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SUMMARY

A study of water quality and water column sediment loads was carried out in
the period mid-December 1988 to mid-February 1989 on the south-east facing .
fringing reefs of Magnetic Island. The study aimed at providing a baseline
before construction commenced on the marina/hotel development planned for
the northern end of Nelly Bay. Although it was realized that a complete
baseline, allowing for natural seasonal and meteorological variability,
could not be produced in two months, as much data as was logisticélly
possible to obtain was collected including data from periods of contraéting
_wéather conditions. An associated benthic biota and sedimentation study
provided a benthos baseline and measured sediment deposition in sediment

traps in the same areas.

Parameters measured were determined 'after consideration of the possible
contaminants from the development project, both in the construction and

operation stages and included those which could be produced by sewage‘
effluents (nutrients, turbidity, organic matter and bacteria), boating
activities (anti-fouling coating residues, petroleum hydrocarbons) and
construction and run-off (sediment and nutrients). Sampling sites were
chosen on the basis of proposed water circulation patterns in the area and
these were designated either as 1likely impact sites or control sites
depending on whether they would be influenced by the development. Sites
were sampled on five occasions in the water quality study and on seven
occasions in the sediment/turbidity study. To gauge natural water column
variability in Nelly Bay a spatial and temporal (up to one week)
variability pilot study was carried out before the general baseline study
commenced. To ;upplement chemical . detefmination of low levels of the
anti-fouling chemical tributyltin, a baseline for a possible biological
monitoring programme on the susceptible gastropods Nassarius spp. was also

carried out.

Pilot studies were done during the baseline study to assess the relative
magnitudes of spatial and temporal variation at a range of scales within
Nelly Bay. ‘For most components of water quality sites and days do not
constitute important sources of variation . Cost benefit analyses of the‘
data from the study of spatial variability indicated, furthei, that the
most efficient allocation of sampling effort was to dispense with sampling .
sites and concentrate on replicates. This strategy would be satisfactory
provided that the replicates were well dispersed within locations and thus

effectively integrated variation at the scales of 5-10 m and 50-75 m.




Altﬁough some components of water quality varied with time of day, none of
the patterns of variation suggested that a particular time of day or tidal
phase should be favoured when sampling, giveﬂ‘ that “sampling will be

logistically constrained to daylight hours.

The suggested programme for the estimation of environmental impacts during
the construction phase of the Magnetic Quay development is necessarily a
compromise between logistics and the need to cater to both small scale
spatial and short term temporal variability. The results of calculations
of the expected power of the proposed programme indicates that it should
prove a powerful method of detecting moderate perturbations (50% change or
greater) to water quality on any given day (Power > 0.8 for most variables,
with Type I error = 0.1). Detection of much smaller effects (say 25% of
means) with the same power is unlikely to be viable for most variables
wvithout the dedication of considerably more effort to sampling and

analyses.

The bays are well mixed with uniform salinity and 1little thermal
stratification except possibly during intense rainfall events. Dissolved
inorganic nitrogen levels are high with anomalously high nitrite levels and
above those considered desirable for healthy coral reefs by some
authorities. Phosphorus and silicate levels are normal while although no
tributyltin residues were detected elevated levels of copper, compared to
uncontaminated waters, were found. Levels of aromatic hydrocarbons and
coliform bacteria were also normal for this area. Few differences were
noted_ between the bays except for phosphorus levels where Nelly Bay levels
vere consistently lower than in the more northern bays. Suspended solid
values were low, particularly compared to values measured in the
éouth—easterly trade wind season. No useable relationship between Secchi

Disc readings and suspended solid values could be derived.




1. PROJECT DESCRIPTION

Linkon Construction Limited plans to build a marina and resort development
in Nelly Bay, Magnetic Island (Figs. 1,2). This will involve the
construction of a breakwater from material removed from Bright Point, the
formation of a harbour inside the breakwater and the construction of hotel,
marina, recreational and shopping facilities on Bright Point and the
northern Nelly Bay foreshore (Figs. 3,4). Part of the Nelly Bay fringing
reef will be covered by the breakwater and an access channel will also have
to be cut through a small section of the reef. The eventual development
will be able to house 187 boats in the marina, include accommodation for

about 1000 people and use an upgraded sewage treatment works.
2. PHYSICAL NATURE OF SITE

The site is in one of the larger bays on the eastern coast of‘Magnetic
Island and faces into Cleveland Bay (Figs. 1 & 2). The depth of offshore
vater in Cleveland Bay varies from 2 to 10 m. Cleveland Bay receives water
from Ross Creek, Ross River, Alligator and Crocodile Creeks and other
smaller creeks. The majority of the coastal frontage of the city of
-Townsville (population 110,000) lies on Cleveland Bay and industrial
activity including a copper refinery, meat works, cement works, a large
commercial and military airfield and extensive light industry may also
influehce vater quality in the Bay (Fig. 1). The major Townsville sewage
works discharges into Sandfly Creek and hence into Cleveland Bay. The
plant is a secondary treatment works. Townsville is a major port city and
Platypus Channel passing through the centre of Cleveland Bay and only 3 km
off Nelly Bay is dredged on a regular (roughly annually) basis.

Water quality in Cleveland Bay has previously been studied during the Three
Bays Project (1974-1979), and published by Walker and 0’Donnell (1981) and
Belperio (1978) and reference to their results will be made later in this
report. A project to study general water quality in Cleveland Bay
particularly with respect to impacts from the sewage discharge and dredging
has been proposed and results from this will aid in interpreting results
from Nelly Bay in the long term. Nelly Bay data is available from Zann and

Collins in unpublished reports.

Vithin Nelly Bay the reef rises sharply from the general Cleveland Bay

floor to form a wide reef flat which dries at the lowest low tides (Fig.
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5). The reef slope area contains areas of abundant coral mixed with other
areas dominated by brown algae. In the northern section of the Bay, where
the mafinaris to be located, Gustav Creek enters but there is géhéféily no
surface flow through the front dune in the dry season and only intermittent
flow in the wet season. However intense rainstorms in the Island interior
can cause large surface freshwater flows across Nelly Bay and around into
Geoffrey Bay. ‘An event of this kind apparently occurred during the
baseline monitoring period. Gustav Creek receives effluent from the small
severage plant serving part of Nelly Bay and probably septic seepage and
overflows from those parts of Nelly Bay not connected to the sewerage
scheme. There is a history of faecal contamination in Gustav Creek (QWRC
unpublished report, Brodie and Faithfull, unpublished data) but the levels
found are typical of small urban streams receiving septic flows. The
levels of faecal coliforms exceed primary contact water guidelines for
Queensland.

Nelly Bay faces to the south-east and the prevailing wind and wave
orientation is also from this direction but with a more north-east and
easterly component in the summer months. The northern end of the Bay
receives some protection from Bright Point when the winds are from the east
or north-east but the rest of the Bay is open to the high frequency chop

‘ generated- inside the Great Barrier Reef lagoon and inside Cleveland Bay
itself. A low frequency swell component may also be present due to swells’
from the Coral Sea (outside the main reef) but this is strongly attenuated
by the time it reaches Magnetic Island. During south-east winds waves in
Nelly Bay tend to be lower and less confused than in the bays further north
(e.g. Florence Bay) possibly due to some protection being afforded by Cape
Cleveland. '

Hydrodynamic studies in Nelly Bay and the adjacent Picnic and Geoffrey Bays
wvere undertaken by Parnell and van Woesik and their results published in
the Public Environment Report for the project in August 1988. They
attempted to describe the hydrodynamics of Nelly Bay; to determine the
likely hydrodynamic regimes that will prevail at various stages of
development; to determine the pathways of sediment which may be put into
suspension during the construction and to advise on construction procedures
wvhich will reduce the impact of sediment on the nearshore marine
environment. Their conclusions draw attention to the tidal nature of
circulation in Nelly Bay, extensive eddies at a number of sites and the
strong - influence of water movements from Nelly to Geoffrey Bay. Figures 3

and 4 shov a stylized summary of their water movement findings.
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3. WATER OUALITY CONSIDERATIONS AND THE DEVELOPMENT
3.1 Introduction
The proposed development consists of the following stages:

(a) Excavation of material from Bright Point and construction of the
breakwater with this material. The material will be sieved so that

only size classes above 7.5 mm will be included in the breakwater;
(b) Excavation of the marina basin and reclamation of foreshore land;
(c) Excavation of a shipping access channel through the reef;
(d) Flooding of the marina basin;

(e) Construction of hotel, marina, retail and recreational facilities on

Bright Point and the Nelly Bay foreshore (partly on reclaimed land);
(f) Operation of marinaj;
(g) Operation of hotel facilities.

The construction phases (both marine and terrestrial) are expected to take
up to two years to complete. The completed development is expected to
house 187 boats in the marina and provide accommodation for 1000 in various

classes of hotels.

The types of contaminants which could enter Nelly Bay from such a marina
development have been reviewed by Riedel & Byrne (Public Environment
Report, August 1988) under the headings; Antifouling coating; O0ils, fuels
and greases; Bilge vater discharges; Nutrient releases and they have also
discussed tidal exchange and wind mixing. While aspects of this report
have been criticised by reviewers it still forms a basis on which to
examine those parameters vhich need to be included in the monitoring
programme. In addition possible construction stage sediment release has

also aroused concern which must be addressed.
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3.2 Sediments and Turbidity

It is widely accepted that elevated sediment loads can have adverse effects
on coral reefs. Sediment affects corals directly by deposition on exposed
coral tissues and indirectly by lowering of light intensity by water column
turbidity. Hudson (1981) showed that a key factor in the growth and

survival of the Carribean coral Montastrea annularis was water turbidity.

Kuhlmann (1985) found a link between the density of coral cover and vater
clarity in the Ryukus Islands. A number of studies have quantified the
effects of dredging and construction work on reefs (Bak, 1978; Ricard,
1981; Galzin, 1981; Amesbury, 1981; Marszalek, 1981; Dodge and Vaisnys,
1977) but because of the wide variations in natural turbidity levels
different reefs can tolerate, transfer of conclusions from studies in one

area to other reefs is difficult.
3.3 Nutrients

The 1levels of nutrients in Nelly Bay could increase due to the development
'in a number of ways. These include release of sewage from moored boats,
increased sewerage plant discharges into Gustav Creek and runoff from
landscaping activities. Nutrients may also be mobilized from fine sediment
during its release in the construction phase. It is planned to treat
severage plant effluent by land spraying which should minimize its entry
into Nelly Bay but some runoff may occur. The effects of increased
nutrient loadings on coral reefs are well documented qualitatively although
quantitative data as to tolerance levels are still patchy. Effects include
decreased coral growth and skeletal changes (particularly in skeletal
density); increased macroalgal groﬁth and overgrowth of coral leading to
ecosystem change from coral reef to algal reef; increased phytoplankton
growth leading to increased turbidity and decreased light levels and in
extreme cases red tide phenomenon; changed community structure in terms of
species diversity and species present. Such effeéts have been extensively
documented from the Kaneohe Bay sewage diversion scheme studies (Smith, et
al., 1981; Laws and Redalze, 1982; Maragos et al., 1985) as well as many

~other investigations.

There are now reasonably comprehensive data sets of nutrient levels in the

Great Barrier Reef lagoon area and some of these are summarized in Table 1.




14.

3.4 "Petroleum Hydrocarbons

Mariha activitiés willyinevitébly lead to small scale spills of diesel and
four and two stroke petrols and this material may impinge on areas outside
the marina. Most work on the effects of petroleum products on coral reefs
have dealt with spillage of crude oil and heavy fuel o0il and there is far
less data available on the effects of the lighter fuel fractions in diesel
and petrol especially the long term implications of chronic low level

contamination.

A number of studies have shown accumulation of petroleum hydrocarbons in
sediments and biota around marinas (Marcus & Stokes, 1985; Hansen et al.,
1977; Voudrias & Smith, 1986).

Data available on the toxicity of petroleum hydrocarbons to coral is
groving with wide variations in the tolerance of different species being
found. Studies have examined effects on reproduction and growth rates
(Loya and Rinkevich, 1980), photosynthetic activity (Cook and Krap, 1983),
species response differences (Reimer, 1975), growth (Dodge et al., 1983),
pathological responses (Peters et al., 1981) and overall response (Harrison
et al., 1986). Studies on chronic exposure to lov levels has shown reduced
fertility and zooxanthellae numbers and tissue death (Rinkevich & Loya,
1977; Peters et al., 1981).

3.5 Sevage Bacteria

Vith any release of sewvage from moored boats or sewerage treatment plant
effluent entering Gustav Cfeek, will come the possibility of unacceptable
bacterial levels on the marina beaches. While the more severe pathogenic
microorganisms such as cholera and typhoid can be water borne, swimming in
sewvage contaminated waters is more 1likely to lead to problems of
gastroenteritis and skin, eye and ear infections. Standards exist for
primary contact recreational water‘(i.e. vater sports and swimming) under
the Queensland Clean Waters Act in terms of coliform levels thle the whole
subject of microbiological water quality criteria in Australia has been
extensively reviewed by the Australianb Vater Resources Council (AWRC,
1985).
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3.6 Anti-Fouling Coating Residues

Anti-fouling paints contain biocides which prevent the growth of biota on
boat hulls but also slowly leach into the water column and can exert their
biocidal activity on benthic organisms. The two primary biocides in use
are based on copper containing, or tri (n-butyl) tin (TBT) containing,
compounds with the tin based types being more effective and replacing the
copper types (Hall & Pinkney, 1985). TBT oxide (TBTO) has been shown to be
ten times more toxic to marine copepods than copper (Uren, 1983) and in
general the TBT coatings are far more of a problem than the copper based
ones. Concern overseas with the effect of TBT compounds, particularly on
oyster farms, has slowly led to bans on their use on small boats in France,
Sweden, the UK and parts of the US, however with Australia’s fragmented
environmentali response pattern they are still the most common anti-fouling

coatings in use in Australia. WVhile there are no data available to

‘estimate their toxicity to coral or effects on a coral reef the figures for

their toxicity to molluscs, fish, zooplankton, crustaceans, bacteria and
fungi suggest similar effects would occur with coral. Effects occur at
extremely low levels (down to a few ng/l) making analytical monitoring
extremely difficult and the long term environmental effects of chronic low
level contamination difficult to predict (Laughlin & Linden, 1985).

3.7 Other Contaminants

A number of other contaminants which have a deleterious effect on corals
but are only likely to be present in.small amounts from the development
include detergents and other surfactants from moored boats and the sewage
effluent, trace metals from bilge water and discarded metallic debris in

the marina.

4. MONITORING PARAMETERS

The monitoring parameters chosen for the baseline study reflect the
concerns highlighted in Section 3 and are directly related to possible

contaminants from the construction and operation of the development.

As the sediment/turbidity study was run independently, in terms of
sampling, from the general water quality study it is reported separately

throughout the rest of this report.
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4.1 General Vater OuglityVStudy
4.1.1 Physical and meteorological parameters

These were cloud cover (by visual estimation); wind speed (by digital
anemometer); vind direction (by vane and compass); wave direction (by
compass); wave height (by estimation); total depth (by marked, weighted
line); temperature and visual observations such as sediment plumes,

Trichodesmium (Oscillatoria) slicks and Gustav Creek conditions. (Details

of methodology are provided in Appendix One and of sampling methods in
Section 7).

4.1.2 Sediment parameters

Even though a separate sediment monitoring programme 'was being carried out
sediment parameters were also measured at the general water quality survey
sites. The parameters measured were clarity (by Secchi disc); turbidity
(using a field nephelometric meter - discontinued after pilot project) and

suspended’ solids (non filterable residue - by a gravimetric method).
4.1.3 Nutrient parameters

These were orthophosphate (by colorimetry); nitrate -and nitrite (by
colorimetry); ammonia (by colorimetry); silicate (by colorimetry); total
phosphorus (by oxidation and colorimetry); particulate nitrogen (by
filtration, combustion and thermal conductivity detection) and

chlorophyll-a (by colorimetry).
4.1.4 Anti-fouling coating residues

These were tri-(n-butyl) tin oxide (by hydride formation and atomic
absorption spectroscopy) and copper (by concentration on ion-exchange resin
and atomic absorption spectroscopy). In addition a survey of Nassarius sp.
gastropods was undertaken as a baseline for a biological-indicator

monitoring programme for TBT residues (see Section 8).
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4.1.5 Petroleum hydrocarbons

These were aromatic hydrocarbons (by fluorescence) and petroleum

hydrocarbon utilizing bacteria in water and sediments (by culturing).
4.1.6 Faecal matter parameters

These were total coliforms; faecal coliforms and total heterotrophic plate

count (all by membrane filtration and plate culturing).

4.1.7 Other physico-chemical parameters

These were salinity profile (by measurement of conductance on an SCT
meter); dissolved oxygen profile (by polarographic membrane DO meter) and
biochemical oxygen demand, 5 day (by dilution and dissolved oxygen
reduction measurements).

4.2 Sediment/Turbidity Study

The parameters measured were as in the general water quality programme

under Sections 4.1.1 and 4.1.2.
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