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Abstract

The sediments of the Peel Harvey Estuary system (PHES) contain accumulations of monosulfidic black ooze
(MBO) related to hypereutrophication and discharge from active acid sulfate soils. MBOs may release
acidity and contaminants (nutrients, trace metals) when disturbed. We investigated release of acidity during
resuspension of MBOs in a laboratory study and during a dredging event in the estuary. Selected samples
from the laboratory study were analysed using XANES. In the laboratory study, decreases in pH (approx. 1
pH unit) of MBO suspensions coincided with the re-establishment of oxidizing conditions. Sediment
analyses illustrated near-complete oxidation of acid-volatile sulfide (AVS, a proxy for monosulfide). The
XANES data supported the chemical AVS analysis, showing the disappearance of peaks corresponding to
mackinawite and greigite and appearance of the sulfate peak, consistent with AVS oxidation products. Pyrite
and organic S peaks showing minimal changes throughout the resuspension. The data for estuary water
quality from dredge monitoring showed consistent transient decreases in E}, at the point of sediment disposal,
but pH remained well-buffered. The decreases in £}, were associated with increases in concentrations of
ammonium and orthophosphate, with high variability. Laboratory experiments demonstrate the high
reactivity of MBOs from the PHES following disturbance, but high variability and buffering in the field may
limit the observation of these effects.
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Introduction

Eutrophic estuary systems often contain an abundance of the acid sulfate material “monosulfidic black ooze”
(MBO), which is an organic sludge enriched with highly reactive iron-monosulfide. MBO is a natural
product formed during bacterially mediated sulfate reduction, and when undisturbed it is recognised as
playing an important role in improving water quality by storing acidity and sequestering metals (Macdonald
et al. 2004; Smith 2004; Smith and Melville 2004). However, contaminant stores in MBOs are temporary
and can be released into the water column upon disturbance and oxidation (Smith 2004; Burton et al. 2006;
Burton et al. 2009). Consequently, an understanding of chemical changes during MBO oxidation is critical to
effectively manage water quality impacts during their disturbance and disposal. This is particularly important
when such systems are subject to disturbance by development and recreation. The Peel Harvey Estuary
system (PHES), located 70 km south of Perth in Western Australia has accumulated unusually large amounts
of MBO related to contributions from hypereutrophication and active acid sulfate soils in it catchment. The
Peel-Harvey MBO also have anomalously high acid-volatile sulfide (AVS, a proxy for monosulfide)
contents; four 30 cm cores taken from the South Yunderup boating channel on the North-East of the estuary
had AVS concentrations ranging from 33 to 335 umol/g, with an average of AVS of 209 umol/g. This study
investigates a laboratory resuspension of sediment collected from the South Yunderup channel, and the water
chemistry during a dredging event in 2008.

Methods

Laboratory resuspension

Three cores between 0-20 cm were collected from the South Yunderup boating channel in the PHES and
homogenised in the laboratory under a stream of nitrogen gas. Three sediment to water ratios (50 g/L, 100
g/L and 200 g/L) and one control treatment (nil sediment addition) were resuspended in the laboratory with
estuary water for two weeks, with humidified compressed air being continuously bubbled through the
suspensions. Samples were collected immediately prior to MBO addition (0 hours) and at 0.33, 0.66, 1, 2, 3,
4,24, 48, 72,96, 168 and 336 hours and analysed for pH, Ey, alkalinity, ferrous iron, dissolved sulfide,
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orthophosphate, ammonium and dissolved metals. Sediment was analysed for AVS, CRS, elemental S and
total extracted metals (Burton et al. 2009). Sulfur speciation at 0, 24 and 72 hrs was also investigated using
K-edge X-ray absorption spectroscopy (XANES) using the Taiwan Synchrotron. Only the pH, £, and
XANES data will be presented in this paper.

Field dredge event

The South Yunderup approach channel was dredged and the sediment disposed of in a submerged area of the
estuary in 2008. Five water monitoring events were conducted between July 2008 and September 2008 to
investigate the impact of the large scale MBO disturbance on the water chemistry of the estuary. The first
site was 100 m upcurrent from the disposal point and was a reference for undisturbed estuary conditions. The
second site was at the point of sediment disposal, with the remaining 3 to 4 sites were approximately every
100 m in a transect across the dredge plume moving away from the sediment disposal point. Water was
analysed for alkalinity, ferrous iron, dissolved sulfide, orthophosphate, ammonium, dissolved metals, pH, Ej,
dissolved oxygen and electrical conductivity. Only the pH, E;,, ammonium and orthophosphate data will be
presented in this paper.

Results and discussion

During a laboratory resuspension of MBO material from the PHES a decrease in pH in all treatments was
observed when the solution reached a redox potential of approximately + 400 mV (Figure 1a). The lower pH
following oxidation of a higher mass of MBO reflected the greater acidity produced by oxidising higher
quantities of AVS. In the highest sediment to water ratio treatment (200 mg/L) the pH dropped to a minimum
of 6.99, before increasing to approximately the same pH that is observed at the end point of the other
treatments (Figure 1b). This suggests that while the buffering capacity of the estuarine water prevents the
severe acidification events that are observed during the resuspension of MBO in river systems (Sullivan et al.
2002).
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Figure 1. The a) redox and b) pH of three sediment resuspension treatments and one control (no added
sediment) were recorded for a two week period.

This acidification is consistent with the disappearance of AVS and the appearance of the oxidation product
sulfate observed in the peaks measured by XANES at 0, 24 and 72 hrs of resuspension for the 100 g/L
treatment (Figure 2a). In a system not limited by oxygen, AVS has almost completely oxidised in all
treatments by 24 hrs of resuspension, with the majority being oxidised within the first 4 hrs.

The results from monitoring a dredging disturbance also indicate redox and water quality changes. In the
dredge plume, the localized impact zone can be distinguished by the decrease in redox potential at the point
of sediment disposal (Figure 3a). The pH, however, is unaffected by distance from disposal site, and the
variation observed between sampling dates is representative of normal estuarine processes (Figure 3b).

The localised release of ammonium and phosphate was observed at the sediment disposal point in the dredge
plume (Figure 4). The variation of concentrations measured at the disposal point is most likely a result of the
heterogeneous nature of the dredge plume and hydrodynamic conditions in the estuary at the time of
sampling.
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Figure 2. a) Comparison between the X-ray energy of XANES peaks for reference phases and the XANES peaks
in samples collected at three time intervals during the resuspension of 100 g/L. of MBO from the Peel Harvey
estuary system b) Acid volatile sulfide concentrations of laboratory MBO resuspension for all treatments.
Starting (0 hr) concentrations of AVS are 4054 pmol/L for 50 g/L, 8108 pmol/L for 100 g/Land 16217 pmol/L for
200 g/L. These values are not graphed to maintain the clarity of the figure.
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Figure 3. a) The redox and b) the pH of surface water across a transect of a dredge plume; the sediment disposal

point is at Site 2.
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Figure 4. Concentrations of a) orthophosphate and b) ammonium in surface water across a transect of a dredge

plume; the sediment disposal point is at Site 2.
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Conclusion

Laboratory experiments demonstrate the high reactivity of MBOs from the PHES following disturbance, but
high variability and buffering in the field may limit the observation of these effects. Alongside the emphasis
on acidification, deoxygenation and metal release during MBO resuspension, it is important to acknowledge
the possibility of nutrient release from sediments in eutrophic estuaries.
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