estuary.  It is not possible to predict with certainty the magnitude of increase in risk, as the
concentration of VHCs at the point of discharge will be dependent on the extent of dilution during
migration and discharge of groundwater, and the outcomes of remediation strategies. However, no change
in contaminate influx is expected as a result of the construction or operation of the new terminal.

Due to the dispersion of VHCs in the atmosphere, the risk posed by the volatilisation of VHCs from
surface water is low.  The quantitative assessments of risk to human health through industrial (i.e. non-
recreational) activities in the Springvale Drain catchment where the primary exposure pathway was the
inhalation of VHC vapours was determined by the Orica Stage 2 risk assessment to be negligible
(Woodward-Clyde 1996).

7.2.2 Changes in Risk – Post Development

The proposed port development has the potential to result in increased risks to human health due to:

• the confinement of a larger area of Penrhyn Estuary and resultant reduction in flushing may increase
the area in which VHCs and other catchment contaminants are present at elevated concentrations;
and

• the concentrations of VHCs within the current confined area of Penrhyn Estuary are likely to
increase.  The highest VHC concentrations would also occur in this area.  The amount by which the
concentrations increase is likely to be less than that predicted for the conservative nutrients (TN and
TP), due to the volatilisation of VHCs.
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The proposed development would alter the current recreational use of Penrhyn Estuary and Foreshore
Beach in the following ways:

• access to the current boat ramp and the upstream sections of Penrhyn Estuary would be restricted as
the current road access to the eastern side of Penrhyn Estuary will be closed to the general public.
Access to Penrhyn Estuary would be by foot from Foreshore Beach on controlled access paths. It is
conceivable that recreational use of south-eastern Foreshore Beach would be limited to passive
activities (i. e. unlikely to involve swimming).  This would reduce the potential for exposure to
VHCs in the areas having the highest contaminant concentrations, i.e. upper Penrhyn Estuary and
could result in a reduction of risks to human health; and

• the relocation of the boat ramp to north-west Foreshore Beach may increase active recreational use
of this area, which could conceivably including wading or swimming. The concentration of VHCs
may increase along the section of Foreshore Beach that forms the constructed channel.  However, no
significant changes in water quality are predicted for Foreshore Beach west of the constructed
channel which, given the open nature of the beach, is the area most likely to be used for swimming.

It is not possible to predict contaminant concentrations with accuracy for the following reasons:

• due to their volatility the concentrations of VHCs will not be as high as predicted on the basis of
modelling for the conservative nutrients

• the concentration of VHCs discharged into Penrhyn Estuary from deep groundwater source(s) cannot
be predicted with accuracy, but will not be affected by the proposed port development ; and

• the deep groundwater plumes are expected to discharge to the intertidal zones of Penrhyn Estuary, but
the extent of mixing of the groundwater and seawater at the point of discharge is uncertain.

As a consequence of the above, it is not possible to predict the magnitude of changes in risk with
certainty.  It is possible that the overall risk to human health following the port development may be
reduced.  Whilst the area potentially affected by elevated concentrations of VHCs may be increased due
to the development, the changes in recreational use of the area and low concentrations occurring along
Foreshore Beach, due to volatilisation of the VHCs during transport from the point of discharge, may
result in a net reduction in exposure to VHCs.

The Harbourwatch monitoring program has indicated that Foreshore Beach has generally poorer water
quality relative to other monitored beaches. The health risks associated with microbial contamination at
Foreshore Beach would be largely unaltered, except through remedial action by Sydney Water
Corporation.

Whilst the development may result in the migration of fine sediments along Foreshore Beach into areas
currently containing coarse sediments with low contaminant concentrations, the risk assessment
undertaken by Orica indicates exposure to sediments to be an insignificant exposure pathway. Similarly,
the larger confined area of Penrhyn Estuary would not be expected to result in increased accumulation of
contaminants in edible biota. This exposure pathway was identified in the Orica risk assessment and
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calculated to be insignificant. No change to this conclusion is expected as a result of the proposed
development.
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8 Changes to Ecological Risks

8.1 Introduction

The assessment of ecological risks relies heavily on consideration of the quality of sediment and water in
relation to environmental quality guidelines.  At best this allows only a screening level assessment of
risks to be made with a broad qualitative characterisation of the risks. This type of assessment is not able
to identify whether actual harm, or impact has occurred, or is likely to occur.  Assumptions as to potential
changes in the risks relies primarily on an assessment of expected changes in concentrations of COPC and
or changes in the area affected by elevated concentrations of COPC.  Because of the complexity of factors
that influence risks to ecological receptors it is not possible to make a definitive characterisation of the
risks to the environment following development.

8.2 Current Risks

Several studies have assessed the diversity and abundance of organisms in the study area (e.g. TEL 2003).
However, URS are not aware of any studies that have assessed existing risks to aquatic and terrestrial
organisms within and in the vicinity of Penrhyn Estuary.  The available studies and observations show
that Penrhyn Estuary provides habitat for both aquatic and terrestrial organisms.  The available
environmental quality benchmarks and sediment quality guidelines indicate that some contaminants are
present at concentrations which would warrant further assessment to determine whether they cause
adverse biological effects.  However, it is currently not possible to state whether the contaminants are
causing an adverse effect(s) or not.

The available studies indicate an abundance of both benthic and aquatic organisms within Penrhyn
Estuary.  Similarly, Penrhyn Estuary provides both feeding and roosting grounds for birds including
waders feeding on the mudflats and larger piscivorous species, such as pelicans.  The baseline benthic
studies by TEL (2003), assessed the existing abundance and assemblage of benthic organisms in Penrhyn
Estuary relative to other sites in Botany Bay .  As indicated previously the TEL (2003) studies indicate
that Penrhyn Estuary is a functioning ecological unit that is expected to interface with Botany Bay.  None
of the data collected indicates that the presence of existing contamination has resulted in a reduction of
diversity and abundance when compared to elsewhere in Botany Bay.  Whilst it is not possible to state
that the contamination has not influenced the assemblage of biota present in Penrhyn Estuary, it is
apparent that the benthos is diverse and abundant.

Meaningful assessment of risks to bird species, in particular waders, is not possible for the following
reasons:

• there are many factors that influence the population of wading birds in Botany Bay.  The assessment
of terrestrial ecology (URS 2003) describes an overall decrease in wading bird numbers throughout
Botany Bay.  Factors causing this overall decline presently also influence the abundance of wading
birds at Penrhyn Estuary;

• as the wading birds do not breed at Penrhyn Estuary, it is not possible to determine whether exposure
to contaminants is adversely affecting the reproductive ability of the birds; and
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• assessment of the health of wild bird populations is very difficult, particularly for small and transient
populations such as those visiting Penrhyn Estuary.

In summary, it is not possible to identify whether the current contaminant status of Penrhyn Estuary is
having an adverse effect on aquatic and terrestrial organisms present at Penrhyn Estuary, or whether the
ecological functioning of the estuary has been adversely affected.  However, the following observations
can be made:

• benthic organisms and algae are likely to accumulate sediment-bound contaminants such as mercury
and HCB. Higher order species such as fish and birds may be exposed to these contaminants through
feeding on the benthic species, algae and associated detritus.  Studies of fish and invertebrates (a
small number of species) suggests only limited accumulation potential in higher order aquatic
species, however no assessment of potential accumulation in birds has been undertaken;

• aquatic organisms and birds may be directly exposed to VHCs in surface water.  Available
environmental quality guidelines and benchmarks indicate that current concentrations within the
confined upstream area of Penrhyn Estuary warrant further assessment to determine whether
potential adverse effects are occurring; and

• similar to risks to human health, the discharge of VHCs in groundwater plumes may result in
increased concentrations of VHCs in Penrhyn Estuary and therefore increase risks to environmental
receptors, irrespective of the development of the new terminal.

8.3  Assessment of Ecological Risk – During Construction

8.3.1 Dredging Operations in North-eastern Botany Bay

Dredging operations to reclaim land for the new terminal in Port Botany has potential to create risks to
aquatic organisms from high turbidity, release of contaminants from disturbed sediment, and oxidation of
sulphides. These issues are discussed in the following sections.

8.3.2 Mobilisation of Sediment-bound Contaminants

Available data on contaminant concentrations of sediment in the proposed dredged area (Coffey, 1999)
were assessed to determine risks related to disturbance and possible dispersion of contaminants in Botany
Bay during dredging and reclamation of the proposed new terminal. In some samples, mercury and
organotin compounds exceeded ANZECC (1996) guideline values for sea disposal of dredged and
excavated material, and ANZECC (2000) guideline values.

Nine sediment samples contained mercury concentrations exceeding the ANZECC (2000) ISQG –low
value (0.15 mg kg-1). The highest mercury concentration recorded was 0.5 mg kg-1 (borehole CP5). The
mean concentration of mercury is well below the guideline value.
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Organotin compounds exceeding ANZECC (1996) guideline values were reported for eight samples. The
highest tributyltin (TBT) concentrations were present in surface sample S12 and borehole C5 (0.0077 and
0.013 mg kg-1, respectively). However, due to analysis of several tributyl tin (TBT) compounds the
organotin results are not directly comparable to guideline concentrations which are based on analysis of
TBT oxides.

Organotin compounds are highly toxic to marine organisms and have been effectively used to
reduce/prevent fouling of vessels by marine organisms. However, organotin concentrations in sediments
adjacent to terminal facilities in Botany Bay are unlikely to cause significant risk to aquatic organism as:

• current concentrations are generally low;

• organotin compounds degrade in sediment; and

• the predominant contemporary source of these contaminants, antifouling paint on commercial
shipping, is being phased out and is scheduled to be completed by 2008.

The distribution of mercury and organotin is irregular and does not indicate widespread enrichment in
surficial sediment. Concentrations of mercury and TBT are generally low and close to detection limits
and exceed sediment quality guideline values only in a limited number of sites. Therefore, mobilisation of
these contaminants during dredging of sediment in Botany Bay is likely to pose a temporary and
insignificant risk to aquatic organisms.

Data is currently unavailable for the concentrations of nutrients in sediment, however, mobilisation of
nutrients during dredging is also likely to pose a temporary and insignificant risk.

8.3.3 Turbidity in North-eastern Botany Bay During Dredging Operations

The concentration of total suspended solids in estuarine waters varies seasonally and is generally higher
in summer, due to higher resuspension rates and phytoplankton growth (Taylor, 2000). Typical
concentrations of suspended solids in estuarine waters are 10 to 20 mg L-1. The dredging in north-eastern
Botany Bay is predicted by L and T to result in a sediment plume between the Parallel Runway and
existing Brotherson Dock during dredging operations (L and T, 2003). The maximum predicted
concentrations of suspended solids in surface waters at the dredge site exceed 200 mg L-1. Concentrations
of suspended solids near the seabed are likely to be substantially higher, however the small volume of
sediment expected to settle from the plume would pose an insignificant risk.

8.3.4 Sulphide Rich Sediment

Disturbance and oxidation of acid generating material is possible during dredging of estuarine sediment.
Dredged sediment deposited above sea level may oxidise and produce acid sulphate conditions that
lowers the pH resulting in oxidative release of contaminants. Large areas of Botany Bay, including the
proposed dredge area, have been classified as areas at high risk of containing acid generating sulphides
(DLWC, 1995). As part of investigations into proposed dredging areas, Coffey (1999) identified
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sediments in the dredged area as sand, or silty sands overlying fissured clays. Cores CP 24 to 27, in the
proposed dredge area, intersected several sedimentary units described as peaty or sandy peat, which may
contain high sulphide contents. Clayey sand and dark grey, high plasticity clays, intersected in deeper
stratigraphy also have potential to generate acid sulphate conditions but are situated generally below the
designed dredge depth. Sediment from the boreholes was not assessed for sulphide content.

8.3.5 Potential Acid Sulphate Soils

The Botany Bay Acid Sulphate Soil Risk Map identifies the dune area in Penrhyn Estuary and behind
Foreshore Beach as “disturbed land” (DLWC, 1995). Oxidised, iron-stained dune sands can be observed
100 m east of the derelict jetty structure at the eastern end of Foreshore Beach. Sulphides deposited in
dunes during the creation of Penrhyn Estuary and Foreshore Beach are likely to have been fully oxidised
and probably pose no further risk of acid generation, if disturbed. In contrast, earthworks involving
modification of sand dunes and soils below the existing water table in Penrhyn Estuary may encounter
potential acid sulphate soils. At an intertidal saltmarsh location in Penrhyn Estuary, approximately 200 m
west of Floodvale Drain, sulphitic, iron cemented sediment can be observed. Potential acid sulphate soils
have not been tested in the study area. Environmental risks associated with changes to pH and
solubilisation of heavy metals from oxidation of sulphitic sediments may be mitigated by monitoring and
other measures proposed in Section 10.1.

8.4 Changes in Ecological Risk – Post Development

As with human health, the prime factor to consider in relation to risks to the environment is the increased
area of Penrhyn Estuary potentially affected by:

• elevated concentrations of VHCs in surface water; and

• increased area of deposition of fine and potentially contaminated sediments.

In relation to the above, the following points are relevant:

• the input of contaminants to Penrhyn Estuary that have potential to bioaccumulate (i. e. mercury and
HCB) is primarily related to historic inputs to Springvale Drain and the redistribution of fine
sediments post development would not be expected to significantly increase the accumulation of
these contaminants in higher order species.  This is largely because the concentration in the surface
fine sediments are expected to reduce with time due to deposition of “cleaner” sediments;

• although the concentration of VHCs is likely to increase throughout Penrhyn Estuary as a
consequence of the development, the concentrations are likely to be in the same order of magnitude
as prior to development, in the absence of additional sources of VHCs.  On this basis, the level of
effects on organisms is not expected to be altered dramatically by the proposed development.  VHCs
have limited potential to bioaccumulate, therefore the prime issue of concern is related to adverse
effects associated with direct exposure.  It is not possible on the basis of the current studies to
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determine whether concentrations of VHCs will be sufficiently high to cause adverse effects on
either aquatic, or terrestrial species.  This is due to the lack of data on the toxicity of VHCs to
environmental receptors as well as the complexity of the factors influencing risk to the range of
species; and

• the expected discharge of VHCs in deep groundwater plumes is likely to increase VHC
concentrations in Penrhyn Estuary.  However, it is not possible to accurately predict whether an
increase in concentrations, as a result of the groundwater plumes entering the estuary, would
adversely effect aquatic and terrestrial species .

Whilst uncertainty exists in the assessment of change in risks to aquatic and terrestrial species, it is
expected that the overall post development conditions, with respect to contamination issues within
Penrhyn Estuary, are unlikely to be substantially different to those occurring now.  The available studies
and observations indicate that Penrhyn Estuary provides habitat for both aquatic and terrestrial species.  It
is not possible to determine with certainty whether the value of this habitat has been degraded by the
contamination (surface water and sediment), however the level of degradation would not be expected to
be significantly altered by the development.

Risks to aquatic organisms in north-eastern Botany Bay including, Foreshore Beach, are considered to be
low.

No other issues have been identified.
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9 Risk Mitigation

9.1 Introduction

Risks during construction of the new terminal are predominantly related to environmental issues
including the oxidation of potential acid sulphate soils/sediment and sediment dispersion during dredging
of estuarine sediment.

Post development risks to human health and ecological systems are related to the concentrations of
contaminants, notably volatile halogenated compounds in Penrhyn Estuary.

9.2 Risk Mitigation – During Construction

Dredging in Botany Bay for reclamation of the proposed new terminal may encounter estuarine sediment
with high sulphide content that, if oxidised, could produce acid runoff and liberate heavy metals.
Sediment with a high oxidisable sulphide content is typically fine grained, organic rich and is commonly
dark grey to black, or green.  Potential acid sulphate dredged material used in the reclamation of the new
terminal should be deposited below water level, where oxidising conditions are unlikely.

Changes to the groundwater levels due to the proposed development are expected to be insignificant
compared to natural variation (AccessUTS, 2000) and is unlikely to oxidise sulphitic soil/sediment.
However, potential acid sulphate soils may be disturbed during modifications to low-lying soils in
Penrhyn Estuary. Similar to disturbance of sediment, material involved with dune removal and
nourishment should be monitored for high oxidisable sulphide concentrations and potential acid sulphate
soils. .

Predicted suspended solids concentrations in the plume created by dredging operations should be verified
using the capacity (discharge rate, solids/water ratio etc.) of the proposed dredging apparatus. Mitigation
measures such as silt curtains to contain the suspended sediment plume and control of discharge locations
to minimise surface runoff would reduce ecological risks associated with dredging. Monitoring of
turbidity levels in north-eastern Botany Bay should also be undertaken.

9.3 Risk Mitigation – Post Construction

The proposed Port Botany development would result in changes to the hydrodynamics of Penrhyn
Estuary and therefore change contaminant concentrations in the estuary (Section 6.2).  Mitigation
measures that would reduce the human health and ecological risks in Penrhyn Estuary and along
Foreshore Beach include:

• restrictions to public access and recreational activities in the upper reaches of Penrhyn Estuary,
barriers, signage etc.;

• monitoring the shorebird habitat and aquatic organisms in Penrhyn Estuary; and
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• devices to capture sediment from Springvale and Floodvale Drains to reduce influx of contaminants
and nutrients to receiving waters.

These recommended mitigation measures are discussed below.

9.3.1 Public Access

Public access to the upper reaches of Penrhyn Estuary is currently not restricted. Post development
concentrations of dissolved COPC in Penrhyn Estuary are likely to increase in the upper estuary, but
decline markedly in the outer sections of the confined Penrhyn Estuary, i.e. along south-eastern Foreshore
Beach. Due to the steep gradient in VHC concentrations, a reduction in risks to human health would be
achieved by limiting access to the upper reaches of Penrhyn Estuary. Access to upper estuary areas would
be restricted to a bird viewing platform to observe wading shorebirds during daylight hours. Odours in
Penrhyn Estuary and possibly along south-eastern Foreshore Beach from groundwater discharge may
decrease the recreational amenity of these areas.

9.3.2 Habitat Monitoring

Intertidal areas in Penrhyn Estuary represent a valuable habitat for some species of migratory shorebird in
northern Botany Bay. Assessment of changes to risk related to shorebirds that continue to use Penrhyn
Estuary is not definitive due to uncertainty in both the concentrations of contaminants that may eventuate,
the concentrations at which shorebirds are likely to suffer adverse effects, and the range of activities
undertaken by different bird species. Due to the volatile nature of many of the COPC present in Penrhyn
Estuary substantial bioaccumulation of contaminants in the food source of birds is unlikely. However, the
long term viability of Penrhyn Estuary as a habitat suitable for shorebirds cannot be established with
certainty. Therefore, monitoring of species diversity and abundances of birds is required to determine
effects of potentially increasing concentrations of COPC. However, many of the species of birds are
migratory and results of such monitoring would be confounded by survival and breeding success in areas
remote to Penrhyn Estuary.  In addition, the population of birds and utilisation of the habitat may be
affected by issues other than contamination, e.g. disruption of flight path, noise, lights etc.

9.3.3 Stormwater Treatment

Sediment traps on Floodvale and Springvale Drains would have the effect of reducing the influx of
particulate-bound contaminants to Penrhyn Estuary. These measures may improve water quality by
decreasing nutrient and contaminant concentrations in Penrhyn Estuary and Botany Bay, however they
would not reduce the concentrations of VHCs discharging to the estuary via deep groundwater.

Increased retention time in the upper (non-tidal) sections of Floodvale and Springvale Drains may
decrease the flux of halogenated compounds entering Penrhyn Estuary from the shallow groundwater
plumes discharged into the drains, due to increased retention times and therefore greater volatilisation.
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10 Conclusions

The conclusions from the review of contamination issues and changes in risk associated with the
construction and operation of the proposed Port Botany Expansion are summarised in the following
sections:

10.1 Chemicals of Potential Concern in North-eastern Botany Bay

The confinement of a larger area of Penrhyn Estuary by the proposed development would have the
following key outcomes:

- the area of reduced flushing would be increased and higher contaminant concentrations in
surface waters would occur in the upper reaches of Penrhyn Estuary and in areas that are
currently subject to flushing;  

- fine sediment may accumulate in areas where currently coarse sediments predominate,
thereby increasing whole sediment concentrations; and

- no changes in contaminant concentrations are expected outside the confined area of Penrhyn
Estuary.

10.2 Human Health Risk

Risks to human health may increase due to the increased concentrations of VHCs in the upper reaches of
Penrhyn Estuary.  However, recreational use of this area is likely to be restricted and risks may be
reduced as a consequence.

Risks to human health associated with swimming at eastern Foreshore Beach along the constructed
channel outlet may be increased due to the reduced flushing and potential for higher concentrations of
VHCs in this area.  It is not possible to predict the magnitude of the risk with accuracy due to
uncertainties in the estimation of VHC concentrations following the proposed port development and the
discharge of the VHC groundwater plumes to Penrhyn Estuary.

No changes in risk due to potential increases in VHC concentrations are expected for the following
exposure pathways:

• recreational use of Foreshore Beach west of the constructed channel outlet; and

• consumption of edible fish species caught by recreational anglers.

The risk to human health from sediment-bound contaminants is considered to be low due to limited
exposure. The low risk of adverse effects to human health is based on restriction of public access to the
upper reaches of Penrhyn Estuary.
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10.3 Ecological Risk

Changes in risks to aquatic and terrestrial organisms are difficult to predict due to uncertainties in
estimating both current and future risks.  The enlargement of Penrhyn Estuary would increase the area
available for species such as wading shorebirds and estuarine aquatic species to be exposed to
contaminants in Penrhyn Estuary such as VHCs.  It is apparent that Penrhyn Estuary currently provides a
functioning habitat for these species, however it is not possible to determine whether the functioning of
the habitat is significantly affected by the existing contaminants.  Following the proposed development,
the overall contamination conditions are not expected to change markedly from the present conditions and
on this basis, the habitat could be expected to continue to function at the current level.

The development is not expected to affect the fate, or ultimate discharge of the deep VHC groundwater
plumes associated with Orica petrochemical facility.  The discharge of these plumes is expected to result
in an increase in the concentration of VHCs in Penrhyn Estuary.  However, it is not possible to estimate
the likely concentration of VHCs due to uncertainties in the concentration at the point of discharge and
the effectiveness of remediation strategies being implemented by Orica.

10.4 Specific Issues Related To Risk Assessment

Based on the above findings, the following conclusions have been framed around the questions raised in
Section 1.

• Will changes to the hydrodynamic regime in Penrhyn Estuary associated with the proposed
development alter the risks to aquatic and terrestrial organisms?

The development is not expected to significantly alter the risks.  It should be noted, however that the
concentration of VHCs may increase with discharge of contaminated groundwater into Penrhyn Estuary,
however, the development would alter neither the rate, nor the location of the discharge. The development
may, however, increase the area of water affected by elevated concentrations of VHCs.

• Will changes to the hydrodynamic regime in Penrhyn Estuary with the proposed development alter
the risks to human health, either through the consumption of fish caught by recreational anglers, or
the recreational use of Penrhyn Estuary (e.g. children swimming and wading)?

The risks to human health are not expected to be significantly altered by the development.  The
concentrations of VHCs are expected to increase over time with discharge of contaminated groundwater.
The physical layout of the development will limit public access to the area of Penrhyn Estuary most
affected by VHCs i.e. the current confined upper section of the estuary.  Reduced access to this area
would be expected to result in reduced risks to human health.  No change in the concentrations of COPC
that might bioaccumulate in edible fish species is expected, thus the development is not expected to alter
risks associated with the consumption of fish caught by recreational anglers.

• Will changes to the hydrodynamic regime of  north-eastern Botany Bay between the new terminal
and the Parallel Runway alter the risks to aquatic organisms?



SECTION 10Conclusions

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\FINAL REPORT\21_05_03\FINAL-21 MAY
03.DOC\21-MAY-03

10-3

None of the available information indicates a change in the risks to aquatic organisms in this area as a
consequence of development.

• Will changes to the hydrodynamic regime in north-eastern Botany Bay between the new terminal and
the Parallel Runway alter the risks to human health, either through the consumption of fish caught
by recreational anglers, or the recreational use of this area?

None of the available information indicates a change in the risks to human health in this area as a
consequence of development. The quantity of fish caught in Penrhyn Estuary and proposed channel
would be reduced due to a restriction of public access.

• Will disturbance of the marine sediments and subsequent reclamation drainage in the areas to be
reclaimed or dredged during the construction of the proposed development alter the risks to aquatic
organisms and human health through consumption of fish caught from these areas?

None of the studies has indicated changes in conditions that would significantly alter the risks to human
health or aquatic organisms with respect to contamination issues.  The presence of elevated
concentrations of COPC having potential to bioaccumulate is restricted to Penrhyn Estuary, which will be
subject to minimal disturbance during construction. The habitat enhancement for wading birds would
include burial of some areas of contaminated sediment below clean sand currently contained in sand
dunes immediately north of the estuary.

• Will disturbance of sediments/soil in Penrhyn Estuary associated with the construction of the rail
line or alter the risks to aquatic organisms and human health through consumption of fish caught
and the recreational use of Penrhyn estuary?

The construction of the rail line should be able to be undertaken with minimal disturbance to sediments in
Penrhyn Estuary.  The mechanism by which construction works could alter risks to aquatic organisms and
human health (through consumption of fish) would be by dispersion of sediments and exposure of
sediments containing elevated concentrations of COPC that have the potential to bioaccumulate.  The
implementation of appropriate environmental controls during construction would minimise this potential.
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Appendix A
Recommended Sediment Quality Guidelines a

Contaminant ISQG-Low ISQG-High
(Trigger value)

METALS (mg/kg dry wt)
Antimony 2 25
Cadmium 1.5 10
Chromium 80 370
Copper 65 270
Lead 50 220
Mercury 0.15 1
Nickel 21 52
Silver 1 3.7
Zinc 200 410
METALLOIDS (mg/kg dry wt)
Arsenic 20 70
ORGANOMETALLICS
Tributyltin (µg Sn/kg dry wt.) 5 70
ORGANICS (µg/kg dry Wt) b
Acenaphthene 16 500
Acenaphthalene 44 640
Anthracene 85 1100
Fluorene 19 540
Naphthalene 160 2100
Phenanthrene 240 1500
Low Molecular Weight PAHs c 552 3160
Benzo(a)anthracene 261 1600
Berizo(a)pyrene 430 1600
Dibenzo(a,h)anthracene 63 260
Chrysene 384 2800
Fluoranthene 600 5100
Pyrene 665 2600
High Molecular Weight PAHs c 1700 9600
Total PAHs 4000 45000
Total DDT 1.6 46
p.p'-DDE 2.2 27
o,p'- + p,p'-DDD 2 20
Chlordane 0.5 6
Dieldrin 0.02 8
Endrin 0.02 8
Lindane 0.32 1
Total PCBs 23 -
a.  Primarily adapted from Long at al. (1995);
b.  Normalised to 1% organic carbon;
c.  Low molecular weight PAHs are the sum of concentrations of acenaphthene,
     acenaphthalene, anthracene, fluorene, 2-methylnaphthalene, naphthalene and phenanthrene;
     high molecular weight PAHs are the sum of concentrations of benzo(a)anthracene,
     benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene and pyrene



Appendix A
Summary of Water Quality Guidelines for Recreational Purposes: General Chemicals

Parameter Guideline values (µg/L, 
unless otherwise stated)

Inorganic:
Arsenic 50
Asbestos NR
Barium 1000
Boron 1000
Cadmium 5
Chromium 50
Cyanide 100
Lead 50
Mercury 1
Nickel 100
Nitrate-N 10000
Nitrite-N 1000
Selenium 10
Silver 50

Benzene 10
Benzo(a)pyrene 0.01
Carbon tetrachloride 3
1,1-Dichloroethene 0.3
1,2-Dichloroethane 10
Pentachlorophenol 10
Polychlorinated biphenyls 0.1
Tetrachloroethene 10
2,3,4,6-Tetrachlorophenol 1
Trichloroethene 30
2,4,5-Trichlorophenol 1
2,4,6-Trichlorophenol 10

Gross alpha activity 0.1 Bq/L
Gross beta activity (excluding activity 
of 40K) 0.1 Bq/L

Aluminium 200
Ammonia (as N) 10
Chloride 400000
Copper 1000
Oxygen >6.5 (>80% saturation)
Hardness (as CaC03) 500000
Iron 300
Manganese 100
Organics (CCE & CAE) 200
pH 6.5-8.5
Phenolics 2
Sodium 300000
Sulfate 400000
Sulfide 50
Surfactant (MBAS) 200
Total dissolved solids 1000000
Zinc 5000

NR = No guideline recommended 



Appendix A
Summary of Water Quality Guidelines for Recreational Purposes: Pesticides

Compound Maximum Compound Maximum
concentration concentration

(µg/L) (µg/L)
Acephate 20 Fenvalerate 40
Alachlor 3 Flamprop-rnethyl 6
Aldrin 1 Fluometuron 100
Amitrol 1 Formothion 100
Asulam 100 Fosamine (ammonium salt) 3000
Azinphos-methyl 10 Glyphosate 200
Barban 300 Heptachlor 3
Benomyl 200 Hexaflurate 60
Bentazone 400 Hexazinone 600
Bioresmethrin 60 Lindane 10
Bromazil 600 Maldison 100
Bromophos-ethyl 20 Methidathion 60
Bromoxynil 30 Methomyl 60
Carbaryl 60 Metolachlor 800
Carbendazim 200 Metribuzin 5
Carbofuran 30 Mevinphos 6
Carbophenothion 1 Molinate 1
Chlordane 6 Monocrotophos 2
Chlordimeform 20 Nabam 30
Chlorfenvinphos 10 Nitralin 1000
Chloroxuron 30 Omethoate 0.4
Chlorpyrifos 2 Oryzalin 60
Clopzralid 1000 Paraquat 40
Cyhexatin 200 Parathion 30
2,4-D 100 Parathion-methyl 6
DDT 3 Pendimethalin 600
Demeton 30 Perfluidone 20
Diazinon 10 Permethrin 300
Dicamba 300 Picloram 30
Dichlobenil 20 Piperonyl butoxide 200
3,6-Dichloropicolinic acid 1000 Pirimicarb 100
Dichlorvos 20 Pirimiphos-ethyl 1
Diclofop-rnethyl 3 Pirimiphos-methyl 60
Dicofol 100 Profenofos 0.6
Dieldrin 1 Promecarb 60
Difenzoquat 200 Propanil 1000
Dimethoate 100 Propargite 1000
Diquat 10 Propoxur 1000
Disulfoton 6 Pyrazophos 1000
Diuron 40 Quintozene 6
DPA 500 Sulprofos 20
Endosulfan 40 2,4,5-T 2
Endothal 600 Temephos 30
Endrin 1 Thiobencarb 40
EPTC 60 Thiometon 20
Ethion 6 Thiophanate 100
Ethoprophos 1 Thiram 30
Fenchlorphos 60 Trichlorofon 10
Fenitrothion 20 Triclopyr 20
Fenoprop 20 Trifluralin 500
Fensulfothion 20

Sources: NHMRC&AWRC(1987),NHMRC(1989)
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99% 95% 90% 80% 99% 95% 90% 80%
METALS & METALLOIDS
Aluminium pH >6.5 27 55 80 150 ID ID ID ID
Aluminium pH <6.5 ID ID ID ID ID ID ID ID
Antimony ID ID ID ID ID ID ID ID
Arsenic (AsIII) 1 24 94C 360C ID ID ID ID
Arsenic (AsV) 0.8 13 42 140C ID ID ID ID
Beryllium ID ID ID ID ID ID ID ID
Bismuth ID ID ID ID ID ID ID ID
Boron 90 370C 680C 1300C ID ID ID ID
Cadmium H 0.06 0.2 0.4 0.8C 0.7B 5.5B, C 14B, C 36B, A

Chromium (Cr Ill) H ID ID ID ID 7.7 27.4 48.6 90.6
Chromium (CrVI) 0.01 1.0C 6A 40A 0.14 4.4 20C 85C

Cobalt ID ID ID ID 0.005 1 14 150C

Copper H 1.0 1.4 1.8C 2.5C 0.3 1.3 3C 8A

Gallium ID ID ID ID ID ID ID ID
Iron ID ID ID ID ID ID ID ID
Lanthanum ID ID ID ID ID ID ID ID
Lead H 1.0 3.4 5.6 9.4C 2.2 4.4 6.6 12C

Manganese 1200 1900C 2500C 3600C ID ID ID ID
Mercury (inorganic) B 0.06 0.6 1.9C 5.4A 0.1 0.4C 0.7C 1.4C

Mercury (methyl) ID ID ID ID ID ID ID ID
Molybdenum ID ID ID ID ID ID ID ID
Nickel H 8 11 13 17C 7 70C 200C 560A

Selenium (Total) B 5 11 18 34 ID ID ID ID
Selenium (SeIV) B ID ID ID ID ID ID ID ID
Silver 0.02 0.05 0.1 0.2C 0.8 1.4 1.8 2.6C

Thallium ID ID ID ID ID ID ID ID
Tin (inorganic, SnIV) ID ID ID ID ID ID ID ID
Tributyltin (as µg/L Sn) ID ID ID ID 0.0004 0.006C 0.02C 0.05C

Uranium ID ID ID ]D ID ID ID ID
Vanadium ID ID ID ID 50 100 160 280
Zinc H 2.4 0.8 15C 31C 7 15C 23C 43C

NON-METALLIC INORGANICS
Ammonia D 320 900C 1430C 2300C 500 910 1200 1700
Chlorine E 0.4 3 6A 13A ID ID ID ID
Cyanide F 4 7 11 18 2 4 7 14
Nitrate J 17 700 3400C 17000A ID ID ID ID
Hydrogen sulfide G 0.5 1.0 1.5 2.6 ID 10 ID ID
ORGANIC ALCOHOLS
Ethanol 400 1400 2400C 4000C ID ID ID ID
Ethylene glycol ID ID ID ID ID ID ID ID
Isopropyl alcohol ID D ID ID ID ID ID ID
CHLORINATED ALKANES
Chloromethanes
Dichloromethane ID ID ID ID ID ID ID ID
Chloroform ID ID ID ID ID ID ID ID
Carbon tetrachloride ID ID ID ID ID ID ID ID
Chloroethanes
1,2-dichloroethane ID ID ID ID ID ID ID ID
1,1,1-trichloroethane ID ID ID ID ID ID ID ID
1,1,2-trichloroethane 5400 6500 7300 8400 140 1900 5800C 18000C

1,1,2,2-tetrachloroethane ID ID ID ID ID ID ID ID
Pentachloroethane ID ID ID ID ID ID ID ID
Hexachloroethane B 290 360 420 500 ID ID ID ID
Chloropropanes
1,1-dichloropropane ID ID ID ID ID ID ID ID
1,2-dichloropropane ID ID ID ID ID ID ID ID
1,3-dichloropropane ID ID ID ID ID ID ID ID
CHLORINATED ALKENES
Chloroethylene ID ID ID ID ID ID ID ID
1,1-dichloroethylene ID ID ID ID ID ID ID ID
1, 1,2-trichloroethylene ID ID ID ID ID ID ID ID
1, 1,2,2-tetrachloroethylene ID ID ID ID ID ID ID ID
3-chloropropene ID ID ID ID ID ID ID ID
1,3-dichloropropene ID ID ID ID ID ID ID ID
ANILINES
Aniline 8 250A 1100A 4800A ID ID ID ID

Trigger values for freshwater
(µgL-1)

Level of protection (% species)

Trigger values for freshwater
(µgL-1)

Level of protection (% species)
Chemicals
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99% 95% 90% 80% 99% 95% 90% 80%

Trigger values for freshwater
(µgL-1)

Level of protection (% species)

Trigger values for freshwater
(µgL-1)

Level of protection (% species)
Chemicals

2,*4-dichloroaniline 0.6 7 20 60C ID ID ID ID
2,5-dichloroaniline ID ID ID ID ID ID ID ID
3,4-dichloroaniline 1.3 3 6C 13C 85 150 190 260
3,5-dichloroaniline ID ID ID ID ID ID ID ID
Benzidine ID ID ID ID ID ID ID ID
Dichlorobenzidine ID ID ID ID ID ID ID ID
AROMATIC HYDROCARBONS
Benzene 600 950 1300 2000 500C 700C 900C 1300C

Toluene ID ID ID ID ID ID ID ID
Ethylbenzene ID ID ID ID ID ID ID ID
o-xylene 200 350 470 640 ID ID ID ID
rn-xylene ID ID ID ID ID ID ID ID
p-xylene 140 200 250 340 ID ID ID ID
m+p-xylene ID ID ID ID ID ID ID ID
Cumene ID ID ID ID ID ID ID ID
Polycyclic Aromatic Hydrocarbons
Naphthalene 2.5 16 37 85 50C 70C 90C 120C

Anthracene B ID ID ID ID ID ID ID ID
Phenanthrene B ID ID ID ID ID ID ID ID
Fluoranthene B ID ID ID ID ID ID ID ID
Benzo(a)pyrene B ID ID ID ID ID ID ID ID
Nitrobenzenes
Nitrobenzene 230 550 820 1300 ID ID ID ID
1,2-dinitrobenzene ID ID ID ID ID ID ID ID
1,3-dinitrobenzene ID ID ID ID ID ID ID ID
1,4-dinitrobenzene ID ID ID ID ID ID ID ID
1,3,5-trinitrobenzene ID ID ID ID ID ID ID ID
1-methoxy-2-nitrobenzene ID ID ID ID ID ID ID ID
1-methoxy-4-nitrobenzene ID ID ID ID ID ID ID ID
1-chloro-2-nitrobenzene ID ID ID ID ID ID ID ID
1-chloro-3-nitrobenzene ID ID ID ID ID ID ID ID
1-chloro-4-nitrobenzene ID ID ID ID ID ID ID ID
1-chloro-2,4-dinitrobenzene ID ID ID ID ID ID ID ID
1,2-dichforo-3-nitrobenzene ID ID ID ID ID ID ID ID
1,3-dichloro-5-nitrobenzene ID ID ID ID ID ID ID ID
1,4-dichloro-2-nitrobenzene ID ID ID ID ID ID ID ID
2,4-dichforo-2-nitrobenzene ID ID ID ID ID ID ID ID
1,2,4,5-tetrachloro-3-nitrobenzene ID ID ID ID ID ID ID ID
1,5-dichloro-2,4-dinitrobenzene ID ID ID ID ID ID ID ID
1,3,5-trichloro-2,4-dinitrobenzene ID ID ID ID ID ID ID ID
1-fluoro-4-nitrobenzene ID ID ID ID ID ID ID ID
Nitrotoluenes
2-nitrotoluene ID ID ID ID ID ID ID ID
3-nitrotoluene ID ID ID ID ID ID ID ID
4-nitrotoluene ID ID ID ID ID ID ID ID
2,3-dinitrotoluene ID ID ID ID ID ID ID ID
2,4-dinitrotoluene 16 65C 130C 250C ID ID ID ID
2,4,6-trinitrotoluene 100 140 160 210 ID ID ID ID
1,2-dimethyl-3-nitrobenzene ID ID ID ID ID ID ID ID
1,2-dimethyi-4-nitrobenzene ID ID ID ID ID ID ID ID
4-chloro-3-nitrotoluene ID ID ID ID ID ID ID ID

Monochforobenzene ID ID ID ID ID ID ID ID
1,2-dichlorobenzene 120 160 200 270 ID ID ID ID
1,3-dichlorobenzene 160 260 350 520C ID ID ID ID
1,4-dichlorobenzene 40 60 75 100 ID ID ID ID
1,2,3-thchlorobenzene B 3 10 16 30C ID ID ID ID
1,2,4-thchlorobenzene B 85 170C 220C 300C 20 80 140 240
1,3,5-thchlorobenzene B ID ID ID ID ID ID ID ID
1,2,3,4-tetrachlorobenzene B ID ID ID ID ID ID ID ID
1,2,3,5-tetrachiorobenzene B ID ID ID ID ID ID ID ID
1,2,4,5-tetrachlorobenzene B ID ID ID ID ID ID ID ID
Pentachlorobenzene B ID ID ID ID ID ID ID ID
Hexachlorobenzene B ID ID ID ID ID ID ID ID
1-chloronaphthalene ID ID ID ID ID ID ID ID

Capacitor 21 B ID ID ID ID ID ID ID ID
Aroclor 1016 B ID ID ID ID ID ID ID ID

Polychlorinated Biphenyis (PCBs) & Dioxins

Chlorobenzenes and Chloronaphthalenes
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Trigger values for freshwater
(µgL-1)

Level of protection (% species)

Trigger values for freshwater
(µgL-1)

Level of protection (% species)
Chemicals

Aroclor 1221 B ID ID ID ID ID ID ID ID
Aroclor 1232 B ID ID ID ID ID ID ID ID
Aroclor 1242 B 0.3 0.6 1 1.7 ID ID ID ID
Aroclor 1248 B ID ID ID ID ID ID ID ID
Aroclor 1254 B 0.01 0.03 0.07 0.2 ID ID ID ID
Aroclor 1260 B ID ID ID ID ID ID ID ID
Aroclor 1262 B ID ID ID ID ID ID ID ID
Aroclor 1268 B ID ID ID ID ID ID ID ID
2,3,4'-trichlorobiphenyl B ID ID ID ID ID ID ID ID
4,4'-dichlorobiphenyl B ID ID ID ID ID ID ID ID
2,2',4,5,5'-pentachloro- 1, 1'-biphenyl B ID ID ID ID ID ID ID ID
2,4,6,2',4',6'-hexachlorobiphenyl B ID ID ID ID ID ID ID ID
Total PCBs B ID ID ID ID ID ID ID ID
2,3,7,8-TCDD B ID ID ID ID ID ID ID ID
PHENOLS and XYLENOLS
Phenol 85 320 600 1200C 270 400 520 720
2,4 dimethyl phenol ID ID ID lD ID ID ID ID
Nonylphenol ID ID ID ID ID ID ID ID
2-chlorophenol T 340C 490C 630C 870C ID ID ID ID
3-chlorophenol T ID ID ID ID ID ID ID ID
4-chlorophenol T 160 220 280C 360C ID ID ID ID
2,3-dichlorophenol T ID ID ID ID ID ID ID ID
2,4-dichlorophenol T 120 160C 200C 270C ID ID ID ID
2,5-dichlorophenol T ID ID ID ID ID ID ID ID
2,6-dichlorophenol T ID ID ID ID ID ID ID ID
3,4-dichiorophenol T ID ID ID ID ID ID ID ID
3,5-dichlorophenol T ID ID ID ID ID [D 0 ID
2,3,4-trichlorophenol T ID ID ]D 10 ID ID ID ID
2,3,5-trichlorophenol T ID ID ID ID 10 ID ID ID
2,3,6-trichlorophenoi T ID ID ID ID ID ID ID ID
2,4,5-trichlorophenol T,B ID ID ID ID ID ID ID ID
2,4,6-trichlorophenol T,B 3 20 40 95 ID ID ID ID
2,3,4,5-tetrachlorophenol T,B ID ID ID ID 0 ID ID 10
2,3,4,6- tetrachlorophenol T,B 10 20 25 30 ID ID ID ID
2,3,5,6- tetrachlorophenol T,B ID 0 ID ID ID ID ID ID
Pentachlorophenol T,B 3.6 10 17 27A 11 22 33 55A

Nitraphenols
2-nitrophenol ID ID ID ID ID ID ID ID
3-nitrophenol ID ID ID ID ID ID ID ID
4-nitrophenol ID ID ID ID ID ID ID ID
2,4-dinitrophenol 13 45 80 140 ID ID ID ID
2,4,6-trinitrophenol ID ID ID ID ID ID ID ID
ORGANIC SULFUR COMPOUNDS
Carbon disulfide ID ID ID ID ID ID ID ID
Isopropyl disulfide ID ID ID ID ID ID ID ID
n-propyl sulfide ID ID ID ID ID ID ID ID
Propyl disulfide ID ID ID ID ID ID ID ID
Tert-butyl sulfide ID ID ID ID ID ID ID ID
Phenyl disulfide ID ID ID ID ID ID ID ID
Bis(dimethylthiocarbamyl)sulfide ID ID ID ID ID ID ID ID
Bis(dimethylthiocarbamyl)disulfide ID ID ID ID ID ID ID ID
2-methoxy-4H-1,3,2- 0 ID ID ID ID ID ID ID
benzodioxaphosphorium-2-sulfide
Xanthates
Potassium amyl xanthate ID ID ID ID ID ID ID ID
Potassium ethyl xanthate ID ID ID ID ID ID ID ID
Potassium hexyl xanthate ID ID ID ID ID ID ID ID
Potassium isopropyl xanthate ID ID ID ID ID ID ID ID
Sodium ethyl xanthate ID ID ID ID ID ID ID ID
Sodium isobutyl xanthate ID ID ID ID ID ID ID ID
Sodium isopropyl xanthate ID ID ID ID ID ID ID ID
Sodium sec-butyl xanthate ID ID ID ID ID ID ID ID
PHTHALATES
Dimethylphthalate 3000 3700 4300 5100 ID ID ID ID
Diethylphthalate 900 1000 1100 1300 ID ID ID ID
Dibutylphthalate B 9.9 26 40.2 64.6 ID ID ID ID
Di(2-ethylhexyl)phthalate B ID ID ID ID ID ID ID ID

Acetonitrile ID ID ID ID ID ID ID ID
MISCELLANEOUS INDUSTRIAL CHEMICALS
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Trigger values for freshwater
(µgL-1)

Level of protection (% species)

Trigger values for freshwater
(µgL-1)

Level of protection (% species)
Chemicals

Acrylonitrile ID ID ID ID ID ID ID ID
Poly(acrylonithle-co-butadiene-co-styrene) 200 530 800C 1200C 200 250 280 340
Dimethyformamide ID ID ID ID ID ID ID ID
1,2-di phenylhydrazine ID ID ID ID ID ID ID ID
Diphenylnitrosamine ID ID ID ID ID ID ID ID
Hexachlorobutadiene ID ID ID ID ID ID ID ID
Hexachlorocyclopentadiene ID ID ID ID ID ID ID ID
Isophorone ID ID ID ID ID ID ID ID
ORGANOCHLORINE PESTICIDES
Aildn B ID ID ID ID ID ID ID ID
Chlordane B 0.03 0.08 0.14 0.27C ID ID 0 ID
DDE B ID ID ID ID ID ID ID ID
DDT B 0.006 0.01 0.02 0.04 ID ID ID ID
Dicofol B ID ID ID ID ID ID ID ID
Dieldrin B ID ID ID ID ID ID ID ID
Endosulfan B 0.03 0.2A 0.6A 1.8A 0.005 0.01 0.02 0.05A

Endosulfan alpha B ID ID ID ID ID ID ID ID
Endosulfan beta B ID ID ID ID ID ID ID ID
Endrin B 0.01 0.02 0.04C 0.06A 0.004 0.008 0.01 0.02
Heptachlor B 0.01 0.09 0.25 0.7A ID ID ID ID
Undane 0.07 0.2 0.4 1.0A ID ID ID ID
Methoxychlor B ID ID ID ID ID ID ID ID
Mirex B ID ID ID ID ID ID ID ID
Toxaphene B 0.1 0.2 0.3 0.5 ID ID ID ID
ORGANOPHOSPHORUS PESTICIDES
Azinphos methyl 0.01 0.02 0.05 0.11A ID ID ID ID
Chlorpyhfos B 0.00004 0.01 0.11A 1.2A 0.0005 0.009 0.04A 0.3A

Demeton ID ID ID ID ID ID ID ID
Demeton-S-methyl ID ID ID ID ID ID ID ID
Diazinon 0.00003 0.01 0.2A 2A ID ID ID ID
Dimethoate 0.1 0.15 0.2 0.3 ID ID ID ID
Fenitrothion 0.1 0.2 0.3 0.4 ID ID ID ID
Malathion 0.002 0.05 0.2 1.1A ID ID ID ID
Parathion 0.0007 0.004C 0.01C 0.04A ID ID ID ID
Profenofos B ID ID ID ID ID ID ID ID
Temephos B ID ID ID ID 0.0004 0.05 0.4 3.6A

CARBAMATE & OTHER PESTICIDES
Carbofuran 0.06 1.2A 4A 15A ID ID ID ID
Methomyl 0.5 3.5 9.5 23 ID ID ID ID
S-methoprene ID ID ID ID lD ID ID ID
PYRETHROIDS
Deltamethrin ID ID ID ID ID ID ID ID
Esfenvalerate ID 0.001* ID ID ID ID ID ID
HERBICIDES & FUNGICIDES
Bypyridilium herbicides
Diquat 0.01 1.4 10 80A ID ID ID ID
Paraquat ID ID ID ID ID ID ID ID
Phenoxyacetic acid herbicides
MCPA ID ID ID ID ID ID ID ID
2,4-D 140 280 450 830 ID ID ID ID
2,4,5-T 3 36 100 290A ID ID ID ID
Sulfonylurea herbicides
Bensulfuron ID ID ID ID ID ID ID ID
Metsulfuron ID ID ID ID ID ID ID ID
Thiocarbamate herbicides
Molinate 0.1 3.4 14 57 ID ID ID ID
Thiobencarb 1 2.8 4.6 8C ID ID ID ID
Thiram 0.01 0.2 0.8C 3A ID ID ID ID
Triazine herbicides
Amitrole ID ID ID ID ID ID ID ID
Atrazine 0.7 13 45C 150C ID ID ID ID
Hexazinone ID ID ID ID ID ID ID ID
Simazine 0.2 3.2 11 35 ID ID ID ID
Urea herbicides
Diuron ID ID ID 0 ID ID ID ID
Tebuthiuron 0.02 2.2 20 160C ID ID ID ID
Miscellaneous herbicides
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99% 95% 90% 80% 99% 95% 90% 80%

Trigger values for freshwater
(µgL-1)

Level of protection (% species)

Trigger values for freshwater
(µgL-1)

Level of protection (% species)
Chemicals

Acrolein ID ID ID ID ID ID ID ID
Bromacil ID ID ID ID ID ID ID ID
Glyphosate 370 1200 2000 3600A ID ID ID ID
Irnazethapyr ID 10 ID ID ID ID ID ID
loxynil ID ID ID ]D ID ID ID ID
Metolachlor ID ID ID [D ID ID ID ID
Sethoxydim ID ID ID ]D ID ID ID ID
Trifluralin B 2.6 4.4 6 9A ID ID ID ID
GENERIC GROUPS OF CHEMICALS
Surfactants
Linear alkylbenzene suifonates (LAS) 65 280 520C 1000C ID ID ID ID
Alcohol ethoxyolated sulfate (AES) 340 650 850C 1100C ID ID ID ID
Alcohol ethoxylated surfactants (AE) 50 140 220 360C ID ID ID ID
Oils & Petroleum Hydrocarbons ID ID ID ID ID ID ID ID
Oil Spill Dispersants
BP 1100X ID ID ID ID ID ID ID ID
Corexit 7664 ID ID ID ID ID ID ID ID
Corexit 8667 ID ID ID ID ID ID ID ID
Corexit 9527 ID ID ID ID 230 1100 2200 4400A

Corexit 9550 ID ID ID ID ID ID ID ID

Notes: Where the final water quality guideline to be applied to a site is below current analytical practical quantitation limits, see Section 3.4.3.3 for guidance.

Most trigger values listed here for metals and metalloids are High reliability  figures, derived from field or chronic NOEC data (see 3.4.2.3 for reference to Volume 2). The exceptions 
are Moderate reliability  for freshwater aluminium (pH >6.5), manganese and marine chromium (111).

Most trigger values listed here for non-metallic inorganics and organic chemicals are Moderate reliability  figures, derived from acute LC.. data (see 3.4.2.3 for reference to Volume 2). 
The exceptions are High reliability  for freshwater ammonia, 3,4-DCA, endosulfan, chlorpyrifos, esfenvalerate, tebuthiuron, three surfactants and marine for 1,1,2-TCE and chlorpyhfos. 

A = Figure may not protect key test spades from acute toxicity (and chronic) - check Section 8.3.7 for spread of data and its significance. 'A' indicates that trigger value > acute toxicity 
figure; note that trigger value should be <1/3 of acute figure (Section 8.3.4.4).

B = Chemicals for which possible bioaccumulation and secondary poisoning effects should be considered (see Sections 8.3.3.4 and 8.3.5.7).

*High reliability figure for esfenvalerate derived from mesocosm NOEC data (no alternative protection levels available).

T = Tainting or flavour impairment of fish flesh may possibly occur at concentrations below the trigger value. See Sections 4.4.5.313 and 8.3.7.

G = Suifide as un-lonised H2S, measured as [S]; see Section 8.3.7.2.

H = Chemicals for which algorithms have been provided in table 3.4.3 to account for the effects of hardness. The values have been calculated using a hardness of 30 mg/L CaC03. 
These should be adjusted to the site-specific hardness (see Section 3.4.3).

J = Figures protect against toxicity and do not relate to eutrophication issues. Refer to Section 3.3 if eutrophication is the issue of concern.
D = Insufficient data to derive a reliable trigger value. Users advised to check if a low reliability value or an ECL is given in Section 8.3.7.

C = Figure may not protect key test species from chronic toxicity (this refers to experimental chronic figures or geometric mean for species) - check Section 8.3.7 for spread of data 
and its significance. Where grey shading and 'C'coincide, refer to text in Section 8.3.7.

E = Chlorine as total chlorine, as [Cl]; see Section 8.3.7.2.
D = Ammonia as TOTAL ammonia as [NH3-N] at pH 8. For changes in trigger value with pH refer to Section 8.3.7.2.

F = Cyanide as un-ionised I-ICN, measured as [CN]; see Section 8.3.7.2.
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APPENDIX B
SEDIMENT CONTAMINATION IN PROPOSED DREDGE AND RECLAIM AREAS

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\DRAFT REPORT\APPENDICES\APPENDIX B\SEDIMENT TABLES.DOC\16-DEC-02  1

Guidelines Surface Sediment Samples Core Sediment Samples Composite
Samples

ANZECC (2000) Source Coffey (1999) Kinhill (1990) Kinhill (1991) Coffey (1999) Coffey (1999)
ISQG-
Low

ISQG-
High

Sample ID S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 CP5 S10 S11 S13 S15 6 7 CP20 CP21 CP22 CP24 CP25 CP26 CP27 C1 C2

Depth (m) 0 - 0.25 0 - 0.3 0 - 0.25 0 - 0.4 0 - 0.3 0 - 0.45 0 - 0.4 0 - 0.35 0 - 0.2 0 - 0.35 0 - 0.2 0 - 0.35 0 - 0.2 0 0 0 0 0 0 1 - 1.2 1 - 1.2 1 - 1.2 1 - 1.2 1 - 1.2 1 - 1.2 1 - 1.2 3 3

INORGANICS Units
Silver 1 3.7 mg/kg <0.1 <0.1 <0.1 0.1 <0.1 0.2 0.3 0.2 0.3 0.2 0.3 0.2 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Arsenic 20 70 mg/kg <1 1 <1 2 2 7 5 2 11 2 6 2 5 3.3 5.5 0.5 2.9 1 1 1 1 <1 2 1 1 2
Cadmium 1.5 10 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1 0.3 <0.2 1 <0.2 <1 <1 <1 <1 <1 <1 <1 <1 <1
Chromium 80 370 mg/kg 1.2 3.8 1.4 8.7 4.4 18.7 19.1 11.8 27.8 8.7 15.9 8.1 23 9.4 14.1 2.9 5.8 1 1 6 1 1 2 3 4 2
Copper 65 270 mg/kg 0.9 2.2 1 4.2 2.5 6.7 7 5 12.3 5.4 8 4.6 16 6.1 10.8 1.4 3.8 <1 <1 <1 2 <1 <1 4 4 9
Mercury 0.15 1 mg/kg 0.1 0.1 0.1 0.2 0.1 0.3 0.3 0.2 0.3 0.2 0.2 0.1 0.5 <0.2 <0.2 <0.3 <0.2 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1
Nickel 21 52 mg/kg <0.1 1.1 0.6 1.5 1 2.9 2.5 1.9 4.9 1.9 3.3 1.9 6 <1 <1 <1 1 <1 1 <1 <1 1
Lead 50 220 mg/kg 2.9 6.8 3.3 11 7.4 16.7 17.2 14.1 23.7 13.6 16.6 11.9 31 12.9 27.6 3.6 8.2 <1 <1 <1 1 2 2 3 6 1
Zinc 200 410 mg/kg 4.3 10.1 4.3 9.6 6.8 37.1 36.6 26.2 59.6 25 39.8 21.7 75 30.5 47.1 9.5 19.3 1 2 9 4 1 6 7 9 4
Cobalt mg/kg 0.6 1 0.2 0.6
Tin mg/kg 0.2 0.4 0.4 0.5

PCBS
Total PCBs 0.023 - mg/kg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03

NUTRIENTS
Total Organic Carbon mg/kg 2800 5000 1200 2800
Organic Nitrogen mg/kg <100 <100 <100 <100

ORGANOCHLORINE PESTICIDES
Hexachlorobenzene mg/kg <0.02 ` <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
DDT mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.77 0.06
DDE 0.0022 0.027 mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.31
Total DDT 0.0016 0.046 mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.27 0.06
Dieldrin 0.00002 0.008 mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.13
Chlordane 0.0005 0.006 mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Heptachlor mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Aldrin mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.1
Endrin 0.00002 0.008 mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Chlorane mg/kg 0.64 0.11
DDD 0.002 0.02 mg/kg 0.19
Lindane 0.00032 0.001 mg/kg
BHC mg/kg <0.008 <0.008 <0.008 <0.008
Heptachlor Epoxide mg/kg 0.04
Hexachlor biphenyl mg/kg 0.02 0.02 0.008 0.1
Phosphorous mg/kg 205 235 175 280

TOTAL PETROLEUM HYDROCARBONS
C6 - C9 Fraction mg/kg <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
C10 - C14 Fraction mg/kg <15 <15 <15 <15 <15 <15 <15 <15 <15 <15 <15 <15 <15
C15- C28 Fraction mg/kg <20 <20 <20 24 <20 43 56 42 56 32 39 24 67
C19 - C36 Fraction mg/kg <20 <20 <20 28 <20 45 61 44 67 34 46 25 65
Total C10 - C36 mg/kg <55 <55 <55 60 <55 96 125 94 131 74 93 57 149 232 748 <41 <39

POLYNUCLEAR AROMATICS



Appendix B

SURFACE WATER IN PENRYHN ESTUARY
Location

Source
ICI 
Stage 1
(1990)

ICI 
Stage 1
(1990)

Kinhill 
(1990)

Fresh- 
water

Marine 
Waters/ 
Estuaries

Sample ID WS.1 SW0
28-L

SW0
28-H WS.3 WS.30 WS.4 SW0

30-L
SW0
30-H

SW0
31-L

SW0
31-H

SW0
32-L

SW0
32-H WS.2 SW02

9-L
SW02
9-H W11

Volatiles Units
1,1-Dichlorethylene - - ug/L - - - - -
Chloroform - - ug/L - 10 <1 48 54 290 300 20 1000 30 1000 100 69 100 100
1,1,1-Trichloroethane - - ug/L - <1 <1 - - - 1 <1 2 <1 3 <1 - <1 <1
Carbon Tetrachloride - - ug/L 4 10 <1 16 17 75 300 20 1000 20 1000 100 20 40 100
Trichloroethyene - - ug/L 27 67 67 670 27
1,1,2-Trichloroethane 6500 1900 ug/L 21 4 1 45 49 250 100 10 200 10 200 50 49 40 50
Perchloroethylene ug/L 5 13 12 66 4
Benzene 950 700 ug/L <1 <1 3 <1 10 <1 10 <1 20 <1
Toluene - - ug/L <1 <1 1 9 2 <1 2 <1 2 <1
Ethyl benzene - - ug/L <1 <1 <1 <1 <1 <1 <1 <1 1 <1
p,m-Xylenes - - ug/L <1 <1 <1 <1 <1 <1 <1 <1 1 <1
o-Xylene 350 - ug/L <1 <1 <1 <1 <1 <1 <1 <1 1 <1
Dichloromethane - - ug/L <10 <1 10 <5 20 <5 20 <5 10 <5
Chloromethane ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Total Chloromethanes ug/L 20 0 610 40 2020 50 2020 200 150 200
1,2-Dichloroethane - - ug/L 100 100 1000 50 500 100 500 200 2000 200
Chloroethane ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Total Chloroethanes ug/L 14 40 1100 60 702 110 703 250 2040 250
Tetrachloroethene - - ug/L 5 <1 200 80 200 20 100 80 10 80
Trichloroethene ug/L 20 2 2000 50 2000 200 2000 300 100 300
cis-1,2-Dichloroethene ug/L 10 <1 1000 30 1000 100 1000 200 30 200
trans-1,2-Dichloroethene ug/L 2 <1 200 4 200 30 100 40 10 40
1,1-Dichloroethene ug/L <1 <1 100 100 4 100 10 10 10
Chloroethene ug/L 4 <1 200 10 300 40 300 100 10 100
Total Chloroethenes ug/L 41 2 3700 175 3800 394 3600 730 170 730
Ethene ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Cyclopentane ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Cylcohexane ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Carbon Bisulphide ug/L 4 <1 <1 <1 <1 <1 <1 <1 <1 <1

Semivolatiles
Hexachloroethane - - ug/L - <0.1 <0.1 - - - 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 <0.1
Hexachlorobutadiene ug/L - <0.1 <0.1 - - - 0.1 <0.1 0.1 <0.1 <0.1 <0.1 - <0.1 <0.1
Hexachlorobenzene 0.1 - ug/L - <0.1 <0.1 - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 <0.1
1,3-Dichlorobenzene 260 - ug/L <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,4-Dichlorobenzene 60 - ug/L <0.1 <0.1 1 0.2 0.2 1 <0.1 <0.1 0.3 <0.1
1,2-Dichlorobenzene 160 - ug/L <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1
1,3,5-Trichlorobenzene 13 - ug/L <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

ICI Stage 2
(1996)

ICI Stage 2
(1996)

Penrhyn Estuary Springvale Drain Floodvale Drain

ANZECC (2000) ICI Stage 2 (1996)ICI Stage 1 (1990)

Guidelines

Page 1 of 7



Appendix B

SURFACE WATER IN PENRYHN ESTUARY
Location

Source
ICI 
Stage 1
(1990)

ICI 
Stage 1
(1990)

Kinhill 
(1990)

Fresh- 
water

Marine 
Waters/ 
Estuaries

Sample ID WS.1 SW0
28-L

SW0
28-H WS.3 WS.30 WS.4 SW0

30-L
SW0
30-H

SW0
31-L

SW0
31-H

SW0
32-L

SW0
32-H WS.2 SW02

9-L
SW02
9-H W11

ICI Stage 2
(1996)

ICI Stage 2
(1996)

Penrhyn Estuary Springvale Drain Floodvale Drain

ANZECC (2000) ICI Stage 2 (1996)ICI Stage 1 (1990)

Guidelines

1,2,4-Trichlorobenzene 170 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tetrachlorobenzene ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Pentachlorobenzene 2 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Inorganics
Mercury 0.6 0.4 ug/L 0.4 2 0.7 1 0.9 <1
Chromium - 27.4 ug/L - - - - - <100
Aluminium 55 - ug/L 300
Cadmium 0.2 5.5 ug/L <100
Manganese 1900 - ug/L 300
Zinc 8 15 ug/L 200
Sulphide ug/L 130 300 - 700 130

THC 2.5
PCB ug/L <0.5

Nutrients
Total N 350 300 ug/L 5580
Total P 10 30 ug/L 120
Chlorophyll-a 5 4 ug/L 20.5

Bacteria
Faecal Coliform cfu/100mL 11800

Field Parameters
Conductivity uS/cm 36800 #### 14600 4650 30700
pH 6.5-8.0 7.0-8.5 7.74 7.44 7.44 7.52 7.34
TSS mg/L 95.2
* EPA guidelines (based on ANZECC 2000)
L = Low tide
H = High tide

Page 2 of 7



Appendix B

SURFACE WATER IN THE MILL STREAM
Location

NHMRC/ 
ARMCANZ 

(1996)
Source

Fresh- 
water

Marine 
water

Drinking 
Water Sample ID W10 E P SW EP2 EP3 EP4 EP5 A20-S A20-B A20-S A20-B A20-S A20-B

Inorganics Units
Mercury 0.6 0.4 1 ug/L <1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Chromium - 27.4 (IV) 50 ug/L <100 <2 2 <2 <2 <2 <2
Aluminium 55 - - ug/L 400 <10 20 30 70 20 90
Cadmium 0.2 5.5 2 ug/L <100 <10 <10 <10 <10 <10 <1 <1 <1 <1 <1 <1
Manganese 1900 - 500 ug/L <100
Zinc 8 15 - ug/L 200 70 440 200 50 60 <50 <50 <50 <50 <50 <50
Lead 3.4 4.4 10 ug/L <100 <100 <100 <100 <100 <5 <5 <5 <5 <5 <5
Arsenic 7 ug/L <1 <1 <1 <1 <1 0.8 1 1.1 1.5 1.4 1.4
Molybdenum ug/L <100 <100 <100 <100 <100
Nickel 11 70 20 2.5 2.5 6 9 5 8
Iron <10 90 100 60 470
Copper 1.4 1.3 2 <5 <5 <5 <5 <5 11
Total Cyanide 80 ug/L <10 <10 <10 <10 <10 <10

Oil and Grease ug/L <1 <1 <1 <1 <1 <1
Total OC ug/L <1 <1 <1 <1 <1 <1
TBT ug/L <10 <10 <10 <10 <10 <10
PAH ug/L <10 <10 <10 <10 <10 <10
TPH - - mg/L <1 <1 <1 <1 <1 <1
TOC mg/L 0.5 <0.1 2.3 1.7 2 2.2
THC 3.3
PCB <0.5

Nutrients
Total N 0.35 0.12 mg/L 5650 0.4 0.3 0.6 0.24 0.3 <0.2
Total P 0.01 0.025 mg/L 1805 0.05 0.07 0.09 0.065 0.035 0.075
Chlorophyll-a 5 1 ug/L 3.6 1 1 <1 2 2

Bacteria
Faecal Coliform 150* cfu/100mL 1.5 mil

Field Parameters
pH - 7.56 7.81 7.83 6.59 6.58
Temperature - oC 22 22 22 20 21
TSS mg/L 33.7 2 3 <1 <1 <1 <1
Turbidity 5-10* NTU 2 2 1.4 1.3 0.4 0.5
BOD mg/L 3.3 1.5 2.6 2.6 <1 <1

Aquatec 
May 1992ANZECC (2000)

Guidelines

Kinhill (1990) Aquatec April 
1992

Aquatec 
July 1992

Mill Stream

Page 3 of 7
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SURFACE WATER IN THE MILL STREAM
Location

NHMRC/ 
ARMCANZ 

(1996)
Source

Fresh- 
water

Marine 
water

Drinking 
Water Sample ID W10 E P SW EP2 EP3 EP4 EP5 A20-S A20-B A20-S A20-B A20-S A20-B

Aquatec 
May 1992ANZECC (2000)

Guidelines

Kinhill (1990) Aquatec April 
1992

Aquatec 
July 1992

Mill Stream

* EPA guidelines (based on ANZECC 2000)
S = Surface sample
B = Bottom sample

Page 4 of 7
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SURFACE WATER NEAR FORESHORE BEACH
Location

NHMRC/ 
ARMCANZ 

(1996)
Source

Fresh- 
water

Marine 
Waters Drinking 

Water Sample ID
SW
025-
L

SW
025-
H

SW
026-
L

SW
026-
H

SW
027-
L

SW
027-
H

W4 W3 A2-S A2-B A2-S A2-B A2-S A2-B Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Units
Volatiles
1,1-Dichlorethylene - - ug/L
Chloroform - - ug/L <1 <1 <1 <1 <1 <1
1,1,1-Trichloroethane - - - ug/L <1 <1 <1 <1 <1 <1
Carbon Tetrachloride - - 3 ug/L <1 <1 <1 <1 <1 <1
Trichloroethyene - - ug/L
1,1,2-Trichloroethane 6500 1900 ug/L <1 <1 <1 <1 <1 <1
Perchloroethylene ug/L
Benzene 950 700 1 ug/L <1 <1 <1 <1 <1 <1
Toluene - - 800 ug/L <1 <1 <1 <1 <1 <1
Ethyl benzene - - ug/L <1 <1 <1 <1 <1 <1
p,m-Xylenes - - ug/L <1 <1 <1 <1 <1 <1
o-Xylene 350 - ug/L <1 <1 <1 <1 <1 <1
Dichloromethane - - 4 ug/L <10 <5 <10 <5 <10 <5
Chloromethane ug/L <1 <1 <1 <1 <1 <1
Total Chloromethanes ug/L 0 0 0 0 0 0
1,2-Dichloroethane - - 3 ug/L <1 <1 <1 <1 <1 1
Chloroethane ug/L <1 <1 <1 <1 <1 <1
Total Chloroethanes ug/L 0 0 0 0 0 1
Tetrachloroethene - - 50 ug/L <1 <1 <1 <1 <1 <1
Trichloroethene ug/L <1 <1 <1 <1 <1 <1
cis-1,2-Dichloroethene ug/L <1 <1 <1 <1 <1 <1
trans-1,2-Dichloroethene ug/L <1 <1 <1 <1 <1 <1
1,1-Dichloroethene ug/L <1 <1 <1 <1 <1 <1
Chloroethene ug/L <1 <1 <1 <1 <1 <1
Total Chloroethenes ug/L 0 0 0 0 0 0
Ethene ug/L <10 <10 <10 <10 <10 <1
Cyclopentane ug/L <10 <10 <10 <10 <10 <1
Cylcohexane ug/L <10 <10 <10 <10 <10 <1
Carbon Bisulphide ug/L <1 <1 <1 <1 <1 <1

Semivolatiles
Hexachloroethane - - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Hexachlorobutadiene 0.7 ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Hexachlorobenzene 0.1 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,3-Dichlorobenzene 260 - - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,4-Dichlorobenzene 60 - 40 ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,2-Dichlorobenzene 160 - 1500 ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,3,5-Trichlorobenzene 13 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1,2,4-Trichlorobenzene 170 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tetrachlorobenzene ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Pentachlorobenzene 2 - ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Inorganics
Mercury 0.6 0.4 1 ug/L 2 1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Chromium - 27.4 (IV) 50 ug/L 100 100 <2 <2 2 <2 <2 <2
Aluminium 55 - - ug/L 200 100 10 10 10 40 30 80
Cadmium 0.2 5.5 2 ug/L 200 200 <1 <1 <1 <1 <1 <1
Manganese 1900 - 500 ug/L 100 <100

Aquatec 
May 1992 Harbourwatch (2001)

Foreshores BeachGuidelines

ANZECC (2000)
Aquatec 

April 
1992

Kinhill 
(1990)ICI Stage 2 (1996)

Aquatec 
July 
1992
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Appendix B

SURFACE WATER NEAR FORESHORE BEACH
Location

NHMRC/ 
ARMCANZ 

(1996)
Source

Fresh- 
water

Marine 
Waters Drinking 

Water Sample ID
SW
025-
L

SW
025-
H

SW
026-
L

SW
026-
H

SW
027-
L

SW
027-
H

W4 W3 A2-S A2-B A2-S A2-B A2-S A2-B Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Aquatec 
May 1992 Harbourwatch (2001)

Foreshores BeachGuidelines

ANZECC (2000)
Aquatec 

April 
1992

Kinhill 
(1990)ICI Stage 2 (1996)

Aquatec 
July 
1992

Zinc 8 15 - ug/L <100 <100 <50 <50 <50 <50 <50 <50
Lead 3.4 4.4 10 ug/L <5 <5 <5 <5 <5 <5
Arsenic 7 ug/L 1 1 1.7 1.2 1.3 1.3
Nickel 11 70 20 ug/L 2.5 2.5 6 6 7 7
Copper 1.4 1.3 2 ug/L <5 <5 8 7 7 8
Total Cyanide 80 ug/L <10 <10 <10 <10 <10 <10

Oil and Grease ug/L <1 <1 <1 <1 <1 <1
Total OC ug/L <1 <1 <1 <1 <1 <1
TBT ug/L <10 <10 <10 <10 <10 <10
PAH ug/L <10 <10 <10 <10 <10 <10
TPH - - ug/L <1 <1 <1 <1 <1 <1
TOC mg/L 1.5 1.6 1.4 1.4 1.8 1.7
THC ug/L 3.5 2
PCB ug/L <0.5 <0.5

Nutrients
Total N 0.35 0.12 mg/L 2.1 0.27 <0.2 <0.2 <0.2 <0.2 0.5 <0.2
Total P 0.01 0.025 mg/L 0.048 0.05 0.1 0 0.1 0 0 0.1
Chlorophyll-a 5 1 ug/L 15.5 12.3 1 1 <1 <1 <1 1

Bacteria
Faecal Coliform 150* cfu/100mL 3000 2100 <150 >150 >150 >150 >150 <150 <150 <150 <150 <150 <150 <150
Enterococci 35* cfu/100mL <35 >35 >35 >35 >35 <35 >35 <35 <35 >35 >35 <35

Field Parameters
Conductivity uS/cm
pH -
Dissolved O2 - % sat
Temperature - oC
TSS mg/L 4.3 3.8 1 <1 1 2 1 <1
Turbidity 5-10* NTU 1.1 1 0.5 0.6 0.9 0.9
BOD mg/L 3 1.9 2.4 2.1 <1 <1
* EPA guidelines (based on ANZECC 2000) for rolling median (5 per month)
L = Low tide
H = High tide
S = Surface sample
B = Bottom sample
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Appendix B

SURFACE WATER IN BOTANY BAY
Location

NHMRC/ 
ARMCANZ 

(1996)
Source Kinhill (1990)

Fresh- 
water

Marine 
Waters

Drinking 
Water Sample ID W2 A3-S A3-B A4-S A4-B A3-S A3-B A4-S A4-B A3-S A3-B A4-S A4-B

Inorganics Units
Mercury 0.6 0.4 1 ug/L 3 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Chromium - 27.4 (IV) 50 ug/L 100 <2 <2 <2 <2 <2 <2 <2 3 <2 <2 <2 <2
Aluminium 55 - - ug/L <100 <10 20 <10 <10 20 40 20 50 40 80 20 20
Cadmium 0.2 5.5 2 ug/L 200 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Zinc 8 15 - ug/L <100 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
Lead 3.4 4.4 10 ug/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Arsenic 7 ug/L 1.1 1.1 1.1 1.1 1.4 1.3 1.4 1.5 1.4 1.4 1.4 1.4
Nickel 11 70 20 2.5 2.5 2.5 5 5 7 6 7 7 7 5 6
Copper 1.4 1.3 2 <5 8 <5 5 <5 6 <5 <5 7 8 6 <5
Total Cyanide 80 ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

Oil and Grease ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Total OC ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
TBT ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
PAH ug/L <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
TPH - - ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
TOC mg/L 1.3 1.4 1.7 2 1.2 1.4 1.4 0.9 1.7 1.7 1.7 23.4
THC ug/L 1.8
PCB ug/L <0.5

Nutrients
Total N 0.35 0.12 mg/L 0.36 <0.2 <0.2 0.3 0.3 <0.2 0.22 0.4 0.23 <0.2 <0.2 0.4 <0.2
Total P 0.01 0.025 mg/L 0.068 0.03 0.05 0.04 0.045 0.06 0.065 0.05 0.07 0.055 0.08 0.045 0.075
Chlorophyll-a 5 1 ug/L 7.3 <1 1 <1 <1 2 <1 1 1 1 1 3 <1

Bacteria
Faecal Coliform 150* cfu/100mL 530

Field Parameters
TSS mg/L 4.3 1 2 <1 8 2 3 2 2 <1 1 <1 2
Turbidity 5-10* NTU 1.1 1.3 1.1 4 0.6 0.6 0.7 0.8 0.6 0.9 0.8 0.5
BOD mg/L 2.4 1.8 2.5 1.5 2.1 2 2.1 2 <1 <1 <1 2.1
* EPA guidelines (based on ANZECC 2000)
S = Surface sample
B = Bottom sample

Guidelines

ANZECC (2000) Aquatec April 1992

Botany Bay

Aquatec May 1992Aquatec July 1992
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APPENDIX B
SEDIMENT CONTAMINATION IN PROPOSED DREDGE AND RECLAIM AREAS

S:\PROJECTS\43027-012 SYD PORTS\EIS-2001\TECHNICAL REPORTS\SEDIMENT QUALITY & ECOTOXICOLOGY\DRAFT REPORT\APPENDICES\APPENDIX B\SEDIMENT TABLES.DOC\16-DEC-02  2

Acenaphthene 0.016 0.5 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Anthracene 0.085 1.1 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Fluorene 0.019 0.5 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Napthlaene 0.16 2.1 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phenanthrene 0.24 1.5 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.05 0.05 <0.05 0.07 <0.05 <0.05 <0.05 0.05
Low Molecular Weight
PAHs

0.508 2.52 mg/kg 0 0 0 0 0 0.05 0.05 0 0.07 0 0 0 0.05

Benz(a)anthracene 0.261 1.6 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.07 0.06 0.05 0.08 <0.05 <0.05 <0.05 0.09
Benzo(a)pyrene 0.43 1.6 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.08 0.09 0.05 0.1 <0.05 <0.05 <0.05 0.1
Dibenz(a.h) anthracene 0.063 0.26 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chrysene 0.384 2.8 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.07 0.08 0.05 0.08 <0.05 <0.05 <0.05 0.1
Fluoranthene 0.6 5.1 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.13 0.13 0.09 0.16 <0.05 0.08 <0.05 0.15
Pyrene 0.665 2.6 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 0.13 0.14 0.1 0.16 <0.05 0.08 <0.05 0.15
High Molecular Weight
PAHs

1.7 9.6 mg/kg 0 0 0 0 0 0.48 0.5 0.34 0.58 0 0.16 0 0.59

2-Methylnapthalene mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Total PAH 4 45 mg/kg <0.3 <0.3 <0.3 <0.3 <0.3 0.7 0.7 0.5 0.8 <0.3 0.4 <0.3 0.74

ORGANOTIN COMPOUNDS
Monobutyltin mg/kg 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Dibutyltin mg/kg 0.0005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 0.0005 0.0006 <0.0005 0.0006 0.0002 0.0009 0.0028 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Tributyltin 0.005 0.07 mg/kg 0.0005 0.0005 0.0006 0.0009 0.0006 0.0008 0.0009 0.0016 0.0028 0.0015 0.0077 0.0018 0.013 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005

RADIONUCLIDES
Potassium-40 Bq/kg 120
Uranium-238 Bq/kg 12
Radium-226 Bq/kg 18
Lead-210 Bq/kg 15
Radium-228 Bq/kg 12
Thorium-228 Bq/kg 12
Caesium-137 Bq/kg 0.7
Beryllium-7 Bq/kg <3

C1 = Composite of samples CP20, CP21, CP23 and CP24
C2 = Composite of samples CP25, C26 and CP27




