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The level to which we can manave Cleveland Bay is directly
rrorortional to our understandiny of Cleveland Bay.
The more we know. the better we can manayve.

The better we can manave., the more sustainable is our use.



Executive Summary

Cleveland Bay is located within the Gr&atrrier Reef World Heritage Area and has
recently been designated as a dugong protected area. These issues of environmental
sensitivity, combined with the rapid expansion and development of the Port of Townsville
over the past decade has meant that poerapons and development need to be undertaken

with due regard for the environment.

Increasingly as the world’s population demands action in response to environmental
degradation, governments are placed under pressure to respond through the introduction of
legislative restrictions on activities and operations. These requirements have often been
developed in an ad hoc fashion and often represent overlapping requirements which may not

always reflect complimentary requirements.

The northeast coast of Australsacomplicated in its regulatory regimes through the
management and active jurisdiction of both the Commonwealth and the State of Queensland.
Based on area, 97% of the Great Barrier Reef Marine Park is under the jurisdiction of the
Commonwealth with theemaining 3% being subject to the laws of the State being within the
internal waters of the State of Queensfand

In response to this mulpurisdictional approach there is a comprehensive system of
management and regulation of maritime activities wit@i3BR. Queensland has recently
experienced considerable change in the legislative framework that manages development,
planning and the environment. These changes have heightened community and industry
awareness to both environmental and planning issussleRéal land developments,
particularly in the area of South Townsville and Railway Estate, continue to encroach on Port

lands

! White, M. 1999. “Sensitive Marine Environments and the Regulation of Shipping: The Great Barrier Reef
Experience” Asia Pacific Journal of Environmeal Law, Vol. 4, Issue 3(1999), 219:242.
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Chapter 1 — Introduction to the Cleveland
Bay Consortium and the Cleveland Bay

Status Report

The Cleveland Bay Consortium is an informal industry/research forum for the
discussion of th sustainable use of the environments of Cleveland Bay. Industry and
regulatory agencies in the Cleveland Bay region have identified a need for comprehensive
information about water, sediment, flora and fauna of the Bay for environmental license
applicatims and future planning for sustainable use of the region. Information from past
research is often difficult to find, of variable quality, and is sometimes difficult to apply to
current problems and applications. Business, industry, regulatory authantessearch
agencies identified a need for a focus or forum to exchange information, priorities,

information needs, and expertise.

The first Cleveland Bay Consortium workshop was held in January 1998. The
founding members of the CBC included, BHP Canoimghe Australian Institute of Marine
Science, MIM Copper Refineries, Northern Shipping and Stevedoring, the Great Barrier Reef
Marine Park Authority, Sun Metals, Townsville Port Authority, James Cook University, QNI.

All participants agreed that, it igten difficult to determine environmental monitoring
requirements, licensing and discharge criteria when there appears to be a general lack of
baseline data. The fact of the matter however, is that Cleveland Bay has been extensively
studied and there isggiificant data available on the natural resources and processes of the
region. The challenge however has been in identifying these research initiatives, where the
data is held and coordinating these initiatives to ensure that the data is availablglen a sin
location, or at least to initiate this process. It was important from the outset to recognise the
benefits to industry, research organisations and regulatory agencies a like ensuring data

availability, efficiencies in research initiatives and impremenlonmental understanding.



Page?

WORLD HERITAGE AREA
TOWNSVILLE CITY COUNCIL
LOCAL AUTHORITY AREA

2P| | @ Townsvile City Council 2000

Figure 11 Location plan of Cleveland Bay showing the Cities of Townsville and
Thuringowa located on the western shores, and the boundaries of the World Heritage Area.

This Cleveland Bay Status g&t is the first step in providing the information and
understanding of all the stakeholders of Cleveland Bay. An exercise of this complexity
requires the input from a range of groups and individuals. The commitment by the
contributors demonstrates a dedio ensure the sustainable use of Cleveland Bay.

This report is not intended to pass judgement on the quality of Cleveland Bay nor is it
intended to comment on the quality of the available data. Rather, the Report is a compilation
of all the available search data relevant to Cleveland Bay and the region. The report itself
has been compiled through the voluntary contributions of individuals and organisations
representing researchers, industry and regulatory authorities. To minimise the burden on
participating agencies the forum has been established electronically, allowing anyone with a

relevant interest to contribute and participate.

The Cleveland Bay Sustainability Cycle

The Cleveland Bay Sustainability Cycle, represented in figure 1, depicts tey jmtime

bsustainable use of Cleveland Bay.
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By sustainable use, we mean, that the things that we do in Cleveland Bay today will not have
a detrimental impact on the Cleveland Bay such that futures generations will be unable to do
the things in Clevelanday that they want to do.
In 1996 a group of people representing industry, research and regulators got together to talk
about our vision for Cleveland Bay. This group also discussed their interest and activity in the
Bay. What was lacking previously in Giand Bay was a coherent vision and understanding
of the links between the different values of Cleveland Bay.
What are the links between the air, the water, the sediment, the plants and the animals of
Cleveland Bay? And what are the relationships betwessetinternal contributors (ie nature)
to Cleveland Bay and the external factors eg people and their activities?
The group then formed the Cleveland Bay Consortium and set out to answer some of these
questions.
The journey of understanding has only jugjibeand this status report is a tangible
contributor to the Cleveland Bay Sustainability Cycle .
The symbolism of the circle sizes in figure 1, at the entry point of the Cleveland Bay
Consortium into the Cleveland Bay Sustainability Cycle reflects #ps’'shat are needed
for our journey. They represent the incremental increase in knowledge, understanding,
acceptance, contribution, commitment, honesty and integrity as we journey to our next
milestone of the “Gap analysis”. All the journeys in the CdexkBay Sustainability Cycle
reflect the same stepphsgones. On completion of the Gap analysis, further research or
understanding will need to be conducted to increase our knowledge of the environmental,
social and economic vales of Cleveland Bay. Bhéten referred to as the triple bottom line
of sustainable developmenbf people, planet and profit or earth, earthlings and earnings.
As we increase our knowledge we move on to the next stage of the journey. That is to adopt
principle, practices andesdards (or if necessary, regulation/legislation) that reflect our new
knowledge.
That is not the end of the journeythe Cleveland Bay Sustainability Cycle is an endless
cycle.
Sustainable development, we believe, means different things to differplat, pe different
times. The vision of sustainable use however, should not changist gets its values
redefined.
Hence the next step in this neaarding journey is to conduct another status report and start

the cycle again.
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The level to which we camanage Cleveland Bay is directly proportional to our
understanding of Cleveland Bay. The more we know, the better we can manage. The better

we can manage, the more sustainable is our use.

Figure 12 Flow chart demonstiting how the Cleveland Bay Consortium and Cleveland
Bay Status Report, interact with environmental pressures and the objective of sustainable use

of Cleveland Bay.
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Chapter 2 - The physical environment

2.1 Weather and Climate of Cleveland Bay

Janice Lough

Australian Institute of Mame Science

2.1.1 Introduction —some definitions

Weather is how we experience the atmosphere around us at a given time and place (eg
the wind speed, the amount of cloud, the air temperature and humidity etc). Climate is what
we expect the weather to bedilat that particular time and place. To define the climate of a
region requires many years of weather observations to determine average statistics (30 years
is typically taken as a standard by the World Meteorological Organisation;
http://www.wmo.ch). Climate also encompasses the range of variability (or observed

extremes) about average conditions. Climate varies naturally from year to year and often
departures from average (anomalies) are experienced. ERgiitbern Qcillation (ENSO)

is the major source of intemnnual tropical climate variability that causes climate anomalies in
many parts of the tropics (including Queensland and adjacent waters) arttiopita

latitudes http://www.pmel.noaa.gov/tog@o/etnino/ninehome.htnjl. A climate change

occurs when there is a significant change in the average climate and/or its variability so that

our expectation of weather also changes.
2.1.2 Sources of data

To describe and monitor variations and changes in climate requires longuhliy,
homogeneous observations of weather elements. What we can say about weather, climate,
climate variability and change is highly dependent on the qualitysaf tibservational data
sets. There is a range of data available to describe weather and climate of Cleveland Bay, each
with their respective strengths and weaknesses. Factors to consider when selecting data for a
particular application include: length etord, spatial and temporal resolution, spatial and
temporal representativeness, instrument or site changes, etc. Some useful sources of

information are:
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2.1.2.1Current weather

. Current observations, charts, satellite maps, forecasts etc from Towngiakeobf

Bureau of Meteorologhttp://www.bom.gov.au/weather/qgld/townsville/

. Colourenhanced satellite maps of Australia, Queensland and any significant current
weather events provided by ProfJCKikkert, Dept of Electrical & Computing Engineering,
JCU http://www.ece.jcu.edu.au/JCUMetSat/web/metsat.html

. Near reaitime halthourly measurements of sea water temperature, aiieoe,

wind speed and direction, air pressure and light levels from Australian Institute of Marine
Science Automatic Weather Station (AWS) Network. The nearest stations are the recently
installed AWS in Cleveland Bay and the Hraded AWS at Cape BowtirGreen.

http://www.aims.gov.au/pages/facilities/weatstations/weatheindex.html

. Glossary of weather and climate terminology:

http://www.bom.gov.au/climate/glossary/index.shtml/

2.1.2.2Climate averages

. Monthly climate statistics (eg maximum, minimum temperatures, rainfall, number of
rain days) for Townsville AMO (Bureau of Meteorology Statimmber 32040) operating
since 1940 at Townsville Airport
http://www.bom.gov.au/climate/averages/tables/cw_032040.<itmilar statistics for

original Townsville weather statidocated near hospital (operated till 1941)
http://www.bom.gov.au/climate/averages/tables/cw_032071.shtml

. Graphs of average monthly temperature and rainfall for Townsville stsk{®n

http://www.bom.gov.au/cepin/climate/cgi bin scripts/map script new.cqi?32040

. Overview of climate information available for Australia

http://www.bom.gov.au/climate

2.1.2.3Sea water temperatures

. Daily, weekly and monthly from data loggers deployed by the Great Barrier Reef
Marine Park Authority at Middle Reef, Nelly, Geoffrey and Florence Bays of Magratid Is
http://www.gbrmpa.gov.au/seatemp/index.hifhlese data are downloaded evet§ 3
months. See also AIMS AWS.
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. Weekly and monthly sesurface temperatures and anomalies from blended satellite

data for T latitude by longitude squares, 1981 to date IGOSS Data Products Bulletin of the
IRI/LDEO Climate Data Libraryhttp://ingrid.ldgo.columbia.edu/

2.1.2.4Climate outlooks and El Nifio-Southern Oscllation

. Queensland Department of Primary Industries provide a range of information about
current conditions and seasonal outlooks (see especially their Long Paddock pages)

http://www.dpi.gld.g®.au/climate/Welcome.html

. A similar range of information with the Bureau of Meteorology’s seasonal outlooks is

provided on the SILO pagdgtp://www.bom.gov.au

2.1.2.5Past and possible future climate change in Austlia

. The Bureau of Meteorology Research Centre have been developinguailigy
rainfall and temperature data sets necessary to describe climate variation and change

http://www.bom.gov.au/bmrsee especially ¢hpages from the Climate Group.

. Climate scenarios for Australia projected due to the enhanced Greenhouse effect are

developed by the Atmospheric Research division of the C&tjpd/www.dar.csiro.au

2.1.2.6Summaries of recent weather and climate

. A review of monthly weather in Queensland (including rainfall and temperature data

for selected stations, evaporation and sunshine, water storage capacities, daily weather charts
and a description of synoptic situation amehther events) can be found in tenthly

Weather Review Queenslapablished monthly by the Bureau of Meteorology.

. A review of monthly climate for the Australian region and globally (includirtg-up
date indices such as the Southern Oscillation Indax)e found in th€limate Monitoring

Bulletin Australig published monthly by the Bureau of Meteorology.

. A weekly summary of global climate highlights is provided by the US National
Oceanographic and Atmospheric Administration
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/GLOB_CLIM/

. Another useful summary of weather events around the world is the World Weather

pages of US Todalgttp://www.usatoday.com/weather/
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2.1.2.7Climate data

. For applications requiring long records of climate elements (eg temperature, rainfall,
wind speed, sekevel pressure), data (fromt®urly up to monthly averages and totals) can be
obtained for Bureau of Meteorology weather stations

http://www.bom.gov.au/climate/how/sitedat.shtmlapplication to the Bureau. Care should

be used with these data as there may be misss®y\aditions or inhomogeneities eg due to

site or instrument changes. Townsville AMO records, in addition to standard weather
elements: evaporation, incoming solar radiation, sunshine duration, cloud amount, upper air
temperature and wind, rainfall intensatyd maximum wind gusts. Townsville AMO is the

most useful station for Cleveland Bay and is one of the Bureau’s Reference Climate Stations.
A station was also operated at Cleveland Bay Lighthouse from 1927 through 1987 for which

historical data can be ola&d from the Bureau.

. Daily and monthly river flows for rivers in the vicinity of Cleveland Bay, eg Burdekin
(back to 1922) and Haughton (back to 1970) can be obtained on application to regional
hydrographers of the Queensland Department of Natural Reso{idblR). The DNR office

for the region is located in Ayr.

. Systematic recording of weather at sea by “ships of opportunity” dates back to the
mid-19" century. Longterm records of seaurface temperatures (SSTs) can be extracted
from compilations of glob&STs. These monthly data are averages of all observations for a
particular month and box made by “ships of opportunity”, supplemented in recent years by
Automatic Weather Stations and buoys (see Bottomtey., 1990). Monthly SST data are
available fothe vicinity of Cleveland Bay from:

a) the GOSTAPIlus GISST2.2 dataset produced by the United Kingdom
Meteorological Office in collaboration with the Massachusetts Institute of Technology and the
Physical Oceanography Distributed Active Archive Center (sgeeRet al., 1996; data

freely available on CIROM on application to the UKMO). SSTs are presently available for

the period 19031994. This is an interpolated data set and there are no missing values.

b) the Comprehensive Oceatmosphere Data Set (COADSRase 1a/lb/1c 1999;
http://www.scd.ucar.edu/dss/pub/COADS _intro.hWwibodruffet al., 1993) provides
monthly data at 2latitude by longitude resolution for SSTs and additional climataats

eg sedevel pressure, wind speeds, cloud amount. This data set is not interpolated so there

may be many missing months of data for a particular box.
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2.1.2.8Tropical cyclones

. Tracks and details of tropical cyclones for the Australian region fgeehied 1909 to

1980 are provided by Lourensz (1981). It has, however, only been since the advent of satellite
observations that we can be sure that all tropical cyclones have been recorded and correctly
tracked. The best available information about traggclones on the Great Barrier Reef and

in the vicinity of Cleveland Bay for the period 196997 is provided by Puotinest al.

(1997). For more recent summer seasons, tracks and details of tropical cyclones affecting the
Australian region can be obtathfrom the seasonal climate summaries published regularly in
the Australian Meteorological Magazine quarterly publication of the Australian Bureau of

Meteorology.
2.1.3 Average climate

Climate of the region is defined as hot, humid and tropical wstmamer rainfall
maximum (more than 80% of rainfall occurs between October and March) associated with the
Australian summer monsoon (Suppiah, 1992; Sturman & Tapper, 1996). Climate averages for
the Townsville AMO station are provided in Table 1. Note tbat&infall, which tends not to
be normally distributed, the average is not a good measure of what to expect. Better measures
of “average” rainfall (and river flow) are obtained from the median and percentiles of the
observations (50% of observations Widive values above or below the median 8t 50
percentile; 90% of observations will be at or below th® @ércentile or there is a 10%
probability that values will exceed thé"9ercentile etc). The rainfall regime of Cleveland
Bay is characterized by high interannual variability- the driest year on record (and also
for Queensland) was 19AB02 when only 80 mm of rainfall was recorded. In the wettest
year, 19391940, 2646 mm was recorded.
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Chapter 6 - Chemical Contaminants in
Cleveland Bay: Water Quality and

Ecotoxicological Issues

G.B. Jones*, A. J. ReicheBrushett’&, A. Muslim*, P. Mercurio*, G. Doherty & D.

Hayneg

*Department of Chemistry, James Cook University, Townsville, Queensland 4811.
Centre for Coastal Management, Southern Cross University, Lismore, NSW 2480.

“Faculty of Fisheries & Marine Science, University of Diponegoro, Semarang,
Central Java, Indonesia.

3Great Barrier Reef Marine Park Authority, PO Box 1379, Townsville, Qld 4810.

6.1 Introduction

Despite the wealth of information carried out over the years on water quality
in Cleveland Bay, few investigators have made any serious attempt to use this
informaton to actually derive relevant water quality criteria for the bay. Water quality
not only encompasses the water column, but also is affected by the quality of
sediments, the quality of air, and the human and natural activities in the catchments.
Deteriording water quality significantly affects the biodiversity of marine organisms.
The overall water quality of Cleveland Bay is therefore a function of all these
interlinked areas. The main objective of the recent ANZECC (2000) water quality
guidelines is terovide an authoritative guide for setting water quality objectives
required to sustain current, or likely future, environmental values for natural and
seminatural water resources in Australia and New Zealand. The guidelines are
intended to provide Govenmment, industry, consultants and community groups with a
sound set of tools for assessing and managing ambient water quality, according to
designated environmental values. They are not mandatory standards, and should not
be used as such, but they provideaanework for recognizing, and protecting water
quality (ANZECC, 2000). Whether ambient water quality is above or below the
guideline values, the philosophy of continual improvement is promotedtéong
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management aims should be to continually improvergaality to levels that are

better than those defined by the guidelines (ANZECC, 2000). The objective of this
chapter is to review past research that has been carried out on micronutrients, metals
and toxic organic chemicals in Cleveland Bay, and tqepethis data with the most
recent ANZECC water quality guidelines for these substances in coastal and estuarine
waters, sediments, and marine organisms. Recent work on the toxicity of metals to a
variety of marine organisms in the bay is also reviewalillaistrates the paucity of

data in this area. Finally the chapter concludes with an attempt to highlight the main
water quality and ecotoxicological issues for Cleveland Bay, and a need to fund such
activities in a sustainable way, so that a highet lEvwenderstanding of the main

issues affecting water quality in Cleveland Bay is obtained.

6.2 Water Quality

6.2.1 Micronutrients

Coastal eutrophication is recognized worldwide as a growing problem in areas
affected by the discharge of sewage, agricaltand urban rwoff (GESAMP 1990).
Some of the problems in Australian fresh and marine waters have been summarized in
recent publications (e.g. Brodie, 1995; Broelial., 1990; AEC 1987; Cullen 1986).
The principal micronutrients associated with euticgion are nitrogen (N) and
phosphorus (P), but others such as organic carbon, silicon, iron, molybdenum, and
manganese may play a supplementary role (Brodie, 1995). On a global scale, it is now
estimated that the input of nutrients to the oceans fromamusources via rivers is
equal to, or greater than, the natural input (Windom, 1992). In Cleveland Bay a
number of nutrient studies have been carried out over the years (Walker, 1981,
Walker and O’Donnell, 1981; Brodet al., 1988; Muslim, 1995; Muslim &ones,
2000).

During 199394, one of the driest years on record, the effect of phytoplankton
blooms on dissolved nutrients and chlorophyll a was studied in Cleveland Bay
(Muslim 1995; Muslim and Jones, 2000). Chlorophyll a, dissolved ammonium,
dissolved rirate, dissolved organic nitrogen (DON), and total nitrogen (TN) levels
(Table 1) were far higher than concentrations reported for many inshore sites within
the Great Barrier Reef (Muslim and Jones, 2000). Chlorophyll a, TN, and dissolved
nitrate and nitte levels were well above ANZECC water quality guidelines for the
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protection of coastal and marine waters. Although the mean dissolved inorganic
phosphate concentration (0.@M) was close to the guideline value, on occasion’s
concentrations have reacheslhigh as 0.30.40uM (Muslim and Jones, 2000). The
high levels of DON imply a large source of nitrogen is entering Cleveland Bay, which

most probably stimulates intense bacterial nitrification.

Table 61 Dissolved nutrient§aM) and chlorophyll aj{g/l) in Cleveland Bay,
compared with the ANZECC (2000) nutrient water quality guideline values for

coastal and marine waters. Source: Muslim & Jones (2000)

Nutrient Cleveland Bay Guideline Values
H.PO, 0.20 0.19
NO, + NOs 0.70 0.56
NH4" 0.84 2.22
TN 8.59 2.78
DON 7.10 -
Chta 1.35 0.30

In Cleveland Bay Muslim and Jones (2000) established that chlorophyll a was
significantly correlated with dissolved inorganic phosphorus (r = 0.47.
P<0.001)(Figure 1), with no significant celations occurring between chlorophyll a

and any nitrogen species measured.
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Figure 61 Correlation of dissolved inorganic phosphate and chlorophyll a in
Cleveland Bay.

Chlorophyll a levels in the bay were douliiede determined in 1988 (Brodie
et al,. 1989), and the mid to lateeventies (Walker, 1981), and were significantly
correlated withTrichodesmium'abundance, a cyanobacteria, or bjmeen algae
which often blooms in the bay, and along the Queenslant(doag<t al., 1982). In
the central GBR, blooms of this organism occur throughout the year (Jones, 1981,
Revelante & Gilmartin, 1982; Jonetsal., 1982; Jones, 1988; Jones & Thomas,
1988). In Cleveland Bay (Figure Trichodesmiunis a conspicuous meyar of the
phytoplankton assemblage (Jones, 1981; Jetnels 1982; Jones, 1992). In
Townville’s coastal watersrichodesmium erythraeu(&@hr.ex Gomont Geitler) is the
dominant species, biit thiebauti(Gomont ex Gomont) is also present (Revelante &
Gilmartin, 1982). During richodesmiunblooms, flaments are aggregated by the
wind to form dense slicks, which accumulate at the air/sea interface €l@hes
1982). From August to November, prior to the summer monsoons, these surface slicks
are borne latward by the prevailing winds where these malodorous aggregations
decompose in shallow bays and estuaries along the tropical east Queensland coast
(Joneset al., 1982; Jonest al., 1986). On occasions blooms can stretch along a major
portion of the Queerand coast, extending from the shoreline to the outer barrier,
occupying up to 150 000 khof sea surface (Wood, 1965, Revelante & Gilmartin,
1982; Kuchler & Arnold, 1986). It is possible that these lesgale events are fuelled
by the nutrientich intrusions of the East Australian Current (Andrews, 1983;



Paged6

Andrews & Gentian, 1982), but inshore these blooms could be responding to elevated
levels of N and P. A3richodesmiunis positively buoyant large aggregations of this
organism are transported inshorethg NE trade winds (sea breeze effect), often

during the afternoon.

There is now increasing concern and evidenceTlthettodesmiuniblooms are
toxic to fish (Chako, 1942) and phytoplankton (Revelante & Gilmartin, 1982), cause
neurotoxicity in mammals (Me&eret al.,1991; Hawser & Codd, 1992), and
respiratory problems in humans (Sat@l., 1966). In the GBRTrichodesmium
blooms affect trace metals such as cadmium, copper, iron, zinc, and leade{Bines
1982; Jonest al., 1986), and also affect mient levels (Jones, 1992). Endestral.
(1993) have identified a polypeptide and an alkaloid that may be responsible for the
toxic nature of watesoluble material fror. erythraeunfrom Hervey Bay in New
South Wales. Despiférichodesmiunbeing such aonspicuous member of the
planktonic community in GBR waters, we still do not understand the factors that
cause it to accumulate in inshore waters. Abundance data suggests that
Trichodesmiuniblooms more frequently in Cleveland Bay in recent years arsd fixe
twelve times the amount of nitrogen brought into the bay by sewage input (Muslim &
Jones, 2000). Such a situation would explain the high levels of DON in Cleveland
Bay (Table 1).

Proxy records of phosphorus input into Cleveland Bay over 131 years have
been obtained from a coral core collected from Geoffrey Bay (Jones & Tirendi, 1989).
Phosphorus was measured in annual fluorescent bands covering wet and dry periods
from 19551986, and 1858.886. From 1858.875 and 19886 the fluorescent record
indicateda severe drought in the region spanning 21 and 5 years, respectively. From
18551875 phosphorus levels ranged fror63lppm (mean 27 ppm), with levels from
198286 ranging from 231 ppm (mean 26 ppm). During wet years levels of
phosphorus were much lowdme coral record indicates that phosphorus levels seem
to build up in Cleveland Bay during drought years, a situation that has also been
found for trace metals in the bay (Jones, 1981). It is now clear that marine and
freshwater phytoplankton can acceasdtiple bound phosphorus. Consequently not
too much reliance should be placed on the ANZECC guideline for dissolved inorganic

phosphorus in Cleveland Bay.
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For example, Chiswaett al. (1997) studied the speciation of phosphorus in
Cleveland Bay and the Heert Estuary. These authors used iron strips to access
dissolved inorganic phosphate, and a fraction of the collbmlahd phosphorus
present in seawater, which phytoplankton may access. Measurements of dissolved
phosphorus, particulate phosphorus asdalved organic phosphorus were also
made. The iron strips are made of filter paper impregnated with iron oxyhydroxide
(FeO(OH)). When placed in seawater they act as a "phosphorus sink™ and adsorb
dissolved phosphorus from solution, disrupting the equitibbetween dissolved and
particulate phosphorus. Part of the particulate phosphorus desorbs into solution and is
taken up by the iron strip. The phosphorus recovered from the strips is a measure of
the 'bioavailable’ phosphorus present in seawater. krefaled Bay 'bioavailable’
phosphorus was generally higher than dissolved inorganic phosphorus, but this was
reversed in the Herbert Estuary. This was thought to reflect differences in the amount
of dissolved and particulate organic matter in the two cagcitsn In Cleveland Bay
elevated levels of 'bioavailable’ phosphorus, dissolved organic phosphorus, and
particulate phosphorus occurred in close proximity to sewage discharge at Sandfly
Creek.

6.2.2 Trace metals

During 19761979 trace metal studies (i.ee,AVIn, Zn, Cu, Ni, Cd, Pb) were
carried out in Cleveland Bay and the Ross Estuary. Water, sediment, and marine
organisms were screened in order to determine the baseline and seasonal variation of
these metals (Burdedonest al., 1975; 1977; 1982; Jone$981). The mean
dissolved trace metal concentrations in Cleveland Bay and the Ross Estuary are
reported below (Table 2), and are compared with ANZECC guidelines for marine
waters. In the most recent guidelines (ANZECC, 2000), the legeiideline trigger
levels, the highest grade, were derived from multiple species data or chronic 'no

observable effect concentration' (NOEC) data.

Of all the metals measured in Cleveland Bay, the mean copper concentrations
are close to the guideline trigger value. On oarashowever ‘bioavailable’ copper
levels in the bay (0.49 ug/l) were above the guideline value (Jones and Thomas,
1988). In the Ross Estuary the mean bioavailable copper concentration was close to
the guideline value, with some values (0.89 pg/l) well tiveiguideline values
during the dry season (Jones & Thomas, 1988). Mean dissolved zinc levels in the
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estuary (2.1 pg/l) were close to the guideline value. On several occasions dissolved
zinc levels at the Bundi Creek boat ramp reached 14 pg/l, oveiirings the

guideline values. Mean dissolved manganese levels in the estuary were close to the
interim guideline value, with some values (400 ug/l) during the dry season well

over the guideline levels (Jones, 1981). All other metals were well below the

guideline values.

The recent "guideline” values are considered as "trigger" levels to initiate
further investigation and subsequent refinement to regional, local,-spsitéic
conditions. The appropriate state or regional authority should provide gaidadc
direction in this process. Siecific variation of dissolved copper in the Ross
Estuary indicates that at all six estuarine sites studied, at certain times in the dry
season, total dissolved copper can reach levels as high pg/#t(Jones & Thmas,
1988). Copper speciation measurements at the Harbour Breakwater suggested that
‘bioavailable’ copper concentrations increased to three times the guideline values
(0.83-1.0 pug/l) duringTrichodesmiuniblooms from AugusDecember (Jone al.,

1982). Itseems that this also occurs at other sites in the Ross Estuary as the algae is
swept into the estuary (Jones & Thomas, 1988).

Table 62 Dissolved metals in Cleveland Bay and the Ross Estuary (ug/l),
compared with the ANZECC (®0) water quality guideline values. Source: Jones

(1981), Jones and Thomas (1988); * Level 1 Guideline values; ** Interim value

Metal | Cleveland Bay Ross Estuary  Guideline Levels*
Cu 0.27 0.24 0.32

Pb 0.15 0.11 0.80

Cd 0.07 0.07 1.70

Zn 1.02 2.10 2.7

Ni 0.13 0.30 32.6

Fe 0.83 1.80 -

Mn 0.63 35 47**

Elevated cadmium levels have also been found in offshore waters in this
region duringTrichodesmiuniblooms (Jonest al., 1986), although levels were much
lower than the guideline values. Joeeal. (1982) provide evidence that
decomposition of richodesmiunnshore causes dissolution of particiateind
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metal, which raises the 'bioavailable' fraction of some metals such as copper, zinc,
lead, and nickel. This strongly suggests a link between eutatipmof coastal
waters and metal uptake in marine organisms in this region, and needs to be

investigated further.

6.3 Sediment Quality

The distribution of surface and subsurface sediment facies, description of their
composition, and models of sedimentwglution in Cleveland Bay have been
described by Miller (1982), Cartet al. (1993), Larcombe & Ridd (1994), Ward
(1994), and Mclintyre (1996). The geomorphological features and soil types of the
different catchment areas of the bay has been undertglaaribl photography
(Townsville City Council). The distribution of sediment facies is controlled by
proximity to a source of sediment and exposure to wind and wave energy. Hence,
calcium carbonate rich sediments occur in the western bay close to cbcalloaees
formed on the fringes of Magnetic Island and Middle Reef, while the central bay is
characterised by a terrigenous muddy sand. Sources of terrigenous sediment to the bay
includes discharges of sediments from local creeks and rivers as weih@nsed
from the Burdekin River (75km south east), which is transported north by along shore
processes (Belperio, 1983). Figmined sediment accumulates in areas of low
energy, such as the lee of bays and headlands (Larcombe & Woolfe 1999).

Published marenchemical and geochemical surveys of metals in sediments in
Cleveland Bay include Reichelt & Jones (1994), Ward & Larcombe (1996), Haynes
(2001) and Dohertet al. (in prep). In the work reported by Reichelt and Jones (1994)
concentrations of Zn, Cu, PN in Cleveland Bay sediments were between those in
average shale’s and carbonates (Turekian & Wedepohl 1961). The recent ANZECC
interim sediment quality guideline (ISQG) values leads to a definition of three levels
of contamination, based on the settiridgpoth a low set of values below which there is
a low probability that there would be effects on benthic biota (I2Q®V), and a
high set above which there is a high probability that there will be toxic effects {ISQG
HIGH). Values falling below these sétad an intermediate probability of effects on
benthic biota.
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Table 63 Copper, lead, zinc, and nickel in Cleveland Bay sediments, compared
with the recent ANZECC sediment quality guidelines for megtalgy in sediments
Source:Reichelt & Jones (1994).

Metal Cleveland Bay ISQG-LOW  ISQG-HIGH
Cu 32 65 270
Pb 15 50 220
Zn 40 200 410
Ni 30 21 52

Total lead concentrations (<81 ug/g; mean 15 ug/g) were closely
comparable to values found for Cockburn Sound in Western Aastfalibot and
Chegwedden 1983), and were considerably less than the ANZECC sediment quality
guideline value (Table 2). In the ml®90's lead in Port sediments {330 ug/g;
mean 128 pg/g)(Reichelt, 1993) was mdy between the low and high guideline
values (Table 2), and similar to levels in the Mersey Estuary, a busy port area in the
UK (Langston, 1986). Total copper in Cleveland Bay sedimer®® (2g/g; mean 32
pg/g) was well below the recent guideline values (Table 2) and similar to North Sea
coastakediments (Taylor, 1979), which were classified as natural and subject to
effluents from mixed industries (Moore and Ramamoorthy 1984). In the Port
sediments copper concentrations-@&D g/g; mean 142 ug/g) were micay
between the low and high guidelwvedues, and comparable to those in Southampton
Port (Armannssoet al., 1985), and along the coast of Bermuda (Jickells & Knap,
1984). Total zinc concentrations in Cleveland Bay sedimes@§ (g/g; mean 40
1g/g) were well below the recent lelevel guictline values (Table 2) and similar to
values in Mediterranean sediments (Moore & Ramamoorthy, 1984). Zinc in Port
sediments (163680 ug/g; mean 739 ug/g) was well above the ‘high level’ guideline
value (Table 2). In Platypus Channel, zinc concentrat&hi 10 pg/g) were also
elevated. Concentrations of zinc in sediments collected off the sewage outfall were
only moderately elevated (%8 pg/g). Nickel in Cleveland Bay sediments ranged
from 3-178 pg/g; mean 49 ug/g) and were close to the high guidetihnee\(see Table
2 in Reichelt & Jones, 1994). On close examination of the data the highest values
occurred at Radical Bay, Middle Reef, and the dredge spoil Dump Sitel 7BL5
Hg/g), all sites affected by dredging. When these values are deleted the chebn ni
level is 30 pg/g, between the guideline values. Exceptionally high levels of iron and
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nickel (30.8% and 11, 80(g/g) were detected in Port sediments (Anon, 1991),
possibly reflecting spillage of nickel ore. Since the study by Reichelt & Jones (1994)
considerable environmental improvements have been made to Port activities and
metal levels in sediments from the Port may be lower. The most recent work by
Dohertyet al. (in prep) reports levels of cadmium, copper, nickel, lead, and zinc in
Cleveland BayCocoa Creek, Sandfly Creek, Ross Creek, and Ross River sediments.
This analytical database forms part of a sediment sample archive containing over
2000 sediment samples from North Queensland, which is held at the Australian
Institute of Marine Science. N concentrations are compared with the recent
ANZECC (1999) interim sediment quality guidelines (Table 3).

Table 64

sediments, compared with the recent ANZECC sedirquality guidelines for metals

Copper, lead, zinc, and nickel in Cleveland Bay & Ross Creek

(ng/g) in sediments. Source: Doherty (PhD thesis)

Metal Cleveland Bay Ross Creek  ISQGLOW ISQGHIGH
Cu 6 39 65 270
Pb 10 49 50 220
Zn 26 168 200 410
Ni 9 17 21 52

This recent work suggests that levels of copper,aij@nd zinc in Cleveland
Bay are lower than levels reported in Reichelt & Jones (1994), whilst lead levels are
comparable in the two studies. These differences may reflect the different areas
studied, sample pretreatment, and different sediment digpstioedures (Reichelt,
1993). For example, Reichelt & Jones (1994) determined total metals using a lithium
metaborate fusion at 1108C, dissolution in 5 M nitric acid, and graphite furnace
atomic absorption, whilst Doherg al. (in prep.) used a conceated nitric acie
perchloric acid digestion followed by IGXES. The data by Doherigt al. is
therefore likely to underestimate total metal concentrations for some metals. The data
by Dohertyet al. does however show than the upper ranges of copper, daadzinc
in Ross Creek are above the maximum ANZECC guideline values for metals in
sediments, whilst the upper ranges of nickel in Sandfly Creek, Ross Creek, and Ross

Estuary sediments are either close to, or just over the minimum guideline values.
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Nickelcould therefore be a more widespread contaminant in Cleveland Bay, or a

more significant component of mineralized sediments in the region.

ANZECC sediment quality guidelines recommend thatsalithle metals
rather than total metal analysis be reportes. recognized that the analysis of total
trace metals in sediments often generates data that can mask pollution trends (see
Reichelt & Jones (1994), although this fraction can be useful for comparison
purposes. Reichelt & Jones (1993) describe a tqakrfor monitoring pollutant
levels of metals in Cleveland Bay sediments by determining the bioavailable (labile)
metal fraction. The technique distinguishes between Hugice(residual) and nen
lattice-held (nonresidual) metals. Dilute hydrochloriddteaches have been shown
to cause the clay mineral lattice to break down. Trace metals are commonly bound to
clay minerals. According to several researchers (see Reichelt & Jones 1994) dilute
hydrochloric acid will release the bioavailable trace nratetién from sediments.
Another novel feature of this work was the correlation of the bioavailable metal
fraction in the sediments with iron, an index of detrital input from river discharge and
resuspension. With this treatment polluted sites stand odnfaCu, Pb and Ni

against their background concentrations.

These authors went onto show that bioavailable Cu, Pb, and Zn in sediment
transects across the mouths of Sandfly Creek, Ross River, and towards the Port all
increased in concentrations towards fgort area (Figure 2). The research by Gibbs
(1993), Reichelt & Jones (1994), Esselmont (1997) and Doherty (in prep) all indicate
that trace metals are enhanced in Ross Creek relative to other regions of the bay, and
in some cases exceed the ANZECC imesediment quality guideline screening

levels.
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Figure 62 (a) Inshore and (b) offshore transects of asdlible metals in

sediments from Cape Ferguson to the Port area.
6.2.3.1 Organochlorine Pesticides in sediments

Sedments collected from Cleveland Bay have been analysed for
organochlorines and pesticides (atrazine, diuron, chlorpyrifos, heptachlor, aldrin,
endosulfan, lindane, dieldrin, DDT, DDD, and DDE) by Hayated. (2000). No
organochlorine or pesticides weretéected in subidal samples from the bay. Some
inter-tidal sediment samples collected from Cape Pallaranda contained a range of
dioxin congeners (Miillezt al., 1999), and data on dioxin concentrations in other
sediment sample sites is not yet availabtber published analyses of organic
compounds in sediments include Pringle (1989), Cavartadh(1999) and Inglis &
Kross (1999). The work by Ingliss & Kross (1999) and Cavaredgth. (1999)
indicate that organisms in Ross Creek may be responding poeékence of increased

levels of organic contaminants.
6.3 Marine Organisms- Biological Indicators

6.3.1 Metals

Although dissolved metal levels may be close to water quality guidelines, in
some cases it may be desirable to proceed to field biologicaiamogito
supplement the water column studies. OECD (1992) provide guidance on when a
water manager might proceed to complex ecosystem studies to evaluate a guideline
under sitespecific conditions, and what parameters these studies should include. The
studies by BurdorJoneset al. (1975) and (1977) provide a wealth of baseline data on
metals in marine organisms from Cleveland Bay, Halifax Bay and Bowling Green
Bay, which can be used in this context. In these studies ten metals (Fe, Mn, Zn, Cu,
Ni, Cd, Cr,Co, Pb and Ag) were analysed in representative samples of angiosperms,
macroalgae, molluscs (bivalvia, gastropoda, and cephalopoda), crustacea, fish and

dugong. Several organisms (fish, crab, oyster, beach pipi, scallop, sand snail,
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macroalgae) were alsareened for any seasonal variation (Burdone<t al.,
1977).

Macroalgae

Macroalgae concentrate metal ions from water and thus reflect metal
concentrations in their surroundings A seasonal study of the ten meRaldiima
tenuisandP. tetrastromadta from Rattlesnake Island, Magnetic Island, Townsville
Harbour, and Ticklebelly Bay (Burdalone<et al., 1982) found that the highest
copper, lead, and zinc concentrations occurred in brown algae from Townsville

Harbour.
Oysters

Of the other organisnmscreened, oysters were found to be a good bioindicator
of zinc, copper, and cadmium pollution in Cleveland Bay (Jones 1992). In this later
work the upper range of zinc Baccostrea echinat@lack lip oyster) collected from
the eastern Harbour breakwafseaward side) was half the highest ever recorded
concentration of zinc in oysters (38,700 ppm dry wt) reported for the Derwent
Estuary, Tasmania, one of the most polluted areas of the world (Bloom & Ayling,
1977). Copper levels were even higher than rgaiior the Tamar Estuary (Ayling,
1974), and cadmium levels were also high. In contrast, nickel concentrations in
oysters were comparable to concentrations reported in many species of oysters from
various parts of the world (Forstner & Wittmann, 1981 pporting the view that the
bioaccumulation of this element is usually quite low. Recent studies on zinc in black
lip oysters collected from the western Harbour Breakwater in 1999 suggest that levels
of zinc in oysters in the vicinity of the Port have dasel, although levels are still
higher than the recent ANZECC guidelines (Jaies., in press). However, zinc in
oysters collected from Orpheus Island and Rattlesnake Island were also higher than
the guideline values. The eastern Harbour Breakwatbeia®79 studies was selected
becausé@richodesmiunblooms affected this site. Although the high levels of Zn, Cd,
and Cu in black lip oysters from the eastern Harbour Breakwater may have reflected
metal shipments through the port at that time, urban ahgsinial activity, sewage
discharge, algal blooms, boating and dredging activities cannot be discounted as
possible sources of these metals (Jones, 1992; Reichelt & Jones, 1994t dbnes
2000).
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Fish, crabs, sharks, rays,

Zinc, cadmium, lead, nickelnd copper measurements have been in muscle
tissue from 28 species of fish, 3 species of sharks and rays, 2 species of squid and
cuttlefish, and 3 species of crustacea collected from Cleveland Bay in 1999
(Mercurio, 1999; Jonest al., 2000). Of the all th metals analysed only a good data
analysis has so far been made on zinc. In the fish species the mean Zn concentration
in muscle tissue was 4.83.82 ug/g wet weight, slightly lower than zinc
measurements (7 pg/g wet weight) made in 14 fish speciesteal from the bay in
1975. Zinc in sharks and rays ranged fromB25ug/g wet wt, in squid and cuttlefish
13-16 ug/g wet wt, and in crustacea levels ranged frorl&4g/g wet wt (Mercurio,
1999; Jonest al., 2000). Zinc levels in fish varied betwespecies with
concentrations well below the ANZECC Maximum Residue Limit of zinc in seafood

(150 ug/g wet wt.).
Mangrove flora and fauna

A few trace metal analysis have been made on mangrove flora and fauna in the
bay (Jonest al.,2000). Highest concentiians of zinc in mangrove leaves {86
Mg/g dry wt.) occurred irDsbornia octodontaExocaria agalochaandAegialitus
annulatg compared witlCeriops tagalandAvicennia maring5-10 pg/g dry wt.).
No significant difference in zinc concentration ocalivetween leaves and litter fall
for most of these species, with the sole exceptioBxaicaria,which showed almost a
twofold increase in concentration. In seven species of mangrove fauna levels of zinc
were very uniform and close to $@/g (dry wt.) Tdescopium telescopiufrom the

mouth of the Ross Estuary was the exception with levels apd@p(dry wt.).

Marine mammals

Seven stranded dugonBygong dugopcarcasses have been retrieved from
the Townsville region (Cleveland Bay, Magnetic IslandHaldax Bay) between
19961999. Tissue samples collected from these animals were analysed for heavy
metals and organochlorines including dioxins (Haynes 2001). Dugong fat contained
unexpectedly high concentrations of dioxins, particularly thesatiatitied PCDDs
(Hayneset al., 1999; Caroline Gaus (NRCET), unpublished data). Low levels of
dieldrin and DDE were present in liver and fat tissues (Haynes et al 2001). Metal
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concentrations of mercury, lead and nickel were elevated in dugong carcasses

collectedfrom Magnetic Island and Halifax Bay (Haynes et al, 2001).

6.3.2 Stress indicators in corals

Many species of marine algae contain dimethylsulphonium compounds, the
most important being dimethylsulphoniopropionate (DMSP), a compound believed
to be involvedn the osmoregulation of certain species of algae (Kirst, 1989).
Enzymatic cleavage of this substance yields dimethylsulphide (DMS) and acrylic
acid. Levels of DMS and DMSP are very variable in the oceans, both temporarily
and spatially, being dependanttbe species composition as well as the total
biomass of phytoplankton (Kellet al., 1989). Under normal conditions algae
release only very small quantities of DMS (Andreae, 1979; Dacey & Wakeham,
1986; Varavamurthgt al., 1985). Release of DMS fromgade can be a result of
osmoregulation, enzyme action, grazing by zooplankton, or other forms of stress
such as salinity changes and physical disturbance (Challenger and Simpson 1948).
The physiological state of phytoplankton also appears to influencatéhef DMS
emission, with highest amounts emitted during senescence (Ngjalei988).

Large amounts of DMS have been observed to be released from the coral,
Acropora cervicornign the laboratory, and during exposure to the air (Andetae
al., 1983).Symbiotic zooxanthellae in corals and clams from the GBR have been
found to contain very high levels of DMSP, the precursor compound to DMS
(Broadbent, 1993; Jones al., 1994; Broadbent, 1997). lAcropora formosafrom
Magnetic Island, DMSP levels ofi®-0.27 pmoles per cell have been measured
(Broadbent, 1993). Compared with most other classes of phytoplankton, the
Dinophyceae are significant sources of DMSP.

Recent work suggests that the concentration of DMSP in certain species of
algae may be an gaation to a low nutrient environment (Liss & Galloway, 1993),
and this may be true of corals. Nitrogen has been suggested as the most energy
efficient preference for the synthesis of osmolytes. During nitrogen limitation, it has
been suggested that sulplvan replace some nitrogeontaining osmolytes of
similar structure, so that nitrogen can be utilised for the more important process of
amino acid and protein synthesis. An increase in the DMSP contents of the
phytoplanktonEmiliana huxleyi, under N Imiting conditions, was explained as the
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substitution of the nitrogenontaining osmolyte glycine betaine by DMSP (Turner
et al.,1988). In contrast, when subjected to increased nitrogen the level of DMSP

within cells should decrease.

In 1992 it was suggésd that DMS and DMSP could be possible indicators
of stress (Jones, 1992a), and an opportunity to test this hypothesis was made
available in the ENCORE experiment (Enriched Nutrient Coral Reef Experiment)
at One Tree Island (Jonesal.,1995; Larkum &Steven, 1994), and at Nelly Bay

Reef, Orpheus Island Reef, and Kelso Reef.

Table 65 The variation in the DMSP/chlorophyll a ratios, and chlorophyll a for

different locations. * pg/L

Location DMSP/Chla Chla* Source
GBR Waters 27 0.18 Curran & Jones (1996)
Kelso Reef 24 0.23 Joneset al., (1996)
Magnetic Island 3 1.1 Muslim (1995)
Orpheus Island 8 - Curran (1996)
European Shelf waters - Turneret al., (1995)

6.4 DMSPp/ chlorophyll a ratios in the water column

Whilst wedid not have the time to investigate algal speciation at these reef
sites, the variation in DMSP/Chl a ratio can be considered an estimate of the
proportion of DMSP producers in the total phytoplankton assemblage (Tetraky
1995; Curran, 1996). A congpison of the mean ratio determined at the various sites is
shown in Table 2, together with the chlorophyll a levels, and has been sourced from
Curran (1996). It can be seen that the average ratio for Kelso Reef (24) is close to the
average ratio for the Wer GBR (27). However, at Nelly Bay, Magnetic Island, and
Orpheus Island the ratios are very low (3 and 8), reflecting the much higher levels of
chlorophyll a, high proportion of diatoms (Walker, unpublished) and low levels of
DMSP producers at these st@Curran, 1996). Ratios of 6 have been recorded in
European waters, when 50% or more of the algal assemblage was composed of
diatoms, and nuisance algae such as flagellates (Teiralerl995; Curran,
1996).Measurements of DMSP have also been madeahtssue at Nelly Bay, Kelso
Reef, and One Tree Reef (Broadbent, 1996).



Pagel08

6.5 Fate of contaminants in Cleveland Bay

There have been very few studies carried out on the fate of contaminants in
Cleveland Bay. One study however has investigated the fatetafs during
dredging operations in Cleveland Bay (Reichelt & Jones, 1994). Dredging operations
in Queensland waters are controlled by State environmental authorities through
Section 86 of the Queensland Harbour Act 1955. Sea dumping of dredge spoil is
controlled by the Commonwealth Environmental Protection (Sea Dumping) Act 1981
(Reichelt, 1993; Reichelt & Jones 1993; Reichelt & Jones, 1994). Before permits are
issued, the impact of pollutant release at the dredge site must be fully assessed, as
must thedredge spoil dumping (Batley 1988). Platypus Channel, the main Townsville
shipping channel is usually dredged once or twice a year. Dredge spoil is dumped in
Cleveland Bay towards Cape Cleveland. Because the port has expanded, dredging and
dumping of sedient has been more critically examined in recent years.
Environmental concerns have focused primarily on the effects of sediment plumes
produced by dredging and dumping on the fringing reefs of Magnetic Island and the
sea grass beds in Cleveland Bay (Peint®89; Anon. 1991; Wolanséi al., 1992).
Reichelt & Jones (1994).carried out the first detailed study of the fate of metals
associated with dredged sediments in Cleveland Bay. This study determined (1) trace
metal concentrations in Cleveland Bay and Bediments. (2) the most significant
carrier phases of trace metals during a simulated dredging disturbance in the
laboratory, and (3) assessed the fate of dredged sediments at selected fringing coral

reefs surrounding Magnetic Island.

Using a laboratgr simulation experiment to mimic the dredging activities,
Reichelt & Jones (1994) showed that during resuspension of sediments the dominant
carrier phases of all four metals was the carbonate phase for lead, the organic phase
for zinc and copper, the irooxide phase for lead and zinc. It is the organic forms of
copper and zinc that are more bioavailable, than the carbonate or iron oxide phases.
One general feature of the lab experiments was the fact that the fluid mud layer
contained consistently highemoentrations of all four metals, than the settled
sediments. This new technique yielded useful information on the fate of dredged
sediments in Cleveland Bay, especially with respect to the transport of this material to
the fringing coral reefs of Magnetsland. The fringing reefs that were most affected
using this tracer technique were Middle Reef, Florence and Radical Bay, all sites that
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were shown by aerial photography to be affected by sediment plumes from the
dredging activities. Tracer studies withgsphorus have shown a similar result

(Muslim and Jones, in prepn.).

6.6 Ecotoxicology

One of the earliest ecotoxicological studies of the effect of metals on marine
organisms in the region was that carried out by Burdlmmes & Denton (1979). In
this stug the effect of temperature and salinity changes on the toxicity and
bioaccumulation of selected metals in commercially important species was
investigated. Changes in salinity and temperature were selected that would be
experienced during very dry and vgeiasons in the tropics. The study also included a
comparative evaluation of the affinity of different tissues and organs for various
metals. Such data are fundamental to the understanding of the possikikriong
effects of these pollutants on the suryjivaproduction, growth and development of
marine organisms. Acute toxicity studies were carried out on oysters, prawns, and fish
(Denton & BurdonJones, 1986). The rank order of metal toxicity was different for
each species examined and varied accorditigettemperature and salinity regime
adopted. Mercury and copper were generally the most toxic elements tested, followed
by cadmium and zinc, then nickel, and then lead. Oysters and juvenile banana prawns
showed increased susceptibility to heavy metalsiméreased temperature, whilst
among the fish tested, glass perchlets were seemingly unaffected. Salinity did not
affect the survival time of oysters in solutions of heavy metals, whereas prawns and
fish were frequently more susceptible to certain metddésv salinity water. Prawns
were more sensitive to mercury, copper, zinc, nickel, and lead than any other species
tested. They were particularly sensitive to zinc at elevated temperatures. In contrast
glass perchlets were the most tolerant speciestt@sth zinc at 36C, and also
displayed the greatest resistance to copper, cadmium, and nickel at this temperature.
Oysters were the least sensitive to mercury, zinc, and lead in all treatments, but were

highly sensitive to copper.

When this original workvas carried out in the region the maximum
acceptable toxicant concentrations (MATC) for pollutants released into the aquatic
environment were calculated for any species by multiplying the @550 value by
an 'application factor'. Application factors@01 (Hg, Cu, Cd, Zn), and 0.02 (Ni, Pb)
were advocated by the NAS/NAE (1973). Using this information the calculated safe
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levels for copper, cadmium, zinc, nickel and lead for prawns exposed to these metals
at 35°C/36 salinity were 0.20, 3.7, 5.7, 5.6 aB2l0 pg/l, respectively. Clearly the
calculated safe copper levels for prawns (0.20 pg/l) is lower than the overall mean
level reported for Cleveland Bay and the Ross Estuary in Table 1, but during the dry
season levels of dissolved copper in the estuadyireshore waters during
Trichodesmiuniblooms, can be as high as 1 ug/l, five times these safe levels.
Dissolved zinc levels in the Ross Estuary were only slightly lower than the safe zinc
level (3.7 ug/l), and clearly there were occasions in the estuding ilate seventies

when dissolved copper and zinc levels were higher than the safe levels for prawns.

As part of a study of the effects of urban runoff in coastal estuaries, Inglis &
Kross (1999) demonstrated that there was a measurable effect ugmnthe fauna
of Ross Creek that was spatially associated with enhancement concentrations of
metals and hydrocarbons. Importantly, other than the work of Ingliss & Kross (1999),
no other published local ecotoxicological work is available to demonstnateaat
concentraions metals in sediments will have a measurable effect upon the

environment.

Other recent ecotoxicological studies include the assessment of trace metal
effects on different life stages of scleractinian corals. These studies have shown that
copper concentrations of 20 pg/l significantly reduce fertilization success of gametes
from the coral specigSoniastrea asperacollected from the reef flat around
Magnetic Island, Cleveland Bay (ReicH&ltishett & Harrison, 1999). Cadmium and
zinc conentrations in waters did not significantly reduce fertilization success of
Goniastrea asperaggametes at concentrations up to 200 pg/l and 500 g/l respectively
(ReichekBrushett & Harrison, 1999).

The survival of coral larvae is also inhibited by tnaetals. Larvae were
grown up from numerouSoniastra asperaolonies from Nelly Bay, Magnetic
Island. Dosage experiments have shown that copper of 500 ug/l caused 100%
mortality after 6 hours of exposure (ReichBiushett, 1998). Lead was not as toxic as
copper to coral larval survival, with concentrations of 20 000 pg/l causing 100
mortality after only 6 hours exposure (ReicH&ltshett, 1998). The 72 hour LE50
values for copper effect onday old larvae was 34ug/l (95% confidence limits 19
62ug/l) and for 6 day old larvae was 82ug/l (B423ug/l). These results suggest that
younger larvae may be more sensitive to copper than older larvae (ReBrishett,
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1998). The 72 hour LG50 value for the effect of lead on 6 day old larvae was
9890ug/l (573017080ug/l), which is considerable higher than for copper (Reichelt
Brushett, 1998).

The effect of copper on the settlement success of fkoropora tenuisa
common coral species that occurs around Magnetic Island, was also investigated
(ReichekBrushett& Harrison, 2000). Settlement success represents a critically
important stage in the coral life cycle and results in major morphological and
physiological changes in the coral. Measured copper concentrations of 42 ug/l and
above significantly reduced lalgattlement and the 48 hour E&D value was
calculated to be 35 g/l (95% confidence limits-3Z pg/l) (ReichekBrushett &
Harrison, 2000).

These results are some of the first and LC-50 values for the effects of
trace metals on scleractiniaorals and show that copper is highly toxic to critical life
stages of scleractinian corals. Although dissolved copper and lead concentrations that
are harmful to corals do not occur in waters in Cleveland Bay under natural conditions
(Jones, 1981), the fefct of metals that are associated with sediments at much higher
concentrations is not known. Sediment mobilization and subsequent metal desorption
from sediments during dredging activities (Reichelt & Jones, 1994) may affect critical
life-stages of locatoral species and should not be conducted during coral spawning
events. Corals usually spawn from 2 to 10 nights after tfleo@1™ full moon of
each year.

6.7 Water Quality and Ecotoxicological Issues In

Cleveland Bay

If we are to clearly distinguighetween anthropogenic and natural effects of
chemical contaminants in Cleveland Bay it is essential that we focus on establishing
reliable data sets in order to critically evaluate imaale effects, as well as gaining
an understanding of the major factaffecting the behavior of contaminants. This
will involve gaining an kdlepth understanding of how contaminants cycle in
Cleveland Bay between the different reservoirs of seawater, sediment, and organisms,
and understanding how these contaminants arepwaesl around the bay, and in
what chemical form. From the information already obtained it would seem that of the
metals investigated so far copper would seem to be the most toxic, and on occasions
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levels in the water column have reached their guidelione vahere is evidence that

Ross Creek, Ross Estuary and the Port regions are elevated in zinc, lead, copper, and
nickel. There is no good evidence concering the major sources of metals to the bay.
Clearly metal input from urban raif could be expectedtbe high, but it is only in

recent years that this source is being quantified. There is good evidence that the
nutrient status of the bay has changed in recent years. This may reflect an increase in
population growth in the region, the continual discharfgieeated sewage to the bay,

and the severity of droughts in the region. There is some evidenckittaidesmium
blooms more frequently in the bay in recent years. As this is a nitfogsn

organism this is hardly surprising. Evidence suggestglioagiphorus may be the

cause. More research needs to be carried out on establishing whethedesmium
blooms are toxic to fish and other organisms such as Dugong, and the chemical and
biochemical factors that lead to this organism accumulating toximst\&/

reasonable amount of research has been carried out on metal and organic pollutants,
lack of longterm funding has failed to produce a detailed understanding of how
contaminants affect marine organisms in the bay. Furthermore there is little
knowledye of how biological diversity has changed within the bay, with respect to
specific contaminants, and very little information exists on the effect of contaminants
on corals in the bay. In this regard the recent ANZECC guidelines can be questioned
since thg take no account of what acceptable concentrations of contaminants should
be in fringing coral reef waters such as Cleveland Bay. Lack of funds for the
development of these protocols will continue to hinder our understanding of the effect

of contaminantsh GBR waters, and will continue to produce controversy.
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Chapter 7 - Summary of investigations
Into marine environmental quality and

air quality of Cleveland Bay

G. Doherty, J. CruZ, K. Neif’ & D. Haynes
! School of Biomedical and Molecular ®cice, James Cook University

2 School of Biological Science, James Cook University
3 Great Barrier Reef Marine Park Authority

7.1 Introduction

The objective of this chapter is to summarise previous work that describe
some aspects of the qualities of seditnater, biota and air in Cleveland Bay. It is
not an attempt to specify desirable qualities, because in most instances insufficient

information is available to determine meaningful local guidelines.
7.2 Sediment Quality

7.2.1 Sediment facies distributbn

Maxwell (1968), Orme & Flood (1980) and Belperio (1983) have described
the regional distribution of sediment facies of the Great Barrier Reef lagoon, including
Cleveland Bay. A comprehensive digital database of sediment sample data from the
region and ther Australian sites (auSEABED database) can be accessed at

"http://www.usyd.edu.au/su/geosciences/geology/centres/osi/auseabed/au7_web.html"

The detailed distribution of surface and subsurface sediment facies,
description of their composition and modefisedimentary evolution of Cleveland
Bay have been described by JCU (1975), Miller (1982), Davidson (1985), €aater
(1993), Larcombe & Ridd (1994), Ward (1994), Wartal. (1995); and Mcintyre
(1996). Aerial photographic interpretation and mappihgeomorphological features
and soil types has been completed by the Townsville City Council in the catchment

areas of the bay.
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7.2.2 Sediment sources

Natural sources of terrigenous sediment to the bay include; discharges of
sediments from local creeksdarivers; discharges form the Burdekin River (75km
south east) that is transported north by al@hgre processes (Belperio 1983; Carter
et al. 1993; Orpin & Ridd 1996); and reworking of sediment in the bay (Orpin &
Woolfe 1999). Gauging of local streamusd measurement of dissolved, suspended
and bed load materials under high flow and ambient conditions has not been done to

determine current flux of materials from local sources.

Since 1998, after a period of inclement weather, variations in the distnibuti
of some near shore sediment facies has occurred, and resulted in sand renourishment
programs along the foreshore of the western bay. Dredging activities in the bay result

in the periodic redistribution of sediment, and have been described by Prigdle (19

7.2.3 Metals

Sediment geochemical surveys completed in Cleveland Bay include JCU
(1975), Knauer (1977), Reichelt & Jones (1994), Ward & Larcombe (1996), @ard
al, (1995), Moss & Costanzo (1998), Haynes (in prep) and Doletrdy. (in prep).

The mosrecent work by Dohertgt al. (in prep), forms part of an analytical database
and sediment sample archive containing over 2000 sediment samples from North
Queensland, which is held at the Australian Institute of Marine Science

(http://www.aims.gov.au/pages/ resear&ymmary of cadmium, copper, nickel, lead

and zinc concentrations from 4 regions in Cleveland Bay are presented in Table 1.
The analyses have been determined byadstthat are consistent to the Draft
Australia and New Zealand Environment and Conservation Council (ANZECC)

interim sediment quality guidelindstp://www.affa.gov.au/nwgms/ publist.hyml

Work by Gibbs (1993), Reichelt & Jones (1994), Esselmont (1997) and
Doherty (in prep) indicate that weak acid soluble ('bioavailable’) metals are enhanced
in Ross Creek relative to other regions of the bay, and are associated with total metal
concentrations thatxeeed the ANZECC interim sediment quality guideline screening

level.
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As part of a study of the effects of urban runoff in coastal estuaries, Inglis & Kross
(1999) found that changes in benthic fauna of urbanised creeks (including Ross Creek) were
different to non urbanised creeks, and the chamgrrelated with enhanced concentrations of

metals and hydrocarbons.

Monitoring of metals in sediments is conducted quarterly by the Townsville Port
Authority (TPA) at over 200 grab sample sites located in Ross Creek, Shipping Channel and
Ross River (Andrson & Roche, 1999). Periodic sampling and analysis of metals in sediment

is completed by the Townsville City Council (TCC) at sites around Townsuville.
7.2.4 Organic contaminants

Sediments collected from Cleveland Bay have been analysed for organcshludine
pesticides (atrazine, diuron, chlorpyrifos, heptachlor, aldrin, endosulfan, lindane, dieldrin,
DDT, DDD, and DDE) by Haynest al. (2000). No organochlorine or pesticides were
detected in subtidal samples from the bay. Intertidal sediment samf@eteddirom
Pallarenda contained a range of dioxin congeners (Miilkdr, 1999), and data on dioxin
concentrations in other sediment sample sites is not yet available (Gaus, pers comm.). Other
published analyses of organic compounds in sediments ifcindee (1989), Cavanagit
al. (1999) and Inglis & Kross (1999). The work by Ingliss & Kross (1999) and Cavagtagh
al. (1999) indicate that organisms in Ross Creek may be responding to the stress of increased

levels of organic contaminants.
7.3 Water Quality

7.3.1 Temperature

Water temperature variations in Cleveland Bay have been described by Kenny (1974)
and Walker (1981c). The effects of water temperature upon bleaching of corals in the bay
have been described by Berkelmainal. (1997). The Great Baier Reef Marine Park
Authority monitors seas surface temperature at 4 sites in the bay as part of a larger monitoring
program. Details of this program can be vieweehép://www.gbrmpa.gov.au/aeemp/

index.html
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7.3.2 Salinity

Over a 3 year period from 1971879 a salinity maximum (36%ctober) occurred in
Cleveland Bay during the dry season and a salinity minimum+Eé¥%ruary) occurred
during the wet season (Walker 1981). The salinityimam was generated by evaporative
concentration, where as the salinity minimum was variable between years, and was dependent
upon discharges from the local rivers and the Burdekin River. The effects of discharges from
the Burdekin River upon water quality Cleveland Bay are described by Wolanski & Jones
(1981) and Wolankst al. (1981).

Salinity variations at the margins of the bay are also influenced by the presence of
hypersaline flats within the supra tidal zone. Subsurface brines from these ragehedn
described by Pomeroy (1987) and Ridd & Sam (1996). The interaction between these
hypersaline brines, groundwaters and surface waters of the bay is described for a site in
eastern Cleveland Bay by Ridtal. (in prep) (salt and nutrient flux), Safh996) (salinity
variations) and Ridd (1999) (burrowing organisms).

While total ground water resources in the Townsville region were considered to be
under used Hausler (1991), salinisation of smaller freshwater aquifers has occurred due to

overuse. Litt information is available on the extent and consequences of this impact.
7.3.3 Suspended sediment concentrations

The shallow depth of the bay, coupled with the muddy terrigenous nature of the
central bay facies and its exposure to south eastwance evats can result in naturally high
suspended sediment concentrations in Cleveland Bay (JCU 1975; Belperio 197&t@arter
1993; Larcombe & Ridd 1994; Larcombe & Woolfe 1999a). Under moderate to rough sea
conditions the entire bay is characterised byesudpd sediment concentration between 5 to
20 mg//L (Belperio 1978), with near bottom suspended sediment concentrations up to 200
mg/L (Larcombeet al., 1995).

The principal mechanism for resuspending sediment in the bay is wind induced waves,
and has beedlescribed by Lou & Ridd (1997), Larcomeeal (1995) and Orpiret al. (1999).

Once suspended, the sediment is available for redistribution by currents.

Measurement of suspended sediment concentrations has been undertaken in
conjunction with several projecin the bay and is reported in Mapst@ial. (1989),
Reichelt & Jones (1994) and Kettle (1999).
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7.3.4 Metals

Dissolved metals in seawater have been described by JCU (1975), Burdoet dbnes
(1984), Jones (1981), Jonetal. (1986), Jones & Thomad.988), Jones (1992), Esslemont
(1997) and Jones (1999). Concentrations of metals in sea and estuarine waters of Cleveland
Bay are influenced by seasonal variations in salinity, suspended sediment and nutrient levels.
The concentrations of labile Cd wereifal to increase during periodsTaiichodesmium
blooms (Jones 1981).

The concentration of metals in sediment pore waters have been described by Ward
(1994) and Doherty (in prep). Monitoring of ground water occurs at the Sun Metals Zinc
Refinery (Boggianal999).

7.3.5 Nutrients

Nutrient concentrations in surface waters in Cleveland Bay and surrounding regions
have been measured by JCU (1975), Walker & O Donnell (1981) and Mathel{1991)
and Chiswelét al. (1997). Historical nutrient fluctuations wre investigated by Jones &
Tirendi (1989). Monitoring of nutrient levels, colliforms and salinity is completed by the TCC
at sites in the Townsville region. Chloropleyhas been measured as a surrogate nutrient
measure in the bay by GBRMPA since the h80s (Haynest al., 1998; Steverrt al.,
1998; Devliret al., 1999). The impact of flood plumes on Cleveland Bay water quality has
also been investigated and mapped (Devlin et al 2001).

7.4 Marine biota

The biota inhabiting marine, freshwater and ténedhabitats associated with
Cleveland Bay have been the focus of numerous investigations, the majority of which have
been conducted within the Biological Sciences Departments of James Cook University. These
investigations include; population dynamias @rology of taxa of commercial, recreational
and ecological significance including squid, mullets, anchovies, sharks, various crustaceans,
algae and seagrasses. Studies have been initiated for a variety of purposes including;
monitoring specific anthropegic activities in the bay; investigations of commercial

fisheries; and more general investigations of scientific issues.
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7.4.1 Marine flora

7.4.1.1 Marine algae/plankton

Qualitative description of algae communities in the Townsville region are described
by JCU (1975). Vakamoce (1987) studied the algal communities associated with the fringing
reefs of Magnetic Island. Jayasinghe (1982) and M#&rtiith (1994) studied more specific
aspects of algal communities associated with the fringing reefs of Magieatit. [The
former study focussed on interactions between algae and crustaceans (mainly crabs), while the
second study was focused on the taxonomy of the Corallinacea family. Ngan & Price (1979,
1980a, 1980b) and Price (1989) intensively studied the oéetigal communities of
Cleveland Bay; focusing their research on the ecology, distribution and temporal changes of

these communities.

Ecotoxicology studies and measurement of metal concentrations in different algae
species have been conducted by Burdmreset al. (1982) BurdorJones & Denton (1984)
and Denton & Burdon Jones (1986). Brown algae had several favourable characteristics that
would lend them to be usefull sentinel organisms to monitor changes of metals in the

environment.

A qualitative inverdry of phytoplankton and zooplankton in Cleveland Bay is
described by JCU (1975). The marine blue green dlgakodesmiunmas been studied in
more detail in the bay because of its association with potentially deleterious eutrophocation
events in the wats of the Great Barrier Reef Jones (1992) and Saker (in prep).

7.4.1.2Sea grasses

Studies of spatial distribution and temporal distribution of sea grass population
ecology in Cleveland Bay have been undertaken by Abel (1982), Birch & Birch (1984), Coles
et al. (1987), Pringle (1989), Goldsworthy (1994) and Lanyon & Marsh (1995), Fisher (in
prep); and McKenzie (in prep). Ludvianto (1992) examined, particularly, the foraminiferan

community associated with the sea grass beds in the Townsville region.

Lanyon &Marsh (1995) indicted that abundance and diversity of sea grasses
fluctuated between seasons by a factor between two and four. The minimum abundance of sea
grasses occurred during the dry season (August to September) with consequent recovery of

seagrassuting the wet season (November to March).
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Mauger (1997) and Haynes (2001) have investigated metal and metal, organochlorine
and dioxin concentrations respectively of common seagrasses of Cleveland Bay and Halifax

Bay.

Research on local seagrasses isetuily being undertaken by the School of Tropical
Environment Studies and Geography (TESAG) at James Cook University. Topics include the
effects of shading and recovery from disturbance; heavy metal accumulation; the effects of
nutrients on growth; the eféés of dugong and turtle grazing; and population genetics (Ingliss
et al., 1998). Monitoring of sea grass populations in the Townsville region is currently in

progress along the Townsville Strand by Sinclair Knight Merz and JCU (Kettle 1999).
7.4.1.3Mangroves

Zonation patterns and the controls to zonation within mangrove colonies located to the
east of Townsville have been described by Macnae (196X) and Spenceley (1977), while
Hendrarto (1992) has studied the diatoms associated with the mangroves dritiday.

The effects that mangrove forests may have upon wave attenuation has been investigated by
Brinkmanet al. (1997) at a site in eastern Cleveland Bay.

Pringle (1989) described recent changes to mangrove colonies along fringes of the
eastern bay to@mine the effects of dredging. Impacts upon mangrove communities as a

result of dredging could not be detected.

Mangrove leaf longevity, leaf litter trapping and production of a saltmarsh/mangrove
herbarium has been monitored by the RIVER group at dibeg &0ss River (River 1999).

7.4.2 Marine fauna

7.4.2.1 Invertebrates
Coral Communities

Smith (1978), Bull (1981) and Mapstogeeal. (1989) have provided general
descriptions of the fringing coral reefs of Magnetic Island and their associated fauna. The
effects of dredging upon coral communities have been investigated by Pringle (1988}, Kaly
al. (1994) and Stafforébmithet al. (1994). The effects of water temperature upon coral
bleaching was studied by Berkelmanal. (1997).
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Reichelt & Jones (19940vestigated the supply of trace metals to coral colonies of
Cleveland Bay in response to increased levels of suspended sediment caused by dredging.
Esselmont (1998) determined the optimum method to measure metal concentrations in coral

colonies, which icluded analysis of metals in corals from several sites in Cleveland Bay.

ReichekBrushett & Harrison (1999) have investigated the effects of heavy metals

upon the fertilisation of corals that were collected from Cleveland Bay.
Crustaceans

Johnston (1995)Johnston & Yellowlees (1998), Johnston et al (1998) and Johnston &
Alexander (1999) studied several aspects of the ecophysiology of the slipper [Dhsters
orientalis). Perez (1985) and Perez & Bellwood (1988) described the ecology of the sandy
shorecrab (Matuta lunaris).Neipp (1979 undertook investigations into the ecology of
Decapoda Palaemondiae.

Special attention was given to the study of the Banana premagus merguiensis)
in Cleveland Bay. Studies by Haywood & Alexander (1982) and Londt888) have been
concentrated in the physiology of this species, while studies by Robertson (1988) have

concentrated on autoecology.
Other invertebrate communities and populations

Three recent surveys of invertebrate communities have assessed effenthion be
communities from anthropogenic activities. Cruz (1998) investigated the sensitivity of soft
bottom benthic communities to the effects of dredging in Cleveland Bay, and Neil (1998) has
investigated intertidal rocky shore communities in the westerrBio#ly these surveys
suggest that identification of specific events that make an impact upon the community is
complicated by large natural spatial and temporal variations. However, a third study by Ingliss
& Kross (1999) identified measurable differencstsvben Ross Creek and control sites which

were spatially associated with metals and hydrocarbons.

Analysis of metal concentrations in a range of invertebrates has been completed by
BurdonJones & Denton (1984) and Jones (1992). Uptake of metals by maveréabrates
has been investigated by Olivier (in prep) and Allison (1982). The effects of the influences of
oil, oil dispersants on the growth, reproduction and-phygsiology of invertebrates has been
investigated by Monfils (1998).
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A general survey ohie soft bottom benthic community in the intertidal zone of
Cleveland Bay have been conducted by Muffley (1981), which presented a list of species of
this kind of community in the Townsville region. Intertidal ‘hard bottom’ populations have
been studied bidisendjaja (1994) (intertidal rocky gastropods), Ibrahim (1981) (shipworms)
and Tzioumis (1994) (Bryozoans). Specific ecological studies on particular populations of
invertebrate fauna of Cleveland Bay, have been done by Hammond (1980, 1982)
(Brachiopodsrosslancet al. (1991) (Gastropods), Lemmeasal. (1995) (Seastars),

Zeidler (1981) (distribution of Amphipods), Uneputty (in prep) (Benthic community
structure), Horpet (in prep) (Gastropods), RIVER (1999) (Most Common Macro Gastropods).

7.4.2.2Icthy ofauna

Several components of the ichthyofauna of Cleveland Bay have been studied by JCU
(1975), Cabanban (1991) (Leiognathidae), Fogg (1993) (Carangids), McCormick (1992)
(Mullidae), Molony (1993) (Chandidae), Mosse (1991) (clupeiod fishes), Gunn (19¥8) an
Gunn & Milward (1985) (Sillaginidae), Hoedt (1984, 1994) (Engraulidae), Yap (1993)
(Scianidae), Sondita (1997) (community structure), Sheaves (1995) (Lutjanid and Serranid)
and Nursall (1981) (Mudskippers). Intensive studies, have been done on sharks
(Carcharhinidae & Sphyrnidae) of Cleveland Bay by Simpferdorfer (1986, 1992, 1993a,
1993b, 1993c, 1998) and Simpferdofer & Mildward (1993), which have been mainly
concentrated in the biology, taxonomy, ecology and ecophysiology of the group. Changes in
fish populations encountered by people using cast and seine nets over time and per unit effort
in the Ross and Bohle Rivers are being investigated by the RIVER Group (RIVER 1999). In
addition, Moltschaniwskyj (1995) and Jackson (1991, 1995) have studied spesiak of

squids of Cleveland Bay.

Analysis of metals in several species of fish has been completed by-Bongsr&
Denton (1984) as part of a larger program that determined baseline concentrations of metals
in organisms in North Queensland. This woak been extended recently by G. Jones and
students at the School of Biochemical and Molecular Science at James Cook University, by
repeating the analysis of metals in identical species of fish from the same regionst(Strate
al., 1998).

7.4.2.3Mammals

Cleveland Bay is a designated dugobggong dugonyanctuary
(http://www.gbrmpa. gov.guPopulation studies have been conducted by Anderson & Birtles
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(1978) on dugongs in Cleveland Bay, and theythe subject of monitoring by the

GBRMPA. Seven stranded dugong carcasses have been retrieved from the Townsuville region
(Cleveland Bay, Magnetic Island and Halifax Bay) between-1996. Tissue samples

collected from these animals were analysed fonheatals and organochlorines including
dioxins. Dugong fat contained unexpectedly high concentrations of dioxins, particularly the
octasubstituted PCDDs (Haynesal., 1999; Caroline Gaus, unpublished data). Low levels

of dieldrin and DDE were presentlimer and fat tissues (Haynes et al 2001). Metal
concentrations of mercury, lead and nickel were elevated in dugong carcasses collected from

Magnetic Island and Halifax Bay (Haynes et al 2001).
7.5 Air Quality

Information describing natural and ambientaality in the Townsville region is
limited relative to the information available in each of the categories previously described. Ma

(1997) has completed an investigation into the modelling of sea breezes over Cleveland Bay.

Monitoring of air quality athe windward side of Cape Bowling Green by
AIMS/CSIRO is conducted as part of a global program that monitors green house gas

emission fittp://www.dar.csiro.au/res/gac/default. hynmihis monitonng includes Cg) CO,

isotopes, ChH, N,O, CO, H, but does not include particulate materials 05.SO

Monitoring of air quality in Townsville by the Environmental Protection Agency
includes two hvol PM10 samplers (located in South Townsville and in Garlwitich have

been in operation for several years).

Air quality monitoring is also undertaken on a monthly basis by the Townsville Port
Authority Anderson & Roche (1999). Mobile monitoring stations are proposed to be used to
measure air quality by Sun Migaefinery (Boggiano 1999), and mobile monitoring
equipment is also used by the Townsville City Council to monitor periodic events.

The current standard of monitoring is not compliant with the National Environmental
Protection Measure. Under this agreeb{between all states), ambient air quality is to be

monitored in communities greater than 25,000 in population, in a standardised way.
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7.6 Summary

From the information presented here it is apparent that there are gaps in the knowledge

of marine environméal quality in Cleveland Bay. These gaps include;

- Ecotoxicological studies that integrate physical, chemical and biological
investigations, and that are directed towards developing meaningful local guidelines

for pollutants (e.g. nutrients, sediment, mgtalganics etc.);

- Quantitative flux measurements of sediments, nutrients and pollutants from local

streams under ‘first flush’, highflow and ambient conditions;
- Groundwater quality domestic use, salinisation and contamination; and

- Air quality monitoringn the Townsville region compliant with the National

Environmental Protection Measure.

These gaps are created by the need to address emerging issues, and are important
because they can provide direction for future investigations. The first point recaitpaise
there is an abundance of survey information covering a wide range of topics, but that there is
little multidisciplinary study that could lead to a greater understanding of the environment.
For example, there is evidence for localised increasedlungmds in estuaries of suburban
Townsville. However, there is a corresponding dearth of more specific ecotoxicological data

to determine if, and how pollutants are having an impact upon the local estuaries

In such circumstances the identified increasesllutant levels are relegated to being
simply a diagnostic of a deterioration in environmental quality, and alone the information

does little to provide meaningful local guidelines for specific pollutants.

Multidisciplinary ecotoxicological studies aegjuired to determine how, and at what
concentrations specific pollutants impact upon the local environment in order to develop

meaningful local guidelines for levels of pollutants.

The second, third and fourth points recognise that there is no quanstitati
measurements of the natural or anthropogenic inputs to the environment (fluxes). This is a
fundamental gap in understanding the effects of human activities upon the environment, and
restricts the effectiveness of environmental management and ameliof atdential

pollutant sources.



Pagel3l

Potentially the most significant gap in the understanding of marine environmental
quality in Cleveland Bay does not relate to knowledge, but it relates to the management and

culture of work being undertaken in the region.

Information that can contribute to understanding environmental quality is often
collected by research, regulatory, community and industrial organisations that may be
undertaking environmental research, monitoring, restoration or preservation, butillyis rar

harnessed or made available in a way that it can be integrated with other investigations.

A possible reason for this lack of integration is that there exists no protocol for
reporting or registration of environmental work being undertaken in the régame often
the role of these organisations, the work that they have completed and its quality are generally
ambiguous. Attempting to recover previous survey data or obtain up to date information is

generally inefficient.

This situation demands greatetlaboration between groups to ensure optimum use
of resources, and to provide support and direction for future work that may lead to a greater

understanding of marine environmental quality.
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Chapter 8 - Further Work and Future
Directions

M Roche (BHP Billiton) and C Anderson (formerly Townsville Port Authority; curgentl

Technical Adviser, The International Tanker Owners Pollution Federation Limited)

In response to a general perception of a lack of baseline data on the status of Cleveland Bay,
the Cleveland Bay Consortium has sought to compile a report of existing datad research
initiatives. The contents of this report represent voluntary contributions from researchers in
the region and, whilst every effort has been made to compile a comprehensive account of
existing research initiatives, it is recognised that someavk or studies may not have been
included within this report. In light of the above, the Cleveland Bay Status report should be
viewed as an evolving framework through which to encourage improved communications

between research organisations, industry awvemment.

Tnis cnavter attemvts to summarse the current state of research
ntatves in Ceveand B3ay and. to dentify, ocased on avallade
1format on. any votential yavs n the <1owledye nase. Hdowever, tsaould
Je recoyn sed that the vrimary odJlect ve for future n tatwves in th s field
snhou d oe the develovment of mu t disc »linary communicat ons amonyst

researcn oryanisatons and ind vduas. ndustry and yovernment.

In an effort to oetter facilitate ach evement of oalectives of the C eve and
3ay Consortium. th s Chavter nas seen divided ato two comvonents The
first add-esses manavyement and adm nist-at ve ovvor-tun t es that ex st to
mv-ove the Iinteracton and communicaton ocetween ind vduas and
oryan sat ons. The second comvonent addresses vsotenta owvvortun tes
for future researcn. Tnhese ovvortun tes nave seen dentifed on the dasis
of the contrioutions received and a 2as c wor< Ny <now edye of the natura
env -onment 1 Townsv e and Ceveand Bay. na y. a numoder of ams

and oodlectives nave oseen dentfed fo- the future directon of tahe
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Ceveand B3ay Consortum and its coastituent ndvduals and

0-yYyan sat ons.

Manavyement & Administration

One of the fundamental issues to emerge from the production of this report is the wealth of
information that currently exists on isolated aspects of the Cleveland Bay environment.
However, it has also been acknowledged by several of the contributing authors that existing
data is often difficult to access in any useful means. Whilst access to informan may be
available through reference to published reports summarising the collected data, such reports
are often limited in their scope and coverage of the wealth of information that has been
considered and collected. It appears that whilst there ig aflanformation in published form,

a significant amount of information appears to be in what has been termed “grey literature”
such as unpublished reports and articles. This has often lead to duplication of effort and the
collection of data that may potetally add value to existing knowledge but that can not be

used to its full potentially due to variations in methodology.

There is an urgent need to promote a more integrated and collaborative approach to the
collection and dissemination of research anghitoring data if the conclusions and objectives
outlined in this chapter are to be fully realised. Potentially, this may require the development
of data management protocols and intellectual property rights agreements in an effort to

promote data and resece sharing amongst individuals and funding organisations.

Overa Itavvears that there s a s ynificant amount of research on var ous
asvects of Ceve and 3ay. there s a need to deve o~ a more nteyrated
and cons stent avv-oacnh to research and mon toriny, There is a need to
tace advantayve of the wea th of <xnowledye that already exists 2y suild ny
on ex stiny researcn and adovt ny consistent metnhodo oy es 1 an effort to
a ow ex/st ny data to oe used comvaratve y and n an onyo ny manner It
S aso necessary at th s staye to emvniasse tie need for mvroved
communications oetween resea-cners and fund nYy oryan satons to
minim se duvlicat on of effort to ensure that future researcnh adds va ue to
the existiny xnowledye nase 2y focusiny on areas wnere further researcn

s revuired.
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Research

Whnilst there is a wea th of information current y availad e on the natura
env ronment of Cleveland 3ay. the com~ aton of th s -evort nas a owed
the ident f cation of varticular yavs n the exstiny <now edye sase. This
sect on of the revort attemvts to dentfy these «now edye vavs and

dentify future research ovvortunities.

One of tne outstand ny factors to emerye from the comv aton of tahe
Ceveand Bay Status Revort s tie need for imvroved ateyration of
ex stiny research nitiatives and the standa-d saton of research
methodo oyies. Wn st these ssues nave deen addressed n the vrevous
sect on. Data Manayement and Adm n straton . it s mvortaat that the

follow ny ssues oe considered w t1 n t1 s context

There avvears to oe a wea th of aformaton on svecif c asvects of the
natura env -onment of Ceveland 3ay. varticulary n tie fed of vure
researcn. dowever. there avvears to d2e |im ted emvnas s vlaced on the
nteyrat on and vractica a-vv caton of sucnh data for natura resource
manayement. Generally. there avsears to 2e a yenera ac< of nformat on
1 relation to svecfc areas ao0ny with a ack of nteyraton of existny
1format on. nolistc ntervretat on and the comvilation and understand ny

of the svecif c researcn 2rolects.

On revewiny the existny nformaton availad e. there seems to de a
yeneral ack of information in reyar-d to yeneral 2 0 oyica mon toriny and
Jartcuar D ooyvical thresnolds. 3ased on tais lack of aformaton. there is
a need to develov nteurated uuanttatve dioloy ca effect varameters.
Tnais is vartcuarly imvortant in liynt of the deve ovment of reyona vy
-elevant water uua ty crtera under the draft ANZACC water vua ty

Guide nes.
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3uild ny on this lack of inteyraton. the fo ow 1y resea~ch ovvortunities

nave Jeen ident fed:

1. Iso at on of natural and anthrovoyenic mvacts

There avvears to be furtner ovvortunities to different ate netween natura

and anthrovoyen c effects of chemica contaminants in Cleveland Bay. for

gXam -

Critica y eva uate numan Induced effects on eco oyy of C eve and 3ay.
Im-v-ove understandny of the factors affectny odenavour of
contam nants n C eve and 3ay.

Considerat on of the influence of variad es on oentn c fauna and fou ny
oryan sms. Do natural varaton and 2nysca disturdpances or ruman
nduced contam nant concentrations d-ive these communities?

Deve ov studies that may 2e used to imvrove the understand ny of the
source and s 1< and natural fluctuations of vo utant n-uts to tahe

eav -onment.

2. Inteyrat on & standard sation of research data

=stao isn reliad e data sets on d fferent sources of contaminants.
Contaminant cyc ny and contam nant transvort vathways (see vaye
85)

Patte-ns and causes of trchodesmium 2 ooms and tie nfuence on
fixation of chem ca contam nants and the sudseuuent nfuence on
fauna.

Rev ew of ony term data sets related to meta concentrat ons.

A study of the various tyves of sed ment oads / metal/ nutr ent
concentrat ons in discharyes to the 3ay.

Comvrenensive sediment budyet for C eve and 3ay.

Imvact of chany ny meta concentrat ons on dioloy cal d vers ty of

C eve and 3ay.
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Current f ux of sed ment mate-ial ato C eve and 3ay.

Use of yroundwater n the Townsville catcament area and effect of
yroundwater use on salinity,

Imv-oved understandiny of water yua ty and ecotoxico oyica ssues.
00« at re at ons oetween antarovoyen c sources of contam nants and

mvrove understandiny of source/s n< vathways.

Contaminant imvacts on cora s

The information yavs dentfed n Chavter7. e

Ecotoxicological studies that integrate physical, chemical and biological
investigations, and that are directed towards developing meaningful local guidelines

for pollutants (e.g. nutrients, sediment, metals, organick et

Quantitative flux measurements of sediments, nutrients and pollutants from local

streams under ‘first flush’, highflow and ambient conditions;
Groundwater quality- domestic use, salinisation and contamination; and

Air quality monitoring in the Towndle region compliant with the National

Environmental Protection Measure

The existing information indicates that comprehensive data is
available on climatic conditions surrounding Townsville and
Cleveland Bay area. However, it is implied that this daty ma
be difficult to access in the necessary form in many
circumstances. Tidal Currents appear well documented for
Cleveland Bay. However, there seems to be a degree of
uncertainty over sediment loads from the Burdekin

particularly with respect to historicaiscrepancies in the
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available data and the interpretation of such data. Wave data
appears to be well studied in terms of both actual and
predicted. However, there is a need to look at dissemination

and publication of data from the mangrove areas.

Need furtner wor< on tne closure of the 3ay o2y the tomdoo and
connection of Cave Ceveand wth manand tm 1y and v-ocess If tais

s not we understood.

Future Aims & Oblectives
Geoyravn c Information system snowiny mon to-iny s tes. varameters
cons dered and research and fundiny oryan satons involved (incud ny

contact details) a ony w th any re evant vud saed information.

[ncreased vo untary contr outons to exstiny datadases. vromote the
concevts of nformaton snarny and the osenefts to s2e ya ned oy

ndustry. yovernment, research s2od es and the commun ty.

\Need to dentfy atan ear y staye as a m nimum whnat tyves of researcn
are deiny undertaken. n an effort to vromote co ord nated and

comvlimentary research witnout duv cat ny effo-t and resources.

Use of existny data to develov manayement crteria for activities

within the rey on.

Summary

- Need to address emery 1y ssues, the C3C revort wll vrovde direct on

for future researcnh.
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- Tnhere s an uryent need for nteyration and co adoraton wanch w
resu t n the develovment of multi d sc » nary stud es that mv-ove ou-
understand ny of the natura fuctuatons 1 dooyica and vnysica
sarameters and the votent a effects that the y-owtn of Townsv e may

nave on sucnh interactions.

Closing comments

Different people, in different sectors of the community, place different values on
aspects of the natural environment. Over time, these values will change with a
changing society and our appreciation of the finiteness of natural resources. In this
context it is important to realise that sustainable development is not a static concept,
it is evolving across different sector and over time. The vision of sustainable
development however, should not change - the values will just be redefined. In this
context, it is important to recognise that this report and the concept of the Cleveland
Bay Sustainability Cycle is a continuously evolving philosophy.

As discussed in the introductory chapter of this report, the journey of understanding
of the natural envi ronment of Cleveland Bay has only just begun. This report
represents one of the first tangible outcomes of improving our understanding and
developing the Cleveland Bay Sustainability Cycle.

Considerable effort has been exerted both into discussions about, and in the
development of, this Report. The community of Cleveland Bay must now work
together to address the perceived needs and objectives identified by the Cleveland
Bay Consortium and the suggestions of the contributing authors and participants of
this report. The next step in this evolving process is to consider the
recommendations, particularly those related to the administration and sharing of
data, the need to coordinate and collaborate in research efforts and to work together
to address these issues.

The level to which we can manage Cleveland Bay is directly proportional to our
understanding of Cleveland Bay. The more we know, the better we can manage. The

better we can manage, the more sustainable is our use.

Caryn Anderson and Mick Roche
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