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1 EXECUTIVE SUMMARY

This document aims to provide an overview of current issues and information concerning water
quality in the Great Barrier Reef World Heritage Area. It isintended to provide the necessary
context and background in support of arelated strategy paper, entitled Water Quality, Coastal
Development and the Great Barrier Reef: Strategic Direction of the Great Barrier Reef Marine
Park Authority, in which detailed strategies to address land-based run-off and ship-sourced
pollution are described.

The Great Barrier Reef isarelatively unspoiled environment. However, the region is afocus for
agricultural production, tourism, shipping and expanding urban centres. These activities all
present athreat to the Great Barrier Reef from pollutant inputs. Although the region isrelatively
sparsely populated, extensive land modification (land clearing) has occurred over the last 200
years since European settlement. As a conseguence, run-off resulting from land-based
agricultural activities (cattle grazing, vegetation clearance and intensive cropping, particularly
sugar cane) and from urban development is the primary anthropogenic influence on water
quality in the Great Barrier Reef World Heritage Area.

The pre-eminent water quality threats to the Great Barrier Reef have long been regarded as
elevated sediment and nutrient concentrations. Additional threats are potentially posed by
pollutants such as heavy metals, persistent chlorohydrocarbons, PCBs and petroleum-related
compounds, athough these are considered to be of lesser consequence. However, a new concern
isthe potential impact posed by diuron, dioxins, dieldrin, mercury and cadmium concentrations
that have been detected in sediments and biota along the Great Barrier Reef and southern
Queensgland coastline. In general, these pollutants of concern originate from the wet tropics
region; an area dominated by intensive cropping, and renowned for its high rainfall and erosion
rates.

The potentia impacts of elevated pollutant concentrationsin Great Barrier Reef waters range
from reduced growth and reproduction in organisms, to major shiftsin community structure and
health of coral reef and seagrass ecosystems. Coastal and inshore coral reefs and seagrass
communities adjacent to human activity are most threatened from the pollutants contained in
run-off from the land. There is sufficient field evidence to show the threat to these inshore reefs,
together with evidence of a declinein their condition. If fundamental changesin land-
management do not occur, the health of the inshore areas of the Great Barrier Reef islikely to
continue to decline. A decline in ecosystem health of these estuarine and inshore areas will
impact on the World Heritage values of the Great Barrier Reef, which has implications for
Augtralia’ s national and international obligations for the protection and conservation of a World
Heritage Area. Additionally, this may also impact on the viability of industries such as tourism
and fisheries that rely on the long-term health of the Great Barrier Reef World Heritage Area.

Corals of the Great Barrier Reef region, in common with coral reefs worldwide, are also
threatened, to varying degrees, by increased seawater temperatures and altered water chemistry
due to global atmospheric change. These may lead to reduced viability or even death of coras
and to progressive weakening of reef structures. These changes will continue to threaten reefs
globally unless effective worldwide action to reduce carbon dioxide and other greenhouse gas
emissionsis taken.

A comprehensive strategic framework is currently being developed by the Great Barrier Reef
Marine Park Authority to deal with pollutants from land based run-off and ship sources. It aims
to clearly define responsibilities of Commonwealth and Queensland governments and promote a
culture of mutual obligation between industry, government and the community. Thiswill ensure

GBR Water Quality 1



that existing and emerging planning instruments that include water quality objectives and
agreed criteriafor auditing progress, are integrated and used to address water quality problems.

A sound legidative framework already exists to prevent and respond to incidents of marine
pollution arising from shipping activities. However, the shipping strategy currently being
developed as part of the Great Barrier Reef Marine Park Authority’s strategy will help minimise
adverse impacts of shipping activities within the Great Barrier Reef World Heritage Area. This
will be achieved by enhancing current management arrangements and ensuring that best practice
ismaintained. Thiswill involve an international strategy and clarification of roles and
responsibilities, aswell as ensuring that Commonwealth and Queensland resources are
coordinated in order to maximise emergency response capabilities.

To ensure these management strategies are working, long-term monitoring programs are
required to enable assessment of change in environmentally relevant water pollutant
concentrations. Water chemistry data derived using innovative data acquisition techniques can
play an early warning role in the assessment of impacts of contaminants on mangrove, seagrass
and coral reef organisms of the Great Barrier Reef World Heritage Area. Moreover, such
monitoring could contribute to the understanding of interactions of contaminants with high
ultraviolet light and temperature conditions associated with global atmospheric change. Without
consideration of the subtle impacts of chemical contaminants, managers will fail to fully
understand the status of tropical marine ecosystems and the risks associated with anthropogenic
impacts.



2 THE GREAT BARRIER REEF WORLD HERITAGE AREA

Water quality deterioration and associated impacts on the ecosystems of the Great Barrier Reef
have always been seen as high priority issues for management of the Great Barrier Reef system
(eg Bennell 1978). As a consequence, research to establish the degree of risk from water quality
threats and to identifying sources of pollution, has been a priority of the Great Barrier Reef
Marine Park Authority since the establishment of the Marine Park in 1975. Through the 1980s
and 1990s, compilations and syntheses of research results and workshops in this area have been
progressively reported. Significant examples include publications on:

Chemical spill response (Craik 1985);

Downstream effects of land use (Hunter et al. 1996);

Wetlands adjacent to the Great Barrier Reef (Hayneset al. 1998by);

Land use and nutrient loading of the Great Barrier Reef (Y ellowlees 1991);
Nutrients (Baldwin 1988, 1990);

Contaminants (Dutton 1985; Kellaway 1999; Hutchings and Haynes 2000); and
Terrestria run-off (Williams 2001)

= . . _—_a _a _a _a

This report continues to add to the list by presenting a summary of current knowledge about the
types and importance of water quality threats facing the Great Barrier Reef World Heritage Area
up to the year 2001.

2.1 Introduction

The Great Barrier Reef is situated adjacent to the Queensland (and north-eastern Australian)
coast, and isthe largest reef system in the world (Figure 1). It isarelatively unspoiled
environment, although the region is afocus of agricultural production, tourism, shipping and
urban centres (Lucas et al. 1997; Gilbert 2001). These all present arisk to the Great Barrier
Reef from pollutant inputs associated with anthropogenic activities.

Protection of the ecological systems of the Great Barrier Reef World Heritage Areafrom
pollutants is recognised as one the mgjor challenges facing the Great Barrier Reef Marine Park
Authority in managing the World Heritage Area. Achievement of thisgoal is difficult, as most
water quality problems are a consequence of practices that are not under the direct control of the
reef management authority (Haynes and Michalek-Wagner 2000).

2.2 The Great Barrier Reef World Heritage Area

The Great Barrier Reef extends approximately 2000 km parallel to the Queensland coast
between latitude 9° and 24°S and covers an area of approximately 350 000 km? (Figure 1). It
consists of an archipelagic complex of over 3000 reefs and was proclaimed aMarine Park in
1975 and listed on the World Heritage Register in 1981 in recognition of its outstanding
universal value (GBRMPA 1981). A majority of the reefs are situated on the mid- and outer-
continental shelf and are located 20 to 150 km from the continental landmass. The main reef
does not form a continuous barrier, but consists of individual reefs separated by inter-reefal
waters. A significant number of reefs (ca 750) also exist at ‘inshore’ or ‘nearshore’ sites (Furnas
and Brodie 1996), close to the coast, within the Great Barrier Reef Lagoon. The Great Barrier
Reef isthe largest of the world’ s 552 World Heritage Areas and provides habitat for a diversity
of marine life including a number of endangered animals such as dugong, cetaceans and turtles
(Lucaset al. 1997). The Great Barrier Reef World Heritage Area also supports extensive areas
of inshore and deeper water seagrass beds (Lee Long et al. 1993) and intertidal mangrove
forests.

GBR Water Quality 3
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Figure 1. The Great Barrier Reef World Heritage Area and its associated catchments,
Queendand, Australia.



2.3 The Great Barrier Reef Lagoon

The Great Barrier Reef largely isolates the continental shelf sea (the Great Barrier Reef lagoon)
from the adjacent Coral Sea along the northern Queensland coast (Furnas and Mitchell 1997). In
general, oceanic water exchanges freely between the Coral Sea and outer barrier reefs, whereas
coastal run-off and inshore processes are the major determinant of inshore lagoon water quality.
Water movements within the reef matrix and the Great Barrier Reef lagoon are related to
geostatic pressure gradients in the adjacent East Australian Current (Church 1987), shelf waves
(Wolanski and Bennett 1983), tidal currents (Church et al. 1985) and wind stress (Wolanski and
Pickard 1985). Water mixing induced by winds and the reef matrix is sufficient to keep the
water column vertically well mixed (Furnas and Mitchell 1997). However, significant but short-
lived stratification of the water column occurs as a consequence of up welling along the
continental shelf-break and through the movement of flood plumes along, and across the Great
Barrier Reef lagoon. South of the Daintree River (16°S), wind stress from southeast trade winds
tends to force surface and coastal waters northwards in opposition to the southward geostrophic
water flow driven by the East Australian Current (Burrage et al. 1997). As aresult, watersin the
outer portion of the Great Barrier Reef lagoon and the outer shelf reef matrix are separated from
the coastal zone by a dynamic front in the Great Barrier Reef lagoon (King 1995). This front
also traps terrestrial material within 10-15 km of the coast, forming an inshore wedge of
terrigenous sediments (Bel perio 1983; Johnson 1996; Larcombe et al. 1995). Only rarely during
periods of low wind speed or northerly winds, do river flood plumes spread across the Great
Barrier Reef shelf and directly impact the reefs of the mid-shelf and outer shelf (Devlin et al.
20014a).

2.4 Sources of Pollutants to the Great Barrier Reef

The Great Barrier Reef catchment is the predominant source of pollution to the Great Barrier
Reef. For the central Great Barrier Reef, 40% of external nitrogen inputs and 55% of external
phosphorus inputs are derived from land-based sources with the other main sources being
deepwater up welling, rainfall and nitrogen fixation (Furnas et al. 1995). However, inputs of
catchment-sourced nutrients have increased by afactor of four since 1850 (Moss et al. 1993;
Rayment and Neil 1997), while the inputs of other sources have not changed over time due to
anthropogenic factors. Thus, the rise in total nitrogen and phosphorus input loads to the central
Great Barrier Reef is of the order of 30% since 1850, with the rise due entirely to land-based
sources. Nutrient input loads to the inshore area of the Great Barrier Reef (a small fraction of
the area and volume of the Great Barrier Reef lagoon), have risen by much greater than 30%
following catchment development. There are still uncertainties about the impact of increased
land-based sources on sediment/nutrient loads to the mid and outer reefs. Under some
conditions, dissolved and/or fine-grained components may sometimes be transported to the mid
shelf reefs or beyond. Although the frequency of mid shelf reef flood plumesislow, their
impact may still be significant (McCook and Spagnol 2001).

Pesticide residue loads are also sourced primarily from the Great Barrier Reef catchment
(Hutchings and Haynes 2000), with only minor amounts of some volatile compounds possibly
coming from other areas via aerial transport (Kurtz and Atlas 1990). Shipping-sourced pollutant
loads are generally low. Small amounts of sewage are discharged, operational oil-spills occur
and shipping anti-fouling compounds are released into the water, but the quantities are relatively
minor. Ballast water discharges may introduce exotic species and disease organisms to the Great
Barrier Reef, however the risk appears to be low on present evidence. The primary risk of
shipping as a source of pollution isrelated to the chance of a major oil-spill, therefore an acute
rather than chronic threat.
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3 THE GREAT BARRIER REEF CATCHMENT

3.1 Catchment Land Use

The coastal region adjoining the Great Barrier Reef World Heritage Areaisdivided into a
number of wet and dry tropical catchments, with forty drainage basins comprising
approximately 25% of the land area of Queensland draining directly into the Great Barrier Reef
lagoon (Gilbert 2001). Most catchments are small (<10,000 km?), however the Burdekin
(133,000 km?) and Fitzroy River catchments (143,000 km?) are among the largest in Australia
Human activity in these catchments is the primary determinant of altered water quality that is
ultimately transmitted to the Great Barrier Reef World Heritage Area.

Although population growth and urban expansion in Southeastern Queensland has been rapid,
the northern Queensland coast still remains relatively sparsely populated (Anon 1999b). Only
700,000 of the State’s 2.9 million residents live in the coastal areas adjacent to the Great Barrier
Reef World Heritage Area. Despite this low population pressure, extensive land modification
(land clearing) has occurred over the last 200 years since European settlement (Anon 1993).
Today, 80% of the land area of catchments adjacent to the Great Barrier Reef World Heritage
Area support some form of agricultural production (Gilbert 2001). To place Queensand land
use and vegetation clearing activities into perspective, more than 50 % of the State' s original
117 million hectares of woody vegetation has been cleared primarily for agricultural purposes
since European settlement (Anon 1999b). As a consequence, erosion isincreased and run-off
resulting from these agricultural activities and urban development, is the primary anthropogenic
influence on water quality in the Great Barrier Reef World Heritage Area (Bell 1991; Moss et
al. 1993; Anon 1993; Brodie 1997).

Grazing of cattle for beef production is the largest single land use on the Great Barrier Reef
catchment with cropping, (mainly of sugarcane) being a significant agricultural industry in
coastal areas between Bundaberg and Port Douglas. Other significant catchment land uses
include aguaculture and mining of coa and various metals.

There are approximately 4,500,000 beef cattle grazed in Great Barrier Reef catchments, with
highest stock numbersin the Fitzroy and Burdekin catchments (Table 1). The area under
sugarcane cultivation in Great Barrier Reef catchments has increased steadily over the last 100
years reaching approximately 400,000 ha by 2000 (Figure 2).

There are thirty-three existing prawn and barramundi aquaculture devel opments adjacent to the
Great Barrier Reef World Heritage Area, ten of which are currently expanding or have plans for
future expansion. There are a further six aguaculture proposals, and three operations which have
been approved but have either not commenced or are incomplete. Farms range in size from 2 ha
to 127 hawith atotal of approximately 400 to 450 hain production (L obegeiger 1998).



Table 1. Areaof land under grazing in the Great Barrier Reef catchment (Anon 1993).

Basin Name

Areaof Grazing Land

Proportion of basin

(km?) * grazed (%)
North-East Cape Y ork
Jacky Jacky, Olive, Pascoe, Lockhardt,
Stewart, Normanby, Jeannie, Endeavour 26,720 62
Mossman-Daintree 930 36
Barron 1,200 55
Mulgrave-Russell 160 8
Johnstone 570 24
Tully-Murray 530 19
Herbert 7,970 66
Ross-Black 850 29
Burdekin-Haughton 118,060 88
Don 3,850 97
Proserpine 1,679 67
Pioneer, O’ Connell 1,940 49
Shoalwater, Plane, Styx, Waterpark 4,970 44
Fitzroy 119,320 84
Baffle, Boyne, Calliope 6,360 69
Burnett, Burrum, Kolan 26,520 67
Mary 5,830 61

*Grazing land may include areas of State Forest and Timber Reserves.

3.2 Catchment Sources of Pollution

3.2.1 Rangeland Grazing

The majority of the Great Barrier Reef catchment is used for rangeland beef grazing (Figure 4).

Grazing on the large, dry catchments adjacent to the Great Barrier Reef Marine Park has

resulted in extensive tree clearance, particularly Brigalow, for conversion to pasture (Gilbert

2001). The principal conseguence for the Great Barrier Reef of beef grazing on catchment lands
results from greatly increased soil erosion (Ciesiolka 1987) due to woodland removal,
overgrazing, (especially in drought conditions, where vegetation cover falls below 40% (Mclvor

et al. 1995)) and streambank erosion when cattle have direct access to streams (Finlayson and
Brigza 1993). Overgrazing has become a problem since the shift from British cattle breeds to

Brahman breeds. Braham breeds survive in more adverse conditions, hence they alow high

stocking rates during drought conditions which exacerbates erosion.

Estimates of the increase in soil erosion from natural conditions to present day conditions
(Ciesiolka 1976; Lawrence and Thorburn 1989; Rayment and Neil 1997) range from:

0.9 tonnes per hectare per year on catchments with minor gully erosion;

f 1.6 tonnes with one active gully; and
T 27-30 tonnes with severe gully erosion.

GBR Water Quality
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Figure 2. Increase in Queensland land area used for sugar cultivation from 1930 to 1996
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An estimated 15 to 28 million tonnes of sediment is delivered to the Great Barrier Reef from the
catchment annually (Moss et al. 1993; Neil and Y u 19963, 1996b; Rayment and Neil 1997;
Wasson 1997).

Sediments lost from Great Barrier Reef catchments also carry alarge quantity of nitrogen (N)
and phosphorus (P) (and other plant nutrient elements such asiron and silicon). N and P are the
natural nutrients present in the soil, but are also associated with added fertiliser and are
mobilised through erosion (Rayment and Neil 1997). Calculations of the quantity of N and P
lost from Great Barrier Reef catchments give estimates of about 80,000 tonnes per year of N
and about 35,000 tonnes of P (Moss et al. 1993; Rayment and Neil 1997). This represents a
large component of the additional N and P now entering the Great Barrier Reef from the
catchment compared to pre-European times. In fact, it is estimated that four times as much N
and P is now entering the Great Barrier Reef (Moss et al. 1993; Rayment and Neil 1997); most
of which is attributable to soil erosion arising from rangeland grazing.

3.2.2 Sugarcane Cultivation

Sugarcaneis by far the largest crop on the Great Barrier Reef catchment. The area of cane has
increased relatively uniformly over the last fifty years (Figure 2). Sugarcane is grown on the
coastal floodplains of the rivers south of the Daintree, with small but increasing areas also
grown on the Atherton Tablelands.

Sugarcane, asit has been cultivated since the 1950s, requires substantial use of inorganic
fertiliser, particularly nitrogen. The large increase in the use of nitrogen fertiliser on the Great
Barrier Reef catchment over the last 50 years (Figure 3) is primarily due to the expansion of
caneland (Figure 2), aswell asincreasing fertiliser use per hectare. Current fertiliser use
recommendations for cane cultivation in Queensland are about 150 to 200 kg/halyear of
nitrogen fertiliser (as N). Thus approximately 65,000 tonnes of nitrogen is applied to cane on
the Great Barrier Reef catchment per year. Some use of fertiliser above the recommended rates
isreported (Schroeder et al. 1998). It is becoming clear that trash (sugar cane leaves) retention,
now the primary means of cane cultivation on the Great Barrier Reef catchment, returns up to
50 kg/halyear of N to the soil, and potentially to the crop and surrounding environment, after
about five years of this practice (Robertson and Thorburn 1999; Thorburn et al. 2000). In the
SarinalMackay area, dunder (awaste from alcohol distilling) is aso added to sugarcane soils, as
is mill-mud (awaste from sugar mill operations) in areas close to mills. These materials aso
contain N and P, causing substantial over-fertilisation in some areas (Schroeder et al. 1998),
particularly when inorganic fertilisers are applied as well.

Of the 200 kg/ha of fertiliser N applied annually to sugar cane crops, about 70 kg is taken up by
the crop (Reganzani and Armour 2000). The remaining 130 kg/halyear are lost to a number of
environmental compartments including the atmosphere (volatilization and denitrification)
(Freney et al. 1994; Weier et al. 1996), groundwater (Bohl et al. 2000), run-off (Reganzani and
Armour 2000) and soil storage (including trash storage) (Robertson and Thorburn 1999). The
proportion lost to each compartment depends on climate, weather, soil type, cultivation
practices, fertiliser application practices and hydrology (Reganzani et al. 1996; McShane et al.
1993; Moody et al. 1996). A large fraction of the lost nitrogen reaches adjacent streams and
rivers, as has been shown in the Johnstone River (Hunter et al. 1996; Hunter 1997); Herbert
River (Mitchell et al. 1997); Burdekin River irrigation area (Congdon and L ukacs 1996); and
the Atherton Tablelands (Hunter et al. 1999).

Soil erosion from cane land was recognised as a major sediment source to river systems when
the predominant cultivation technique was burnt cane harvesting (‘ conventional cultivation’)
(Prove and Hicks 1991). Erosion rates of up to 500 tonnes/halyear were measured on Johnstone
River cane lands under conventional cultivation (Prove and Hicks 1991).
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With the move to green cane harvesting/trash blanketing (GCTB) using minimum tillage, soil
erosion rates dropped dramatically with average losses of 10 tonnes/halyear (Prove and Hicks
1991; Rayment and Neil 1997). Considerable soil loss still occurs in the plant cane stage (up to
50 tonnes/halyear), but there is minimal loss in ratoon (regrowth) crops using GCTB (about 5
tonnes/halyear). With ratoon crops comprising on average four cropsin every five, the overall
average loss for the complete five year crop cycle is about 10 tonnes/halyear, only marginally
higher than the natural rate of soil erosion on the flood plain. Most of the cane grown in the
Great Barrier Reef catchment now uses GCTB, with the exception of the Burdekin region.
Nutrient loss associated with soil erosion isaso minimised under GCTB cultivation, making
losses of N and P associated with fertiliser the major source of nutrients from cane landsin
recent times.

Soil lossin newly developed cane lands can be severe and this has been anecdotally noted in the
expansion areas of the Tully/Murray floodplain during the 1990s. Such losses may, in part,
explain the major rise in particulate nitrogen concentrations in the Tully River during the 1990s
(Mitchell et al. 2000).

In summary, sugarcane cultivation on the Great Barrier Reef catchment probably contributes
about 20,000 tonnes of N per year on average to the Great Barrier Reef. Thisis about 25% of
the total load (Moss et al. 1993; Rayment and Neil 1997). In areas of intense sugarcane
cultivation, such as the Wet Tropics (Figure 5), it contributes the majority of the dissolved
inorganic nitrogen (nitrate and ammonia) transported by the rivers (Hunter 1997; Hunter and
Walton 1997; Mitchell et al. 1997). This contribution is rising with increasing cane area and
fertiliser usage rates.

3.2.3 Other Crops

Other mgjor crops grown on the Great Barrier Reef catchment are cotton, (mostly on the
Fitzroy), and horticultural crops - particularly bananas, other tree crops such as mangos and
lychees, and vegetabl e crops such as tomatoes. There has been considerable expansion of
banana crops in the Tully catchment areain the last thirteen years. Nitrogen fertiliser rates on
these crops can be high, e.g. for bananas approximately 450 kg/halyear (as N). Overall, banana
crops use the equivalent of approximately 6.5% of the amount of N fertilizer used on sugarcane.
Loss of fertiliser from bananas follows similar pathways to sugarcane grown in the same area
(Prove et al. 1997) and presents a similar, albeit smaller source due to the smaller cultivation
areasinvolved (Hunter et al. 1996). However due to the nature of their cultivation, (bananas are
usually grown on steeper slopesin more elevated areas of the catchment than sugarcane), they
contribute disproportionately high leachate and soil erosion losses.

Cotton grown on the Fitzroy catchment uses nitrogen at rates of about 150 kg/halyear and

considerable loss of nitrogen from cotton cultivation has been measured downstream from the
cropping areas (Noble et al. 1997).
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Figure 4. Cattle grazing, Burdekin catchment.

Figure 5. Sugarcane cropping, Great Barrier Reef catchment.
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3.24 Coastal Aquaculture

Coastal pond-based aguaculture now occupies about 450 ha on the Great Barrier Reef coast
(Figure 6). Thisareais dominated by cultivation of penaid prawns and to alesser degree, finfish
(e.g. barramundi). The discharge from aquaculture under present cultivation technigques contains
high concentrations of suspended solids and nutrients (N and P). Theloss of N and P in the
discharge per hectare of pond is about 10 times that lost from one hectare of sugarcane
cultivation with GCTB (Brennan 1999). However, with only 450 ha of existing ponds, the load
of N and P from coastal aquaculture is very small compared to losses from 400,000 ha of
sugarcane cultivation. However, aguaculture is expanding rapidly with another 1000 ha of
ponds now under construction or planned to begin construction shortly. Techniques using
particle settlement ponds and cleanup ponds containing algae, bivalves and fish can reduce
suspended solids and nutrients in pond discharges to low levels (Prinsloo et al. 1999; Troell et
al. 1999). If such techniques were introduced in new operations, and existing farms retrofitted,
discharge of sediment, N and P from coastal aquaculture could be significantly reduced.

Discharge of prawn pond effluent can also lead to changes of local salinity regimes. Recent
research conducted by the Cooperative Research Centre (CRC) for Aquaculture has found that
regular discharge of high salinity effluent from prawn farms, impacts upon the salinity regimein
the estuarine receiving and mixing zones. The consequences of this ateration in salinity are yet
to be determined (Trott and Alongi 1999).

Aquaculture also presents the risk of release of disease to the environment by the accidental
introduction of exotic parasites and pathogens to wild stock and other marine species;
undetected importation of infectious product in prawns and prawn feeds; and the amplification
of endemic diseases associated with the intensive culturing of aguaculture species. Pathogensin
Queensland prawn farms comprise awide variety of taxa, including the pathogenic bacteria
Vibrio spp. (Vibrio anguillarum, V. harveyi and V. alginolyticus) (Smith 1993).

3.3 Wetland Clearing and Acid Sulphate Soils

V egetation clearing associated with agricultural (and urban) expansion has led to major losses
and alteration of wetland habitat in catchments adjacent to the Great Barrier Reef (Figures 7 and
8; Table 2). Examplesinclude:

646 ha of mangrove wetlands were lost to clearing and reclamation for industrial and urban
development between 1941 and 1989 on the Curtis Coast, south of Rockhampton, (QDEH
1994).

1 Approximately 80 % of ephemeral wetlands have been lost on the Burdekin River
floodplain, (Tait, pers com).

 60-70 % of Melaleuca wetlands and a significant proportion of sedgelands have been lost
from Cairnsto Ingham (Barron, Russell-Mulgrave, Johnstone, Murray and Herbert Rivers),
(Johnson et al. 1998a; Russell and Hales 1994).

1 An estimated 600 ha of mangroves were lost in Trinity Inlet, Cairns, to industrial
development in the years leading up to 1978 (Olsen 1983).
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Figure 6. Aquaculture production ponds, Great Barrier Reef catchment.

Coastal wetlands north of Port Douglas have been to date less disturbed, a consequence of their
remoteness (Anon 1999b; Ramsay 2001). In coastal areas where wetlands are disturbed,
potential acid sulphate soils (PASS) can occur. Queensland has extensive areas (an estimated
2.3 million ha) of potential acid sulphate soils located in low lying areas near the coast (Sammut
and Lines-Kelly 1996; White et al. 1997). PASS soils contain iron sulphides that are normally
protected from contact with the air in alayer of waterlogged soil. When these soils are drained
and exposed to the air, they oxidize to produce sulphuric acid that can acidify soil water, ground
water and eventually surface waters. Acidity can also mobilise soil-bound heavy metals and
make these biologically available (Sammut et al. 1994), as well as reduce water column
dissolved oxygen concentrations to critical levels (Cook et al. 2000). Acid production can
persist for years following PASS exposure, rendering surrounding soil toxic and barren, and
killing fish and aquatic plants and invertebrates in adjacent waterways (White et al. 1996; White
et al. 1997). Construction of canal estates, marinas, housing/industrial estates, roads, golf
courses, aquaculture ponds, and sand/gravel extraction and drainage for sugar cane, can disturb
PASS and release sulphuric acid which may then drain into adjacent waterways (Powell and
Ahern 1999).
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Figure 7. Wetland clearing for agricultural expansion, Great Barrier Reef catchment.
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Figure 8. Changes in vegetation cover of Melaleuca wetlands and rainforest in the Herbert River
catchment, North Queensland, since European settlement (Johnson et al. 2000).
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Table 2. Estimated coastal wetland habitat decline in selected Great Barrier Reef catchments.

Wetland Type Past Area Present Area Estimated Loss
1942/1951/1952 (ha) 1992/1996 (ha) (%)

Tully-Murray Catchment

Melaleuca 6750 3960 41

Total 6750 3960 41

Russell-Mulgrave Catchment

Mangrove 775 787 +
Melaleuca 3860 1808 53
Palm Forest 1766 738 58
Rainforest 1759 308 82
Sedge Swamp 1077 562 48
Mixed Melaleuca 666 319 52
Total 9903 4522 54
Johnstone Catchment

Mangrove 176 202 +
Melaleuca 1277 282 78
Palm Forest 439 160 64
Sedge Swamp 499 225 55
Mixed Melaleuca 462 258 44
Total 2853 1127 60

M or esby Catchment

Mangrove 2233 2873 +
Freshwater 3363 1175 65
Total 5506 4048 28

Herbert Catchment

(lower floodplain)

Mangrove
14000 13500 0.36
Melaleuca 38000 13000 66
Rainforest 122000 122000 -
Total
174000 148500 15
Grand Total 199102 162157 19

(Source: Russell and Hales 1994; Russell et al. 19964, b; Skull 1996; Johnson et al. 1998a; Johnson et al.
2000).

GBR Water Quality 15



3.4 Coastal Development

34.1 Settlement

There are 21 local government areas adjacent to the coastal waters of the Great Barrier Reef
World Heritage Area and a further 22 that encompass its catchment. Most of these local
government areas have populations numbers less than 25,000, while the populations of Cairns,
Thuringowa/Townsville, Mackay, Rockhampton and Gladstone range between 26,000 and
140,000 (Pitts 1998). The majority of coastal Shires have growing populations (Figure 9), and it
is expected that pressure for coastal development adjacent to the Great Barrier Reef will
increase, with further modification of coastal environments and downstream impacts on (the
values of) the Great Barrier Reef World Heritage Area.

Significant growth is projected for urban areas in Queensland’ s coastal zone. Average growth
rates for major coastal centres such as Cairns, exceeded 4% between 1991-1996 (EPA 1999). As
a conseguence, local governments along the coast face the challenge of balancing the demands
of economic development associated with urban expansion with maintenance of healthy local
coastal ecosystems (Figures 10 and 11). Anintegral component of thisis protection of local
water quality and maintenance of aquatic habitat.
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Figure 9. Projected average percentage annual population growth 1996 to 2016 (DCIL GP 1998).
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3.4.2 Stormwater and Sewage Discharges

Industrial sites that accumulate surface contamination have the potential to pollute stormwaters.
In addition, dust, spillages, erosion products and stockpiles of raw materials, products or waste
can be flushed by rainfall or washing activitiesinto stormwater drainage streams. For example,
metal refineries, such as Queensland Nickel operations near Townsville, may contribute acidic
drainage, sediment, and metals from other non-point source areas, and mine tailings to receiving
streams. This may result in degraded water quality and limitations on the beneficial uses of
waterbodies (Caruso and Ward 1998). Run-off from fuel storage sites may also pollute receiving
waters. For example, low concentrations of petroleum-like hydrocarbons were isolated from
tissue samples from the holothurian Holothuria sp. and the coral Acropora sp. collected from
the Great Barrier Reef Capricorn Group in 1981 (Coates et al. 1986). These contaminants were
believed to originate from industrial operations at Gladstone or from petroleum bearing shale
depositsin the region. Tissue samples collected elsewhere in reef waters by Coates were
uncontaminated with hydrocarbons.

Cities and towns with populations of approximately 3000 or more people generally have sewage
treatment plants. Smaller settlements rely on a mixture of small-scale treatment facilities or
septic systems. In the Great Barrier Reef catchment area, the majority of sewage effluent from
coastal settlements is discharged to waterways upstream of the Great Barrier Reef, with a small
proportion of island resorts discharging wastewater directly into the Great Barrier Reef World
Heritage Area. There are six island resorts that have permits to discharge tertiary effluent (i.e.
effluent that has been subject to nutrient removal) or tertiary equivalent effluent (5% discharge
of secondary treated effluent with the remainder to land irrigation), directly into the Marine
Park. The Townsville (Cleveland Bay), Whitsunday (Cannonvale) and Y eppoon sewage
treatment plants discharge a portion of the effluent generated from their population centres
directly into the Great Barrier Reef World Heritage Area. Several coastal sewage treatment
plants serving major populations reuse a proportion of secondary treated effluent for land
irrigation.

A review of island sewage treatment plants was completed in 2000 and the findings are
summarised in Table 3 (Waterhouse and Johnson 2001). In general, there has been an
improvement in sewage management for the island resorts in the Great Barrier Reef World
Heritage Area since 1996, and many systems have been upgraded to tertiary treatment systems
with land irrigation of treated effluent. There are a number of systems that require immediate
improvements, and the Queensland EPA is currently managing these issues. The Great Barrier
Reef Marine Park Authority intends to review existing discharge guidelines. It will consider
those guidelines applied by Queensland agencies to achieve consistency in management of
discharges to the Great Barrier Reef World Heritage Area. In the longer term, standards applied
to sewage discharged to waterways that flow into the Great Barrier Reef World Heritage Area
will also be reviewed.

The recently released draft State Coastal Management Plan requires discharges into Queensand
coastal waters to achieve appropriate nutrient removal by 2010. Thiswill apply to most sewage
treatment facilities servicing population centres adjacent to the Great Barrier Reef World
Heritage Area.

The most well known occurrence of sewage discharge in the Great Barrier Reef is probably the
situation at Green Island, near Cairns. Prolonged discharge of primary treated effluent led to
abnormal and luxuriant growth of seagrassin an area near the cay where hydrodynamic
retention of the diluted effluent occurred (van Woesik 1989). Since then, the system has been
upgraded to tertiary treatment and environmental changes are being monitored. It has also been
demonstrated that the secondary treated discharge from Hayman Island in the Whitsunday
Group has caused localised effects on an adjacent coral reef (Steven and van Woesik 1990).
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The discharge from the Airlie Beach to Pioneer Bay settlement is believed to have caused
significant impacts to seagrasses and minor increases in macroal gae growing over hard coralsin
Pioneer Bay and Boathaven Bay (FRC 1999).

The management of floodwater is an important issue, especially in the Wet Tropics region of
northern Queensland. City Councils are now required to develop stormwater management plans
and most subdivision proposals are required to integrate stormwater management with the local
government stormwater system. Floodwater management is also an important issue in rural
shires, especially in those with a high percentage of intensive agriculture. Many Shires are
developing Shire drainage plans, often with significant government funding.

Stormwater management is addressed by Queensland under the Environmental Protection
(Water) Policy 1997. This policy requires the cooperative devel opment of water quality
standards and objectives and stormwater management plans between local government, industry
and the Environmental Protection Agency. To date, (December 2000), only one water body
(Trinity Inlet) has defined water quality objectives.

3.4.3 Coastal Heavy Industry

The Calliope, Gladstone and Townsville/Thuringowa local government areas contain the
greatest proportion of heavy industry in Great Barrier Reef catchments. There are thirteen
existing heavy industry operations (including an aluminarefinery and aluminium smelter and a
power generation station) as well as five proposals for further development of heavy industry in
the Gladstone area. The Stuart Shale Oil proposal is aso a significant industrial development on
the Great Barrier Reef catchment, particularly if it proceeds to Stage 3 of the development
where mining may extend into the Great Barrier Reef World Heritage Area. In the
Townsville/Thuringowa area the principal heavy industries are a zinc refinery and smelter
(Figure 10), a copper refinery and a nickel refinery. There are two industrial effluent outfalls
that discharge into the marine environment — the Queensland Nickel Refinery, Thuringowa; and
the trade waste discharge facility at Fisherman’s Landing Wharf, Gladstone. A number of
industries discharge to the Fisherman’s Landing facility and this resultsin avariety of
contaminants in the effluent.

Atmospheric deposition of industrial pollutantsis an important source of pollutants to the
marine environment (Figure 11). These sources of nitrogen and other industrial emissions may
be of concern in built up areas along the Great Barrier Reef coast, however it is expected that
atmospheric inputs of pollutants would be comparatively small compared to inputs from run-off
and effluent dischargesto the Great Barrier Reef World Heritage Area due to the predominantly
south-east wind regime in the region carrying air-borne pollutants inland rather than to the Great
Barrier Reef.

3.5 Mining

Coal production isthe major mining operation carried out in the Great Barrier Reef catchment
area, with minesin the region producing approximately 96% of Queensland’s 95 million tonnes
of annual black coal production (Gilbert 2001). Other mining operations close to the coast
include shale oil operations north of Gladstone, silica mining near Cape Flattery and magnesia
mining north of Rockhampton. Thereislikely to be further expansion of port activities to
support these mines. Expansion of operations at the Port of Hay Point are presently proposed in
order to cater for expanding coal export operations from central Queensland.
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Figure 10. Sun Metals Zinc Refinery, Townsville.

Figure 11. Gladstone Power Station, Gladstone.
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Table 3. Status of island sewage treatment facilities in the Great Barrier Reef World Heritage

Area (Waterhouse and Johnson 2001).

Operation Specifications of sewer age treatment facilities
June 1994 June 2000

Cairns GBR Section

Lizard Island Resort 2, LI 3, LI

Lizard Island Research Sation Pit toilets CT

Double Island Resort 2,Ll No change

Fitzroy Island Resort & Camp Ground ST, AT No change

Green Idland Resort 3, LI, reuse No change

Dunk Island Resort & Camp Ground 2, LI 3, LI

Central GBR Section

Bedarra Island Resort 2, LI 3, LI

Hinchinbrook Island Resort 2, LI No change

Palm Island Community 2 ,creek discharge 3, LI

Orpheus Island Resort ST, AT No change

Orpheus Island Research Sation ST Unsatisfactory ST

Nelly Bay Community (Magnetic Is) 2,Ll No change

Horseshoe Bay Community (Magnetic1s) 27, effluent lagoon ~ No change

South Molle Island Resort Partial 3, MO Partial 3, MO, LI (100%)

Club Crocodile Long Island Resort Partial 37, LI 2, LI

Palm Bay Hideaway Resort (Long |s) ST No change

Paradise Bay Resort (Long |s) ST 2, LI

Hayman Island Resort 2 ,MOQO, LI 2, MO (<5%), LI

Hook Island Resort & Backpackers Unsatisfactory ST ~ No change

Hamilton Island Resort & Residential 2, MO (60%), LI 2, MO (40%), LI

Lindeman Island Club Med Resort 3, LI No change

Daydream Island Resort

Mackay / Capricorn GBR Section
Great Keppel Island Resort

Keppel Haven Resort

Keppel Island Holidays (YHA)

Pumpkin Island Resort

Brampton Island Resort

Newry Island Resort

Heron Island Resort & Research Station
One Tree Island Research Sation

Lady Elliot ISland Resort

2,MO, LI

2,MO

2, LI

2, LI

ST,ET

2,Ll

ST

2,9
Seadisposa

2, Land disposal

27, L1 (100%)

Partial 3, L1 (100%)

3, LI

No change

No change
2,MO(?),LI

No change

3, reusein toilets (20%)
CT

No change

3 - tertiary treatment, 2 - secondary treatment, AT - absorption trenches, CT - composting
toilets, ET - Evaporation Trenches, LI - Land Irrigation, MO - Marine Outfall, Sl - Subsoil

Injection, ST - Septic tanks.
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3.6 Dam Construction

Larger cities or populations also require a dependable water supply and this has been the
impetus for the construction of many damsin Queensland. There are 123 official dams and
weirs within the Great Barrier Reef catchment (Gilbert 2001). Provision of water for expanding
agricultural activities and human settlement has led to a number of proposals to construct new
water storage facilities. These existing and proposed facilities have the capacity to modify water
regimes and have potential for significant downstream impact on the Great Barrier Reef World
Heritage Area. Local river impacts include impediment of the movement of fauna along
waterways, alteration of water temperature and flow regimes, loss of habitat and degraded water
quality through reduced oxygen levels and release of toxicants such as hydrogen sulphide (Bunn
and Arthington 1997). Marine impacts are often related to loss of breeding habitat for fish and
atered hydrological regimesin estuarine areas.
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4 PRINCIPAL WATER QUALITY INFLUENCES ON GREAT BARRIER
REEF ECOSYSTEMS

Coral reefs are influenced by arange of water quality variables. In general, they are adapted to
tolerate variations in water quality, however when critical thresholds are exceeded they may be
adversely impacted. Major water quality variables affecting coral reef health include water
temperature, salinity, nutrient and suspended sediment concentrations, as well as other toxicants
including pesticides.

4.1 Nutrients

The two principal nutrients, nitrogen and phosphorus, exist in several forms in marine waters.
Water column nitrogen includes inorganic nitrogen species (NH;, NO, and NOs), dissolved
organic nitrogen (DON) and particulate nitrogen. Similarly, phosphorus exists as dissolved
inorganic and organic phosphorus (PO, and DOP) and particulate phosphorus. The availability
of dissolved inorganic nitrogen partially controls primary production in the Great Barrier Reef.
Dissolved inorganic nutrients are taken up directly by phytoplankton and converted to
particulate organic matter. Coral communities and their symbiotic zooxanthellae also take up
dissolved nutrients directly from the water column. Under non-flood conditions, total dissolved
inorganic nitrogen stocks (DIN) are only sufficient for approximately one doubling of
phytoplankton biomass (Furnas and Mitchell 1997). In contrast, sufficient phosphorus and
silicon are usually available for several to many biomass doublings.

Nutrient supply to the Great Barrier Reef is affected by a diverse array of inputs. These include:
river discharges (Mitchell et al. 1997);

urban stormwater and wastewater run-off (Brodie 1994; Mitchell and Furnas 1997);
atmospheric inputs following rainfall events (Furnas et al. 1995);

planktonic and microphytobenthic nitrogen fixation (Furnas and Brodie 1996); and

deeper ocean supply following Coral Sea up welling (Furnas and Mitchell 1986).
resuspension of nearshore sediments and their associated nutrientsis also a major source of
nutrient recycling during strong wind events (Walker and O'Donnell 1981; Gagan et al.
1987).

= A —a _—_a _a _a

The majority of nutrients are continuously recycled within the Great Barrier Reef ecosystem,
with only approximately 5% per annum of nutrients being added from new sources (Furnas and
Brodie 1996; Furnas et al. 1997). In the inshore areas of the Great Barrier Reef, riverine
discharge is the single biggest source of nutrients (Furnas et al. 1997). The bulk of this nutrient
discharge occurs during tropical monsoon flood flows.

Elevated nutrient concentrations result in arange of impacts on coral communities (Tomascik
and Sander 1985; Ward and Harrison 1997; Koop et al. 2001) and under extreme situations, can
result in coral reef community collapse (Smith et al. 1981; Lapointe and O'Connell 1989). There
are anumber of waysin which elevated nutrients affect corals:

By promoting phytoplankton growth which in turn supports increased numbers of filter
feeding organisms such as tubeworms, sponges and bivalves which compete with coral for
space (Smith et al. 1981).

f Macroalgal blooms may result under enhanced nutrient regimes and macroal gae may
overgrow coral structures, out-competing polyps for space and shading coral coloniesto
critical levels. This effect has been demonstrated in numerous coral reef systems worldwide
including the Red Sea (Walker and Ormond 1982) and in Barbados (Tomascik and Sander
1985), with the best documented example in Kaneohe Bay, Hawaii (Smith et al. 1981).
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T Excessive phosphorus concentrations result in coral colonies with less dense, and hence
weakened skeletons, which make colonies more susceptible to damage from storm action
(Wilkinson 1996). Neither macroalgae nor most filter feeders add to reef consolidation
through calcification.

1 Elevated nutrients have been demonstrated to inhibit fertilisation rates and embryo
formation in the corals Acropora longicyathus and A. aspera, as well as causing direct coral
mortality (Ward and Harrison 1997; Koop et al. 2001).

4.2 Sediments and Turbidity

Asfor nutrients, there is unegquivocal evidence that high, chronic input of terrestrial sediment
and organic matter will lead to reef destruction through burial, disruption of recruitment or
deleterious community shifts. Regardless of whether such sediment loads are natural or the
result of human activity, excessive sediment |oads can impact corals through:

' smothering when particles settle out (sedimentation) and
by reducing light availability (turbidity) and potentially reducing coral photosynthesis and
growth (Rogers 1990; Anthony 1999a; Anthony 1999b).

Increased sediment loads combined with eutrophic (nutrient rich) conditions may result in the
formation of marine snow, viscous suspended particles, which may also impact corals (Fabricius
and Wolanski 2000). Corals and other small sessile invertebrates have to expend considerable
energy to rid themselves of large marine snow particles compared to the normal, smaller ‘ clean’
sediment particles of oligotrophic (nutrient poor) waters (Fabricius and Wolanski 2000). This
creates a metabolic energy drain which may reduce reproductive capacity and the organism’s
capacity to grow.

Offshore coral reef environments are generally regarded as being adapted to low turbidity and
low-nutrient conditions. In contrast, nearshore and coastal reef systems have evolved in
relatively turbid environments where suspended sediment and turbidity are influenced by local
wind and wave regimes rather than by sediment supply (Larcombe and Woolfe 1999). Despite
high turbidity levels and sedimentation rates, a number of inshore reefs sustain high and healthy
coral cover and diversity, suggesting local adaptation to intense sedimentation regimes (Ayling
and Ayling 1998). One reason for this may be that coral populations from inshore turbid
environments have a greater capacity than offshore species to feed and thus obtain energy from
sediment particles (Anthony 1999a). Energy obtained in this way could balance phototrophic
energy reductions caused by shading in shallow turbid waters. However, particle feeding is
unlikely to be a sole energy source in consistently turbid waters (Anthony 1999b). Sediment
smothering in inshore watersis reduced in higher energy areas as water movement removes
excessive sediment before it affects coral (Johnson 1996), enabling successful coral growth and
recruitment.

Elevated sediment and nutrient concentrations can aso be deleterious to seagrass beds.
Australian seagrass communities are generally characterised by low ambient nutrient loadings
and increased nutrients and water turbidity can adversely affect seagrasses by lowering ambient
light levels (Walker et al. 1999). Three major factors can cause areduction in light availability
(Shepherd et al. 1989; Waker and McComb 1992; Abal and Dennison 1996), which will reduce
the photosynthetic capability of affected seagrasses:

f Chronic increasesin dissolved nutrients leading to a proliferation of algae including
phytoplankton, benthic macroalgae or algal epiphytes on seagrass stems and |eaves;

I Chronic or acute increases in suspended sediments leading to increased water column
turbidity; and
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I Pulsed increases in suspended sediments and/or phytoplankton blooms that cause a dramatic
reduction of water column light penetration for alimited time.

4.3 Salinity

Reef corals exist in seawater salinities ranging from 25 to 42%. (Coles and Jokiel 1992). At the
lower end of the salinity tolerance range, many examples exist of lethal and sublethal effects of
lowered salinities following storm and flood events (Coles and Jokiel 1992). Symptoms of coral
stress caused by lowered salinities include excessive mucous release and loss of zooxanthellae
(bleaching). Salinity impacts to corals are confounded by other flood related stresses such as
sedimentation, turbidity and increased ultraviolet radiation exposure. Shallow reefsin the
Keppel Island region suffered almost compl ete mortality due to prolonged salinity stress
following the 1991 Fitzroy River floods (van Woesik et al. 1995), and 50% of the fringing reef
around Snapper Island was killed by freshwater flood run-off in 1998 (Ayling and Ayling
1998).

4.4 Other Pollutants

Agriculture, urban settlement and industrial activities around the world have contributed to the
widespread contamination of global marine ecosystems with pesticide residues, organochlorine
compounds and heavy metals (Tatsukawa et al. 1990; Fowler 1990). These types of pollutants
are persistent, highly toxic and many are essentially permanent additions to the environment
(Clark 1992; Richardson 1995).

4.4.1 Organochlorine Pesticides

Chlorinated organic compounds (or organochlorines) are carbon-based chemicals that contain
bound chlorine. These compounds are mostly artificial and enter the environment mainly
through human activities. However, it is now recognised that marine algae and invertebrates and
natural processes such as forest fires aso contribute variable quantities of organochlorinesto the
environment (Leach et al. 1985; Enell and Wennberg 1991; Gribble 1994). Chlorinated organic
compounds have had a wide range of industrial and agricultural applications, although many of
them are now banned from use.

They include pesticides such as DDT (dichloro-diphenyl-trichloroethane) and lindane (g-HCH
or gamma-hexachl orocyclohexane) and polychlorinated biphenyls (PCBs), which are also used
in arange of industrial applicationsincluding dielectricsin electrical transformers. The few
studies of the impacts of organochlorine compounds carried out in Australian freshwater and
marine environments indicate that environmental contamination by organochlorine substances
has occurred at relatively low concentrationsin Australia. Highest concentrations have been
associated with centres of urbanisation (Richardson 1995). This contamination pattern is similar
to the findings of studies el sewhere which have identified chlorinated organic compoundsin
estuarine and marine sediments near major metropolitan areas along the eastern coast of the
United States and at awide range of locations in Europe and Asia associated with human
settlement (Alvarez Pifieiro et al. 1995; Mohapatra et al. 1995; Agnihotri et al. 1996; Thompson
et al. 1996;).

Organaochlorine pesticides enter the environment via a number of routes following their release
or application (Figure 12). They may enter the atmosphere directly during spraying, and later
following volatilisation of deposited spray from both foliage and surface soil (Nash and Hill
1990). Pesticides may also enter the atmosphere adsorbed to wind-blown dust particles (Clark

24



1992), which are ultimately re-deposited on land or water. Applied and deposited pesticides are
transported from application and depositional sites to the aquatic environment in overland flows
and ground leachate following rainfalls (Clendening et al. 1990). Organochlorine compounds
can also enter the environment as contaminants contained in effluent discharges and in urban
stormwater run-off. Organochlorine compounds are highly hydrophobic and once in the water
column, tend to adsorb to fine particulates or be bioaccumulated into lipids in aguatic biota
(Olsen et al. 1982). Thefinal distribution of organochlorine compounds between the different
phases in the aguatic environment is complex (Connell 1995). The consegquences of
organochlorine tissue accumul ation are also complex (Clark 1992) and organochlorine
pesticides and polychlorinated biphenyls (PCBs) have been implicated in reproductive and
immunological abnormalities observed in terrestrial bird populations and in marine mammal
populations (Boon et al. 1992). While the impact of organochlorines are still unclear for lower
invertebrates such as corals, their potential toxicity to immune systems and reproductive
processesis of concern.

442 Dioxins

Dioxins are agroup of 210 chlorinated compounds consisting of chlorinated dibenzo-para-
dioxins (PCDDs) and chlorinated dibenzofurans (PCDFs). They are formed during various
chemical and industrial manufacturing processes, by combustion of organic material (Kjeller et
al. 1991), and also vialesser known natural processes (Hashimoto et al. 1995; Alcock et al.
1998). They are known to display a diverse and complex array of toxicological properties
(Buckland et al. 1990) and have been detected in a variety of marine mammals (Buckland et al.
1990; Norstrom et al. 1990; Oehme et al. 1995; Jarman et al. 1996; Muir et al. 1996; Tarasova
et al. 1997). It has been assumed that no significant sources of PCDDs and PCDFs exist in
Australia’ s northeast tropical region asit has arelatively low population density with little
industrial activity. However, high concentrations of octachlorinated dibenzodioxin (OCDD) and
arelatively unusual PCDD/F congener profile have been found in topsoil samples from a sugar
cane field in northern Queensland (Mller et al. 1996a; MUiller et al. 1996b).

4.43 Modern pesticides, insecticides and herbicides

A number of new generation insecticides and herbicides are now used by the Queensland
agricultural industry. Insecticides in use include chlorpyrifos and herbicides in use include
atrazine, diuron, 2,4-D, glyphosate and paraquat (Hamilton and Haydon 1996). Chronic
herbicide exposure from agricultural run-off has the potential to negatively impact on seagrasses
and other photo-autotrophic reef organisms (Vandermeulen et al. 1972; Ralph 2000; Haynes et
al. 2000b). Thisincludes shallow water reef-building corals that rely on their symbiotic
zooxanthellae for nutrition (Davies 1991). Other pesticides in use include rodenticides such as
thallium sulphate, and the mercury based compound, methylethoxymercuric chloride (MEMC)
used to treat sugar cane fungal disease (Hamilton and Haydon 1996).

4.4.4 Heavy Metals

Heavy metals are natural constituents of rocks and soils and enter the environment as a
consequence of weathering and erosion (Forstner 1989). Many metals are biologically essential,
but all have the potential to be toxic to biota above certain threshold concentrations. Following
industrialisation, unnatural quantities of metals such as arsenic (As), cadmium (Cd), copper
(Cu), mercury (Hg), lead (Pb), nickel (Ni) and zinc (Zn) have been released, and continue to be
released into the aquatic environment through agricultural, urban stormwater and wastewater
discharges. As, Cd, Cu, Hg and Zn are the metals with the most potential impact that enter the
environment as a consequence of agricultural activity. Zn and Cu are used in small amounts as
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fertilisers in some soils deficient in these elements, and As, Cd and Hg are constituents of some
fungicides (Hunter 1992). Cu is also used as an algaecide and Cd and Zn occur as contaminants
of phosphatic fertilisers (Rayment et al. 1989). Another metallic compound, organotin, has no
natural counterparts and is generally introduced into the marine environment through biocide
applications, principally as constituents of antifouling paints (Witney 1989).

Metals are strongly associated with particulates and enter the marine environment in asimilar
fashion to organochlorine compounds. They mostly enter the environment via the atmospheric
transport of dust and through sediment movement in overland flows and in waterways (Bryan
1971). Additional quantities of metals are also added to the environment via the discharge of
effluent and urban stormwater. Particulate metalsin suspension and in bottom sediments are not
generally directly available to aguatic organisms. The exception to this are sediment bound
metal s, which can be accumulated following solubilisation in the acidic juices of a sediment-
feeder’s gut (Waldichuk 1985). The rates at which metals are solubilised from particulatesis
dependent on environmental factors including dissolved oxygen concentrations, pH, salinity and
temperature (Waldichuk 1985). Once dissolved in the water column, metals may be
accumulated by marine invertebrates from solution via passive uptake across permeable
surfaces such as gills and the digestive tract (Rainbow 1990). Cellular metal toxicity is primarily
due to the chemical inactivation of cellular enzymes responsible for normal organism survival
and function (Forstner 1989). Organism growth, reproduction and behaviour are also potentially
affected by elevated environmental metal concentrations (Langston 1990).

4.5 Global Atmospheric Changes

Naturally occurring gases in the earth’ s atmosphere act as a blanket around the earth, and help
maintain its temperature. Thisis known as the greenhouse effect. Since the Industrial
Revolution, large quantities of these ‘ greenhouse gases' such as carbon dioxide, methane, and
nitrous oxide have been added to the earth’ s atmosphere as a consequence of human activity.
This has led to an increase in the amount of heat from solar radiation trapped by the earth’s
atmosphere, leading to warmer global temperatures (Aplin et al. 1997). Atmospheric carbon
dioxide levels are expected to reach double pre-industrial levels by the year 2065 (Houghton
1995). It is predicted that the earth’s temperature will continue to rise by approximately 0.3°C
per decade as a consequence of increased atmospheric concentrations of greenhouse gases
(Aplin et al. 1997), and thisis estimated to result in an increases in sea temperature of 1-2°C by
2100 (Hoegh-Guldberg 1999). Altered global atmospheric changes have arange of potential
impacts on tropical seasincluding:

Elevated concentrations of carbon dioxide in the atmosphere and dissolved in seawater;
Elevated seawater temperatures;

Sealevel rise due to melting polar ice; and

Changed climatic patterns including increased frequency of cyclonic events.

= —. —a _a

Increased carbon dioxide concentrations in seawater enhance the dissolution of calcium
carbonate, which makes up the coral skeleton. This may reduce calcification ratesin coral
species, resulting in weakened skeletons and susceptibility to erosion of coral communities. This
may lead to changesin coral community structure, reproduction and overall functioning in coral
reef environments (Kleypas et al. 1999).

Elevated water temperatures cause corals to be physiologically stressed, which upset the critical
balance that maintains their symbiotic relationship with the algae (zooxanthellae) that inhabit
the coral. When this occurs, the corals lose their colour, becoming bleached. The recognised
biological effects of bleaching are reduced coral growth and calcification, reduced reproductive
output and increased mortality (Goreau and MacFarlane 1990; Michalek-Wagner and Willis
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2000a; 2000b). Coralswill dieif the stressis prolonged. Coral bleaching is most often
associated with a significant rise in sea-surface temperature (Berkelmans and Oliver 1999) and
is awell-documented disturbance on reefs (Goreau 1964). Before the 1980s, however, bleaching
episodes were generally confined to small areas subjected to identifiable local stresses, such as
heavy rainfals or river discharges, which lowered salinity (Y onge and Nicholls 1931; Goreau
1964). During the past two decades, acute and chronic bleaching of corals, including those of
the Great Barrier Reef, has occurred on a dramatically increased scale and intensity and have
been predominantly correlated with high sea surface temperature anomalies (reviewed in
Hoegh-Guldberg 1999). The ecological consequences of bleaching include shiftsin community
structure and decreases in both species and habitat diversity (Glynn 1993; Marshall and Baird
1999).

Increased seawater levels may have an effect on deep-water corals due to decreased light
reaching them, but may be beneficial by permitting coral growth on reef flats. However, rising
sea levelswill have serious impacts on sand cays and coral reef islands, asrising salt water
levelswill contaminant freshwater lenses which support terrestrial vegetation in these
environments (Wilkinson et al. 1996; Wilkinson et al. 1999).

Another atmospheric change expected is the continuing loss of the earth’s ozone layer. The
ozone layer absorbs a mgjority of the ultraviolet light entering the earth’ s atmosphere. Ozone is
destroyed naturally, but the rate of destruction is being accelerated by the release of chemicals
such as chlorofluoracarbons (CFCs) (Aplin 1997). It is expected that this would increase the
amount of ultraviolet light reaching earth. Ultraviolet light has a variety of destructive effects on
marine life (Jokiel 1980), and it can decrease growth rates in symbiotic zooxanthellae and
decrease cellular concentrations of chlorophyll a. It is generally accepted that increased
ultraviolet light will increase the severity of acoral bleaching event in the presence of high
water temperatures (Hoegh-Guldberg 1999), although increased ultraviolet light will not
significantly affect coral reefs under normal temperatures (Wilkinson 1999).
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Figure 12. Conceptual model of pollutant movement and partitioning in the marine
environment.
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5 GREAT BARRIER REEF CATCHMENT WATER QUALITY STATUS

Water quality in northern Queensland river systems has been modified by vegetation clearance
(including the loss and disturbance of riparian vegetation zones in agricultural areas) and
agricultural practices since European settlement. This has altered river flow regimes, aswell as
river sediment and nutrient concentration and loads.

51 Rivers

5.1.1 Water Flows

River flowsin all catchments adjacent to the Great Barrier Reef are seasonal and are highly
variable between years. Riverine discharge in both wet tropics and dry tropicsriver systemsis
dominated by large flood events associated with tropical cyclones and monsoonal rainfall
(Mitchell et al. 1997; Mitchell and Furnas 1997). Overall, the largest sediment and nutrient
inputs to the Great Barrier Reef originate from the large ‘dry’ catchments of the Burdekin and
Fitzroy Rivers, a consequence of their larger average water flows and extensive drainage areas
(Moss et al. 1993). However, while the large dry catchments have the greatest average flows,
significant flood events only occur episodically at intervals ranging between 1 to 10 years or
longer. In contrast, river systems in the wet tropics typically flood several times per year on an
annual basis. Forty-six catchments are listed by the Australian Water Resources Council (1987)
asdraining into the Great Barrier Reef. The smallest is 115 km ? in area (Whitsunday 1sland)
and the largest is 143,000 km ?in area (Fitzroy River). On average, specific discharge is highest
for the small catchments, awell-known hydrologic phenomenon where the run-off ratio (run-
off/ precipitation) is greatest in small catchments (Wasson 1997).

Flow variability isimportant in a number of ways. Geomorphologically, variable flows maintain
the complexity of instream environments. In turn, river channel complexity influences the
diversity of habitats available for various aquatic organisms and certain ecological processes.
Ecologically, flow variability underpins the rates of ecosystem processes and the transport of
organisms, nutrients, organic carbon, and other materials within rivers and on the flood plains
(Thoms and Sheldon 2000). Alterations of river discharges can ultimately impact estuarine and
nearshore seawater salinity regimes. For example, Platten (1997) examined correlations between
fishery catch rates on coral reefs offshore from the Fitzroy River and flow volumes emanating
from that river. He found a significant correlation between catch rates and flood events,
suggesting residual benefits from flood events such as increased reproductive success and
recruitment to adult population are occurring in fish stocks.

Loss of forests, reduction in vegetation cover and increased drainage areas, as well as road
networks and hardened surfaces in urban area produce increased run-off ratios (run-
off/precipitation). Thisin turn causes larger river floods with greater discharge volumes as well
as afaster more concentrated discharge patterns. Construction of major damswill result in
alterations in the supply of sediment and water, as both become trapped behind the dam wall.
Generally damswill decrease the occurrence of high flows and alter the pattern of water
delivery. Theimpact of an altered water regime by dams will result in longer periods of low
flow, reduced variability of flows, reduced frequency of small to medium flows and poor quality
water from impoundments (Burrows and Butler 1998). Throughout the world, there are
numerous examples of river regulation devastating estuarine and marine fisheries resources due
to: greatly reduced freshwater flow drastically reducing export of nutrients that forms the basis
of food chains; coastal erosion and habitat loss due to reduced sediment supply; and the loss of
mangrove habitats due to hyper-saline conditions resulting from restricted freshwater flows.

In the Great Barrier Reef catchment there are a combination of impacts. In the dry season, the
presence of dams, welirs, water regulation and irrigation result in areduced dry season flow and
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may also act to moderate flows to some extent. About 10% of the average annual discharge
from the Great Barrier Reef catchment (75 km®) can potentially be captured in existing large
reservoirs (Gilbert 2001). However, with the onset of the wet season and extreme flow events,
there is the possibility of more water moving off the catchment due to loss of vegetation cover
and increased run-off ratios. Downstream effects include larger floods with greater discharge
volumes as well as a faster, more concentrated discharge pattern. There have been no analyses
of datafrom the Great Barrier Reef lagoon relevant to thisissue (Wasson 1997). However,
ongoing research into Sr/Caratios and d*®0 in corals, will help quantify changes to river run-off
into the Great Barrier Reef lagoon (McCulloch et al. 1994).

5.1.2 Nutrients

Studies on north Queensland rivers have described the movement and activity of particulate and
dissolved nutrients in river water flowing into the Great Barrier Reef lagoon (Mitchell et al.
1991; Mitchell and Furnas 1994: Furnas et al. 1995). Seasonal peak concentrations of dissolved
inorganic species are typically associated with the first significant rainfall event of the season,
which reflects the mobility of oxidised nutrients built up in the catchment during the dry season.
First flush river concentrations can exceed 70mM for NOs; and 1mM for PO, (Mitchell et al.
1996). Dissolved inorganic nitrogen (DIN) concentrations decline rapidly within the flood
plume as flood waters are diluted with seawater further downstream, though there are still
relatively high source concentrations of inorganic nutrients entering the Great Barrier Reef
lagoon waters. Inorganic concentrations progressively decline over the course of the wet season.
Concentrations of dissolved organic N and P remain low and relatively constant through the
year. Dissolved organic nitrogen (DON) can decline with increasing discharge, suggesting
relatively constant input from the watershed and dilutions during major flood events.
Concentrations of particulate nitrogen (PN) and particul ate phosphate (PP) vary directly with
river flow and typically peak during major seasonal flood events, reflecting the transport of
organic matter and soil particles through the watershed (Mitchell and Furnas 1997).

Concentrations of DIN are elevated by afactor of 3-50 timesin rivers draining to the Great
Barrier Reef from highly developed, compared to lightly developed catchments (Figure 13).
Concentrations of particulate and dissolved nutrients are also often elevated in flood flows from
catchments with substantial agriculture and urban development compared with relatively
pristine catchments (Eyre and Davies 1996, Mitchell and Furnas 1997). For example, the
Jardine River (in arelatively un-impacted catchment) has DIN concentrations of 4 uM
compared with the Johnstone River (in arelatively impacted catchment) that has DIN
concentrations of 40-75 uM during high flow conditions. Similarly, the upper Tully River
catchment, with largely undisturbed rainforest catchment has maximum DIN concentrations of
1-12uM (Faithful and Brodie 1990, Mitchell et al. 2000). However, the lower Tully River
catchment, dominated by sugarcane, horticulture, grazing and urban land uses, has DIN
concentrations of 40 pM (Mitchell and Furnas 1997). Analysis of along-term sampling program
in the Tully River has demonstrated an increasing trend in nitrate and particulate nitrogen
concentrations over a 13-year period (Mitchell et al. 2000). These trends have occurred at the
same time as a substantial expansion of intensive agricultural activity within the Tully area and
alargeincrease in fertiliser use associated with increased cane area and increased banana
cultivation.

5.1.3 Sediment Discharges
First-order estimates of total river discharges of sediment from the Great Barrier Reef catchment

have been derived from models relating erosion and regional land use patterns (Moss et al.
1993, Rayment and Neil 1997). In these models the importance of the large dry catchments
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Figure 13. Relationship between DIN (dissolved inorganic nitrogen (nitrate + ammonia)) flood
flow concentrations and percentage area of developed catchment within the Great Barrier Reef
catchment (Wachenfeld et al. 1998).

where cattle grazing is the dominant land use is evident. Overall, 66 % of the estimated nutrient
and sediment flux is estimated to originate from grazing lands, with 8% from cropping lands
and 26 % from ‘pristine’ areas (Neil and Y u 1996a). The flux of sediment is estimated to be 3 to
5 times higher than that prior to European settlement (Moss et al. 1993; Rayment and Neil
1997). Increased sediment supply from land use changes and soil erosion resultsin greater loads
of fine sediment moving out into Great Barrier Reef lagoon areas (Pulsford 1996). However,
sediment movement studies (Woolfe et al. 1998) suggest that even with the higher loads of
sediment discharged from rivers, inshore reefs are not being subject to higher concentrations of
sediment or sedimentation. Typically, high concentrations of sediment fall out of the water
column and are trapped in north facing bays. However, combinations of turbidity with eutrophic
conditions may adversely impact on reefs more severely than turbidity alone (Fabricius and
Wolanski 2000).

5.2 Acid Sulphate Soils

Thirty-five confirmed fish kills from acid sulphate soil disturbance have been documented along
the north Queensland coast between 1997 and 1998 (Anon 1999a). Nine of these were major
events that are expected to have alasting impact on local regional fishery resources.

A majority of these have been attributed to agricultural developments, however, in some
incidences urban devel opment may be the primary cause. Low water column dissolved oxygen
concentrations were cited as the cause of all incidents. Acidic water draining acid sulphate soils
are generally poorly oxygenated, have alow pH and may contain elevated concentrations of
heavy metals (Cook et al. 2000). These conditions have the potential to impact fish habitat and
behaviour, although the impact on Great Barrier Reef fauna has yet to be quantified (Cook et al.
2000).
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6

GREAT BARRIER REEF WATER QUALITY STATUS

Measurement of water quality in the Great Barrier Reef region began with the Great Barrier
Reef Royal Society Expedition of 1928/29, with further work being completed in the 1960/70s
by the Commonwealth Scientific and Industrial Research Organisation (CSIRO). However,
extensive water quality data sets only began to be collected after the establishment of James
Cook University (JCU), the Australian Institute of Marine Science (AIMS) and the Great
Barrier Reef Marine Park Authority (GBRMPA) in Townsville in the 1970s. More recently
(from 1992), long-term water quality monitoring programs have been initiated by the Australian

Institute of Marine Science and the Great Barrier Reef Marine Park Authority and some

published data are also available from these sources (Furnas and Brodie 1996; Furnas et al.

1997; Haynes et al. 1998a; Steven et al. 1998).

6.1 Ambient Great Barrier Reef Water Quality

Summaries of long term water quality monitoring data show that concentrations of nutrients
over the entire Great Barrier Reef are generally low and do not exhibit dramatic latitudinal and
cross-shelf gradients or seasonal variability, except during flood events (Table 4) (Furnas and
Brodie 1996; Furnas et al. 1997). However, more recent data have begun to indicate that central
inshore Great Barrier Reef waters have higher chlorophyll concentrations than offshore waters.
The magnitude and importance of high, outlying concentrations associated with monsoonal
cyclones and floods were not considered in these data sets.

Table 4. Ambient levels for physico-chemical parameters in waters of the Great Barrier Reef

(Brodie and Christie 2001).

Nutrient species Units Estuaries* Inshoreareas  GBR Lagoon Outer reef
Nitrogen
Total N UM 5-11
Particulate N UM 155 1-4 0.5-5
Dissolved organic N UM 5-13 2-10 4-7 35
Nitrate UM 0.07-0.46 0.01-5 0.02-0.5 0.2-2
Nitrite UM 0-0.42 0.05-5
Ammonium UM 0.2-1.52 0.03-3 0.04-0.8
Phosphorus
Total P UM 0.2-2 0.1-2 0.01-0.3
Particulate P UM 0.05-0.3 0.05-0.15
Dissolved organic P puM 0-0.17 0.01-1.5 0.02-1.5 0.05-1
Phosphate (DIP) UM 0.01-0.13 0.02-5 0.02-0.3
Silicate Y 5-32 0.9-20 1-8 0.3-2
Chlorophyll a mg L™ 0.7-35 0.05-2.2 0.4-4

* Estuarine include estuaries, enclosed waters and waters less than 1 km from the coast.
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6.2 Water Column Nutrients and Chlorophyll

Dissolved nutrients have arelatively short life span in reef waters as they are actively acquired
by phytoplankton. As a consequence, chlorophyll concentration acts as a sensitive, surrogate
integrator of phytoplankton biomass and hence, nutrient status of sampled water masses (Bell
and Elmetri 1995; Brodie et al. 1996). Forty-eight stations situated along nine inshore to
offshore transects are currently sampled monthly (Figure 18) in a Great Barrier Reef wide water
quality monitoring program (Haynes et al. 1998a). Data collected has confirmed that
chlorophyll a concentrations (and therefore nutrient concentrations) recorded from nearshore
waters are significantly higher and more variable than samples collected further from the coast
(Figure 19). Central and southern regions have higher average inshore chlorophyll a
concentrations than the northern region. The northern catchment area (north of Cooktown) is
essentially an undisturbed area with limited cropping activities, and grazing that is characterised
by low stocking rates. In contrast, the central and southern catchment areas include both the wet
and dry tropics catchments (Burdekin-Haughton and Fitzroy River catchments respectively).
Both these catchment areas are characterised by intensive cropping activitiesin the lower
catchments and high cattle stocking ratesin inland areas. Fertiliser usage in most of the Great
Barrier Reef catchments has increased greatly in recent decades (Pulsford 1996), and this has
been strongly linked with elevated nutrient concentrations in the aguatic environment (Mitchell
et al. 2000). It is postulated that the increase in fertilised cropping activities in the central and
southern catchments may be a principal cause for the higher chlorophyll a concentrationsin
lagoon waters adjacent to these catchments (Devlin et al. 2001b). However, the time-scale over
which monitoring programs have been carried out is, as yet, too short to detect any long-term
changein nutrient status of Great Barrier Reef waters (Figure 20) (Brodie et al. 1994; Steven et
al. 1998; Devlin et al. 2001b).

6.3 Transport of Pollutants from Catchments to the Sea: Flood Plumes

Input of terrestrially derived nutrients, sediments and toxicants into nearshore watersis one of
the most important processes directly impacting the inshore Great Barrier Reef. In particular,
the productivity of continental shelf and estuarine watersis strongly linked to nutrient flow
associated with flood events, with the high inputs of particulate and dissolved matter being an
integral part of water column productivity (Bunn and Arthington 1997), species composition
and abundance of fish populations (Thorrold and McKinnon 1995). Thisinput mainly occursvia
river run-off during periods of large-scale flooding, particularly in the wet (monsoon) season
(Hart et al. 1988; Brodie and Furnas 1996; Furnas et al. 1997).

6.3.1 Flood Plume Composition

Although very low nutrient and pollutant concentrations are the norm for the Great Barrier Reef
water column for most of the year (Table 4), reef systems are periodically subject to high
dissolved nutrient and suspended sediment loads (which are more typical of an eutrophic
system) during flood events (Figure 14) (Brodie and Furnas 1996). Concentrations of water
quality parameters measured in flood plumes and in close proximity to inshore reefs may be 10-
400 fold higher than those present under non-flood conditions (Table 5). Suspended sediment
concentrations are also high although higher loads may be generated by resuspension of inshore
sediments by southeast winds at other times of the year (Johnson 1996; Woolfe et al. 1998).

6.3.2 Flood Plume Spatial Variability
Figure 15 presents a summary of flood plume distribution in central and southern Great Barrier

Reef inshore waters over the last 10 years. It delineates those inshore areas of the Great Barrier
Reef that are likely to experience highest frequencies of flood plume waters.
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Figure 14. Flood plume, Great Barrier Reef catchment.

Table 5. Wet tropics flood plume water quality characteristics, 1994-1999 for cyclone events.

Ambient Cyclone
Levels* Sadie  Violet Ethel Justin Sid Rona
(non-flood)

Date 1979-1994 Feb-94 Mar-95 Mar-96 Mar-97 Jan-98 Feb 99
Section Cairns Central Central Northern Central Central Centrad
Shelf sampled Inshore Lagoon Lagoon Inshore Inshore Inshore Inshore
Salinity (ppt) 34.18+0.11 6.4 2.2 125 0 0 6.3
NH; (UM) 0.03+ 0.04 3.6 12.8 3.6 9.3 313
NO, (UM) 0.03+ 0.09 0.3 1.2 11 0.3 0.5 0.31
NO; (UM) 0.08+ 0.36 6.9 14.3 13 9.1 45 5.27
DON (uM) 4.9 18.4 40.4 9.65 271 16.7 129
PN (uM) 1.6+ 09 10.0 10.3 20.3 19.1 17.8
DIP (uM) 0.07+0.27 0.5 0.31 0.6 25 0.6 0.33
DOP (uM) 0.30 0.3 2.8 2.7 0.8 1.6 0.36
PP (M) 0.13+0.08 1.3 0.96 0.9 0.96
Si(OH)4 (UM) 127+ 11.9 27 112 221 112 167
Chlorophylla  0.56+ 0.44 2.2 4.6 2.0 4.6 25 2.2
(ugL™)
Phaeophytin 0.26+0.21 4.2 2.6 1.0 3.0 14
(ug L™

All concentrations represent surface water concentrations (i.e. <1m)
*From Furnas et al. (1995). Annual mean (+SD) salinity and concentrations of nutrients, chlorophyll and
suspended solids sampled between 1979 and 1994 for the inshore (<10m depth) central and southern

Great Barrier Reef in non-flood conditions.
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Figures 16 and 17 refine the nearshore islands and reefs of the Great Barrier Reef (excluding the
far northern Great Barrier Reef for which there is no data available) that are considered
susceptible to regular exposure to flood plumes and their entrained pollutants based on long-
term flood plume mapping. They include inshore systems adjacent to the Wet Tropics between
Port Douglas and Ingham, and adjacent to the Pioneer and Proserpine Rivers. They aso include
inshore reefs north of the Fitzroy and Burdekin Rivers. The frequency of plume exposure and
the high intensity of agricultural practices in adjacent catchments define the nearshore reefs that
are at high risk from catchment flood run-off.

Extended periods of exposure to highly turbid and nutrient rich concentrations and low salinity
waters contained in flood plumes also pose a significant risk to nearshore seagrass communities.
Significant losses of Queensland seagrasses occurred in Hervey Bay in 1992 when a persistent
plume of turbid water resulting from floods and cyclonic seas increased local water turbidity for
an extended time period (Preen et al. 1995).
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Figure 15. Frequency of flood plumes over the Wet Tropics area, 1990-2000.
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Figure 16. Inshore reefs at risk in the: Hinchinbrook Island (a) and Townsville (b) regions.
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Figure 17. Inshore reefs at risk in the: Whitsunday (a) and Gladstone (b) regions.
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2001b).
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6.4 Seawater temperature and coral bleaching

Bleaching events of varying severity occurred in the Great Barrier Reef in 1980, 1982, 1987, 1992,
1994 and the most severe event occurred in 1998 (Berkelmans and Oliver 1999). The severity of the
1998 event was recorded on a global scale, with bleaching occurring throughout the Pacific region,
the Indian Ocean, the Red Sea, the Persian Gulf, the Mediterranean and the Caribbean region
(reviewed in Hoegh-Guldberg 1999). Approximately 87% of the inshore reefs of the Great Barrier
Reef were affected by this disturbance (Berkelmans and Oliver 1999). The increase in scale and
severity of bleaching events is accompanied by evidence for increased frequency of such events
(Jones et al. 1997) and has thus led to suggestions that incidences of widespread cora bleaching are
amanifestation of global warming (Hoegh-Guldberg 1999). In particular, the 1998 event was
associated with elevated seatemperature and high solar radiation and was exacerbated by lowered
water salinity in the central and northern Great Barrier Reef.

6.5 Heavy Metals

Broadscale surveys have indicated that concentrations of metals present in subtidal sediments are
variable along the Queensland coast, and often exceed Australian guidelines for chromium and
nickel (Table 6). As many of these samples were collected at |ocations remote from human
influences, it islikely that they are naturally enriched ultramafic igneous rocks and serpentites
which can contribute exceptionally high concentrations of these two metals to overlying soils
(Lottermoser 1997).

Recent work has concluded that mercury concentrations in surface sediments in Bowling Green Bay
in the central section of the Great Barrier Reef World Heritage Area are up to three times higher
than pre-1850 background concentrations. The majority of this trace metal contamination has been
attributed to the downstream transport of mercury used as an amalgam in the gold mining industry

Table 6. Great Barrier Reef nearshore metal concentration ranges compared with Australian
sediment metal guidelines (Haynes 2000). (All concentrations mg kg™).

Metal GBR rangefor Australian effects  Australian effects
near shore subtidal range low range median
sediments (ERL) (ERM)

(ANZECC 2000) (ANZECC 2000)
Arsenic 0.7-20 20 70
Cadmium 0.5-0.07 15 10
Chromium 5-207 80 370
Copper 4-32 65 270
Mercury 0.005-0.07 0.15 1.0
Nickel 5-90 21 52
Lead 2-39 50 220
Zinc 6-117 150 410
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of northern Queensland at the turn of the 19" century, and through the more recent use of
methoxyethylmercuric chloride as afungicide by the sugar cane industry (Walker and Brunskill
1997; Brunskill et al. 1999). Increases in cadmium and arsenic concentrations in marine sediments
in the Hinchinbrook region resulting from the use of phosphatic fertilisers naturally enriched in
these elements have been noted adjacent to areas with intensive cropping (Tesiram 1995; Ridd
1999). Marine sediments collected in the vicinity of urban areas are also enriched with arange of
metals (Doherty et al. 2000).

6.6 Herbicides

Broadscal e surveys of sediment herbicide concentrations in nearshore Great Barrier waters during
1998 and 1999 have detected both atrazine and diuron (Haynes et al. 2000a). Atrazine was only
detected in sediments collected in the vicinity of the mouth of the Herbert River (0.1-0.3 ug kg™?). In
contrast to atrazine, low concentrations of diuron (0.2-10.1 pg kg™*) were found to be widely
distributed in marine sediments along the wet tropics coastline between Port Douglas and Lucinda.
The herbicide was detected in both subtidal and intertidal samples. Highest concentrations of diuron
were detected adjacent to the mouths of the Herbert and Johnstone Rivers. Highest northern
Queensland agricultural usage of the herbicide occursin these two river catchments (Hamilton and
Haydon 1996). Based on observed sediment concentrations, partitioning models predicted that
chronic water column diuron concentrations near the mouths of most wet tropicsrivers are likely to
range from 0.1 to 1.0 ug L™ (Table 7). Concentrations are likely to be higher during monsoon
rainfall periods that occur over the summer months as first rainfalls of the wet season flush
herbicides from the catchments (November to April). Detection of these levels of diuron
contamination are of concern as laboratory trials have indicated that diuron concentrations of less
than 1 pg L significantly reduce photosynthetic rates in seagrass commonly found along the
Queensland coast (Haynes et al. 2000b). Diuron has aso been implicated in dieback of mangrove
stands on the central Queensland coast (Duke et al. 2001).

Table 7. Potential Great Barrier Reef diuron water column concentrations (Haynes et al. 2000a).

L ocation Organic Diuron Diuron (ugL™)
Carbon (Mg kg™

(%) Csoc Koc Cw*
Barron River 0.9 04 44 398 0.1
Russell River 1.2 16 133 398 0.3
Johnstone River 25 10.1 404 398 1.0
Tully River 12 14 117 398 0.3
Cardwell 1.7 0.8 47 398 0.1
Herbert River 34 2.8 82 398 0.2
Lucinda 15 16 107 398 0.3
Fitzroy River 0.7 0.9 129 398 0.3

* Cy = Coe (Koo) ™+ (Connell 1990)

Csc Concentration in sediments expressed in terms of organic carbon
Koe Partitioning coefficient between organic carbon and water

C. Water concentration
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6.7 Insectides

Broadscale surveys have a so detected the pesticides lindane, dieldrin and DDT (and its breakdown
product DDE) in nearshore marine samples collected along the Queensland coast in 1998 and 1999
(Haynes et al. 2000a).

Dieldrin was detected in sediments collected from the mouth of both the Barron and Johnstone
Rivers (0.09-0.37 ug kg™) and in sediments from Halifax Bay (0.05 ug kg™). Dieldrin was awidely
distributed contaminant of Queensland waterways and estuaries in the past (Clegg 1974; Kannan et
al. 1995; Russell et al. 1996¢; Rayment et al. 1997). It is still consistently detected in crabs (Scylla
serrata) collected from estuaries adjacent to agricultural catchments between Moreton Bay and
Cairns (Mortimer 2000), although concentrations present in freshwater fish have declined by an
order of magnitude between the 1970s and 1990s (Russell et al. 1996c). Dieldrin is also detectable
in marine fish tissue (liver) collected from the central Queensland coast adjacent to agricultural
activity (von Westernhagen and Klumpp 1995). Where dieldrin was detected, its sediment
concentration exceeded both the low effects range (ER-L) and median effects range (ER-M) for
observed hiological impacts (Kennicutt et al. 1994) to marine sediment infauna (Table 8). Asa
consequence, it may present alocalised threat to nearshore marine organisms along the wet tropics
Queendand coast (Haynes et al. 20004).

DDT and its metabolites (DDE) were detected in low concentrations at the mouth of the Barron,
Johnstone, Tully, Burdekin and Fitzroy Rivers and in Halifax Bay (Haynes et al. 2000a).
Concentrations of DDE exceeded those of DDT at all sampling sites. Low concentrations of DDT
and its metabolites have been detected in agricultural soilsin the Herbert and Burdekin areas
(Cavanagh et al. 2000) and DDT has been consistently detected in crabs (Scylla serrata) collected
from Queensland estuaries adjacent to agricultural catchments (Mortimer 2000). Concentrations of
DDT have declined in freshwater fish collected in northern Queensland waterways over the last 20
years (Russell et al. 1996¢).

Table 8. Comparison of ER-L and ER-M concentrations and Great Barrier Reef sediment pollutant
concentrations (Haynes et al. 2000a).

Compound GBR intertidal GBR subtidal ER-L* ER-M!
sediment range sediment range

(mg kg™) (mg kg™) (mgkg®)  (mgkg™)
Atrazine <0.5 <0.1-0.3
Diuron <0.5-1.7 <0.1-10.1
Lindane <1.0 0.19
Dieldrin <1.0 <0.05-0.37 0.02 8
DDT <1.0 0.05 1 7
DDE <1.0 0.26 2 15
abDT <1.0 0.31 3 350

Y(Kennicutt et al. 1994)
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Lindane was only detected in sediments from the vicinity of the mouth of the Johnstone River.
Lindane has not been detected in water or riverine sediment samples collected in the Johnstone
catchment in the 1990s (Hunter et al. 1999). However, the pesticide is still detectable in northern
Queensland agricultural soils and in sediments from irrigation drains (Cavanagh et al. 1999; Miller
et al. 2000). Itslimited distribution in nearshore sediments may, in part, be due to itsrelatively high
vapour pressure and rapid volatilisation in tropical regions (Chessels et al. 1988; Kannan et al.
1995).

6.8 Pollutants in Marine Mammals

Tissue samples of liver and blubber were salvaged from fifty-three dugong (Dugong dugon)
carcasses stranded along the Queensland coast between 1996-2000 (Figure 22) (Haynes et al.
20014a). Liver tissue was analysed for a range of heavy metals and blubber samples were analysed
for organochlorine compounds and polychlorinated biphenyls. Metal concentrations were similar in
male and female animals and were generally highest in mature animals. Liver concentrations of
chromium, copper, iron, nickel and zinc were often higher than concentrations usually present in
marine mammals. Liver concentrations of chromium, mercury and nickel were also elevated in a
number of animals collected from the wet tropics coastline of northern Queensland (Ingham to
Cairns) and/or from Hervey Bay (southern Queensland) in comparison to levels previously reported
in Australian dugong. Dieldrin, DDT (and its breakdown products) and/or heptachl or-epoxide were
detected in 59% of dugong blubber samples. Concentrations of organochlorines were similar to
those reported being present in dugong 20 years earlier, and were low in comparison to
concentrations recorded from marine mammal tissue collected el sewhere in the world (Haynes et al.
2001a). Concentrations of octachlorinated dioxin were found to be high in dugong fat tissue
compared with concentrations detected in marine mammals el sewhere (Figure 23) (Haynes et al.
1999). Polychlorinated dibenzodioxins (PCDDs) appear to be the most significant organochlorine
pollutant bioaccumulated in dugong, with the most important consequences of coastal
contamination for Great Barrier Reef dugong populations are likely to be indirect through herbicide
impacts to their nearshore seagrass food resource (Haynes et al. 2001a).

6.9 Dioxins

Concentrations of 2,3,7,8 substituted dioxins and furans (PCDDs and PCDFs) were determined
in sediment samples collected from sites along the east-coast of Queensland in northern
Australiain 1998 (Mdiller et al. 1998; Mller et al. 1999; Gaus et al. 2001). PCDDs were
detectable in all sediment samples while PCDFs were comparatively uncommon (Table 9). The
results provide evidence that an unidentified source for higher chlorinated PCDDs exists along
the Queensland coast (Mller et al. 1999).
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Figure 22. Dugong carcass tissue sampling, Townsville, April 1999.
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Figure 23. Marine mammal OCDD concentrations (Haynes et al. 1999).
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Table 9. Concentrations of 2,3,7,8 substituted PCDD and PCDF congeners in Great Barrier Reef
sediment (Mdller et al. 1999).

Congener Newry Bay Upstart Bay Pallarenda  Cardwell Flindersls
(pgg* TOC)

PCDD's
2,3,7,8-TCDD 15 <13 <13 <.7 <4.2
1,2,3,7,8-PeCDD 66 <13 47 18 21
1,2,3,4,7,8-HxCDD 150 <25 60 55 44
1,2,3,6,7,8-HxCDD 240 <25 140 82 67
1,2,3,7,8,9-HxCDD 440 50 190 170 170
1,2,3,4,6,7,8-HpCDD 9100 840 4100 3500 1700
OCDD 190 000 17 500 87000 130000 26 000
PCDF's
2,3,7,8-TCDF 4.8 <13 <6.7 2.3 <14
1,2,3,7,8-PeCDF <13 <13 <13 <1.8 <4.2
2,3,4,7,8-PeCDF <32 <5.0 <6.7 <0.9 <14
1,2,3,4,7,8-HxCDF <32 <13 <13 <18 <14
1,2,3,6,7,8-HXCDF <4.8 <13 <13 <1.8 <14
1,2,3,7,8,9-HxCDF <4.8 <6.3 <13 <0.9 <14
2,3,4,6,7,8-HXCDF <6.5 <13 <13 <18 <4.2
1,2,3,4,6,7,8-HpCDF 15 <13 73 14 <2.8
1,2,3,4,7,8,9-HpCDF <16 <5.0 <6.7 09 <14
OCDF 29 <13 170 55 6.9
TEq (pre 1997) 420 63 210 210 88
S PCDDs/PCDFs 210000 18 000 91 000 140 000 28 000
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7 SHIPPING MOVEMENT AND ASSOCIATED POLLUTION ISSUES

Five of Queensland’s six mgjor trading ports for the export of primary products and
commodities are located adjacent to, or within, the Great Barrier Reef World Heritage Area at
Cape Flattery, Mourilyan, Lucinda, Abbott Point and Hay Point. Other major ports adjacent to
the Great Barrier Reef World Heritage Areainclude Cairns, Townsville, Port Clinton and
Gladstone. These ports handle major imports and exports and service regional population
centres. The ports of Cairns, Gladstone, Hay Point near Mackay, and Townsville facilitate the
bulk of shipping movement with each recording over 500 vessel arrivals for 1994/5 (Table 10).

Table 10. Shipping arrivals and piloted arrivals by portsin the Great Barrier Reef World
Heritage Area 1985/6 to 1994/5 (Anon 1996).

Year 1985-86 1985-86 1987-88 1987-88 1989-90 1989-90 1991-92 1991-92 1993-94 1993-94 1994-95 1994-95

Port Total Piloted Total Piloted Total Piloted Total Piloted Total Piloted Total Piloted
arrivals arrivals arrivals arrivals arrivals arrivals arrivals arrivals arrivals arrivals arrivals arrivals

~ Number ~

Hay Point 419 419 495 495 452 452 519 519 556 556 599 599
Gladstone 506 396 560 411 588 441 737 520 711 504 771 555
Townsville 291 267 374 351 387 352 352 328 547 518 606 544
Cairns 242 96 378 178 385 182 425 186 448 190 585 279
Mackay 134 123 125 114 147 133 100 86 153 134 174 153
Abbot Point 64 64 80 80 82 82 81 81 63 63 76 76
Port Alma 55 46 58 50 66 63 70 60 57 46 70 62
Cape Flattery 36 - 23 23 35 35 40 40 46 46 51 51
Mourilyan 27 27 32 29 25 25 25 25 35 35 37 37
Bundaberg 53 37 48 19 41 14 42 20 50 25 48 33
Lucinda 28 28 23 23 19 19 16 16 26 26 22 22
Thursday Island 206 17 321 51 163 30 193 41 103 1 112 13
Port Douglas - - - - - - - - 1 1 5 5
Cooktown - - - - - - 1 1 2 2 - -
Total 2061 1520 2517 1824 2390 1828 2601 1923 2798 2147 3156 2429

(a) Total arrivals are the number of vessels arriving at Queensland ports;
(b) Piloted arrivals are the number of piloted vessels arriving at Queensland ports.

7.1 Shipping Movement

There are approximately 3000 shipping movements of large vessels (>50 metresin length)
within the Great Barrier Reef every year (Huggett and Storrie 2000). About two thirds of these
use the inner shipping route with the rest entering or departing through Hydrographers, Palm or
Grafton Passages (Figure 24). Bulk carriers comprise the largest proportion of shipping whichis
consistent with the large amount of trade passing through the bulk ore ports of Hay Point, Abbot
Point and Gladstone. Only five percent of shipping consists of oil tankers, most of which are on
northerly transits carrying refined product. Ships transiting the inner shipping route carry awide
range of cargoes including bauxite and alumina, manganese, iron ore, coal, sugar, general
container freight and oil.
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Ships transiting the inner route fall into several categories:

international through traffic not visiting Australian ports;

foreign flagged trading vessels visiting Australian ports;

Australian flagged vessels trading oversess;

Australian coastal traders; and

international and Australian non-commercial traffic (e.g. yachts, motor cruisers, tourist and
naval vessels).

= = —a _—_a _a

Implementation of the Ship Reporting System (REEFREP) in 1997 has provided the first
complete picture of the numbers and type of vessels using the Great Barrier Reef inner route,
and more importantly, also entering and departing the Great Barrier Reef through
Hydrographers, Palm and Grafton Passages.

7.2 Shipping Incidents and Pollution

Two hundred and sixty shipping and boating incidents were recorded for Great Barrier Reef
World Heritage waters in the 10-year period between 1987 and 1997 (Figure 25; Table 11).
These incidents included ship groundings, oils and diesel spills, aswell as vessel sinkings. All
these incidents have some potential to result in marine pollution.

Table 11. Shipping incidents recorded for the Great Barrier Reef, 1987-1997.

I ncident Number
Fire (salvaged) 1
Grounded (refloated) 17
Grounded (not refloated) 8
Vessel sinking 42
Vessel spills not associated 192
with above

7.2.1  Ship Contaminants

Ship groundings have the potential to release large, concentrated quantities of antifoul ant
chemicalsincluding tributyl tins (TBT) and copper into reef environments. Since 1995 there
have been five large vessal groundings within the Great Barrier Reef Marine Park (Figure 26).
These were:

f March 1995: Carola grounded on South Ledge Reef (Far Northern Section). The vessel was
re-floated after six hours;

T June 1995: Svendborg Guardian grounded on Kurramine Beach (south of Cairns). The
vessel was undamaged and refloated after 12 hours;

I July 1996: Peacock grounded on Piper Reef and remained aground for 8 days (Figure 26).
The vessel was successfully refloated;

' May 1999: New Reach ran aground on Heath Reef. Ship successfully refloated; and

T November 2000: Bunga Terati Satu grounded on Sudbury Reef in November 2000. The
vessel was successfully refloated.
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Figure 26. Cargo ship Peacock aground on Piper Reef, 1996.

Deposition of antifoulants at ship grounding sites and at mooring sites and slipways represents a
significant risk to marine life. Antifoulants are used on ship hulls for their biocidal propertiesto
control marine fouling and rely predominantly on combinations of copper and tributyltin (TBT)
(Witney 1989). TBT is considered the most effective antifoulant to date; the lifespan of
organotin antifoulants is seven years in comparison with two to three years for copper based
paints (Bosselmann 1996). On leaching from antifouling paints, tributyltin and copper are
directly available in the water column.

TBT is moderately hydrophobic and after entering the aguatic environment is rapidly sorbed
onto suspended particul ate matter, sediments and seagrass (Kelly et al. 1990a; Kelly et al.
1990b; Harris et al. 1996). Copper is a so rapidly sorbed to particul ates and sediments (Hall and
Anderson 1999). TBT is moderately persistent in sediment, with a half-life of months to years,
being longer under anaerobic conditions (Maguire 1987; Seligman et al. 1996). Copper aso
tends to accumulate in the sediment where it remains for indefinite periods until released and
made available for uptake by marine organisms, either passively across membranes, or through
the gut wall following sediment ingestion (Hall and Anderson 1999). Bioturbation, dredging,
storms, anchors, and boat movement can all mobilise sediments and release antifouling
contaminants back into the water column.

TBT affects cell metabolism by causing malformations of the cell membranes (Alzieu 1996),
adversely affecting biological functions such as growth, development, reproduction and immune
response (Bryan and Gibbs 1991). Antifouling contaminants are non-specific and are toxic
above threshold concentrations to many non-target marine organisms. The most sensitive
organisms are molluscs, in which TBT concentrations less than 1ng L™ can cause imposex
(development of male genitaliain female animals) in gastropods (Bryan and Gibbs 1991). TBT
toxicity has also been recorded for a diverse range of organismsincluding oysters, corals
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(Allemand et al. 1998) and anemones (Mercier et al. 1996). High levels of TBT have also been
detected more recently in marine mammals (Iwata et al. 1994). The consequences of this are
unknown.

Copper, while abiologically essential heavy metal, becomes toxic in elevated concentrations
(Olsgard 1999). It exertstoxicity by the chemical inactivation of cellular enzymes (Forstner
1989) causing interference with critical life functions of organism growth, reproduction and
behaviour (Langston 1990; Hall and Anderson 1999). Copper can adversely affect fertilisation
rates of coral gametes (Reicheld-Brushett and Harrison 1999) and be bioaccumulated by
molluscs (Olsgard 1999). However, marine mammals tend to actively regulate copper
concentrations (Thompson 1990).

Recent surveys of antifoulant concentrationsin the central and northern Great Barrier Reef have
detected elevated levels of both copper and TBT in several commercial harbours and marinasin
the region (Table 12 and 13) (Haynes and Loong 2001). Copper concentrations present at the
Cairns and Townsville commercial harbour sites, and marina sites at Townsville and the
Whitsundays exceeded ANZECC guidelines (2000). Sites away from the mainland were found
to be uncontaminated with either of these compounds, and it is likely that only areas where
ships are either berthed for extended time periods or are slipped and antifouled will be polluted
by these compounds (Haynes and Loong 2001).

Table 12. Range of sediment TBT concentrations in the northern and central Great Barrier Reef,
1999 (Haynes and Loong 2001).

Port Douglas Cairns Townsville Whitsundays
Mainland port Na* <1-1275 <1-18 <1-4.1
Mainland marina <1 <1-55 <1-4.2 <1
Offshoreisland jetty <1 <1 <1 <1
Outer reef pontoon <1 <1 <1 <1

All concentrations pg g™ dry wt.
*No commercial harbour is present at Port Douglas

Table 13. Mean (Standard Deviation) sediment copper concentrations in the northern and
central Great Barrier Reef, 1999 (Haynes and Loong 2001).

Port Douglas Cairns Townsville Whitsundays
Mainland port na! 70 (61) 113 (105) 7(6)
Mainland marina 9(5) 33 (1 72 (7) 34 (24)
Offshoreisland jetty 20 (1) 20 (1) 11 (8) 12 (8)
Outer reef pontoon 20 (2) 20 (1) 22 (1) 21 (0)

All concentrations pg g™ dry wt.
"1 No commercial harbour is present at Port Douglas
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Concentrations of TBT have also been measured at two Great Barrier Reef ship-grounding sites
at Heath Reef, in the far northern section of the Great Barrier Reef, and at Sudbury Reef, in the
Cairns Section. The vessel New Reach ran aground in May 1999, at Heath Reef (Haynes and
Loong 2001). The ship grounding resulted in grossly elevated concentrations of TBT being
deposited on the reef flat in the vicinity of the grounding (7500-340,000 ng Sn g™ dry wt). It is
likely that the high concentrations of TBT at the site were caused by abrasion and direct
deposition of antifoulant onto the reef substrate. The cargo ship Bunga Teratai Satu ran aground
on Sudbury Reef in November 2000 (Haynes et al. 2001b). Sediment concentrations of TBT
ranged from <1- 17,000 ng Sn g, with the highest concentrations of TBT detected in, and
within 5 metres of the vessel grounding scar. No TBT was detectable 1000 m away from the
grounding site. Sediment concentrations of TBT exceeded ANZECC (2000) guidelines up to
300m from the grounding site. Concentrations of copper (972-21700 mg kg™ dw) and zinc
(1170-192400 mg kg™ dw) in the grounding scar also exceeded draft ANZECC (2000) sediment
guidelines, and were at concentrations likely to present a significant risk to to the local
environment. Concentrations of copper and zinc were at background concentrations within 10
metres of the grounding scar. The high toxicity of TBT to coral reef organisms has been
documented (Maguire 1984; Mercier et al. 1996; Allemand et al. 1998) and the levels present
on Heath Reef and Sudbury Reef are likely to be an ongoing impediment to coral re-
establishment.

7.2.2 Oil Spills

Polycyclic aromatic hydrocarbons (PAHS) are natural constituents of crude oil and are a mixture
of organic compounds of fossil and biogenic origin. PAHs account for 20% of total
hydrocarbons in crude oil and are the most biologically toxic of al the petroleum compounds
(Neff 1990). Generaly, during oil spill amixed petroleum product containing a broad spectrum
of hydrocarbon classes is released to the marine environment where it may affect avariety of
biological processes and is a potent cell mutagen and carcinogen (Capone and Bauer 1992).
Worldwide, mgjor inputs of petroleum into the marine environment occur viathe following
(Anon 1997):

industrial discharge and urban run-off (37%);
vessel operations (33%);

tanker accidents (12%);

atmospheric deposition (9%);

natural seepage (8%); and

exploration production (2%).
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The fate of petroleum hydrocarbons, once they enter the marine environment, is similar to that
of many organic pollutants. The bulk of the petroleum initially introduced into the water column
rapidly becomes associated with hydrophobic organic matter and suspended particul ates, the
volatile compounds then evaporate and the non-volatiles are deposited into the sediment. The
component of petroleum left, the emulsion, is not likely to dissolve, adsorb, evaporate or be
rapidly biologically degraded and will eventually sink to the bottom and settle in the sediment.
While the lighter fractions are suspended in the water column, the most damaging impacts are
on larvae and low motility organisms that cannot escape the oil. Typical impacts include
changesin feeding or reproductive cycles that ultimately affect population size and fecundity.
Once the PAHSs have settled in the sediment, filter feeders and benthic organisms are affected
with the bioaccumulation of toxic compounds into their tissues, and with genetic mutations and
cell degeneration occurring (Peters et al. 1997). One hundred and ninety two minor oil spills
were recorded for the World Heritage Area between 1987 and 1997 (Table 14; Figure 27).



Table 14. Number of oil/fuel spills reported in the Great Barrier Reef (1987-1997).

Type of Spill Number of Recorded I ncidents

Diesdl 31
Light fuel 11
QOil 62
Tar 4

Debris 3

Bilge/Ballast Water 7

Unidentified 28
Uncertain spill incident 81
TOTAL 192

Figure 27: Qil Spillsin the Great Barrier Reef region, 1994-1998.
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7.2.3 Litter

Dumping of rubbish and other debris from shipsinto the marine environment has become an
increasingly serious problem worldwide (Ross et al. 1991). Discarded debris can have arange
of environmental consequences. It can entangle wildlife and cause limb amputation and/or death
through drowning or strangulation in larger marine animals. Debris can also be ingested and
cause internal blockages and result in starvation or other complications, particularly in animals
such asturtles (Laist 1987; Beck and Barros 1991; Hutchinson and Simmonds 1991, Slip and
Burton 1991, Lucas 1992). There are also economic impacts of debris and rubbish accumulation
on beaches. These include the loss of aesthetic values in recreational areas that are reliant on
tourism-generated income (Corbin and Singh 1993; Garrity and Levings 1993; Faris and Hart
1994). The fishing industry may also be impacted through the loss of fish catches to abandoned
or lost fishing gear (Dixon and Dixon 1981; Jones 1995).

Twelve far northern zone vegetated sand cays and three continental islands were surveyed for
stranded debris during June 1996 (Haynes 1997), and several surveys of subtidal litter
associated with underwater rubbish cleanups were carried out at Butterfly Bay, Whitsundays,
since 1996 (Malcolm et al. 1999). A range of rubber, plastic and glass artefacts were commonly
found on far northern sand cays and islands (Table 15). The majority of glassware observed
consisted of alcoholic drink-bottles and neon and incandescent light globes. Rubber footwear
(thongs) comprised the majority of rubber debris and small fishing net floats and fragmented
packing cases were the source of most polystyrene debris. The most commonly encountered
metal and aluminium debris were aluminium drink cans and aerosol spray-cans. Fishing netting,
rope fragments and plastic bags were also found at many sites, but they were present in low
densities (Table 15). Densities of plastic, rubber and polystyrene debris were much higher per
length of beach on continental islands than on sand cays as surveyed island beaches were
surrounded by rocky cliffs that tended to concentrate stranded debris and prevent wind driven
re-mobilisation. Lost or abandoned fishing gear and food and drink containers comprised the
majority of litter present at subtidal sites in the Whitsundays (Malcolm et al. 1999). Intertidal
and subtidal littering appeared to be a combination of intentional littering by throwing items
overboard as well as a consegquence of items lost over the sides of boats.

Table 15. Number of intertidal debrisitems recorded in the Far Northern Great Barrier Reef,

1996 (Haynes 1997).
Debristype No. of items Debristype No. of items
recorded recorded
Plastic 980 Rope and Netting 57
Rubber 563 Aluminium 29
Glass 366 Metal 21
Polystyrene 245 Other 9
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7.3 Ballast Water

Ballast water is used to alter the draft trim and stability of a ship during cargo loading and
unloading operations at port and at sea. Typically 30-40% of avessels deadweight tonnage can
be carried as ballast water, although large bulk carriers may be as much as 60% of deadweight
tonnage (AQIS 1993). Introduction of exotic marine species viaships' ballast water has become
amajor environmental concern asit poses threats to local biodiversity, fisheries and
aquaculture. Queensland’ s fourteen trading ports are estimated to receive discharges of over 30
million tonnes of ballast water each year (Table 16) (Hilliard and Raaymakers 1997). The
number of exotic marine “pests’ introduced to Australian waters via ballast water discharges
and ship hull fouling has been reported to be more than 250 species of introduced algae,
invertebrates and fish (SCC/SCFA 1999).

Table 16. Estimates of ballast water discharged to Great Barrier Reef ports (Hilliard and

Raaymakers 1997).

Port Number of Ballast water discharged

ships (tonnes)
Hay Point 439 14,000,000
Gladstone 267 4,300,000
Abbot Point 67 2,000,000
Townsville 64 650,000
Mackay 34 280,000
Cape Flattery 27 430,000
Cairns 27 225,000
Mourilyan 25 194,000
Lucinda 17 168,000
Bundaberg 8 65,000
Port Alma 6 17,000

Fifteen introduced species have been recorded for Queensland ports. Theseinclude asingle
species of sponge, three species of isopod, one gastropod species, one nudibranch species, two
bryozoan species, five ascidians and two fish species (Hilliard and Raaymakers 1997). There are
also 15 cryptogenic species that are taxonomically poorly known and may be cosmopolitan in
distribution and of uncertain introduction status. Although untreated ballast water discharged
into Australian ports has a virtually 100% chance of containing at |east one pest species, the
chance that the discharge contains sufficient individuals of a species able to become established
in the discharge port is more remote (Hilliard and Raaymakers 1997).

A magjority of overseas bulk carriers arrive in Queensland ports from Korea and Japan, and pose
arelatively low risk of introducing a pest species. As they originate from ports that contain
relatively cool waters, pest species would not be expected to survive in Queensland tropical
waters (Hilliard and Raaymakers 1997). The exceptions are shipping arriving from the southern
Japanese ports, and ports in Singapore and Taiwan. These ports are all located in warmer waters
and present a greater risk to sourcing species with the ability to survive in warmer tropical
waters and become alocal pest.
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7.4 Risk Assessment of Oil and Cargo Spills

Oil spillage from alarge vessel represents the single biggest point source pollution threat to the
Great Barrier Reef World Heritage Area. A risk assessment was conducted for determine areas
at high risk of an oil spill (Huggett et al. 2000). The assessment took into account navigational
difficulty, accident history and environment vulnerability. The assessment identified five areas
within or adjacent to the Great Barrier Reef that are considered to be at high risk (Figure 28;
Table 17).

Table 17. Critical Great Barrier Reef risk areas from shipping incidents

L ocation Typeof Incident Likely
Torres Strait Grounding or collision
Inner route north of Cape Flattery Grounding or collision
Cape Flattery Contact

Whitsunday |slands Grounding or collision
Hydrographers Passage Grounding

The contributing factors to the classification of high risk of oils spills and their consequences to
the Great Barrier Reef World heritage Areawere:

Torres Strait

Shallow water region with extensive shoas, banks and reefs;

Subject to strong currents and tidal streams;

Subject to strong trade winds and exposure to severe weather at times;

A complex tidal regime making under keel clearance (UKC) calculations critical;

Navigational complexity;

A narrow channel in parts with limited sea room with the channel being 800 metreswide in

parts;

1 A high concentration and diversity of traffic, including large tankers, bulk carriers,
container ships, cruise ships, fishing vessels, recreational craft;

1 Important marine habitats including seagrass beds, coral reefs and an extensive dugong

habitat;

Areacontains alarge prawn and lobster fishery;

A significant breeding ground for numerous species,

A high diversity of marine life;

High cultural significance and indigenous dependency.
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Figure 28. Qil spill risk map of the Great Barrier Reef.
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Inner Route North of Cape Flattery, including port of Cape Flattery
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Shallow water regions with extensive shoas, banks and reefs;

Subject to strong tidal streams and currents;

Subject to strong trade winds and exposure to severe weather at times;
Navigational complexity with numerous turning points and limiting depths;
A narrow channel in parts with limited sea room;

A high concentration and diversity of traffic, including tankers, bulk carriers, container
ships;

A high concentration of fishing vessels and small craft especially at night;
Important marine habitats including mangroves, seagrass and coral reefs;
Important marine animals including Dugong and Turtles;

High cultural significance;

World renowned particularly sensitive sea area;

A difficult berthing manoeuvre at Cape Flattery;

World Heritage Area and Marine Park.

Whitsunday Ilands
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Subject to extremely strong tidal streams and currents, including cross currents;
Subject to strong trade winds;

A high concentration of cruise ships transiting close inshore;

Navigational complexity;

A high concentration of commercial and recreational small craft, including significant cross
traffic;

Important marine habitats including seagrass, mangroves and fringing cora reefs;
A primary attraction for the tourism industry;

High socio-economic value;

High recreational and commercial asset.

World Heritage Area and Marine Park.

Hydrographer s Passage
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Subject to extremely strong tidal streams and currents, including cross currents;
Subject to strong trade winds and exposure to severe weather at times;
Navigational complexity;

A high concentration of large bulk carriers;

A very narrow channel (1nm) with extremely limited searoom;

Extensive coral reefs;

Improved navigation practices (better charts and improved navigation technology) in addition to
increased response capability to deal with major oils spills will help protect the Great Barrier
Reef.
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8 CURRENT INSTITUTIONAL AND POLICY ARRANGEMENTS FOR
WATER QUALITY MANAGEMENT

The Great Barrier Reef Marine Park Authority isa Commonwealth Government statutory
authority, and is responsible for the management of the Great Barrier Reef Marine Park under
the Great Barrier Reef Marine Park Act. Under this Act, declared in 1975, the Great Barrier
Reef Marine Park was proclaimed. In 1981, the Great Barrier Reef was listed as a World
Heritage Area, which meant that any development must take into account potential impacts on
the World Heritage values of the Great Barrier Reef. The Authority operatesin partnership with
Queensland Government agencies to ensure that the World Heritage values of the Great Barrier
Reef are preserved and protected for future generations. The following chapter details the
responsibilities of the agencies and the relevant policies and the legislation governing the
management of the Great Barrier Reef Marine Park.

8.1 Governance and Legislation

8.1.1 Commonwealth Regime

The vast mgjority of the Great Barrier Reef World Heritage Areais managed through the
provisions of the Great Barrier Reef Marine Park Act 1975, the Great Barrier Reef Marine
Park Regulations 1983, GBR Section Zoning Plans and most recently, Plans of Management for
specific areas of the Great Barrier Reef Marine Park. The Act, Regulations and other regulatory
tools have evolved over the last 25 years to incorporate the world's best environmental practices
into management of the Great Barrier Reef Marine Park.

Whilst plenary rights for land and water management remain with the Queensland Government,
the head of power is vested in the Commonwealth to ensure the values of environmentally
sustainable development are implemented. The Commonwealth Environment Protection and
Biodiversity Conservation Act (1999) provides for assessment and approval of developments
that may have a significant impact on the Great Barrier Reef World Heritage Area svalues. The
Great Barrier Reef Marine Park Act (1975), Section 66 2(e), also provides for the regulation of
discharges that may impact upon plants and animals of the Great Barrier Reef Marine Park. For
example, under this provision, regulations were proclaimed, to regulate aguaculture effluent
dischargesinto waters that drain into waters of the Great Barrier Reef Marine Park.

The Great Barrier Reef Ministerial Council was established in 1979 under the Great Barrier
Reef Marine Park Act to coordinate policy development between the Commonweal th and
Queensland Governments. The Ministerial Council is presently made up of two Commonwealth
Ministers and two Queensland Ministers. The chairperson is currently (2001) the
Commonwealth Minister for Environment and Heritage.

8.1.2 Queensland Regime

Queensland has approached the management of water quality with regard to point source and
non-point source pollution primarily through regulation, planning and assessment instruments.
One important instrument is the Environmental Protection Act 1994 (QEP Act) administered by
the EPA.. Point source pollution is addressed through the assessment of ‘environmentally
relevant activities under QEP Act. Activities with point discharge, for example dredging,
sewage treatment, marina construction, and aguaculture, are required to obtain a permission.
The QEP Act places a'duty of care' on people not to undertake activities that will cause
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environmental harm. There are also specific regulations that address the management of
resources, for example the Environmental Protection (Water) Policy 1997. This regulation
provides for the management of local government wastewater and stormwater and the setting of
environmental values and water quality objectives for specific water resources consistent with
Australian and New Zealand Guidelines for Fresh and Marine Water Quality. The QEP Act also
provides for the preparation of industry ‘codes of practice' to address industry-wide voluntary
(and potentially statutory) environment protection mechanisms. The implementation of this Act
(and its predecessor, the Clean Waters Act) has resulted in effective control and minimisation of
pollution from secondary industry and substantial progress in controlling urban sewage
discharges. In contrast, strong controls over pollution emanating from agricultural industries
were not included in the Act. In place of the ‘command and control’ philosophy of the Act with
respect to secondary industries and point sourcesin general, a‘duty of care’ provision was
incorporated for agriculture. The active component of the duty of care was the requirements that
a‘Code of Best Practice’ system be introduced for agriculture. Adoption of the code was to be
voluntary for farmers but if implemented, was able to be used as a defense against prosecution
for environmental harm.

Agriculture is not considered an environmentally relevant activity within the Queendand
regulatory process. As aresult, most of the mechanisms available for regulating pollution do not
include agricultural activity or development. Recently, some local governments (for example,
Hinchinbrook Shire) have made provision for regulating the change or intensification of land
use for agricultural purposesin their local government plans. In particular, changes resulting in
intensification of agriculture use, such asfertilised cropping, may be constrained such that areas
of riparian vegetation and wetlands may be preserved during such changes.

The above changesto local government approval requirements have occurred in only one of the
42 local governments found within the Great Barrier Reef catchment. The decision to refuse a
reguest to undertake intensification of agricultural activitiesin awetland areain Hinchinbrook
Shireis presently under appeal in the Queensland Planning and Environment Court.

Management of water resources is administered by the Queensland Department of Natural
Resources under the Water Resources Act 1989 and the Water Act 2000. The Water Act 2000
alows for the preparation of Water Resource Plans that provide capacity to protect and/or
provide for environmental flows to natural watercourses. Queensland has al so passed legislation
to manage vegetation clearing. This Act generally only protects ‘endangered’ ecosystems except
in the case of specifically designated areas.

The Water Act 2000 does not specifically address downstream water quality impacts of
expanded water allocation and associated developments. This suggests that the processes do not
adequately provide for the protection of the Great Barrier Reef World Heritage Area.

Other potentially important legislation for ensuring protection of the Great Barrier Reef World
Heritage Areaincludes the Forestry Act 1959, River Improvement Trust Act 1940 and the Soil
Conservation Act 1956.

The Queensland Department of Primary Industries provides for protection of coastal resources
through the Fisheries Act 1994 and Fisheries Regulations 1995, particularly with regard to the
declaration of Fish Habitat Areas and the protection of marine plants. This Department is
specifically responsible for dredging activity in Queensland waters where impacts on marine
plants are an issue.
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8.2 Planning Instruments

8.2.1 State and Regional Planning Instruments

State and Regional planning processes set the State-wide policy framework within which
decisions on specific impact assessment processes are undertaken.

In 1995, the Queensland Government introduced the Coastal Protection and Management Act
1995 to address the issue of attaining consistent management of Queensland's coastal resources.
The Act provides for developing aregional perspective of management of development activity
with the aim of achieving ecologically sustainable development. To achieve the abjectives of
the Act, the Queensland Environment Protection Agency (QEPA) prepares statutory Coastal
Management Plans for the State and for eleven regions covering the Queensland coastal
catchments. Nine of these Regional Plans will cover the Great Barrier Reef catchment and
Queend and waters to the 3 nautical mile limit from the territorial sea baseline. These Plans
provide the capacity to address a number of broad environmental concerns, especially with
regard to loss of wetlands and riparian areas, through the development of State interest policy.
They have the potential to address cumulative impacts on the Great Barrier Reef World Heritage
Area of development activities outside the boundaries of the Great Barrier Reef World Heritage
Area. The policies are required to be incorporated into local government Planning Schemes.

Non-statutory regional plans are being devel oped under the Integrated Planning Act 1997 (1PA)
to guide local government on the preparation of Planning Schemes to address State interests for
land use and development, protecting valuable features and for the provision of infrastructure.
This process is managed by the Department of Communication, Information, Local
Government, Planning and Sport (DCILGPS). These plans should identify constraints on where
and how development occurs in the coastal zone. The Far North Queensland 2010 regional plan
and the Townsville/ Thuringowa Strategy Plan were finalised this year and are presently being
implemented. Unlike regional coastal plans, the focus of these plans is growth and devel opment
and they are non-statutory plans reliant on the good will of local government for their effective
implementation.

The plans established under the State regional and coastal planning processes do not provide for
the management of existing activities, such as agriculture, that impact on water quality in the
Great Barrier Reef World Heritage Area.

8.2.2 Local Government Planning Instruments

Local Government Planning Schemes are developed under the IPA. The Planning Schemes are
required to address three core issues. These are; land use and development, infrastructure and
valuable features. They are required to identify 'Desired Environment Outcomes’ for the range
of land use, development and conservation issues covered by the scheme. Shire Planning
Schemes are statutory instruments enforceable by law, but only manage new devel opments.

There are 20 local governments with boundaries along the coast adjacent to the Great Barrier
Reef Marine Park and 42 within the catchment of the Great Barrier Reef World Heritage Area.
Many have only recently reviewed their old Planning Schemes and have decided to prepare new
schemes later in the transitional period. The new Planning Schemes are fundamentally different
from the old schemes as they are performance based rather than prescriptive plans. This can lead
to significant differences in addressing downstream impacts of development. The level of
assessment for different types of development is provided for in each Planning Scheme except
where adevelopment is identified as impact assessable in the IPA. The capacity for preparation
of Environmental Impact Statementsis now largely confined to major projects prepared under
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the State Devel opment and Public Works Organisations Act 1971 and administered by the
Department of State Development. Planning Schemes also only manage new devel opment
activities where Council approvals are identified in the scheme. Most agricultural activitiesin
rural zones are ‘as of right’ with no approvals being required.

8.3 Non-Statutory Instruments

The primary instrument for the management of environmental aspects of agricultural activity is
through the development of voluntary ‘ codes of practice’. These codes combine with a number
of other voluntary mechanisms to address agricultural run-off in the Great Barrier Reef
catchment. Whilst these mechanisms have the potential to reduce pollutant discharge to the
Great Barrier Reef World Heritage Area, there will be a considerable time lag for full
implementation by agricultural producers with significant resource requirements.

8.3.1 Industry Codes of Practice

Industry specific.

Developed under the Queensland Environmental Protection Act.

If fully implemented in their present form, should reduce pollutant discharge to the Great Barrier
Reef World Heritage Area.

1 The Codes of Practice are not presently audited in any rigorous way.
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8.3.2 Farm Management Plans

Implemented by individual farmers.

May contain elements to reduce farm run-off to waterways and protect wetlands and riparian zones.

1 Enhanced effectiveness where they form part of a Local Government Scheme or water
management scheme.

1 These plans may become compulsory in declared irrigation schemes (Queensland Draft Water

Allocation and Management Bill 2000).

= =

8.4 Integrated Catchment Management

A number of land management strategies have been initiated over the last 10 years. These
include an Integrated Catchment Management (ICM) program, which is based on the premise
that decision making processes in management of land and water resources must be coordinated
to achieve sustainability (Johnson and Bramley 1996). The recognition of economically
sustainable development principles at the farm level through the use of property management
plans and development of industry codes of practice is now also emerging (Johnson et al.
1998b). Whilst some notable achievements have been made by Queensland agricultural
industries and communities (eg. widespread adoption of sugar cane trash blanketing to minimise
exposure of unvegetated soil to rainfall), appropriate land management in Queensland remains a
great challenge (ANAO 1997; Boully 2000; Toyne and Farley 2000). Early approaches to
catchment management involved alarge number of independent projects under the Federally
funded Landcare program. Today there is a growing realisation that a more strategic approach
on alarger scale, backed by adequate resources is required to achieve effective catchment
management (ANAO 1997, Bellamy et al. 1999, Boulty 2000, Toyne and Farley 2000).

Although Queensland has committed resources to the development of catchment strategies, their

implementation has been limited. However, the incorporation of these strategies into local
government and State planning processes has not been realised to date.
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8.5 Education and Communication

A recent survey of public perceptions of the Great Barrier Reef and its management, conducted
by the Cooperative Research Centre for the Reef, revealed that the public believed the greatest
threats to the Reef were pollution (55%) and general human impact (38%). Raising awareness
of stakeholders of the sources and impact of pollution represents an enormous challenge. The
over-riding impediment to the uptake of thisinformation is the fact that the impacts and the
causes are frequently remote from each other, creating difficulties for recognition and
responsibility. Queensland has promoted education and extension programs to improve land
management activities through integrated catchment management and other programs.
However, there has been insufficient monitoring of the outcomes of these programsto be
confident that activities that have detrimental impacts on water quality will be managed to
negate these impacts and improve water quality.

More than ten year’ s experience in funding natural resource research and devel opment by
corporations such as the Land and Water Resource Research and Development Corporation
identify that the most crucia barriersto improved use or management of natural resources are
social, economic and institutional factors, not alack of scientific knowledge.
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9 CONCLUSIONS

The greatest threat to the Great Barrier Reef has been identified as land-based run-off resulting
from agricultural activities (cattle grazing, vegetation clearance and intensive cropping) in the
catchments. Vegetation clearing on Queensland agricultural landsis still being carried out at
rates that are up to an order of magnitude higher than in any other Australian State, and soil
erosion and associated pollutant losses continue to be significant problems on Queensland
agricultural properties (Anon 1999b). Agricultural industries, including grazing and cropping,
are currently not accountable for pollutants discharged into Queendand’ s catchments.
Agricultureislargely exempted from the Queensland Environmental Protection legislation and
associated regulatory provisions. Queensland legidative, policy and planning arrangements
pertaining to environmental management do not generally consider agriculture as an
environmentally relevant activity (ERA), therefore there is no requirement for environmental
assessment under the Queensland Integrated Planning Act 1997.

Fertiliser usage on most of the Great Barrier Reef catchments hasincreased greatly in recent
decades (Pulsford 1996) and modern agricultural practices have been strongly linked with
elevated nutrient concentrations in the aquatic environment (Mitchell et al. 2000). Moreover,
thereis evidence that eutrophication has occurred in some inshore areas of the Great Barrier
Reef World Heritage Area. Increases in local and/or regional nutrient concentrations have led to
increased seagrass biomass and distribution at Green Iland (Udy et al. 1999) and around Palm
Island (Klumpp et al. 1997). At the same time, reductionsin coral growth and the relative
abundance and composition of corals of nearshore fringing reefs in the Whitsunday region has
been linked to elevations in nutrient concentrations (van Woesik et al. 1999).

Atrazine and diuron are currently the two most widely used herbicides for the pre- and post-
emergence control of weeds in Queensland catchments. An estimated 331 tonnes of atrazine and
197 tonnes of diuron are applied annually to Queensland cane fields (Hamilton and Haydon
1996). The low concentrations of atrazine detected in Great Barrier Reef sediments are likely to
be a consequence of herbicide degradation rates which are considerably enhanced by tropical
soil conditions, sunlight and saline conditions (Brambilla et al. 1993), resulting in a half life of
generally less than 30 days in estuarine (tidal) environments (Obien and Green 1969;
Akinyemiju 1991; Huber 1993; Korpraditskul et al. 1993). In contrast, diuron is moderately
mobilein soil (Lewis and Gardiner 1996) and has a soil half-life of 100 to 300 days (Lewis and
Gardiner 1996), and has an aquatic half-life of approximately 120 days. The widespread
occurrence of diuron in Queensland coastal sediments is therefore likely to be a consequence of
high local agricultural usage combined with moderate soil mobility and arelatively long aguatic
half-life.

Large quantities of farm chemicals including organochlorinesin liquid formulation are still held
on farming properties in Queensland (M cGuffog 1996). Over 50% of these are located in
catchments adjacent to the Great Barrier Reef. Accidental loss of banned pesticides together
with the persistence of organochlorine residues in farming soils would lead to their eventual
transport to the marine environment on soil particles. As a consequence, estuarine and nearshore
samples along the Queensland coast are likely to continue to be contaminated with these
compounds.

Dioxin contamination is widespread in northern Queensland agricultural soils and adjacent
marine sediments (MUller et al. 1999;Gaus et al. 2001). At present, the sources and/or formation
mechanisms and environmental cycling of dioxins are unknown. However, a strong positive
correlation between their occurrence in marine sediments and agricultural areas in the northern
Queensland wet tropics, has been reported (MUller et al. 1999). Dioxins are aso ubiquitous
contaminants of dugong populations in the Great Barrier Reef south of Port Douglas (Haynes et
al. 1999; Gaus unpublished data).
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Broadscale, and intensive, site specific monitoring of Great Barrier Reef sediment metal
concentrations has now been completed (Doherty et al. 2000), although sediment quality
guidelines for heavy metalsin the Great Barrier Reef World Heritage Arearemain to be
developed. With the exception of sites associated with urban and industria activity, and metals
associated with shipping antifoulants (copper, TBT) and farming application (cadmium,
mercury), metal contamination in the World Heritage Arearemains arelatively local concern.

To date, no datais available about the potentia impact of first-flush loads of pollutants on
nearshore Great Barrier Reef biota. Acquisition of this datais particularly important given the
potential synergistic impacts of pollutants (particularly herbicides) on corals and seagrass. These
are created by a combination of reduced water salinities and high temperatures often
experienced by nearshore seagrass beds and reefs during the summer monsoon months (Devlin
et al. 2001b).

The capacity of monsoon river flood plumes to transport entrained nutrients to mid and outer-
shelf reefs during calm conditions is documented (Devlin et al. 2001b), however no information
is available about the offshore transport of other contaminants in the Great Barrier Reef World
Heritage Area. The potential impacts of elevated pollutant concentrationsin Great Barrier Reef
waters can range from reduced growth and reproduction in local biota through to major shiftsin
community structure and functioning of coral reef and seagrass ecosystems. Maintenance of
long-term monitoring programs, some of which utilise innovative data acquisition techniques
will enable assessment of change in environmentally relevant water pollutant concentrations
over time. Water chemistry data derived using innovative techniques can play an early warning
role in the assessment of impacts of contaminants on mangrove, seagrass and coral reef
organisms of the Great Barrier Reef World Heritage Area. Moreover, the methods could
contribute to the understanding of interactions of contaminants with high light and temperature
conditions associated with global climate change.

Qil spillage from alarge vessel represents the single biggest point source pollution threat to the
Great Barrier Reef World Heritage Area. A risk assessment was conducted to determine areas at
high risk of an oil spill (Huggett et al. 2000). The assessment identified five areas within or
adjacent to the Great Barrier Reef that are considered to be at high risk: Torres Strait, Inner
route north of Cape Flattery, Cape Flattery, Whitsunday 1slands and Hydrographers Passage.

Most of the debris stranded on islands, cays and shorelines of the Great Barrier Reef islikely to
be derived from oceanic and local shipping sources and urban stormwater run-off and
distributed by prevailing winds and currents. As a consequence, enforcement of legislation
prohibiting dumping of debris at seais particularly difficult.

Progress has been made on the determining the types of water column contaminants with the
introduction of semi-permeable membrane devices (SPMDs) and diffusive gradientsin thin
films (DGT) analysis techniques. These techniques reduce some of the problems inherent in the
analyses of water, sediment and biota samples for pollutants (Zhang et al. 1998). These devices
have the potential to improve knowledge about the distribution of pollutantsin the Great Barrier
Reef, and when combined with data on coral reef ecosystems will improve knowledge on
threats to coral and seagrass communities (Figure 29). A promising tool for thistype of
sublethal stress assessment in marine organism is the submersible Pulse-Amplitude-M odul ated
fluorometer (Diving PAM) which measures phototrophic capacity, i.e. a measure of fitness.
(Ralph and Burchett 1998; Jones et al. 1999). It is the knowledge of these subtle impacts of
chemical contaminants that will allow managers to fully understand the status of tropical marine
ecosystems and the risks associated with anthropogenic impacts.
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Figure 29. Deployment of DGT samplers, Osprey Reef, September 2000.

Corals reefs worldwide, and including the Great Barrier Reef are threatened by increased
seawater temperatures and atered water chemistry caused by global atmospheric change. This
global threat may lead to progressive weakening of reef structures and eventually death of
tropical coral reef ecosystems. Global warming will continue to threaten coral reefs worldwide
unless effective action is taken to reduce carbon dioxide and other greenhouse gas emissions.
The pre-eminent risk to inshore coral reefs and seagrass communities in the Great Barrier Reef
is posed by water quality degradation resulting from pollutants contained in land run-off (Figure
30). If fundamental changes in land-management in Queensland do not occur (including
immediate minimisation of vegetation clearance, erosion and responsible use of pesticides and
fertilisers), the health of the inshore ecosystems of the Great Barrier Reef World Heritage Area
islikely to continue to decline.
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Figure 30. Great Barrier Reef areas at risk from land-based pollution.
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