Macleay River Estuary Processes Study

5.3.1. Methodology

The budget modelling assumes steady state conditions; therefore the sum of inputs, outputs and
storage of each element (C,N,P) within the defined system should equal zero+ error. The model
includes four major inputs for carbon, nitrogen and phosphorus:

o diffuse (Macleay River),
. urban runoff,

. sewage effluent, and

o atmospheric deposition.

A fifth input, primary production, was considered for carbon, and nitrogen fixation was also
considered for nitrogen. Outputs of carbon, nitrogen and phosphorus include burial, fisheries
harvest, and export to the ocean. A nitrogen loss through denitrification and a carbon loss
through CO,, exchange with the atmosphere were also considered.

Spatial and Temporal Boundaries

The nutrient budget included the main arm of the estuary between the mouth and Kempsey and
the Macleay Arm. The nutrient budget was developed for the one year (September 2006 to
August 2007). Some data were measured during a single season. Where possible these have
been extrapolated for an entire year by considering seasonal patterns found by other similar
studies in Australia (e.g. N-fixation). Where data have been collected or estimated for a number
of hydrological regimes (i.e. flood, average, dry), average year fluxes were adopted for the
budget construction.

Nutrient speciation, Units of Mass, Significant Figures and Errors

Due to the lack of information of the different nutrient species for some of the pathways only
total nitrogen, total phosphorus and total carbon were considered. Mass (tonnes = 10 °kg) was
used throughout all calculations. All terms were rounded to 0.1 tonne (100 kg), even though the
accuracy this suggests is much greater than can be justified by the methods used. This was to
avoid progressive accumulation of rounding errors and to avoid loss of some of the smaller
fluxes, which were less than the rounding errors of the larger fluxes. Instead of a detailed
quantitative error analysis, which is not particularly useful for this type of budgeting procedure,
we applied a sensitivity analysis, to evaluate errors associated with the budget. The sensitivity
analysis involved adjusting (e.g. halving, doubling) each of the terms in the budget (e.g. overall
burial rates, denitrification rates in each individual benthic habitat) to determine if the overall
conclusions derived from the budgets changed.

Diffuse Source Loading

Diffuse loadings to the estuary were calculated by integrating the product of flow-weighted
concentrations and daily flows (Turners Flat Gauging Station). The sample collection station
samples freshwater flows from about 93% of the total catchment and therefore should be
representative of diffuse loads from the catchment as a whole. The hydrograph response of
floods in such a large catchment typically spans several days, and as such, daily sampling
during floods with samples collected on rising and falling stages is considered sufficient to
characterise loads.
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Sewage Effluent Loads

Monthly Sewage Treatment Plant (STP) loads for the West Kempsey Wastewater Treatment
Plant were provided by Kempsey Shire Council. Monthly nutrient loadings for the Frederickton,
Gladstone and South Kempsey wastewater treatment plants were calculated by correcting the
West Kempsey loads for the respective size of the plant. For the purpose of this study nutrient
loading to the Macleay Estuary from the South Kempsey STP was considered as a point-source,
although by definition, it should be treated as a diffuse source having been transported to the
estuary via Gills Creek. It is assumed that little assimilation occurs in the creek between the
STP discharge point and the Macleay Estuary due to the short distance.

Urban Runoff Loads
The monthly nutrient loading from urban runoff was calculated using the formula (Eyre, 1997):

Aua*R*X*Cyr
where:  Aya = the urban area (Kempsey, 10.3 km?2; Frederickton, 1.1 km?2;
Gladstone 0.6 km 2; Smithtown 0.9 km2);
R = the 2006/2007 rainfall (Lawrence; 058033);
X = an average runoff coefficient for urban areas of similar density, 0.4
(Singh, 1992);
Cur = an average nutrient concentration (TN: 1.4 mg 1-1; TP: 0.4 mg I'7;

NO3: 0.5 mg I"1; NH4: 0.6 mg I-1) adapted from urban runoff studies in

Lismore, Mullumbimby and the lower Tweed Estuary (PWD, 1991;
Kerr and Eyre, 1995; Malcolmson, 1998).

The use of urban runoff concentrations for Lismore, Mullumbimby and the lower Tweed Estuary
was considered appropriate, because Lismore, Mullumbimby and the lower Tweed Estuary are
regional urban centres with similar rainfall patterns, total impervious surfaces, and traffic and
populations densities to Kempsey, Frederickton and Gladstone.

Atmospheric Loads

Atmospheric deposition loads were estimated using rainfall concentration data for coastal
northern NSW 300 km north of the study area (McKee and Eyre, 2001), mean annual rainfall for
the study area and the total surface area of the study area. The northern NSW rainfall
concentration data were from coastal sites and therefore represent similar conditions to the
study area (i.e. clean air sourced from the Pacific Ocean). No dry fall data was available. As
such, the wet fall loads were multiplied by 1.2 which is the ratio of total nitrogen deposition (wet
+ dry) to wet nitrogen deposition for the South Pacific Ocean (Paerl, 1995); the same ratio was
assumed to apply for phosphorus.
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Carbon Production

Pelagic productivity was estimated using average chlorophyll-a concentrations collected monthly
over the 12 month period and a chlorophyll-a biomass / productivity relationship developed in
the sub-tropical Brunswick Estuary (Gay, 2002). Benthic habitats were mapped from aerial
photographs and previous NSW Fisheries seagrass mapping (Figure 43). Benthic productivity
for each habitat in the study area was estimated by multiplying the average measured
productivities for each similar habitat in the Hastings Estuary (Maher et al., 2007) by its surface
area. Mangrove productivity was estimated by multiplying the mangrove biomass in the study
area by mangrove biomass/ productivity ratios measured in Moreton Bay (Dennison and Abal,
1999). Benthic productivity of the macrophyte beds in the upper estuary was estimated from the
excess oxygen measured in the water column.

Nutrient Burial

Carbon burial was estimated for the whole study using average burial rates for mangrove and
seagrass communities, and non-vegetated estuarine sediments (Duarte et al. 2005) and their
aerial extent. Nitrogen and phosphorus burial was estimated by applying the measured
sediment C:N and C:P ratios to the carbon burial.

Pelagic and Benthic Respiration (Carbon Loss)

Pelagic respiration was estimated by assuming a 2:1 ratio of diatoms to dinoflagellates and
applying respirations rates for diatoms (16%) and dinoflagellates (35%) in Moreton Bay (Eyre
and McKee, 2002) to the phytoplankton productivity. Benthic respiration was estimated for each

habitat in the study by multiplying the average of measured benthic respiration rates (i.e CO »

flux) in each similar habitat in southern Moreton Bay (Eyre et al., in prep) by its area. It was
assumed that 78% of the mangrove production was lost through plant and heterotrophic
respiration (Alongi, 1998).

Denitrification, N-fixation and net N, loss

Nitrogen inputs via N-fixation, and nitrogen losses via denitrification, were estimated by
multiplying the average of the measured N-fixation and denitrification rates in southern Moreton
Bay (Eyre et al., in prep) by the area of each habitat.

Fisheries Harvest

The commercial catch of fish was obtained from NSW Fisheries records. The harvest of fish by
recreational fishers was estimated to equal the commercial catch. Dry weight was assumed to
be 20% of the wet catch and the carbon, nitrogen and phosphorus content of the dry catch to be
50%, 15% and 0.62% respectively (Eyre and McKee, 2002).

Ocean Exchange

When all the nutrient inputs and outputs were added the ocean exchange of phosphorus and
nitrogen was calculated by difference; +ve = an export an -ve = an input. This term also
includes the sum of the errors associated with the other components of the budget.
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FIGURE 43
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5.3.2. Key Outcomes

Annual physical inputs of nitrogen and phosphorus to the Macleay Estuary were dominated by
diffuse runoff (Table 31 and Table 32). However, during the dry months wastewater nitrogen
loads can equal diffuse nitrogen loads. Urban loads were the smallest inputs of nitrogen to the
Macleay Estuary and atmospheric loads were the smallest input of phosphorus (Table 33).
Ocean inputs of phosphorus to the Macleay Estuary were larger than the urban load,
atmospheric load and wastewater load. An input of phosphorus from the ocean is consistent
with the mixing plots that show increasing concentrations towards the ocean. N-fixation was the
largest input of nitrogen to the Macleay Estuary (426 t) with most of the N-fixation occurring in
the subtidal shoals (shown in Figure 43) reflecting the large surface area. However, some
caution needs to be applied to these values as they are extrapolated from Moreton Bay and N-
fixation rates may not be as high in the Macleay Estuary (discussed in Section 5.2).

Primary production by the macrophyte beds, mangroves, seagrasses, phytoplankton and
benthic microalgae contributed 20,787 tonnes of carbon to the Macleay Estuary. Benthic micro
algae (BMA) were the largest source of carbon to the study area (7,792 t) and seagrass was the
second largest source (4,888 t). Part of the seagrass productivity measurements include
production by BMA and epiphytes that were contained within the field chambers, further
highlighting the importance of BMA as a carbon source in the Macleay Estuary. Studies that
have measured seagrass, BMA and epiphyte production within a seagrass community have
found that the seagrasses alone have only contributed about 10% of the total community
production (Moncreiff and Sullivan, 2001).

Nitrogen outputs were dominated by denitrification and burial, whereas phosphorus outputs
were predominantly by burial. Most of the denitrification occurred in the subtidal shoals (461 t)

and seagrass beds (85 t). Carbon loss from the Macleay Estuary was dominanted by
atmospheric exchange of dissolved inorganic carbon (CO ») associated with benthic and pelagic
respiration, and by ocean exchange. Benthic respiration was about 19 times higher than pelagic

respiration, reflecting the shallow water column in the Macleay Estuary. Burial was the next
largest loss of carbon, and fisheries harvest only accounted for a small amount of carbon loss.

The budgets were most sensitive to burial rates. However, if the rates were halved or doubled

the same conclusions would be reached.

5.3.3. Management Implications of the Budgets

Importance of Benthic Production

The C, N and P budgets highlighted the importance of benthic production as a carbon source for
the Macleay Estuary. It is this carbon supply that supports higher order consumers such as fish.
As such, it is critical that management actions are directed towards maintaining benthic
production. The most important factor is to minimise light attenuation in the water column as this
allows light to reach the bottom and maintain benthic production. To minimise light attenuation
both TSS and chlorophyll-a concentrations must not be allowed to increase. Chlorophyll-a
concentrations can be reduced by decreasing nutrient loads to the estuary.
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Importance of Denitrification

Denitrification was the largest output of nitrogen from the Macleay Estuary. As such, it is critical
that management actions are directed towards maintaining benthic denitrification. The most
important factor to maintain is low pelagic carbon loading rates (algal production). Increased
organic loading from phyto-detritus leads to an increase in benthic carbon decomposition and
oxygen consumption with more nitrogen recycled to the water column as ammonium and less
nitrogen lost to the atmosphere via coupled nitrification-denitrification (Eyre and Ferguson, in
press).
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Macleay River Estuary Processes Study

Table 33 Carbon, Nitrogen and Phosphorus Budgets for the Macleay Estuary for the
period September 2006 to August 2007

| Carbon (1) | Nitrogen (t) [ Phosphorus (t)
INPUTS
Wastewater 82.5 20.6 0.2
Diffuse 33471 298.8 21.0
Urban 97.3 8.7 25
Amosphere 28.6 9.3 0.5
N-fixation 426.2
Pelagic Production 4033.2
BMA Production 7792.3
Mangrove Production 3250.7
Seagrass 4887.9
Macrophytes 822.4
Net Ocean Exchange 2.6
OUTPUTS
Pelagic Respiration 891.7
Benthic Respiration 16690.6
Mangrove Respiration 2535.6
Denitrification 605.5
Burial 903.1 106.2 26.6
Fisheries 3.9 1.2 0.0
Net Ocean Exchange 24122 30.1

5.4. Heavy Metal Contamination

Trace metal contamination of river systems can occur from a range of sources, as a result of
both natural and anthropogenic processes. For example, natural erosion from mineralized rocks
that occurs over geologic time can result in elevated concentrations of metals in floodplain
sediments. Mining activities can enhance the exposure of naturally mineralised areas and
processing operations can contribute to increased metal loads. In addition, land use activities
that enhance erosion can contribute to sediment associated contaminant loading on the
floodplain. Urban and industrial effluent can also be a contributing source of metals. The
following section provides a summary of the impacts of historic mining practices on water and
sediment quality and the bioavailability of two trace elements, antimony and arsenic that have
been found in elevated concentrations within the Macleay estuary.
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5.4.1. Impacts of Historic Mining Practices on Water and Sediment Quality

The Macleay catchment has naturally mineralised areas that have resulted in approximately 534
recorded mineral deposits, some of which have been actively mined. Mineral deposits in the
Macleay catchment have been reported to contain metals including abundant gold, copper, lead,
zinc, silver, arsenic, antimony, tin and molybdenum. However, prolific mineral deposits mainly
consist of gold, antimony and arsenic (Gilligan et al., 1992).

As detailed in Ashley et al. (2007) and Ashley and Graham (2001), historic mining practices in
the upper Macleay catchment have resulted in significant arsenic (As) and antimony (Sb)
contamination of soil and in-stream sediments extending considerable distances downstream.
The major mineralised areas include Hillgrove, Halls Peak, Rockvale, Enmore-Melrose and
Mungay Creek. The Hillgrove mineral field is the largest of these, and historic waste disposal
practices have caused a dispersion train of contaminated material for over 300km in length.

Major production in the Hillgrove region has come from 14 mines, with all but one being
underground. Large volumes (estimated at approximately 7Mt) of mine waste and mill tailings
have been produced over the long mining history. Due to historic (pre 1970) waste-disposal
practices, the majority of this material has been transported from mine dumps and mining
derived scree down the Bakers Creek-trunk Macleay River system by fluvial transportation.
Modern (post 1980) mill tailings (~1Mt) are stored in a dam, but much of the area surrounding
the mill and tailing dam has strong contamination of soil with Sb and As. Whilst only low levels
of seepage occurs from several mine openings and the tailing dam, it contains high
concentrations of Sb, As and sulfate. No acid mine drainage occurs at Hillgrove due to the
presence of hydrothermal carbonate in the ore and host-rock that buffers acid production from
the oxidative breakdown of sulfides. However, acid mine drainage does occur at Halls Peak and
Rockvale.

Sediments with high Sb and anomalous As values are widely spread across the floodplain and
estuary and extend to depths of up to 400 mm on levees. At depths of 1 - 2 m values of Sb and
As are similar to the regional catchment background values.

The system is contaminated by Sb and As from Hillgrove to the Pacific Ocean, a distance of
over 300 km. This is evident in levels of Sb and As in stream sediments, stream water, riparian
vegetation and aquatic algae. There is an uptake of metalloids into pasture species on the
Macleay floodplain. Stream sediment quality has been compromised throughout.

The typical annual discharge of the Macleay River is approximately 2,000 Mn? (Hydrodynamic
Section — 3.8), therefore, based on average dissolved Sb and As contents in water of the lower
Macleay River ~1t of Sb and 2t of As could be delivered in solution each year to the Pacific
Ocean. Although a proportion of the dissolved and suspended load of Sb and As would be
derived from weathering and erosion of background rocks in the Macleay catchment, it is likely
that at least 80 - 90% of Sb and ~50% of As are from contaminant point sources based on
stream sediment and water compositions.
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Since the dominant sources of Sb and As remain in the Bakers Creek-trunk Macleay River
system, flux of metalloids will continue for the foreseeable future, with time frames of at least
hundreds to thousands of years, judging by the amounts of Sb and As bound in stream
sediments and the residence time of sediments in stream systems. |t is predicted that the
fluvial, deltaic and estuarine sediments of the Macleay will preserve a stratigraphic horizon with
anomalous Sb and As contents into the geologic future.

5.5. Bioavailability of Arsenic and Antimony in Sediments

Trace metals do not degrade in the environment over time and can be stored, remobilised and
cycle through various compartments of the environment. Arsenic is toxic to both animals and
plants and the level of toxicity depends on the species and solubility (Ng, 2005). The inorganic
forms of arsenic are proven carcinogens in humans and chronic exposure can lead to cancer of
the skin, lung, and bladder as well as vascular diseases and an increased risk of diabetes
mellitus (IPCS, 2001). Depending on the source, arsenic can be taken into the body from
drinking water, air and food.

Sediments of the Macleay floodplain are elevated in some metals including both arsenic and
antimony, and the risk to human health depends on the land use associated with the
contaminated floodplain area and subsequent exposure pathways. The presence of acid sulfate
soils can influence the mobility and toxicity of trace elements.

5.5.1. Introduction

Trace element contamination was not historically recognized as an environmental stressor in the
Macleay River and receives only very limited acknowledgement in reports from the 1960s,
1970s and 1980s. Stream health indicators included riparian vegetation, bank condition,
terrestrial vegetation cover, the presence of structures, extent of Acid Sulfate Soil (ASS) risk,
and water quality, but did not consider the potential impacts of trace elements (e.g. SPCC, 1987;
NSW DLWC, 1999).

Historical development and management of flood prone land in some cases is likely to have
increased the distribution and mobilisation of trace elements. For example, some reports
recommended the use of pasture fields to provide storage for flood waters (Lee, 1968), which
potentially enhanced the deposition rates of upstream sediment (and hence trace elements)
onto the floodplain during flood events. Others recommended the drainage of farm land (anon,
1968) and a general lack of understanding of ASS resulted in exposure of ASS in floodplain
areas (NSW Agriculture & Fisheries, 1989).

Although the working party report “Review of Land and Water Management Impacts on
Fisheries and Agriculture Resources in the Lower Macleay” (NSW Agriculture & Fisheries, 1989)
identified ASS as a serious concern for the lower Macleay River, only aluminium and iron were
considered contaminants of potential concern. The possible impact of the mobilization and
toxicity of other trace elements during acid water events was not considered. More recent
floodplain studies have focused on the active management of floodgates to alleviate the impact
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of ASS (e.g. NSW Fisheries 2002).

5.5.2. Arsenic and Antimony Contamination in the Catchment

Previous environmental geochemical work in the Macleay River catchment has included stream
sediment surveys, such as Muller (1994), Lottermoser et al. (1997), Lottermoser (1998), Weir
(1998), Ashley and Lottermoser (1999), Doherty (1999) and Hogan (1999). However, these
surveys are generally unpublished, only cover a small area of the Macleay River catchment and
exhibit highly irregular data coverage (Ashley and Graham, 2001). Other studies have been
conducted since the 1960s as part of mineral exploration work although quality control was
limited and metal suites were variable (Ashley and Graham, 2001).

Relatively recent studies have identified that some elements (metals and metalloids) are
elevated in concentration in sediments of a few sub catchments of the Macleay River (Ashley
and Graham, 2001; Ashley et al., 2007). In the study by Ashley and Graham (2001) over 500
stream sediments and 70 water samples were collected. Sediment samples were sieved
(<180um) and analysed for copper, lead, zinc, cadmium, arsenic, antimony, iron and
manganese, while water samples were filtered to determine dissolved forms of the above
metals.

Ashley and Graham (2001) showed that urban areas and major traffic routes had only limited or
local effects on the metal loading (lead, zinc, antimony and to a lesser extent copper and
arsenic) in the catchment. Many mineral deposits within the catchment are small and metal
dispersal was not detectable within the scale of sampling. However, there are some mineral
fields that have caused contamination in long stretches of stream sediments, as discussed in
Section 5.4 (Ashley and Graham, 2001). Background values of antimony and arsenic in stream
sediments in the Macleay catchment are ~50% higher than the median values in the adjacent
Clarence River (Cohen et al., 1995 in Ashley et al., 2007) because large volumes of mine waste
and mill tailings have been produced in the catchment.

5.5.3. Floodplain loading of arsenic and antimony

Ashley’s et al. (2007) study on the loadings of antimony and arsenic in the Macleay River
catchment focused on the sources, mobilization, deposition and consequences of fluvial
dispersion. In the study some areas within 50km of the Macleay River mouth were found to be
elevated in both arsenic and antimony. Ashley and Graham (2001) also completed a detailed
study of metal loading in the Macleay River catchment and found that there has been extensive
dispersion of antimony and to a lesser extent arsenic. The dispersion spreads across the
floodplain and estuary region, more specifically on the southern side of the river downstream
from Kempsey (Ashley and Graham, 2001).

Floodplain alluvial (levee) sediments contained between 0.1mg/kg and 35.1mg/kg antimony
(1ISQG -LOW 2mg/kg —HIGH 25mg/kg) and 1.8mg/kg to 26.8mg/kg arsenic (ISQG -LOW
20mg/kg —HIGH 70mg/kg) and backswamp sediments generally had higher concentrations of
both arsenic and antimony (Ashley et al., 2007). Actual floodplain sediment cores indicated only
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surface contamination of antimony and below about 60cm antimony was around background
concentrations.  Arsenic concentrations at depth were similar to surface sediments (e.g.
6-12 mg/Kg) (Tighe et al., 2005a; Ashley and Graham, 2001; Ashley et al., 2007) and even
sediments deposited on the floodplain 2 weeks after a flood event had a comparable average of
9.3 mg/Kg antimony and 8.7 mg/Kg arsenic (Ashley et al., 2007). At depths of 1-2 m values of
antimony and arsenic were similar to regional catchment values (Ashley and Graham, 2001).

In Ashley and Graham’s (2001) study 20 cores of depths up to 3.5 meters were collected from
the Macleay floodplain. Trace metal concentrations as well as acid sulfate soil profiles and
sedimentology were determined in these cores. These sediment cores do not provide strong
evidence of metal mobility mediated by ASS processes. This can probably be accounted for by
the behaviour of some metals such as antimony under various pH conditions. Recent studies
based on Macleay River floodplain soils investigated the sorption behaviour of antimony (V) and
it was found that antimony has a bonding affinity to humic acid and iron hydroxides that
corresponds to pH change (Tighe et al. 2005b). Generally there is a decreased sorption with
increased pH, and pH values of around 3.5 (point of zero charge -PZC) have the greatest
sorption capacity for antimony (v) (Tighe et al., 2005b). Desorption of antimony (V) from humic
acid occurred at pH values of around 6.0-6.5.

The concentration of antimony (V), other co-occurring elements such as iron and aluminium,
and clays will influence the sorption capacity due to competition between these ions. Tighe et
al., (2005b) concluded that the retention of antimony (V) in floodplain soils would be maximized
at pH values around 3.0-4.6 depending on the specific soil. Ashley and Graham (2001) noted
that only under strongly acidic conditions (expected pH <3.0) would the anomalous antimony
and arsenic in floodplain sediments potentially be liberated and become bioavailable.

5.5.4. Bioavailability Studies on Arsenic and Antimony

Bioavailability data on arsenic and antimony are limited, and a realistic health risk assessment of
arsenic from mine tailings in Australia cannot currently be made (e.g. Ng, 2005). Several
studies have investigated the uptake of antimony and/or arsenic in vegetation and animals
under controlled experimental conditions or in natural conditions (Ng, 2005; Tighe et al., 2005a;
Ashley and Graham, 2001; Ashley et al., 2007).

An investigation of arsenic uptake in cattle that were fed an arsenic enriched diet and cattle that
grazed on arsenic contaminated rehabilitated tailing for 6.5-8 months has been made in Ng
(2005). Analyses of the blood, muscle, liver, kidney and other saleable tissue were made and
showed relatively low bioaccumulation of arsenic, suggesting that rehabilitated mine tailing sites
may be suitable for stock grazing. The low bioaccumulation of arsenic recorded by Ng (2005)
may be due to a variety of factors including the solubility and binding capacity of arsenic
associated with the environmental conditions at the study location and these were not defined in
the study. Ng (2005) suggests that further studies are required to assist regulatory agencies to
develop guideline values and policy in relation to mine closure.
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In the Macleay area over 30, 000ha or 90% of the floodplain is enriched in arsenic and antimony
(Tighe et al., 2005b). Tighe et al., (2005b) showed that there has been uptake of arsenic and
antimony in pasture species (Cynodon and Paspalum) growing on the Macleay River floodplain
(see also Tighe 2005). Grasses growing on floodplain soils with arsenic and antimony
concentrations of 21mg/Kg and 18mg/Kg respectively were up to one to two orders of
magnitude higher than background values in plants. In some cases antimony in pasture species
were similar in both moderately contaminated soils on the floodplain and highly contaminated
soil in the catchment inferring higher relative availability of antimony under floodplain conditions
(Tighe et al., 2005b).

Water, sediment, riparian vegetation and aquatic algae were assessed for antimony and arsenic
loading in Ashley et al., (2007) in order to gain an understanding of environmental cycling of
these elements. Plant species (Persicaria and Lomandra) rooted in contaminated sediments in
the Hillgrove area (contaminated area) showed a notable uptake of antimony but a modest
uptake of arsenic (Ashley et al., 2007). Plants (Lomandra and Cynodon) were enriched in
arsenic only in the immediate area around Hillgrove. Uptake by algae mimicked the relative
amounts of arsenic and antimony in stream water and enrichment continued at least 20km
downstream of the Hillgrove site (Ashley et al., 2007).

Oysters from the Macleay River have also been tested for a range of trace elements including
arsenic (Ashley and Graham, 2001). Although the sample size was limited to four samples
(Wild oyster -derseyville, South West Rocks Creek, the Macleay River entrance; Commercial
oyster—Andersons Inlet lower Clybucca Creek) some interesting results were found. Arsenic as
well as copper and zinc were very strongly partitioned into the tissues compared to the shell.
The commercial oyster contained lower concentrations of these elements than the wild oyster
and there was no evidence of antimony uptake by any oysters sampled. Arsenic concentrations
in oysters collected from the Macleay River entrance (1.15 mg/kg) and South West Rocks Creek
(1.0 mg/kg) were slightly higher than the Australian and New Zealand Food Authority Standard
of 1.0mg/kg (Ashley and Graham, 2001)

Ashley et al., (2007) noted that research is required on:
¢ residence time and the physical and chemical behaviour of contaminated sediments
¢ leaching and bioavailability of metalloids from sediments and biomagnifications of
cycling of metalloids through aquatic organisms
¢ mobility of metalloids in the floodplain environment and their transfer into crop pastures
and grazing animals

5.5.5. Arsenic and Antimony Toxicity

The toxicity of inorganic compounds is often dependant on their speciation. Both antimony and
arsenic are in the same group of the periodic table and hence have similar chemical properties.
As with arsenic, antimony can be in the trivalent (3+) or pentavalent (5+) oxidation state and
both these states can form complex negatively charged ions with oxygen (oxyanions) in the
environment. The 5+ oxidation state of both elements is most commonly found in the
environment. Although there is a general lack of knowledge of the environmental behaviour of
WMAwater
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antimony and it has only recently been recognized as a potential inorganic toxicant, (Tighe et al.,
2005b) some inferences could be made using available information on arsenic.

Arsenic is toxic to both animals and plants. The ANZECC and ARMCANZ (2000) guideline
trigger value for arsenic in livestock drinking water is 0.5 mg/L, while there is no trigger value for
antimony. The inorganic forms of arsenic are proven carcinogens in humans and chronic
exposure can lead to cancer of the skin, lung, and bladder as well as vascular diseases and an
increased risk of diabetes mellitus (IPCS, 2001). Depending on the source, arsenic can be
taken into the body from drinking water, air and food.

Arsenic toxicity is dependant on the solubility and ‘species’ of arsenic formed. Generally the
trivalent arsenic (arsenite) is more acutely toxic than the pentavalent (arsentate) form. In most
reducing conditions that are acid to mildly alkaline, the trivalent arsenite species (HAsQO;)
predominate (Ng, 2005). At moderate or high redox potential (Eh) arsenic is generally stabilised
as a series of pentavalent oxyanions. When humans ingest inorganic arsenic it is usually rapidly
converted to methylated metabolites (Adair et al. 2005). Although the methylation process is
generally understood, the metabolism of some arsenicals is not clear and research continues in
this field (Adair et al. 2005). There is some evidence that the pentavalent forms of arsenic can
be toxic over long time scales (Ng, 2005).

Further research is required to understand the toxicity of both arsenic and antimony in the
Australian estuarine environment.

5.5.6. Assessment of Bioavailability

Four sites sampled in duplicate were selected in the Macleay River Estuary to provide a
shapshot assessment of bioavailability of arsenic and antimony in sediments, as shown in
Figure 26 (page 69). Site descriptions are as follows:

. SC1 - downstream from Kempsey near Frederickton,

o SC2 - 100m upstream Belmore River near Gladstone,

o SC3 - depositional island Jerseyville near Pelican Island, and

. SC4 - Clybucca Creek and Andersons Inlet confluence (associated with large

backswamp wetland known to have elevated metalloid concentrations and abundant
sulphidic and organic material (Ashley and Graham, 2001)).

Methods

A portion of the top few centimetres of each core from each site was collected and frozen for
storage until analysis. Prior to analysis, samples were dried and ground. Total metal analyses
were completed for iron, aluminium, arsenic and antimony using aqua regia digestion and
subsequent analyses by ICP —MS at the EAL. As well, a bioavailable trace metal leach was
completed using a 1 hour 0.1M hydrochloric acid digest and samples were subsequently
analysed for arsenic and antimony by ICP —MS at the EAL. The leachable fraction (a measure
of bioavailability) is the portion of most environmental concern because it is available for
accumulation by benthic organisms, mobilization into the pore water and the water column, and
subsequent uptake by aquatic organisms. Total organic carbon and total sulphur were
WMAwater

26017:MacleayRiverEPS.doc:12 January 2009




Macleay River Estuary Processes Study

determined by Elementar Analyser at the EAL. Grain size was determined according to Lewis
and McConchie (1994).

Key Findings and Discussion

Total arsenic in all sediment samples collected were below the Australian Interim Sediment
Quality Guidelines 1ISQG —LOW guidelines of 20mg/Kg (Table 34). In contrast, antimony
concentrations in all sediment samples apart from SC4a and SC4b were higher than the I1ISQG -
LOW value of 2mg/Kg, however they were below the ISQG —HIGH value of 20mg/Kg (Table 34).
Grain size analyses showed that most sites were predominantly (>80%) fine to medium sand
(Table 35). The exceptions are site SC2a and SC2b, and site SC4b which have a greater
contribution of very fine sand and mud in the sediment. Site SC2b has 23.57% mud and this
was the highest amount of fine particles (<75um) found. Both total arsenic and total antimony
concentrations are more elevated at site SC2a and SC2b than at other sites. Site SC1a has a
higher loading of antimony, which does not seem to be linked to the relative quantity of finer
particles.

Table 34 Results of the Analyses of Four Duplicate Sediment Samples, from the Macleay
River Estuary, to Determine the Bioavailability of Arsenic and Antimony

SCila SC1b SC2a SC2b SC3a SC3b SC4a SC4b
Downstream 100m upstream Depositional island Cybucca Creek
from Kempsey Belmore River Jerseyville near and Andersons
near Fredrickson near Gladstone Pelican Island Inlet confluence
Total Phosphorus (mg/Kg) 540 356 664 390 368 349 77 84
Total Sulphur (%S) 0.096 0.052 0.496 0.374 0.046 0.051 0.136 0.092
Total Carbon (%C) 1.51 0.492 2.24 2.81 0.0991 0.0814 0.665 0.516
Total Arsenic (mg/Kg) 6.9 5.3 15.6 9.6 71 6.8 3.0 3.1
SRETEIIELS DATREE 20 13 1.8 28 14 19 0.7 0.8
(mg/Kg)
Total Antimony (mg/Kg) 9.2 5.2 7.4 8.2 2.8 21 0.7 0.6
EHoETEIIEL 2 AT Ei] 05 05 0.7 0.9 0.3 0.3 0.0 0.1
(mg/Kg)
Iron (%) 2.9 3.0 3.6 2.6 2.4 2.2 71 1.2
Aluminium (%) 1.5 1.4 3.0 1.5 1.0 0.9 0.4 0.9
WMAwater
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Macleay River Estuary Processes Study

A greater proportion of the total arsenic was leachable in the four sediments (11.5 - 29.2%),
compared with the proportion of leachable antimony (0-16.7%) in the sediment, as shown in
Diagram 11 and Diagram 12.
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Diagram 11. Total and bioavailable arsenic concentrations in Macleay Estuary sediments.
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Diagram 12. Total and bioavailable antimony concentrations in Macleay Estuary sediments.

It is interesting to note that site SC4a and SC4b were lower in both arsenic and antimony than
the other sites. Previous studies have shown that the Clybucca area is known to have elevated
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concentrations of both arsenic and antimony. Site SC2a and SC2b were elevated in both
arsenic and antimony compared to other sites. The relationship between total arsenic and
antimony in all samples was not strong (R ?=0.425) (Diagram 13) although the relationship
between the leachable components of these toxicants is stronger (R =0.765) (Diagram 14).
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Diagram 13. The relationship between total arsenic and total antimony using analyses from all
sediments testing in this study.
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Diagram 14. The relationship between bioavailable arsenic and total antimony using analyses
from all sediments testing in this study.

5.5.7. Bioavailability issues

The results of this assessment provide some understanding of bioavailability and it is clear that
both arsenic and antimony concentrations are elevated in estuarine sediments. Up to 29.2% of
the total arsenic is leachable (potentially bioavailable). Total arsenic concentrations, although
elevated, do not exceed the ISQG —LOW guidelines. Antimony concentrations in sediments
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consistently exceed the ISQG —LOW guidelines throughout the lower estuary (see also Ashley
and Graham, 2001), however less than 16% of the total is leachable. It should be noted that the
dilute hydrochloric acid leach provides an indication of bioavailability and more detailed studies
could provide more definitive information.

Oysters are recognized as very efficient bioaccumulators of trace metals (e.g. McConchie and
Lawrence 1991). Some preliminary investigations of arsenic and antimony accumulation in
oysters from the Macleay Estuary suggest that arsenic levels slightly exceed the Australian New
Zealand Food Authority (ANZFA) guidelines. The oyster industry is the most profitable
aquaculture industry in NSW and although there have been some severe impacts on the
industry from QX disease the Macleay River is an important and growing production area. It will
be important to ensure a viable oyster industry that is not threatened by trace element
contamination in the Macleay in the future.

Arsenic and antimony uptake by pasture plants growing on contaminated alluvial soils has been
measured (Ashley et al., 2007) and should be considered in future floodplain development and
remediation.

Studies on bioaccumulation and potential toxicity of arsenic and antimony are lacking for
estuarine environments in Australia. At pH values above 6.0-6.5 and below 3.0 arsenic and
antimony may be mobilized and taken up by organisms. Low pH water (e.g. <3.0), which may
be a result of heavy rainfall events after long periods of dry in areas of acid sulfate soils, can
influence metal speciation and result in higher concentrations of dissolved forms of metals which
are more toxic to organisms (see also Tighe et al, 2005b).

Previous studies have shown that flood events result in the deposition of additional
contaminated sediments from upstream onto the floodplain (Ashley et al., 2007) therefore the
issue of antimony and arsenic contamination on the floodplain will continue to manifest.

5.6. Acid Sulfate Soils

Acid sulfate soils are the result of the deposition of organic rich sediments in coastal
embayments during and after the last ice age, some 10 000 years ago. Bacteria in the presence
of sea water reduced the available plant sulfates to form iron sulphide or iron pyrite. When
these soils are drained due to either natural or artificial lowering of the water table, pyrite is
oxidised to sulphuric acid and an acid leachate is formed. This acid leachate can then take iron
and aluminium from the soil and when washed into the estuary can be very harmful to aquatic
life and vegetation. During dry periods, high concentrations of acidic leachate can accumulate
in streams and backswamps, which can become mobilised during flood events.

The Macleay River Estuary floodplain contains large areas considered likely to contain high risk
Acid Sulfate Soils (ASS), as shown Figure 44. Inspection of the floodplain reveals many coastal
drainage schemes, creek diversions and flood mitigation structures (floodgates), all of which
may be associated with the draw-down of groundwater levels, the subsequent exposure of
potential ASS, and the formation of actual ASS which have oxidised to form sulphuric acid.
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Local recordings of pH below 3.0 are not uncommon in some drains (it is considered that pH
below 4.0 is toxic, while pH below 6.5 will cause problems for aquatic species over long
periods). There are numerous signs of the presence of ASS in the Lower Macleay. These
include the presence of shunted vegetation and a total lack of pasture in some areas, deposits
of yellow jarosite near the surface, red or brown discolourisation of the water and corrosion of
concrete and steel structures. In many areas, acid affects have reduced the viability of the local
dairying, grazing and cropping activity.

The following sections provide details of some of the key risk areas in the Macleay estuary.

These areas have been highlighted in the Department of Environment and Climate Change’s

Acid Sulfate Soil Management Priority Areas in the Lower Macleay Floodplain and rehabilitation
programs in some of the areas have commenced.

5.6.1. Yarrahapinni

Yarrahapinni Broadwater is situated off Andersons Inlet, an arm of the Macleay estuary. Prior to
drainage, the area was a large estuarine wetland and a major contributor to the Macleay
commercial and recreational fishery.

Works undertaken by Kempsey Shire Council in the area include the construction of floodgates,
levees and the Yarrahapinni Drain itself (which refers to the engineered lower section of
Borirgalla Creek). These works converted the wetland from a strong tidal estuarine environment
to a freshwater wetland near the headworks, grading to a large area of low elevation grazing
land.

The soils of the wetland were sampled as part of the ASS Risk Monitoring Program. Oxidised
sediments were found to often be within 10 - 40 cm of the soil surface and the water table
occurring 50 - 90 cm below the surface, depending on the seasonal conditions. Soil pH was
found to be commonly below 3.5. The store of acidity is therefore close to the soil surface and
readily available for transport from the groundwater to the estuary. Many areas are scalded and
devoid of vegetation.

Soil and water acidification in the wetland can largely be attributed to artificial drainage which
has excluded saline water, lowered watertable levels and exposed pyrite to oxidation. The
installation of floodgates and deepening and straightening of Borirgalla Creek has increased the
drainage and discharge of acidified waters to Anderson Inlet.

The Yarrahapinni Wetland Rehabilitation Program has commenced, which aims to assist in
reducing the impacts of past drainage schemes and modifications. As part of the Program, the
Yarrahapinni floodgates have been retrofitted to allow controlled volumes of saline water to
intrude into the wetland.

5.6.2. Collombatti - Clybucca

The Collombatti - Clybucca wetlands consist of extensive backswamps in the northern part of
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the Macleay floodplain, centred on Collombatti Creek upstream of Clybucca. The land is
privately owned and the drainage system is managed by the Seven Oaks Drainage Union. The
wetlands have a long history of drainage, and are currently bisected by the Seven Oaks Drain, a
large main drain that links the wetlands to Clybucca Creek and the Macleay River. Tidal ingress
into the Seven Oaks Drain is prevented by the Clybucca floodgates. The control structure is a
series of 21 floodgates that control tidal flow and prevent saltwater intrusion, which would
otherwise extend 10 - 15 km upstream of the gates.

ASS in the wetlands are known to be extensive. It is generally accepted that artificial drainage
and flood mitigation have lowered average watertable levels, accelerating oxidation of pyrite and
resulting in soil and groundwater acidification. Oxidation in the large scalded area of Mayes
swamp occurs to a depth of 1 m beneath the surface, representing a huge store of acid, and the
wetlands include some of the worst affected areas in Australia. Soil pH is usually below 3.5
near the surface, to 6.5 - 8.0 in the deeper soil.

Runoff from these soils causes acidification of the Seven Oaks Drain and Clybucca Creek, with
fish kills being reported in Clybucca Creek for many years.

A number of ASS/backswamp remediation projects have been undertaken in this area to
address ASS and water quality land productivity issues.

5.6.3. Belmore Swamp

Belmore Swamp is a large expanse of backplain and backswamp centred on an area of
approximately 13 km east of Kempsey, in the south-eastern part of the Macleay floodplain. Prior
to flood mitigation and drainage, Belmore Swamp included approximately 1300 ha of seasonal
freshwater wetlands for about six months of the year. The Belmore Swamp is privately owned,
apart from a number of portions of Crown land, including leasehold land, in the central section of
the swamp. The area was previously managed in part by the former Gladstone Drainage Union.

The Belmore system has been part of a large-scale flood mitigation scheme consisting of
extensive structural works such as floodgates, artificial drainage channels and levees. The
Belmore River Control Gate is opened to allow floodwaters into the natural flood basin of
Belmore Swamp. The floodwaters released into the natural basin are then drained back into
Belmore River and Kinchela Creek via the system of artificial drainage channels and floodgates,
and through ocean outlets (ie. Killick Creek and Ryan’s Cut).

The engineered system of water management in Belmore has drastically altered the ecological
balance of the wetlands. Drainage of the wetlands has led to major changes in vegetation
species - water tolerant species have been replaced with couch, smartweed and pinrush. These
less water tolerant species die and decay very quickly during inundation and flooding.
Decomposition of the pastures causes deoxygenation of the water which then drains back into
the river, contributing to fish kills. Alteration of the water balance in the wetlands has also
caused the accelerated oxidation of pyritic sediments to ASS.
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Topsoil pH ranges from 4.5 - 6.0, whilst subsoils range from 4.5 - 7.0. Oxidation of the estuarine
sediments is widespread throughout the wetlands. Extremely acid grey clays with distinctive
jarositic mottling occur within 50 cm of the soil surface in many of the lowest areas. The water
table occurs at 50 - 80 cm.

Drainage of the wetlands of Belmore has played a large role in the accelerated oxidation of the
ASS, and the transport of acid and other oxidation products such as aluminium to the river.
Water quality monitoring to date indicates that acidity levels are often toxic to aquatic life.

A number of remediation projects are also being undertaken in this area to address the impacts
of ASS.

5.6.4. Frogmore

Frogmore is an area of backswamps centred on Frogmore Drain, 6 km north-east of Kempsey,
on the south-eastern side of the Macleay River. Frogmore is privately owned and managed.
Floodwaters are drained from the wetlands via Frogmore Drain, a relatively large and straight
drain which joins the Belmore River. Other major drains include Lancasters and Darkwater
Branch Drains. These deep main drains have cut into sulfidic layers. Numerous other smaller
drains remove surface waters to Frogmore drain. Drainage and tidal water intrusion is
controlled by a large set of floodgates at the river.

ASS materials occur generally within 60 cm of the soil surface. pH levels of the soil have been
measured at around 3.7. Artificial drainage of these soils appears to be having a significant
impact on the water quality in the drains and ultimately the river. The acidity within the
Frogmore drain is often toxic to aquatic life.

Floodgates have been actively managed by landholders since 2002, to improve water quality
and aquatic habitat within the drainage network.

5.6.5. Kinchela Swamps

Kinchela is a large backswamp area centred on Kinchela Creek and Swan Pool, to the east of
the Belmore River, approximately 16 km east-north-east of Kempsey, adjacent to the coastal
sand masses of Hat Head National Park. Kinchela Swamp is mostly privately owned, although
small sections in the Upper Kinchela Creek area are part of the Hat Head National Park.

Kinchella Creek is part of the Macleay flood mitigation system consisting of extensive structural
works such as floodgates, artificial drainage channels and levees. The Kinchela Creek Right
Bank and Left Bank Control Gates are opened to allow floodwaters into the natural flood
storage basins of Kinchela Swamp. The floodwaters released into the natural basin are then
drained back into Kinchela Creek and Korogoro Creek via the system of artificial drainage
channels and floodgates. As with Belmore, the engineering drainage and flood mitigation works
have drastically altered vegetation species in the Kinchela wetlands.

WMAwater
26017:MacleayRiverEPS.doc:12 January 2009

101



Macleay River Estuary Processes Study

pH ranges have been recorded from 5.5 - 6.0 in both topsoil and subsoil, although it is likely that
materials with lower pH also occur. Oxidation of the estuarine sediments is widespread
throughout the wetlands. Extremely acid grey clays with distinctive jarositic mottling occur within
50 cm of the soil surface in many of the lowest areas.

Drainage of the wetlands of Kinchela has played a large role in the accelerated oxidation of the
ASS and the transport of acid and other oxidation products, such as aluminium, to the river.
Kinchela Creek regularly experiences fish kills. Water entering the creek from the drains has
often been toxic to aquatic life with very high levels of acidity, iron and aluminium. Drainage
water is periodically deoxygenated because of the inundation of pastures by floodwater.

5.6.6. Raffertys

Raffertys is a wetland approximately 20 km north-east of Kempsey. The wetland is located in a
depression separating the Macleay River levee and the coastal sand dunes between Hat Head
and South West Rocks. The wetland is privately owned and managed. Drainage of the
Raffertys area consists of Raffertys Drain, the main drain bisecting the area, smaller feeder
drains and a larger set of floodgates near the river.

Oxidation of estuarine sediments has occurred in the area, although the lateral and vertical
extent of oxidation is not known. In some of the lowest areas the acid sulfate soil layer is
extremely close to the ground surface and during dry periods, small acid scalds have been
observed. It may be that drainage of the area has caused irreversible soil shrinkage, lowering
the ground surface. The acidic water and milky green flocs (normally associated with aluminium
rich water) from Raffertys drain have been observed to discharge into the river on many
occasions.
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This particular area has not been the focus of attention for ASS in the lower Macleay. No long
term water quality monitoring has been carried out of discharges from the Raffertys area.
However, 3km of the original 3.8km of deep drainage system has been decommissioned and
replaced with a wide and shallow dish drain.

5.7. Summary and Synthesis — Key Biogeochemical Processes that
Control and Maintain the Ecological Health of the Macleay Estuary

Physical, biogeochemical and ecological processes in the Macleay Estuary can be
conceptualised in terms of three broad stages (Eyre and Twigg, 1997; Eyre 2000; Eyre and
Ferguson, 2006), each driven by freshwater discharge. These are discussed below.

Stage 1 (flood)

During large floods (e.g. May 1996) the Macleay Estuary, like other east Australian subtropical
estuaries (Eyre, 2000), flushes fresh to the mouth. When floodwater pushes the salt intrusion
through the mouth, estuarine processes are by-passed and freshwater, sediment and nutrients
are discharged directly onto the continental shelf. If the flood is sufficiently large the estuarine
basin may remain fresh at the mouth for a number of days and significant scouring of the
estuary channel can occur. For example, during a 1 in 5 year return period flood the Richmond
River estuary flushed fresh to the mouth for about 10 days and more sediment was delivered to
the shelf than was imported from the catchment (i.e. scouring of the estuarine basin). In
contrast, even if just a small part of the salinity gradient remains within the mouth of the
estuarine basin there may be significant deposition and processing of material within the
estuary. This was illustrated in the sub-tropical Brisbane River estuary during a 1 in 20 year
return period flood in May 1996, where the flushing time decreased to only 0.3 days, but the
flood failed to push the salt intrusion through the mouth and 22% of the flood-borne sediment
was deposited within the estuarine basin (Eyre et al., 1998).

Large floods will also inundate the floodplain where floodwaters will be de-oxygenated via the
decomposition of organic matter and disturbance of sulphides in agricultural drains (Eyre et al.,
2006), and sediments contaminated with antimony and arsenic will be deposited (Ashley et al.,
2007). Floods also impact on the higher order ecology of the estuarine system. Positive impacts
include an increase in nutrient supply, restoration of water levels in floodplains and the creation
of habitat diversity. Negative impacts include nest disturbance, temporary loss of habitat, and
loss of food supply (i.e. fish kills) due to poor water quality (i.e. low pH, low dissolved oxygen).
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Diagram 15. Conceptual model of key physical, biogeochemical and ecological processes in the
Macleay Estuary during flood.

Stage 2 (post-flood recovery)

As the Macleay Estuary recovers following floods it progresses from a highly stratified salt

wedge estuary, through a partially mixed system with a well developed two layered circulation,

to a vertically homogeneous system. Immediately following floods some of the sediment from

the sediment-laden upper layer probably settles through the halocline at slack water where it

would be caught in the lower layer, transported landward, and deposited near the salt /
freshwater interface (Eyre 2000). Dissolved oxygen concentrations in the water column are

reduced due to the breakdown of organic material (including NH , production by ammonification)
mobilised by the floodwaters, and the discharge of de-oxygenated floodwaters from agricultural

areas were oxygen is consumed via organic matter decomposition and oxidation of iron

monosulphides (Eyre et al., 2006). Maximum algal biomass can occur during this stage due to

elevated nutrients associated with diffuse runoff, increasing flushing times and improving light

conditions. Post-flood, nitrate freshwater endmember concentrations in the estuary, and river

nitrate concentrations at Turners Flat have both increased slightly over the last 10 years.

WMAwater
26017:MacleayRiverEPS.doc:12 January 2009 104



Macleay River Estuary Processes Study

Diagram 16. Conceptual model of key physical, biogeochemical and ecological processes in the
Macleay Estuary during post flood periods.

Stage 3 (dry season)

During the dry season the Macleay Estuary is a vertically homogenous system due to low
freshwater discharge. Wastewater can contribute up to 44% of the monthly total nitrogen input,
but only up to 8% of the monthly phosphorus input. Despite the largest wastewater loads being
discharged in the upper estuary/ tidal river (i.e. South and West Kempsey STPs) nutrient and
algal biomass concentrations are low due to uptake by the macrophyte beds in the reach
between Frederickton and Kempsey. Wastewater nutrient loads are most likely helping maintain
the growth of the macrophyte beds in the upper estuary/ tidal river, but these plants are in-turn
striping out the wastewater nutrients and making them unavailable to phytoplankton. It would be
expected that algal biomass would be higher in the upper estuary/ tidal river without nutrient
uptake by the macrophyte beds.

Maximum dry season algal biomass occurs adjacent to, and downstream from, the Gladstone
wastewater discharge suggesting the input of nutrients are stimulating phytoplankton growth.
The estuary can become nutrient limited as shown by nutrient concentrations that approach the
detection limit due to biological removal. As such, any additional nutrient inputs are likely to
result in an increase in algal biomass. However, there does not appear to have been any
significant changes in dry season nutrient or algal biomass concentrations in the main arm of the
Macleay Estuary over the last 10 years. Summer phytoplankton blooms adjacent to Grassy
Head and Stuarts Point were probably driven by an increased load of nutrients and poor flushing
in the upper Macleay Arm. Possible sources of nutrients includes discharge from septic tanks,
which is also consistent with the slight enrichment of "N in the seagrass adjacent to Grassy
Head, and/or released from the sediments during summer due to enhanced remineralization and
resuspension. Further investigation of the factors controlling summer phytoplankton blooms (e.g.
nutrient sources) in the Macleay Arm is recommended.

The carbon, nitrogen and phosphorus budgets highlighted the importance of benthic production
as a carbon source for the Macleay Estuary. It is this carbon supply that supports higher order
consumers such as fish. As such, it is critical that management actions are directed towards
maintaining benthic production. The most important factor to maintain is low light attenuation in
the water column as this allows light to reach the bottom and maintain benthic production. To
maintain low light attenuation both TSS and chlorophyll-a concentrations must not be allowed to
increase.

Denitrification was the largest output of nitrogen from the Macleay Estuary. As such, it is critical
that management actions are also directed towards maintaining benthic denitrification. The
most important factor to maintain is low pelagic carbon loading rates (algal production).
Increased organic loading from phyto-detritus leads to an increase in benthic carbon
decomposition and oxygen consumption with more nitrogen recycled to the water column as
ammonium and less nitrogen lost to the atmosphere via coupled nitrification-denitrification.
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Diagram 17. Conceptual model of key physical, biogeochemical and ecological processes in the
Macleay Estuary during post dry seasons.

WMAwater
26017:MacleayRiverEPS.doc:12 January 2009 106



Macleay River Estuary Processes Study

5.8. Water Quality Interaction

5.8.1. Catchment Drainage Characteristics

In order to understand water quality processes in the estuarine environment, it is necessary
to understand the path by which water is mobilised throughout the estuary and identify
catchment sources of water contaminants. A general description of the estuary and
catchment characteristics is presented in Chapter 2, with a review of the system
hydrodynamics in Chapter 3, so only a number of salient points for consideration of estuarine
water quality are presented here.

By far the greatest movement of water occurs as a result of tidal flows into and out of the
ocean entrance (see Section 3.4.4). It is the interaction of these saline marine waters with
fresh (and possibly partially contaminated) catchment runoff waters which determines
estuarine water quality. The catchment waters are sourced from three main topographical
drainage systems, each of which has different pollution source characteristics:

1. a coastal plains/swamp drainage system,
2. a coastal floodplain/mid valley drainage system,
3. an upper valley/catchment drainage system.

5.8.2. Process Interactions

Contaminants which enter the Macleay River estuary via the various drainage systems can
decay, be washed out to sea, deposited on the floodplain, incorporated into bed sediments,
or be taken up by plants or animals and enter the biological system. Contaminants which are
not incorporated into bed sediments can be remobilised under certain conditions and can be
taken into the biological system, lost to the estuary or again returned to the sediments.

Natural Decay

Marine waters are naturally slightly alkaline, a feature associated with the dissolved
carbonate. This low alkalinity helps to neutralise or buffer acid runoff. The mixing of acid
waters with marine waters is therefore an important control on leachate impacts. However,
the mixing can also cause the deposition of dissolved minerals, such as iron and aluminium,
and takes carbonate (used for making shells) from the water.

Oxygen levels are an important indication of the capacity of the waterway to sustain aquatic
animal life. Excessive amounts of organic material with a high biochemical oxygen demand
(BOD), such as can occur in sewage effluent, can reduce dissolved oxygen levels as a result
of bacteria oxidising the organic matter.

Nutrients, particularly nitrogen compounds (complex organic nitrogen proteins, acids and
urea which are found in sewage effluent), are oxidised to form ammonia nitrogen, which in
turn can then be oxidised to form nitrites and finally nitrates. The oxidation products are
more readily available for uptake by plants. Under anaerobic (non oxygen) conditions
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nitrogen compounds can be broken down to form free nitrogen.

Most human pathogenic organisms (again associated with sewage) die off when exposed to
estuarine conditions. Under most conditions bacteria such as faecal coliforms die off more
quickly in receiving waters than do enteric viruses and most parasites.

Tidal Exchange

The movement and exchange of water through the ocean entrance is a major component of
the estuarine water quality process. Pollutants which enter the waterway do not necessarily
reman in the estuary but can be exchanged for ocean waters by tides or flushed from the
system during floods.

Tidal exchange is highly dependent on both the level of tidal flows and on the mixing rates
between polluted catchment inflows and ocean waters. As discussed in Section 3.4.4, tidal
flows are largely determined by the relative ocean tide levels. The mixing of estuary waters
with ocean tide waters inside the estuary is a more complex problem which depends upon a
range of factors such as flow velocities, channel shape, bed conditions and wind generated
currents.

Fluvial flushing is mainly dependent on the volume of water entering the estuary from the
catchment during a particular flood/flushing event.

Sediment Transfers

Fine sediments are an important part of water quality processes because not only do they act
as pollutants themselves in the form of suspended solids, but they also act as a carrier for
other pollutants, particularly nutrients, heavy metals and chemicals such as pesticides. The
movement and deposition of fine sediments throughout the estuary is therefore of interest
when determining pollution export rates.

Biological Cycling

Nutrients in the estuary are often recycled. Nutrients taken up by plants can be returned to
the water as animal waste after being eaten and expelled by aquatic animals. Alternatively
the plants will eventually die and the nutrients released as the plant matter breaks down.

Nutrients attached to fine bed sediments can be released when conditions at the bed
become anoxic. These conditions usually develop in deep holes under stratified water layers
where the BOD is sufficient to lower the levels of dissolved oxygen. Nutrients released from
bed sediments become available for plant growth.

5.8.3. Impact of Climate Change on Water Quality

Changes in ocean levels as a result of climate change may reduce acid leachate levels by
reducing the exposure of acid sulfate soils to oxygen, but are unlikely to have a major impact
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on estuary water quality. Possible impacts include:

e Increasing temperature will change the solubility of different compounds in water eg will
decrease the solubility of oxygen, hence reduce dissolved oxygen concentrations which
will negatively impact upon aquatic fauna and may lead to more algal blooms,
eutrophication etc.

e Increasing ocean levels could change entrance characteristics, salinity profile and
flushing characteristics.

e Changing rainfall patterns could change flushing characteristics and hence nutrient
transport. More intense rainfall could lead to more runoff producing events and more
transport of sediment and contaminants into the estuary.
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6. ECOLOGICAL CHARACTERISTICS

This chapter provides a summary of significant terrestrial and aquatic fauna and their habitat
in the Macleay estuary. It also discusses how the ecology of the Macleay estuary is affected
by significant processes such as flooding, eutrophication and overfishing.  Additional
information relating to the habitat of terrestrial species can be found in The Macleay Estuary
Data Compilation Study — Flora and Fauna Habitat Study (ID Landscape Management,
2005).

6.1. Threatened Terrestrial Fauna and their Habitat on the Macleay
River Floodplain

The specific objectives of this section are to:

e |dentify any rare or endangered species or communities and areas of conservation
significance that may require special management attention, using the mapped fauna of
the river and its floodplain wetlands.

e Describe the role of flood events on the ecology of the river and its floodplain, identifying
critical times of year for different biota life cycle functions, such as nesting and breeding.

Information on the threatened fauna and their habitats of the Macleay River floodplain was
obtained from existing data sources, specifically ID Landscape Management (2005) and
GECO Environmental (2005).

This section firstly summarises the threatened and significant terrestrial fauna known to the
study area. The section then focuses on those species that use the river (including its
estuary) and/or the associated floodplain wetlands. Species that do not use wetlands as
their primary habitat will not be subject to detailed consideration. In the context of this
chapter, “wetland” is used broadly to refer to brackish estuarine habitats (including open
water) and to permanent and ephemeral freshwater wetlands of the floodplain.

6.1.1. Threatened Fauna and Other Significant Species

A total of 46 threatened fauna species listed under the NSW Threatened Species
Conservation Act 1995 (TSC Act) have been recorded in the study area, comprising 7
endangered and 39 vulnerable species (Table 36). Six of these species are also listed under

the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC
Act). Based on their known distribution and habitat requirements, a further 21 threatened

fauna listed under the TSC Act have the potential to occur in the study area, including 3

species listed under the EPBC Act. This report focuses on those species that have actually

been recorded in the study area. Moreover, detailed consideration is only given to those

species that occupy estuarine or floodplain wetlands (Table 37).
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Table 36 Summary of Threatened Fauna Species known or with the Potential to occur
in the Study Area

No. Species
Status TSC Act EPBC Act
Known
Endangered 7
Vulnerable 39 2
Amphibians 1
Reptiles 4 0
Birds 24 3
Mammals 16 2
Total Known 46 6
Potential
Endangered 8 2
Vulnerable 13
Total Potential 21 3
Total Species 67

A total of 82 migratory species (73 birds, 6 mammals, 3 reptiles) listed under the EPBC Act
have been recorded or potentially occur in the study area, but only 39 of these are
dependent on wetland habitats (Table 38). Of these, 32 are migratory waders principally in
the Family Charadrii. These species spend the non-breeding season in Australia where
intertidal flats are the primary foraging habitat. The remaining seven migratory species are
either raptors (birds of prey) or terns, which feed over open water.

Bird and mammal taxa represent most of the threatened species known to the study area
(Table 36). Bird species are more likely to be dependent upon estuarine and floodplain
wetlands than mammals (Table 37), suggesting that bird taxa are most likely to be affected
by hydrological conditions. Bird species also constitute most of the migratory species
potentially occurring in the study area. Thus, bird species are mostly likely to require
management attention within wetland habitats in the study area.
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Table 38 Migratory Species Listed under the EPBC Act known or potentially occurring
within the Study Area. Only species requiring wetland (freshwater and brackish) and

open water habitats are shown.

Common Name Scientific Name Known
Ruddy Turnstone Arenaria interpres v
Cattle Egret Budulcus ibis v
Sharp-tailed Sandpiper Calidris acuminata

Red Knot Calidris canutus

Curlew Sandpiper Calidris ferruginea

Long-toed Stint Calidris minutilla

Red-necked Stint Calidris ruficollis v
Great Knot Calidris tenuirostris

Large Sand-dotterel Charadrius leschenaultia

Mongolian Sand-dotterel Charadrius mongolus

White-winged Black Tern Chlidonias leucoptera

Sanderling Crocethia alba

Great Egret Egretta alba v
Latham’s Snipe Gallinago hardwickiii v
White-bellied Sea-eagle Haliaeetus leucogaster v
Caspian Tern Hydropopgne tschegrava v
Broad-billed Sandpiper Limicola falcinellus

Bar-tailed Godwit Limosa lapponica v
Black-tailed Godwit Limosa limosa v
Eastern Curlew Numenius madagascariensis

Little Curlew Numenius minutus

Whimbrel Numenius phaeopus v
Osprey Pandion haliaetus v
Ruff Philomachus pugnax

Glossy Ibis Plegadis falcinellus v
Pacific Golden Plover Pluvialis dominica

Grey Plover Pluvialis squatarola

Painted Snipe Rostratula benghalensis v
Little Tern Sterna albifrons v
Crested Tern Sterna bergii v
Common Tern Sterna hirundo v
Grey-tailed Tattler Tringa brevipes

Wood Sandpiper Tringa glareola v
Common Sandpiper Tringa hypoleucos

Wandering Tattler Tringa incana

Common Greenshank Tringa nebularia v
Marsh Sandpiper Tringa stagnatilis

Buff-breasted Sandpiper Tryngites subruficollis

Terek Sandpiper Xenus cinereus
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