––Industry

Issue # 64

March 2014

Welcome to the 64th issue of ASSAY – your national acid sulfate soils newsletter!
Another new chapter is about to be added to the collective knowledge of the Australian acid sulfate soils
community, with the hosting of the 4th National Acid Sulfate Soil Conference in Perth starting on the
20th May. We look forward to reporting on some of the key findings from the Conference in the next
edition of ASSAY.
However, please don’t let that discourage you from sending in your own contributions to the next issue
of ASSAY. We are always excited to see fresh articles on emerging research, new management
approaches and the effectiveness of on-ground change. You could always contribute with a shorter
article, an interesting photo or a link to a relevant webpage as well. ASSAY really belongs to us all and is
a great way of exchanging our knowledge with others that share our passion for the ongoing issue of
acid sulfate soils. I’ll look forward to hearing from you…

Happy reading… Simon
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Bacteria down a bore – anecdotes from southern inland Queensland
Andrew Biggs, Department of Natural Resources and Mines
While there has been an understandable focus on acid sulfate soils and causal features such as sulfatereducing bacteria in coastal and some inland areas, there is some anecdotal evidence of their
occurrence in other situations—in particular in groundwater bores in southern inland Queensland.
While there have only been limited scientific investigations to date, there is growing evidence that
sulfate reduction processes can occur both naturally and artificially in certain situations in the region.
Most recently, sulfate-reducing bacteria have been identified in a groundwater bore located about three
hours west of Toowoomba. The bore is 70 years old and drilled into the Bungil Formation and Mooga
Sandstone within the Surat Basin—part of the Great Artesian Basin. Water is obtained from about 380 –
400 m deep. The bore was investigated by the Department of Natural Resources and Mines (DRNM)
after the landholder became concerned about a red/brown/black sludge-like liquid in the water supply
that appeared when the pump was first started. The discolouration cleared up after a short period of
running the pump. He was also worried about the overall water quality in his bore.
Field investigations and water quality tests were
conducted by Gerry Harth from DRNM in July 2013.
When the pump was first switched on, a red jelly-like
substance appeared with the water and a sample was
taken. After one minute the water had changed to a
black colour and another sample was taken.
After 5 mins, the water was clear with an EC of 2170
µS/cm—typical for the aquifer. After 120 mins the EC
was unchanged (2180 µS/cm) and a water sample was
taken. The samples containing the red and black jellylike substance were analysed for bacteria while the
sample collected at the end of the flow test was
submitted for standard chemical analysis.

Photo 1: Sulfate-reducing bacteria

Sulfate-reducing bacteria were confirmed in the sample collected from the bore (Photo 1). The water
quality results (Table 1) are comparative to other water analysis of the same formations in the general
area, indicating there has been no substantial change in water quality from the bore.
Table 1: Water quality results from bore RN 11929 (sample collected at 120 mins)
Method
Laboratory Test
Result Units
Code
QP-KYN-001
pH
8.5
QP-KYN-002
Conductivity
2160
µS/cm
QP-KYN-015
Total Alkalinity
905
mg/L CaCO3
QP-KYN-014
Total Iron
0.22
mg/L
QP-KYN-058
Sulfate
4
mg/L SO4
QP-KYN-058
Chloride
203
mg/L
QP-LSB-A013 Bicarbonate Alkalinity
885
mg/L CaCO3
QP-LSB-A013 Total Dissolved Ions
1830
mg/L
QP-LSB-A013 Sodium Adsorption Ratio 123
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So what’s the story? How do you get the apparent formation of monosulfides in a NaHCO3, alkaline
groundwater at 400 m underground? Without further investigation it is hard to be conclusive, but the
most likely scenario relates to deteriorating bore casing. Given the age of the bore and the fact it is
cased with steel, corrosion is likely. The drill log notes a number of saline aquifers higher up in the
strata. It is likely that there is a hole in the casing and downwards leakage of saline, sulfate-rich
groundwater is occurring.
This does not fully explain the processes—for instance the source of carbon, but the upper saline
aquifers are often in coal seams or strata with carbon-rich features e.g. traces of lignite. Iron bacteria
are a well-known problem in both sub-artesian and artesian bores in southern Queensland, occurring in
a wide variety of rock types, but generally at shallower depths than encountered in this bore.
The observations at this bore are not an
isolated occurrence. Monosulfides have
been identified at a number of sites in the
region since 2006. The formation of ‘black
sludge’ (Photo 2) (presumed to be
monosulfides) was noted during postconstruction cleaning of shallow sub-artesian
bores drilled in highly saline aquifers in the
Border Rivers and Moonie catchments. The
sludge was found in low-yielding bores
whereas bores with a larger water column
produced black and green water, with a rich
hydrogen sulfide smell.
It is surmised that the use of guar-based
drilling polymers provided an enhanced
carbon source as all other pre-requisites
required for monosulfide formation were
satisfied. Iron (Fe2+) test strips used during
water sampling indicated high levels of
reduced iron in the black waters, but clear
waters were typically very low in iron. A one
litre sample of black water retained in an air
Photo 2: Black sludge from the bottom of a bore in
tight bottle remained unsettled for more
the Moonie catchment
than two weeks. Upon emptying into a
beaker though, dissolved oxygen declined
from 1.7 to 0.8 within two minutes. Over the following week, the sample oxidised and developed an
orange/red layer on top of the monosulfides.
Shallow groundwater in the Border Rivers and Moonie catchments is invariably very saline (20 000–50
000 µS/cm), Na-Cl type and usually neutral to slightly alkaline. Occasionally however, strongly acidic
groundwater (pH ~4) is found in both disturbed and undisturbed landscapes. The lowest pH recorded in
shallow groundwater in the region to date is 2.9, measured in an area of dryland salinity near St George.
Clearly there are things going on out there that we do not fully understand and further investigation is
required. This is particularly the case in the Border Rivers where some of the shallow saline, acid
groundwaters are rising from irrigation recharge.
For more information, contact Andrew Biggs 07 4529 1213 andrew.biggs@dnrm.qld.gov.au
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Researching the ecosystem impacts from acid sulfate soils in the Coorong and
Lakes Alexandrina and Albert Wetland Ramsar site
Ann Marie Jolley and Liz Barnett, SA Department of Environment, Water and Natural Resources;
Leigh Sullivan, Richard Bush and Nicholas Ward, Southern Cross Geoscience
Paul Shand, Commonwealth Scientific and Industrial Research Organisation

Boggy Lake - acid sulfate soils, March 2010

The Millenium Drought in the Murray-Darling Basin resulted in significantly reduced flows into South
Australia, low water levels and the exposure of large areas of acid sulfate soils within Lakes Alexandrina
and Albert.
Environmental consequences included dust storms, the formation of sulfuric materials and acid, sulfuric
odours, mobilisation of toxic metals, poor water quality and ecological degradation. There was also a
risk of lake-wide acidification of more than 100 000 hectares if the majority of the acidity generated was
transported from the sediments to the waterbody.
To better understand the impacts from prolonged exposure, oxidation and rewetting, acid sulfate soil
research is being undertaken by CSIRO, Southern Cross Geoscience, the SA Environment Protection
Authority and the Department of Environment, Water and Natural Resources in South Australia as part
of the Murray Futures Coorong, Lower Lakes and Murray Mouth (CLLMM) Recovery Project.
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The research involves an ecosystem approach examining sediment, water, macroinvertebrates (such as
mussel larvae and bugs), plant and some small-bodied fish interactions to provide a deeper
understanding of environmental connectivity and resilience.
Investigating the mobilisation and uptake of metals at the lower end of the food web and in different
organisms is essential to assessing both present and future risk posed by acid sulfate soils to the
ecological function and ecosystem services this wetland of international importance provides.
The findings from the research will be used to underpin better water level management and the
restoration of wetland function. The information can also highlight the ecological consequences of
drought and water over-allocation, and the benefits of avoiding degrading or unsustainable processes to
ensure the wise use of the Murray-Darling Basin resources.
The CLLMM Recovery Project is part of the South Australian Government’s Murray Futures program,
which is funded by the Australian Government’s Water for the Future initiative.
For more information about this Acid Sulfate Soils Research Project contact ann-marie.jolley@sa.gov.au

Compensation for pyritic heave
Simon Walsh
As reported in the last issue of ASSAY, in Ireland the use of fill material rich in iron sulfide minerals by
the construction industry led to over a thousand homes being subjected to ‘pyritic heaving’, which
seriously damaged those buildings and left affected homeowners out of pocket.

A key component of the Irish Government’s response to the issue has been the establishment of an
AUD$ 14.7 million remediation scheme. Since it became operational just over two months ago, over 400
homeowners have completed applications for compensation expected to cost AUD$60,000 to 70,000
per property.
In order to qualify, properties need to be assessed as having significant damage due to pyritic heave.
Funds will not be made available for remediation works already carried out. The scheme is also limited
to those areas of Ireland identified as worst affected by pyritic heave. However, emerging evidence
suggests that pyritic materials were also used more widely in other parts of Ireland during the housing
boom.
The government had originally planned to levy the insurance and quarrying industries for the cost of
repairs, but legal advice has indicated that the State would have to fund the remediation scheme.
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Big Swamp update, Manning River, NSW
Dave Hopper, Greater Taree City Council
The previous issue of ASSAY (#63) contained an article about restoration of the Big Swamp, Manning
River, NSW. At that stage, 670 ha of private land had just been acquired by Greater Taree City Council
and since then some of the key remediation strategies have been implemented.
One of those strategies has been the infilling of identified deep drains. The existing levee structure was
pushed back into the drain. Then, surplus organic matter was overlain on top to give the natural
revegetation process a head start.

In-filled drain at Big Swamp, Manning

Photo: Dave Hopper

Other drains in the system have been shallowed and widened above the local pyritic layer to maintain
the drainage capacity for adjoining landholders.
As a result of these changes approximately 200 acres (81 hectares) are now inundated by regular tidal
flushing, with local salinity levels fluctuating with catchment flows. During the project’s initial
hydrological study, pH levels of 3 and less were recorded following rainfall events. More recent event
based sampling has seen the pH level stabilise around 6. WRL have been engaged to Council to
commence a three year water quality monitoring program at the site.
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The following sequence of images illustrates the continuing progress of the remediation, the ‘after’
shots being taken in January 2014.

Pictures of the remediation area, taken looking north from a drone helicopter with a panoramic
camera and GPS positioning system
Photo source: Dave Hopper, GTCC,
2013

As part of the project, a seven-minute YouTube video has been produced showcasing the issues and
successes associated with the initiative.
http://www.youtube.com/watch?v=G1-q1ag3-pQ

The following link contains further information about the Big Swamp project.
http://www.wrl.unsw.edu.au/site/projects/big-problems-require-big-solutions-at-big-swamp-lower-manning-river-nsw/
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Holding back the water - Sandy Creek, Richmond River
Simon Walsh
In the previous issue of ASSAY, we reported on the completion of a project by the NSW Department of
Primary Industries to enable the retention of water over 30 hectares of drained, acidic swamp at Sandy
Creek on the Richmond River. Since then the site has experienced significant rainfall that has been
successfully captured by the earth bunding and dropboard structures that were constructed for that
purpose.
Two field days were recently held on-site with about 50 participants in total who were keen to look at
progress at the site for themselves. The field days were funded by Northern Rivers Local Land Services
and hosted by WetlandCare Australia, NSW Department of Primary Industries and Richmond River
County Council.
The following ‘before and after’ images show the changes on-site.

Before

After

A second site has also been completed at Vic Boutell’s property on nearby Bungawalbyn Creek. This
location has three natural lagoons (totalling nine hectares in area) that were artificially drained over 70
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years ago. Mr Boutell was interested in retaining higher water levels in the former wetlands to assist in
acid sulfate soil management and foster improved growth of water couch for his cattle.
This particular farm has a reduced need for ongoing manipulation of water levels and so fill was placed
and compacted in each drain (these can now be used as vehicle access points). The photos below show
the progress since the works were completed.

Before

After

NSW DPI has been working on two other farm properties in the area to deliver similar projects of
environmental repair through improved acid sulfate soil management. The NSW Environmental Trust is
supporting these endeavours through funding the “Go with the Flow” project. If you would like any
further information about this project, please contact simon.walsh@dpi.nsw.gov.au
9
ASSAY # 64

March 2014

Remediation of coastal acid sulfate soils by freshwater re-flooding
Scott Johnston, Ed Burton, Thor Aaso, Gerard Tuckerman
The following excerpt comes from a presentation delivered at the NSW Coastal Conference 2013. The
work was based on research performed at two drained coastal wetlands (Partridge Creek, Port
Macquarie and Darawakh swamp, Wallamba river) that had been re-flooded with freshwater.

a) Darawakh wetland

b) Partridge Creek wetland

This study explores the remediation and partial restoration of natural hydrology of two large CASS
wetlands by freshwater re-flooding. We examine the generation of alkalinity and amelioration of in situ
acidity by reductive geochemical processes. We quantify the reformation of reduced inorganic sulfur
species (including pyrite) within re-flooded soils and explore key relationships between the abundance /
distribution of these species and iron and organic carbon. Although surface waters are now mostly near
neutral pH, some mobilisation of redox sensitive elements (Fe, Mn) occurs.
While the reformation of reduced inorganic sulfur species (RIS) is partly responsible for the generation
of alkalinity and wetland-scale recovery from acute acidification, the fact that these species tend to be
most abundant near the surface (0.2 m) of the re-flooded soils presents a longer term management
challenge.
In particular, these near-surface stores of RIS are potentially vulnerable to exposure to atmospheric
oxygen during the next El Niño - Southern Oscillation induced drought episode. Such exposure may lead
to pyrite oxidation and temporary re-acidification of surface sediments and waters with attendant risks
for surface water quality degradation. The environmental consequences, challenges and long term
implications of this management approach are discussed in the context of Australia’s dynamic climate
controls on coastal wetland hydrology.
The full article is available from:
http://www.coastalconference.com/2013/papers2013/Scott%20Johnston.pdf
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Key note speakers and topics for the upcoming 4th Acid Sulfate Soil Conference
Source: http://scu.edu.au/nationalassconference/index.php/5/

Dr Steve Appleyard
Steve is the Principal Hydrogeologist with the WA Department of Environment and
Regulation, and is an Adjunct Associate Professor with the School of Earth and
Environmental Sciences at the University of WA. He is currently the Chair of the
National Committee for Acid Sulfate Soils (NatCASS). He received a degree in geology
and chemistry from the University of WA and completed a PhD on the general theme
of groundwater geochemistry from the same university in 1987. He has worked with
State government since 1985 dealing mainly with groundwater quality and acid sulfate soil issues.
Climate change and sandy acid sulfate soils in south-western Australia: managing the risk of regional
acidification in a global biodiversity hotspot.
The south-western corner of Australia is a globally significant biodiversity hotspot that contains more
than 2900 endemic plant species. Sandy acid sulfate soils in the region are acidifying due to a regional
decline in the water table caused by decreasing rainfall and increasing groundwater use. The regional
impacts of the acidification of soil and shallow groundwater on woodlands and wetlands in the region
are likely to be comparable to the historical effects of "acid rain" in Europe and North America and could
cause a significant loss of biodiversity without active management measures being implemented.

Mr Craig Copeland
Craig has worked for over 24 years in protecting and restoring fish habitat. His
expertise is in natural resource project management and aquatic habitat rehabilitation,
particularly coastal floodplain management. He initiated and directed the Kooragang
and Yarrahapinni Wetland Rehabilitation Projects and the Clarence Floodplain Project.
He created the NSW Aquatic Habitat Rehabilitation Program - the first of its kind in
Australia. It includes subprograms that are also Australian 'firsts'; the Weir Removal,
Road Crossing, Floodgate Management and Hume to Yarrawonga Resnagging
Programs. He is the chair of the national Fish Habitat Network, is on the Executive of the Editorial Board
of the Journal of Ecological Management and Restoration, a Board Member of the Society of Ecological
Restoration (Aust) and is a Churchill Fellow.
Fish Habitat, Floodgates and Acid Sulfate Soils.
The majority of fish kills and water quality issues in coastal NSW occurred in the 1980s and 1990s from
water leaving those drained back swamps with actual and potential acid sulfate soils. The remediation of
this problem involved a range of activities from identifying high risk sites to development controls and
raising water tables. A significant part of the solution was the restoration of tidal exchange through
enhanced opening of floodgates. This active remediation of ASS also helped to restore fish passage to
areas historically important as fish habitat. A range of actions were required for this achievement to
overtake almost a century of the status quo; set and forget closure of creeks and drainage lines. This
included monitoring, improvements in technology, research, extension work with farmers and
particularly improved knowledge exchange with and between floodgate managers.
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Dr Paul Shand
Paul is a Principal Research Scientist in CSIRO Land and Water based in Adelaide, and
leads the Environmental Contaminants Stream in CSIRO's Water for a Healthy Country
Flagship. He is also Deputy Director of the Acid Sulfate Soils Centre in Adelaide
University and an affiliate Professor in the School of the Environment at Flinders
University. Paul has more than 25 years' experience as a hydrogeochemist with
extensive international experience in groundwater, surface water and soil chemistry.
His recent work has focused on inland acid sulfate soil processes in the Murray-Darling
Basin and the Great Artesian Basin.
Extreme geochemical environments associated with groundwater discharge zones in the Great
Artesian Basin of Australia: from the mantle to the soil.
The carbonate Mound Springs of the Great Artesian Basin are iconic symbols of the arid interior of
Australia forming geological manifestations of modern and ancient hydrological cycles, isolated
ecological niches and element cycling over a range of temporal and spatial scales. Recently, decreasing
piezometric levels have led to the oxidation of acid sulfate soils and the development of rare
efflorescent mineral assemblages and extremes in pH to as low as pH <0.5. In some areas, very high soil
pH is possibly controlled by elevated endogenic CO2 in groundwater derived from deep mantle fluids. A
conceptual model is presented linking deep lithospheric processes, geological structure, regional
groundwater flow systems and element cycling in these unique spring environments.

Mr David Sim
David is an environmental consultant and Technical Director with RPS, with 17 years
project experience in Australia and the UK. His experience includes coordinating largescale environmental programs for major infrastructure projects; often on constrained
waterside sites containing ASS. David works at the front-end of projects, leading early
planning and design inputs, assessing environmental risk, and developing management
controls to reduce environmental impact. For the past seven years he has been the
Environmental Leader on the Elizabeth Quay project, responsible for all environmental
studies, approvals and providing technical guidance during construction. David is an experienced
industry trainer on ASS management practices in Western Australia, and is an industry member of the
National Committee for Acid Sulfate Soils (NatCASS).
Case Study: Elizabeth Quay Development, Perth 2007-2020+
Elizabeth Quay is a $440 million redevelopment of the Swan River Foreshore, designed to reconnect
Perth City with the Swan River and deliver a world-class mixed-use precinct. The 10 ha site is now under
construction, requiring excavation of 120,000 m3 of ASS, 13,000 m3 of dredging, management of
contaminated soils and dewatering, while maintaining the environmental values of the Swan River. ASS
management within inner-city environments is often complex, requiring adaptive management and
effective consultation between regulators, consulting teams, engineers and contractors while managing
the wider public interest. Lessons learnt on this major construction project will be presented in the
context of current ASS management practices and the regulatory framework as applied in Western
Australia.
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Latest publications
Beucher A. Frojdo S, Osterholm P. Martinkauppi A. Eden P. 2014. Fuzzy logic for acid sulfate
soil mapping: Application to the southern part of the Finnish coastal areas. Geoderma. 226227: 21-20.
Acid sulfate (AS) soils constitute a major environmental issue. Leaching considerable amounts of acidity
and metals into watercourses, they cause severe ecological damage. Small hot spots may affect large
areas of coastal waters and mapping is required in order to carry out an efficient mitigation plan.
The primary aim of this study was to assess the use of fuzzy logic for AS soil mapping at reconnaissance
scale, applying it to the southern part of the Finnish coastal areas (c. 17,300 km 2). Using a limited amount
of evidential datalayers (aerogeophysical data, Quaternary geology and a Digital Elevation Model), it was
possible to create probability maps for AS soil occurrence in the study area. On the most balanced
probability map, the combined very high and high probability classes covered 12% of the study area and
contained about 70% of the validation points corresponding to known AS soil occurrences. Using only the
very high probability class, a conservative extent of AS soils could be assessed for the study area (c.
800 km2), indicating that the extent of AS soil for the whole Finnish coastal areas would be higher than
previously estimated.
Being systematic and easily transferable, fuzzy logic represents an efficient approach, particularly
adapted to carry out large scale preliminary survey in areas offering a limited amount of data.

Fitzpatrick R. Raven M. Self P. Shand P. Grealish G. Mosley L. 2014. Irreversible clay mineral
transformations from bushfires in acid sulfate soils: An indicator of soil processes involved in
climate variability and climate change. Australian Clay Minerals Society Conference – Perth 35 February 2014.
In this paper, we present work on the influence of heat in bushfires and in controlled laboratory
experiments, to provide a better understanding of some aspects of the unresolved mineral
transformations from bushfires in acid sulfate soils (ASS).
The mineralogy using conventional laboratory and synchrotron X-ray diffraction (XRD) analyses of layer
silicate minerals, iron oxides, oxyhydroxides and salt efflorescences provided evidence of the irreversible
processes that have contributed to their formation. A conceptual model is presented for using the field
morphological, mineralogical, and magnetic properties of unburnt and burnt ASS with sulfuric material (pH
<4) at Jury Swamp in the lower Murray-Darling Basin to explain irreversible mineralogical transformations
as a consequence of drying (droughts and climate change) and subsequent bushfire burning.
The conceptual model characterised the known lateral and vertical changes to the various ASS layers,
horizons and materials, which included the burned reddened and yellowish soils as well as the relatively
unburned blackened soil layers and salt efflorescences.
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Gatland J. 2012. Carbon dioxide and methane dynamics from a coastal acid sulfate soil
floodplain following a flood event. Honours Thesis, Southern Cross University, Lismore, NSW.
Very little is known about the impacts flood events may have on carbon dioxide (CO 2) and methane (CH4)
dynamics within low-lying wetland dominated catchments and associated drainage waters. Floodplainriver systems are fast gaining recognition for their important role in carbon cycles and may potentially
offset the terrestrial carbon sink. Research needs to be directed at systems at great risk to future climate
change scenarios such as coastal acid sulfate soils (CASS), where acidification and deoxygenation
events frequently occur.
The aim of this study was to investigate the CO2 and CH4 dynamics of a modified CASS floodplain
through the transition from flooded to dry seasons. I hypothesised that CO 2 and CH4 production will be
controlled by hydrodynamics in a CASS wetland and that methane production will play an important role
in terminal carbon cycling. Weekly measurements of CO 2, CH4, and radon (a natural groundwater tracer)
were undertaken at low tide for 13 weeks following a flood triggered by a rain event totalling 255 mm over
five days.
Peak pCO2 and CH4 concentrations in the creek reached 21,330 μatm and 81 μM respectively two weeks
after the major flood event during a severe deoxygenation phase (DO<0.3%). Similarly total daily carbon
loss from CO2 and CH4 fluxes were 17-fold and 170-fold higher during inundation of the entire floodplaincreek system compared to floodplain exposure. CO2 evasion accounted for about 90% of catchment
carbon losses during both the flooded and exposed periods.
However, despite the dominance of CO2 flux, total CH4 flux contributed 86% and 80% of global warming
potential (GWP) within the flooded CASS and creek respectively. Isotope evidence and groundwater
characteristics indicated that carbon dynamics within Rocky Mouth creek were primarily driven by
enhanced hydrological connectivity of surface waters from the CASS floodplain.
This study demonstrated the importance of capturing episodic flood events when quantifying catchment
carbon budgets and for measuring both CO2 and CH4 in floodplain-river systems prone to deoxygenation.

Huang J, Nhan T, Wong VNL, Johnston SG, Lark RM, Triantafilis J. 2014. Digital mapping of a
coastal acid sulfate soil landscape. Soil Research. 52: 327-339.
Coastal floodplains are commonly underlain by sulfidic sediments and coastal acid sulfate soils (CASS).
Oxidation of sulfidic sediments leads to increases in acidity and mobilisation of trace metals, resulting in
an increase in the concentrations of conducting ions in sediment and pore water. The distribution of these
sediments on floodplains is highly heterogeneous. Accurately identifying the distribution of CASS is
essential for developing targeted management strategies.
One approach is the use of digital soil mapping (DSM) using ancillary information. Proximal sensing
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instruments such as an EM38 can provide data on the spatial distribution of soil salinity, which is
associated with CASS, and can be complemented by digital elevation models (DEM). We used EM38
measurements of the apparent soil electrical conductivity (ECa) in the horizontal and vertical modes in
combination with a high resolution DEM to delineate the spatial distribution of CASS.
We used a fuzzy k-means algorithm to cluster the data. The fuzziness exponent, number of classes (k)
and distance metric (i.e. Euclidean, Mahalanobis and diagonal) were varied to determine a set of
parameters to identify CASS. The mean-squared prediction error variance of the class mean of various
soil properties (e.g. EC1:5 and pH) was used to identify which of these metrics was suitable for further
analysis (i.e. Mahalanobis) and also determine the optimal number of classes (i.e. k = 4).
The final map is consistent with previously defined soil–landscape units generated using traditional soil
profile description, classification and mapping. The DSM approach is amenable for evaluation on a larger
scale and in order to refine CASS boundaries previously mapped using the traditional approach or to
identify CASS areas that remain unmapped.

Mosley LM. Shand P. Self P. Fitzpatrick R. 2014. The geochemistry during management of lake
acidification caused by the rewetting of sulfuric (pH <4) acid sulfate soils. Applied
Geochemistry. 41: 49-61.
Understanding the geochemistry and kinetics of acidification events arising from acid sulfate soils is
important to enable effective management and risk assessment. Large-scale exposure and oxidation of
acid sulfate soils occurred during a drought in the Lower Lakes (Murray-Darling Basin) of South Australia.
We examined the geochemical changes that occurred in one region (Boggy Lake) that experienced
surface water acidification and was subsequently neutralised via aerial limestone (CaCO 3) dosing and
dilution via natural lake refill. Very low pH (< 3) and high concentrations (approximate to 10-1000 mg/L
Fe, Al, Mn) of dissolved metals were initially found in surface water. The water chemistry exhibited pHdependent enhancement of constituents typically associated with acid sulfate soils (SO 4, Al and Fe).
Geochemical speciation calculations indicated that most (60-80%) of the acidity was present as dissolved
metal-sulfate complexes at low pH. X-ray diffraction (XRD) analyses showed that the orange-brown
precipitates present after an initial limestone dosing were secondary oxyhydroxysulfate minerals
(schwertmannite, jarosite). Further limestone dosing resulted in neutralisation of the pH, reduction in
dissolved metal concentrations, dissolution of jarosite and schwertmannite precipitates, and formation of
other metal oxyhydroxide phases. The results were consistent with a pE-pH diagram constructed for
metal-sulfur geochemistry.
Assessment of the measured and simulated (using PHREEQC) pH and Ca/Cl ratio during limestone
dosing indicated that only about 25% of the limestone dissolved. XRD analyses suggested this
passivation of the limestone was due to coating with gypsum and schwertmannite.
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Phong ND. Tuong TP. Phu ND. Nang ND. Hoanh CT. 2013. Quantifying source and dynamics of
acidic pollution in a coastal acid sulfate soil area. Water, Air and Soil Pollution. 224(11): 17651765.
The in-depth knowledge on management and reducing annual acidic pollution is important for improving
the sustainable livelihood of people living in areas with acid sulfate soils (ASS). This study involved a
long-term (2001-2006), large-scale canal water quality monitoring network (87 locations) and a field
experiment at nine sites to quantify the dynamic variability of acidic pollution and its source in a coastal
area with ASS in the Mekong River Delta of Vietnam.
Widespread acidic pollution (pH <5) of surface water occurred at the beginning of the rainy season, while
pH of the canal water remained high (7-8) at the end of the rainy season and during the dry season. The
study identified canal embankment deposits, made of ASS spoils from canal dredging/excavation, as the
main source of acidic pollution in the surrounding canal network. The findings suggested that there was a
linkage between the amount of acidic loads into canal networks and the age of the embankment deposits.
The most acute pollution (pH similar or equal to 3) occurred in canals with sluggish tidal water flow, at 1-2
years after the deposition of excavated spoils onto the embankments in ASS.
The amount of acidic loads transferred to the canal networks could be quantified from environmental
parameters, including cumulative rainfall, soil type and age of embankment deposits. The study implied
that dredging/excavation of canals in ASS areas must be carried out judiciously as these activities may
increase the source of acidic pollution to the surrounding water bodies.

Stroud JL. Collins RN. 2014. Improved detection of coastal acid sulfate soil hotspots through
biomonitoring of metal(oid) accumulation in water lilies (Nymphaea capensis). Science of the
Total Environment. 487: 500-505.
Anthropogenically disturbed coastal acid sulfate soils along the east coast of Australia, and worldwide,
periodically result in the discharge of acid waters containing high concentrations of metals. Identifying
priority sites (hotspots) within a catchment for acid sulfate soil remediation activities typically involves
long-term monitoring of drainwater chemistry, including the capture of data on unpredictable rain-induced
groundwater discharge events.
To improve upon this monitoring approach, this study investigated using the water lily (Nymphaea

capensis) as a biomonitor of drainage waters to identify hotspots in three acid sulfate soil impacted
catchments (83 km2) in north-eastern New South Wales, Australia. In one catchment where the location
of hotspots was known, water lily lamina concentrations of a suite of metal(loid)s were significantly ( p <
0.05) higher than plants collected from an unpolluted ‘reference’ drainage channel, thus validating the
concept of using this species as a biomonitor.
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A catchment-scale water lily sampling program undertaken in catchments with unidentified hotspots
revealed within catchment variation of plant metal concentrations up to 70-fold. High resolution maps
produced from these results, therefore, provided strong evidence for the location of potential hotspots
which were confirmed with measurements of drainwater chemistry during rain-induced groundwater
discharge events. Median catchment lily accumulation was ca. 160 mg Al kg -1and 1300 mg Fe kg-1, with
hotspots containing up to 6- and 10-fold higher Al and Fe concentrations.
These findings suggest that biomonitoring with N. capensis can be an important tool to rapidly identify
priority sites for remediation in acid sulfate soil impacted landscapes.

Vithana CL. Sullivan LA. Burton ED. Bush RT. 2014. Liberation of acidity and arsenic from
schwertmannite: Effect of fulvic acid. Chemical Geology. 372:1-11.
Schwertmannite is one of the major components that produces acidity in acid mine drainage (AMD) and
acid sulfate soils (ASS) and is also known to be an effective scavenger of Arsenic (As) in such
environments.
Fulvic acid (FA) is an active component of natural organic matter (NOM) and is known to interact strongly
with both schwertmannite and As. Two main environmental hazards related to schwertmannite are acidity
liberation and potential re-mobilization of adsorbed or co-precipitated As upon hydrolysis. This study
focused on understanding the behaviour of As-substituted schwertmannite with regard to the potential of
acidity liberation, the effect of FA on acidity liberation from both pure and As-substituted synthetic
schwertmannites, and the effect of FA on arsenic mobilization from As-substituted synthetic
schwertmannite.
This was investigated by means of short-term (48 h) titrations. The liberation of acidity from As-substituted
schwertmannite and the effect of FA were examined at two pH values (i.e. 4.5 and 6.5) typical for ASS
environments. As-substituted schwertmannite liberated a greater amount of acidity in comparison to pure
schwertmannite at both pHs. Concentration of FA and pH each showed a strong influence on the
liberation of acidity from both pure and As-schwertmannite.
At the acidic pH (4.5), FA inhibited acidity liberation from schwertmannite. At the near neutral pH of 6.5,
the concentration of FA played a critical role in affecting the liberation of acidity from schwertmannite. The
initial liberation of acidity was enhanced from pure schwertmannite at pH 6.5 by low FA concentration (1
mg L-1) and from As-schwertmannite by both low (1 mg L-1) and moderate (10 mg L-1) FA concentrations.
Interestingly, higher FA concentrations (25 mg L-1) inhibited acidity liberation from both types of
schwertmannite in comparison to the control (pure/As-schwertmannite titrated without added FA). FA
enhanced the liberation of As from the As-schwertmannite at both pHs under oxidising conditions and the
rate of As liberation was greater at the near neutral pH.
The present study provides new insights on the effect of As-substitution on acidity liberation from
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schwertmannite and the role of FA on: a) liberation of acidity, and b) As mobilization, from
schwertmannite.

Wignyosukarto BS. 2013. Leaching and flushing of acidity in the reclamation of acid sulfate
soil, Kalimantan, Indonesia. Irrigation and Drainage. 62: 75-81.
Lowland reclamation for agricultural development was started 40 years ago in Indonesia. Part of the area
is a tidal swamp that originated from marine sediment. Land reclamation by lowering the groundwater
table promoted oxidation of acid sulfate soil that produced severe acidity. A tidal irrigation system that
allows two-way flow with a reservoir at the end of the channel was introduced at the beginning of
development in order to maintain water movement and increase the volume of freshwater flow.
After 40 years of reclamation, water and soil quality in several schemes indicate a slow improvement of
acidity. After the dry season, acid water with pH 3 similar to 4 could be found in the canal, as well as
potential acid sulfate soil still found in the shallow layer. Appropriate water management in the scheme
should meet at least three objectives, i.e. supplying enough water for leaching and diluting acid water,
draining excess water during storms, and keeping the potential acid sulfate soil under reduced conditions
in order to avoid excessive oxidation. Evaluation of the hydraulic performance of the existing main system
indicates a need for upgrading of the channel to allow enough fresh water that could support the process
of leaching and flushing.

Yvanes-Giuliani YAM. Waite TD. Collins RN. 2014. Exchangeable and secondary mineral
reactive pools of aluminium in coastal lowland acid sulfate soils. Science of the Total
Environment. 485-486: 232-240.
The use of coastal floodplain sulfidic sediments for agricultural activities has resulted in the environmental
degradation of many areas worldwide. The generation of acidity and transport of aluminium (Al) and other
metals to adjacent aquatic systems are the main causes of adverse effects.
Here, a five-step sequential extraction procedure (SEP) was applied to 30 coastal lowland acid sulfate
soils (CLASS) from north-eastern New South Wales, Australia. This enabled quantification of the
proportion of aluminium present in ‘water-soluble’, ‘exchangeable’, ‘organically-complexed’, ‘reducible
iron(III) (oxyhydr)oxide/hydroxysulfate-incorporated’ and ‘amorphous Al mineral’ fractions.
The first three extractions represented an average of 5% of ‘aqua regia’ extractable Al and their
cumulative concentrations were extremely high, reaching up to 4000 mg·kg-1. Comparison of Al
concentrations in the final two extractions indicated that ‘amorphous Al minerals’ are quantitatively a
much more important sink for the removal of aqueous Al derived from the acidic weathering of these soils
than reducible Fe(III) minerals.
Correlations were observed between soil pH, dissolved and total organic carbon (DOC and TOC) and Al
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concentrations in organic carbon-rich CLASS soil horizons. These results suggest that complexation of Al
by dissolved organic matter significantly increases soluble Al concentrations at pH values > 5.0. As such,
present land management practices would benefit with redefinition of an ‘optimal’ soil from pH ≥ 5.5 to ~
4.8 for the preservation of aquatic environments adjacent to organic-rich CLASS where Al is the sole or
principle inorganic contaminant of concern. Furthermore, it was observed that currently-accepted
standard procedures (i.e. 1 M KCl extraction) to measure exchangeable Al concentrations in these types
of soils severely underestimate exchangeable Al and a more accurate representation may be obtained
through the use of 0.2 M CuCl2.
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