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Welcome to the latest issue of ASSAY – your national acid sulfate soil newsletter. This month’s issue
includes a fascinating report about the travertine mound springs found west of Lake Eyre. These unique
structures offer some of the most acidic environments ever found in Australia, often lined with
extremely rare hydroxysulfate minerals - some of which may well be new to science. In other articles we
discover plants from the Great Sandy Desert that can bio-concentrate sulfur by several hundred times
into their foliage; plus, updated summary findings from the East Trinity site near Cairns and we also
examine the legacy impacts of peat fires on acid sulfate soil landscapes of the Richmond River, NSW.
Please remember that ASSAY is still open for business! If your organisation would like to invest in
maintaining the continuity of our ASSAY flagship while benefiting from some well-placed promotions,
please feel free to contact me directly at: simon.walsh@dpi.nsw.gov.au

Happy reading… Simon
Stories and places…
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Australia’s most acidic soils – the nastiest of the “nastiest soils in the world”
Paul Shand, CSIRO
Acid sulfate soils have been described as the “nastiest soils in the world” (Dent & Pons 1995) due to
their potential to strongly acidify during oxidation of sulfide minerals. Sulfide oxidation can have severe
impacts on surrounding ecosystems, not only due to extreme acidity, but also through the release and
mobilisation of toxic elements from within pyrite (e.g. As, Cd, Ni, Tl, Zn) and common soil minerals such
as clays (e.g. Al, Be). Although the oxidation of pyrite is one of the most acid-generating reactions in
nature, the presence of neutralising minerals, particularly carbonates, can help neutralise acidity and
minimise impacts to receptors.
The iconic travertine (calcite CaCO3) mound springs west of Lake Eyre in South Australia have formed
over millennia as the result of groundwater discharge from Australia’s largest groundwater basin - the
Great Artesian Basin (GAB). As the springs discharge from deep underground, the degassing of carbon
dioxide in many has led to the formation of travertine mounds (Figure 1), with the oldest ages to date
being >450 ka. Many were discovered by Australia’s greatest explorer, John McDouall Stuart, forming a
lifeline in this hot, arid region as he successfully traversed the Continent for the first time in 1862. The
mound springs also attest to processes occurring within the Earth’s crust and mantle as deep CO2-rich
fluids ascend through deep crustal fractures. The discharge zones form unique ecological niches where
the fauna display a high genetic diversity and degree of endemism due to millions of years of isolation
deep in the arid interior of the Australian continent.

Figure 1. The ‘Bubbler’ spring named for the abundant bubbles formed as groundwater degasses
on ascent to the surface, surrounded by travertine deposits. A large travertine mound spring (now
extinct) is seen in the background.
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Many of the larger mound springs became extinct due
to slowly decreasing groundwater pressure caused by
natural climate change over the past 50,000 years.
More recent and rapid pressure declines are likely
related to groundwater abstraction superimposed on
this longer term change. These carbonate-rich areas
are the last place on Earth where one would expect to
find extreme acidic environments, but nature has a
funny way of disproving our often naïve assumptions.
During a study of groundwater and springs in the
western GAB, tell-tale signs of acid sulfate soils were
observed and detailed analyses were undertaken.
Existing records for the highest sulfide contents and
net acidities in acid sulfate soils were smashed as we
appeared to have discovered the most extreme acidic
environment in Australia. As we approached one
spring, strong smells reminiscent of highly impacted
mine sites hit us, and as we got closer we could see
thick yellow, yellow-green, brown and orange salt
efflorescences (Figure 2).
The salt efflorescences comprised a complex
assemblage of secondary minerals including nearly 20
iron and aluminium hydroxysulfate minerals (Figure
Figure 2. Impacted GAB spring showing
3). Some of the Fe hydroxysulfate minerals are
acidic waters, rare salt efflorescences and
extremely
rare,
including metavoltine
and
loss of vegetation around the discharge
sideronatrite, while the identification of ferrinatrite
zone. The actual spring discharge had an
represents the first recorded occurrence in Australia.
alkaline pH.
Their rarity is largely due to their very limited stability:
forming only under extremely acidic conditions. Some minerals (we have termed them unknownite)
could not be matched to known x-ray spectra and may represent completely new minerals.

Figure 3. Some of the rare minerals discovered around the GAB travertine mound springs.
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Many of the upper parts of soil profiles, where evaporation and salt formation was greatest, had pH
values less than pH 0.5 highlighting the extreme nature of the drying spring zones, and even at depth
many profiles were very acidic (Figure 4). The previous record for Cr-reducible sulfide in an acid sulfate
soil was about 14%; unoxidised soil materials in some of the GAB springs were greater than 40%, with
net acidities greater than 25,000 mol H+/tonne (compare to the management trigger values for coastal
acid sulfate soils of 6-62 mol H+/tonne). These discharge zones certainly appear to be the most extreme
acidified sites in Australia (lowest measured pH was 0.12), similar to a few severely impacted acid mine
drainage areas (although we haven’t measured any negative pH values as described from Iron Mountain
in California).
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Figure 4. Soil profile adjacent to a spring discharge and pH plot showing soil pH (1:1) and
following peroxide treatment.
A surprising observation was that the extreme acidity only developed in areas where travertine was
present, whilst other areas with no travertine posed little risk of acidification. The primary aim of our
study was to understand groundwater sustainability and here lay the key to understanding why some
springs posed a high risk whilst others posed little risk to their rare endemic ecosystems.
The springs occur along a regional zone which represents an area where groundwaters with very
different histories come together to discharge along a major crustal weakness (Torrens Hinge Line). In
general, groundwaters derived from the north (NT and possibly QLD) have very high concentrations of
alkalinity, but lack development of travertine due to being dominantly of sodium-bicarbonate type.
They were also low in sulfate due to sulfate reduction along long and deep groundwater flow paths.
Spring waters derived from the west and south-west had moderate alkalinity but contained moderately
high calcium and sulfate concentrations. The other key ingredient is time: although the groundwaters
are not particularly high in sulfate, they have been discharging through organic-rich soils for millennia
which has allowed pyrite to build up to extremely high contents (Shand et al. 2016).
With abundant travertine around the discharge zones, it is unlikely that widespread acidification will be
an issue. The acidification and contaminant hazard is spatially confined within and adjacent to the4
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discharge zones, but acidity and alkalinity have effectively been fractionated at a local scale giving rise to
high net acidities in the soils where sulfide forms. What is at stake here is the sustainability of the rare
endemic species in the springs. With a decrease in spring flows and oxidation of hypersulfidic soils,
acidity and contaminants can be mobilised in vents and along tails during pulsed rainfall events as the
soils oxidise (Figure 5). This has already been observed in some springs. Remediation options are difficult
in such environments where old artesian groundwater is the only source of flow, especially as the
receptor is also the source of the acidification and contamination.
The extreme environments formed around the impacted springs provide a great opportunity for
understanding the science of iron and sulfur cycling and we have been applying a range of geochemical
tools to better understand the history and evolution of biogeochemical processes which support these
unique ecosystems. The acidification and contaminant hazards are strongly controlled by variations in
deep groundwater chemistry, which in turn has been strongly influenced by Earth degassing along deep
crustal fracture systems. A conceptual model is being developed (Shand et al. 2016) to explain the
linkages and connectivity between soils, groundwater and mantle degassing in a much more holistic
framework of water and element cycling across scales to gain a better understanding of risks and
resilience within our complex landscapes.

Figure 5. The oxidation of sulfidic soils beneath travertine mounds is leading to undercutting of
the mound and potentially to pulsed releases of acidity and contamination to spring vents and
References
Dent DL and Pons LJ 1995 A world perspective on acid sulfate soils. Geoderma, 263-276.
Shand P, Gotch T, Love A, Raven M, Priestley S and Grocke S 2016 Extreme environments in the critical
zone: linking acidification hazard of acid sulfate soils in travertine mound spring discharge zones to
groundwater evolution and mantle degassing. Submitted to Environmental Science and Technology.
Collaborators: CSIRO, Flinders University, SA DEWNR
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East Trinity remediation and rehabilitation after acid sulfate soil contamination,
north Queensland
Hanabeth Luke, Southern Cross University, NSW

Source: Ecological Management and Restoration

Introduction. The East Trinity case study describes the remediation of a severely degraded coastal acid
sulfate soil site adjacent to Cairns in Queensland, Australia (Figure 1). The project involved extensive
collaborative research into geochemistry, soil properties, groundwater and tidal behaviour, terrain
modelling and flood modelling by a range of institutions. An innovative strategy known as lime-assisted
tidal exchange (LATE) was used to reverse the acidification of the wetland, leading to improved water
quality and health of coastal and estuarine ecosystems.
Acid sulfate soils are formed through a natural process that occurred when coastal lowlands were
flooded in periods of high sea-level, leading to a slow build-up of metal sulfides such as pyrite. When
these soils, normally protected by natural wetlands, are drained for farming or other development and
exposed to oxygen, rapid oxidation of the pyrite occurred. This leads to a build-up of acidity in the soil as
oxidation processes produce sulfuric acid, releasing toxic metals and noxious gases, and creating hostile
conditions for plant growth. The acid also affects the availability of nutrients in the soil, creating another
challenge for plant life. Rainfall events cause the acid, metals and nutrients to drain into waterways,
impacting on aquatic ecosystems, infrastructure, fisheries and potentially, human health.

Figure 1. Aerial photo of the location of the East Trinity coastal and acid sulfate soil rehabilitation site (Source:
Landsat 1999).

Prior condition and the degradation phase. East Trinity is a 940 ha coastal wetland situated between
important estuarine habitats and a World Heritage listed wet tropical rainforest. Prior to clearing for
farming, it was a mixture of paperbark woodland, tidal mangrove and salt marsh and had high ecological
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value for both marine and terrestrial faunal species. The area forms part of the traditional territory of
the local Indigenous Mandingalbay Yidinji people.
The site was developed for sugar cane farming in the 1970s, with a bund-wall built to halt tidal
inundation of the site. This drainage led to the oxidation of soil materials and a build-up of sulfuric acid
in the sediments. A range of CSIRO and other reports showed that this affected 720 ha of the 940 ha
site. Between 1976 and 2004, it was estimated that at least 72,000 tonnes of sulfuric acid was released
from the site, as well as soluble aluminium, iron, heavy metals and arsenic. Water bodies on site were
routinely found to have a pH of 3.5 or lower. Aluminium levels were of particular concern, exceeding
ANZECC guideline levels by as much as 6,000 times.
The discharge of acid and heavy metals led to death and dieback of vegetation (Figures 2a, 2b and 3) and
had severe implications for aquatic life. These impacts were of particular concern due to the proximity
of the site to the Great Barrier Reef Marine Park, with substantial evidence that acid sulfate soil runoff
was discharging into reef receiving waters.

Figure 2a: Aerial view of Firewood Creek area from the 1980s showing extensive grasslands and Melaleuca
leucadendra woodlands to the left of the bund wall roadway.

Remediation, rehabilitation and restoration phase. The land was purchased by the QLD government in
the year 2000, with the ‘Acid Sulfate Soil Remediation Action Plan’ commencing shortly thereafter. This
involved a range of engineering solutions to achieved the desired hydrology and apply the lime-assisted
tidal exchange remediation strategy, at first on a trial basis. Positive results during the trial period led to
the long-term adoption of lime-assisted tidal exchange (LATE) at East Trinity.
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Figure 2b: Aerial view of Firewood Creek area in 2013 with extensive flooded areas, Melaleuca woodland dieback and mangrove development.

Fig 3. Iron accumulation in oxidised sediments at the East Trinity site.
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The LATE remediation strategy. Management strategies for acid sulfate soils are based on the principles
of dilution, containment or neutralisation, with each bringing different benefits and challenges.
Containment can lead to substantial acid build up and inhibit the movement of aquatic life, whilst the
addition of agricultural lime can be costly. The LATE strategy (Figure 4) was designed to support natural
processes by reintroducing tidal flows, encouraging natural systems to restore the wetlands, hence
greatly reducing the costs of lime and infrastructure, as well as hands-on management requirements.
Flooding the soil stimulated reducing geochemical conditions whilst diluting the acidity. The bicarbonate
in seawater provided a large source of alkalinity, whilst the organic matter present provided energy for
microbial reactions to take place in the soil, thereby stimulating the in situ production of alkalinity.
Agricultural lime was added to the incoming tide to support the process, and also added to the outgoing exit waters to prevent acid-flush into estuarine waters.

Figure 4. The image above shows some of the key parameters improved by the LATE bioremediation strategy.

Results of the remediation project. The East Trinity site now has sediments at a spectrum of stages of
remediation, with large areas fully remediated. Tidal inundation has ultimately led to a binding-up of
heavy metals in the sediments and the neutralisation of acidity to a pH of 6.5, a typical pH for a
subtropical estuarine environment. Following six years of gradually increasing tidal inundation, it was
found that in situ microbial and tidal exchange processes accounted for 99% of the change, whilst the
addition of agricultural lime contributed less than 1%.
This greatly reduced the release of heavy metals to the estuarine environment and allowed for the reestablishment of mangrove and intertidal ecosystems (Figure 2b).
Vegetation. Some ecological communities associated with the incursion of seawater and expansion of
the tidal zones within the site have reduced while others have expanded. Mangrove communities have
expanded and Acrostichum aureum (mangrove fern) fernlands have particularly increased, although
some previous fernland transitioned to mangrove. Pasture areas have been largely replaced by
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Paperbark (Melaleuca leucadendra) shrublands and low woodlands and by the native grass Phragmites
(Phragmites karka). The dieback of open forests of Paperbark impacted by the tidal areas continues,
with some stands that were healthy in 2008 now in decline. Decline of low Clerodendrum inerme closed
vinelands also continues in proximity to the tidal zone, though in other areas this community appears to
be recovering.
Birds. A total of 136 species of birds have been observed at East Trinity since the rehabilitation began.
Reports suggest that the expansion of mangrove and other higher elevation wetlands associated with
the rehabilitation are likely to have benefited a number of bird species, including some internationally
important shorebird species listed in agreements with China (CAMBA), Japan (JAMBA) and the Republic
of Korea (ROKAMBA). Recently a new wader roosting site has emerged in mangroves on the northern
boundary of the East Trinity area and it seems this may be significant in the regional context.
Future directions. The remediation of the East Trinity site has led to the area now having sufficiently
high ecological function to be transferred back to Indigenous ownership and management.
The LATE remediation strategy’s regular tidal inundation will remain in place to ensure the acid sulfate
soils remain protected from further oxidation; and monitoring and further research will continue into
geochemical pathways to avoid degradation re-occurring.
Acknowledgements. The remediation of the East Trinity site and subsequent research is the result of
the long-term efforts and collaborations between the Queensland Department of Science, Information
Technology and Innovation (DSITI), CSIRO, the CRC for Contamination Assessment and Remediation of
the Environment (CRC CARE) and Southern Cross University. Figures and data cited in this summary are
derived from reports from these organisations available on request.
Contact. Prof Richard Bush, University of Newcastle (University Drive, Callaghan NSW 2308, Australia
richard.bush@newcastle.edu.au. Hanabeth Luke, Associate Lecturer, Southern Cross University (Lismore,
NSW 2480, Australia. Hanabeth.luke@scu.edu.au).

Effect of peat-fire in a coastal acid sulfate soil wetland
Phil Hirst, NSW Department of Primary Industries
Intergovernmental Panel on Climate Change (IPCC) data indicates a potential increase in the frequency
and duration of both dry periods and flooding events. Both of these factors are significant for
environmentally sensitive low lying coastal acid sulfate soil (CASS) areas. Increased dry periods raise the
risk of forest and peat-fires in CASS landscapes, such as the Tuckean Swamp, Richmond River catchment,
Northern NSW. Peat-fires are extremely difficult and risky to extinguish. Implications of these fires
include: irreversible loss of carbon, smoke pollution, loss of habitat, loss of water storage and filtration,
subsidence, mineralogy changes and acidification hazards.
New data demonstrates the effect a peat-fire has had on soil properties within the Tuckean Swamp. The
last major fire at this site was recorded in 1978. A comparison of 8 sites sampled in burnt and unburnt
peat profiles showed that burnt profiles have about 30 to 60 mm of fresh Melaleuca quinquenervia
(Broad-leaved paperbark) debris above the burnt horizon, which equates to 1-1.5 mm surface
accumulation per year.
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Burnt peat profile in the Tuckean Swamp
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Figure 1: Comparison of Magnetic Susceptibility (K), pH, Titratable Actual Acidity (TAA), and Chromium Reducible
Sulfur (CRS). Profile imageis 30 cm depth (below ground level).

Interestingly, soil colour (7.5R3/8, 10YR4/6 Munsell Colour) shows a strong signature over years post the
major fire and illustrates the swamp’s history of periodic inundations. Magnetic susceptibility (K) is 10
fold higher in the burnt horizon (combustion-driven formation of magnetic Fe-oxides). Note that some
charcoal fragments were identified in 2 of 4 peat profiles as indicated by the arrow on the graph. Initial
soil analysis indicates increases in the TAA, CRS%, Total Fe and Sulfur, and Arsenic of burnt peat profiles.
Base cations Ca, Mg and K decreased significantly compared to a minor increase in P and Na. In part this
supports the hypothesis that thermal oxidation decreased pH post burn, combined with the abundant
supply of H+ ions in this landscape.
Low lying coastal peats with accumulations of acid sulfidic material are vulnerable to dry periods and
combined with the overprint of fire, potentially create an extreme environmental hazard, and present a
management challenge.
Contact Phillip Hirst, phillip.hirst@dpi.nsw.gov.au

Sulfur-accumulating plants convert sulfate salts from soils into environmentally
resilient biominerals
Thomas Robson, Nathan Reid, Jason Stevens and Kingsley Dixon

Source

Sulfur-accumulator plants (thiophores), which accumulate atypically high sulfur and calcium
concentrations in their aerial biomass, may be suitable for revegetating and phytostabilising reactive
sulfur-enriched substrates such as mine tailings, acid-sulfate soils and polluted soils. We present
biogeochemical insights on thiophores from the Australian Great Sandy Desert, which accumulate up to
40 times as much sulfur (2-5%S) versus comparative species.
X-ray microanalyses revealed this accumulation relates to peculiar gypsum-like mineralisation
throughout their foliage, illustrating a mechanism for sulfate removal from soils and sequestration as
sparingly soluble biominerals. However, we did not know whether these species treat the excess Ca/S as
a waste to be shed with senescent litter and, if so, how resilient these ‘biominerals’ are to photo11
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biodegradation once shed and so to what extent the accumulated elements are recycled back into the
reactive/bioavailable sulfate reservoir.

Acacia bivenosa

Photo credit: Mark Marathon

To address these questions, we sampled four foliage (phyllode) fractions from ten individuals of the
thiophore, Acacia bivenosa: healthy mature phyllodes, senescent phyllodes on the branch, recently shed
and older, more degraded ground litter. We selected two thiophores (A. bivenosa and A. robeorum) and
a non-thiophore (A. ancistrocarpa) for detailed soil/regolith studies. Samples were collected from
trenches bisected by each tree, taken from varying depth (20—500 mm) and distance from the stem
(0.1—5 m). Dried foliage was cleaned, sectioned for SEM-EDXS examination and elemental compositions
of foliage and soils were determined (microwave-assisted acid digestion + ICP-OES/MS).
Each species generated a ‘halo’ of elevated S/Ca in the soil immediately beneath their crowns, although
that of A. ancistrocarpa was of minor magnitude. These anomalies were confined to shallow soil (20—
50 mm i.e. influenced by litter), suggesting limited S/Ca re-mobilisation from the litter. Foliar elemental
concentration ratios, which indicate relative variations in composition through the litter cycle (healthy >
senescent > fresh litter > degraded litter), reveal potentially limiting nutrients were recovered from
senescing phyllodes: P (0.38 ± 0.13), Zn (0.59 ± 0.24), Mo (0.71 ± 0.28), Mg (0.86 ± 0.13). Some nonlimiting nutrients or potentially harmful elements were hyper-deposited in senescent tissues: Ba (1.29 ±
0.22), Ca (1.17 ± 0.08), Co (1.33 ± 0.33), Fe (1.49 ± 0.59) and Mn (1.39 ± 0.49). Despite this evidence for
nutrient recovery and waste removal behaviour (e.g. calcium oxalate production), sulfur remained
constant (1.08 ± 0.12), suggesting thiophores do not regulate sulfur as a limiting nutrient or use
biomineralisation to immobilise/detoxify sulfur. Whilst some elements (K, Mg, P) were leached from the
litter through photo-biodegradation, sulfur (0.91 ± 0.12) and calcium (0.99 ± 0.09) levels remained
relatively constant in recent/aged litter, and extensive gypsum-like mineralisation was retained in
tissues of even the most degraded litter.
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These findings suggest that thiophores, which bioconcentrate sulfur several hundred times from soils
into their foliage, return sulfur to the soil as a tissue-encapsulated, sparingly soluble mineral that is
resistant to photo-biodegradation under semi-arid climates. These traits show the potential of these
plants as part of the toolkit for restoring degraded soils and polluted substrata.

AUSTRALIAN SOIL CLASSIFICATION 2nd EDITION

After a gestation of 2 years, the second edition of the Australian Soil Classification is now available from
CSIRO Publishing. The update is an initiative of the National Committee on Soil and Terrain who
appointed a Working Group to assess and recommend suggestions for improvement to the scheme.
The Working Group comprised Ted Griffin, Noel Schoknecht, Brian Lynch, Ben Harms, Mark Imhof, David
Morand and David Rees and was chaired by Bernie Powell. Former members were David Jacquier and
Glenn Bailey.
This second edition includes updates especially in regards to new knowledge about acid sulfate soils
(sulfidic materials). Modifications include expanding the classification to incorporate different kinds of
sulfidic materials, the introduction of subaqueous soils as well as new Vertosol subgroups, new Hydrosol
family criteria and the consistent use of the term reticulate. All soil orders except for Ferrosols and
Sodosols are affected by the changes.
More information about the Australian Soil Classification, including an online key, is available on
the ACLEP webpage.
The book is available for purchase from CSIRO Publishing. Soil Science Australia members are eligible for
a 20% discount on the purchase price from CSIRO Publishing.
Further detail about this new edition and a printable order form is available in the attachment.
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8th International Acid Sulfate Soils Conference
Martin C. Rabenhorst mrabenho@umd.edu (Conference Chair)
Delvin S. Fanning dsf@umd.edu or delvindel@aol.com

Acid Sulfate Soils: Pathways to Exposure and Remediation
July 17 - 23, 2016 • College Park, Maryland

As previously reported in ASSAY #66, you may already be aware of the upcoming 8th International Acid
Sulfate Soils Conference, to be held in July at the University of Maryland, College Park, MD, USA.
Things are falling into place and this is sure to be a great event. We are planning a number of field tours
and technical sessions addressing the following general topics:
1.

Understanding Sulfidization - Environments for the formation of sulfide minerals and potential
acid sulfate soils

2.

Understanding Sulfuricization - Natural and anthropogenic processes leading to acid sulfate soil
problems

3.

Understanding issues and remediation strategies for inland acid sulfate soils and landscapes,
AMD (acid mine drainage), ARD (acid rock drainage)

4.

Understanding issues and remediation strategies for coastal and agricultural acid sulfate soils
and landscapes

5.

Policy, Regulation and Education - Best practices in avoidance and remediation

6.

Monitoring and mitigating impacts of acid sulfate soil and water during reclamation and
development (assessment techniques, laboratory analysis and soil classification and mapping
issues)

In addition, we are also working to put together a session dedicated to the honor and memory of the
late Prof. Dr. Udo Schwertmann, Technical University of Munich, Germany, for whom the acid sulfate
mineral schwertmannite was named.
For more details about the conference, please see the links below:
The Conference Registration Site is now open at this link:
https://app.certain.com/profile/form/index.cfm?PKformID=0x227956493cc
The Abstract Submission Site is at this link and we will be receiving abstracts until May 1:
https://docs.google.com/a/umd.edu/forms/d/1HExH9sxFZCxmy5ZedbtX5ZwAufXuzwDmfcyXvLFMKQk/v
iewform
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Seeking new ASSAY articles
Simon Walsh
ASSAY is our national acid sulfate soils
newsletter. It provides a valuable service by
distributing information between the various
stakeholders that have a keen interest in the
ASS issue and emerging developments. By
continually seeking to improve ASSAY, we
collectively enhance communication and
further develop knowledge-sharing
opportunities within the national ASS arena.
At ASSAY we are always looking for interesting
stories to include in forthcoming issues. While
these can follow the established format of 1—2
page articles, we are also looking to include
other types of updates that may be shorter in
length.
As long as they are relevant for the field of ASS,
you might think of sending through some
anecdotes, thoughts or musings etc. Perhaps
you have an unusual/interesting photograph to
share? How about some experiences in the field
or back in the lab? Alternatively, maybe you
have a bigger story that could be split into parts
and run over two or more issues of ASSAY.
As ASSAY is distributed electronically, we can include hyperlinks to key websites, detailed documents
and reports. If you are keen to publish some new information, the use of images, graphs and
photographs is strongly encouraged to add a user-friendly dimension to plain text. Some ideas for
photos that work well include aerial overviews of landscapes; fine detail with macro close-ups; images of
‘people doing things’; or time sequences such as ‘before and after’ remediation works etc.
The opportunity is there to inform the rest of the acid sulfate soil ‘family’ of some of the perspectives
that YOU have about ASS. If you have an idea for a contribution for a future issue, then just send me an
email (simon.walsh@dpi.nsw.gov.au) or pick up the phone (02 6626 1256) and we’ll make it happen.

Latest publications
Elisa, AA. Ninomiya, S. Shamshuddin, J. Roslan, I. (2015). Alleviating aluminium toxicity on an
acid sufate soil in Peninsula Malaysia with application of calcium silicate. Solid Earth
Discussions. 7: 2903-2926.
A study was conducted to alleviate Al toxicity of an acid sulfate soil collected from paddy
cultivation area in Kedah, Peninsular Malaysia. For this purpose, the collected acid sulfate soils
were treated with calcium silicate. The treated soils were incubated for 120 days in submerged
condition in a glasshouse. Subsamples were collected every 30 days throughout the incubation
period.
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Soil pH and exchangeable Al showed positive effect; soil pH increased from 2.9 to 3.5,
meanwhile exchangeable Al was reduced from 4.26 to 0.82 cmolc/kg−1, which was well below
the critical Al toxicity level for rice growth of 2 cmolc/kg−1. It was noted that the dissolution of
calcium silicate (CaSiO3 ) supplied substantial amount of Ca2+ and H4SiO2−4 ions into the soil,
noted with increment in Si (silicate) content from 21.21 to 40 mg kg−1 at day 30 and reduction
of exchangeable Al at day 90 from 4.26 to below 2 cmolc/kg−1 . During the first 60 days of
incubation, Si content was positively correlated with soil pH, while the exchangeable Al was
negatively correlated with Si content. It is believed that the silicate anions released by calcium
silicate were active in neutralizing H+ ions that governs the high acidity (pH 2.90) of the acid
sulfate soils.
This scenario shows positive effect of calcium silicate to reduce soil acidity, therefore creates a
favourable soil condition for good rice growth during its vegetative phase (30 days). Thus,
application of calcium silicate to alleviate Al toxicity of acid sulfate soils for rice cultivation is a
good soil amendment.

Glaspie, CN. Seitz, RD. (In press). Multiple stressors associated with acid sulfate soil effluent
influence mud crab Scylla serrata predation on Sydney rock oysters Saccrostrea glomerata.
Marine and Freshwater Research.
Studies of long-term exposure to multiple stressors on predator-prey interactions are necessary
to determine the effect of coastal degradation on organisms that have had generations to
adapt and acclimate to change. In New South Wales, Australia, a natural gradient of multiple
stressors produced by acid sulfate soil effluent was used to determine the impact of exposure
to multiple stressors on predator-prey dynamics between mud crabs Scylla serrata and Sydney
rock oysters Saccostrea glomerata.
Wild oysters were collected from two polluted and two reference sites that varied in their
distance away from a floodgate that acted as a point source of water with low salinity, low pH,
and low alkalinity. Oysters from sites impacted by multiple stressors and those from reference
sites were offered to mud crabs in 48-hour laboratory no-choice feeding trials. Oysters from
impacted sites had lower mortality than those from a reference site that was farthest from the
source of polluted water. Linear models containing distance from floodgate best explained
oyster mortality. Differences in rates of mortality were due to the decreased time crabs spent
foraging on impacted oysters.
Long-term exposure to acid sulfate soil effluent alters trophic dynamics between predators and
prey, which may have consequences for coastal food webs.

Islam, S. Haque, A. Wilson, SA. Ranjith, PG. (2016). Time-dependent strength and mineralogy
of lime-GGBS treated naturally occurring acid sulfate soils. Journal of Materials in Civil
Engineering. 28(1).
This study investigates the effect of time-dependent mineralogical changes on the unconfined
compressive strength (UCS) behavior of lime-ground granulated blast furnace slag (GGBS)
treated naturally occurring acid sulfate soils (ASS) containing various proportions of pyrite.
Pyrite (0, 2, 4% by weight), GGBS (5, 10, 15, 20% by weight), a fixed lime content of 15% by
weight and curing periods up to 365 days were investigated. Mineralogical control on the
strength of treated ASS samples was investigated using UCS analyses, X-ray diffraction
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(XRD), and scanning electron microscopy (SEM). Quantitative phase analysis using XRD data and
the Rietveld method was carried out to quantify mineralogical changes.
Results show a decrease of UCS values after 180 days curing for ASS containing 4% by weight
additional pyrite and treated with 20% by weight GGBS. XRD and SEM analyses suggest that
a decline in the abundance of cementitious mineral phases coincides with possible formation of
thaumasite-ettringite and the degradation of strength in treated ASS.

Johnston, SG. Morgan, B. Burton, ED. (2016). Legacy impacts of acid sulfate soil runoff on
mangrove sediments: Reactive iron accumulation, altered sulfur cycling and trace metal
enrichment. Chemical Geology. 427: 43-53.
The off-site impacts of iron-rich, acidic runoff from drained acid sulfate soils (ASS) on the
geochemistry of estuarine sediments are relatively poorly constrained. In this study, we
examine the geochemistry of intertidal zone mangrove sediments and porewaters from an
estuarine tributary that received ~ 15–20 years of acute ASS drainage, compared to adjacent
control sites.
Mixing of acidic, iron-rich ASS drainage waters with circumneutral pH estuarine waters drove
precipitation of Fe(III) floc and has led to significant, localized accumulation of reactive-Fe
species (FeR; Σ1 M HCl and citrate-buffered dithionite extracts; up to 4200 μmol g− 1) as well as
significantly elevated porewater Fe2 +(> 1000 μM) in ASS impacted sediments.
X-ray diffraction indicates that goethite, lepidocrocite and ferrihydrite are important Fe(III)
minerals in surficial sediments at ASS impacted sites. The abundant FeR is shifting the
equilibrium of reduced inorganic sulfur (RIS) mineral-formation pathways towards
accumulation of S(0) and acid volatile sulfide (AVS) species and is buffering porewater S(-II) to
low concentrations.
In contrast, RIS speciation at the control sites is dominated by pyrite (SCR) and porewater S(-II) is
present. Some porewater metals (i.e. Al, Mn, Cu, Cr) are significantly elevated at sites proximal
to the source of ASS drainage compared to control sites. Abundant FeR also provides a substrate
for sorption and accumulation of metals and correspondingly there is significant relative
enrichment of reactive metal fractions (1 M HCl extractable) in sediments at the ASS impacted
sites, with Al ≈ Mn ≈ U > Cu > Cr > Ni.
This study demonstrates that ASS drainage, which causes accumulation of reactive Fe in
mangrove environments, can substantially influence sediment biogeochemistry by altering
reduced inorganic sulfur cycling and enhancing the availability of some trace metals.

Manickam, T. Carnelissen, G. Bachmann, RT. Ibrahim, IZ. Mulder, J. Hale, SE. (2015). Biochar
application in Malaysian sandy and acid sulfate soils: Soil amelioration effects and improved
crop production over two cropping seasons. Sustainability. 7(12): 16756-16770.
The use of biochar as an agricultural soil improvement was tested in acid sulfate and sandy soils
from Malaysia, cropped with rice and corn.
Malaysia has an abundance of waste rice husks that could be used to produce biochar. Rice
husk biochar was produced in a gasifier at a local mill in Kelantan as well as in the laboratory
using a controlled, specially designed, top lift up draft system (Belonio unit).
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Rice husk biochar was applied once to both soils at two doses (2% and 5%), in a pot set up that
was carried out for two cropping seasons. Positive and significant crop yield effects were
observed for both soils, biochars and crops. The yield effects varied with biochar type and
dosage, with soil type and over the cropping seasons. The yield increases observed for the
sandy soil were tentatively attributed to significant increases in plant-available water contents
(from 4%-5% to 7%-8%). The yield effects in the acid sulfate soil were likely a consequence of a
combination of (i) alleviation of plant root stress by aluminum (Ca/Al molar ratios significantly
increased, from around 1 to 3-5) and (ii) increases in CEC.
The agricultural benefits of rice husk biochar application to Malaysian soils holds promise for its
future use.

Michael, PS. Fitzpatrick, RW. Reid, RJ. (2016). The importance of soil carbon and nitrogen for
amelioration of acid sulfate soils. Soil Use and Management. 32(1): 97-105.
When exposed to air and adequate moisture, soils containing sulfides (sulfidic soils with pH>4)
become oxidized and generate sulfuric acid to form sulfuric soils (pH<4). Treatment of this
acidity is undertaken by addition of lime.
In this study, we investigated the effectiveness of adding plant organic matter, and simple
carbon and nitrogen compounds, as alternatives to lime to sulfuric and sulfidic soils. In sulfuric
soils under aerobic conditions, organic matter increased pH, the extent depending on the
nitrogen content. Lucerne hay, which had the largest nitrogen content, increased the pH from
3.7 to 8.0, while pea straw and wheat straw effected smaller changes, in proportion to their
respective nitrogen contents. Lucerne hay also caused the greatest reductions in soil redox
potential and sulfate content, consistent with the action of sulfate-reducing bacteria.
Similarly, incorporation of organic matter under aerobic conditions effectively prevented
sulfidic soil acidification and reduced the redox potential and sulfate content. The individual
effects of carbon and nitrogen compounds were then examined and compared to plant organic
material. Glucose was ineffective at both small and large concentrations, while molasses
increased the pH slightly to 4.6 and acetate to 5.9.
None of these carbon compounds was as effective as complex organic matter. Nitrogen added
alone as nitrate or ammonia had little or no effect on pH, whereas organic nitrogen in the form
of urea caused the pH to rise to 6.3 and reduced the redox to less than 0mV but had no
significant effect on sulfate content.

Nystrand, MI. Osterholm, P. Yu, CX. Astrom, M. (2016). Distribution and speciation of metals,
phosphorus, sulfate and organic material in brackish estuary water affected by acid sulfate
soils. Applied Geochemistry. 66: 264-274.
Dissolved (<1 kDa) and colloidal (1 kDa-0.45 mu m) size fractions of sulfate, organic carbon
(OC), phosphate and 17 metals/metalloids were investigated in the acidic Vora River and its
estuary in Western Finland. In addition, geochemical modelling was used to predict the
formation of free ions and complexes in these waters. The sampling was carried out during
high-water flow in autumn and in spring when the abundantly occurring acid sulfate (AS) soils in
the catchment area are extensively flushed.
Based on the high concentrations of sulfate, acidity and several metals, it is clear that the Vora
River and its estuary are strongly affected by AS soils. The high dissolved form of metals limits 18
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also the existence of fish and other organisms in this estuary, and certainly also in other similar
shallow brackish estuaries elsewhere in the Gulf of Bothnia. However, generally already <20%
saline sea water reduces the concentration for OC and several elements (Al, Cu, Cr, Fe, Pb, PO4
and U) by half and c. 20—30% saline sea water is needed to halve concentrations of Cd, Co, Mn,
Ni and Zn.
Consequently, these elements as well as organic matters were rapidly precipitated in the
estuary, even after mixing with fairly small amounts of the alkaline brackish sea water.
Aluminium, Cu, Fe and U most likely precipitate together with organic matter closest to the
river mouth. Manganese is relatively persistent in solution and, thus, precipitates further down
the estuary as Mn oxides, which concomitantly capture Ba, Cd, Co, Cu, Ni and Zn.
In the inner estuary, the high contents of Al is as important than Fe in removing PO4 and, thus,
also reducing the risk of algae blooms in near coastal areas influenced by AS soils in the Gulf of
Bothnia. Moreover, the dispersion of metals far out in the estuary is dependent on hydrological
conditions, i.e. with high flows the plume of metal-rich water will spread further out in the
estuary. Furthermore, the extensive drainage of the catchment and subsequent artificial
enlargement of the river channel during recent decades has not only enabled oxidation of
sulfidic sediments, but strongly increased flow peaks that reach further out in the estuary.

Sanchez-Maranon, M. Romero-Freire, A. Martin-Peinado, FJ. (2015). Soil-color changes by
sulfuricization induced from a pyritic surface sediment. Catena. 135: 173-183.
Colors are widely used to describe hydroxysulfate minerals and acid sulfate soils but seldom to
study an active sulfuricization process. Our research was designed to measure the
spectrophotometric colors of a soil sulfuricized by pyritic sediment over 15 years (8 profiles, 75
samples) and to determine whether color could be employed to identify the new soil materials.
The Munsell value of gray sulfidic materials deposited on the soil surface changed over time
from 3.0 to 5.6 (R-2 = 0.97) because of Fe leaching and the formation of whitish sulfates. The
underlying native soil was first pigmented yellowish brown by illuvial precipitates appearing in
SEM as "bubble wrap" coating soil particles and having the EDX peaks of Fe, Sand O, and the
XRD peaks at 0.255 and 0.166 nm. Between pH values 3 and 4 its spectral character in the
second-derivative Kulbelka-Munk function registered a maximum at 440 nm and a minimum at
480 nm, both drastically attenuated after oxalate Fe-extraction. Therefore, we attributed most
of precipitates to schwertmannite phases.
Their subsequent progressive transformation to jarosite in parallel to a pH decline was
colorimetrically detected by a displacement of the spectral maximum to 450 nm, its intensity
reduction with increasing jarosite content, and yellowing of aggregates and ground-soil samples
from 8.5YR to 0.2Y. Finally, the dominance of jarosite below pH 2.4 resulted in soil materials
with a spectral minimum at 440 nm and Munsell hue between 1.3Y and 5.3Y.
Because sulfidic, schwertmannitic, and jarositic materials, as well as their compositional
changes, were unambiguously identified, soil sulfuricization could be determined by
colorimetry

Yau, C. Wong, V. Kennedy, D. (In press). Soil chemistry and acidification risk of acid sulfate
soils on a temperate estuarine floodplain in southern Australia. Soil Research.
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The distribution and geochemical characterisation of coastal acid sulfate soils (CASS) in Victoria
in southern Australia is relatively poorly understood. This study investigated and characterised
coastal acid sulfate soils and sulfidic material at four sites (Wetland [WE], Swamp Scrub [SS],
Woodland [WO] and Coastal Tussock Saltmarsh [CTS]) on the estuarine floodplain of the
Anglesea River in southern Australia.
Shell material and seawater buffered acidity generated and provided acid neutralising capacity
(up to 10.65 % CaCO3-e) at the sites located on the lower estuarine floodplain (WO and CTS).
The SS site, located on the upper estuarine floodplain, can potentially acidify soil and water due
to high positive net acidity (> 200 mol H+/t) and a limited acid neutralising capacity. High
titratable actual acidity (TAA) in the SS and WO profiles (>270 mol H+/t) were the result of high
organic matter in peat-like layers which can potentially contribute organic acids in addition to
acidity formed from oxidation of sulfidic sediments.
The results suggest that the environments and chemistry of acid sulfate soils in southern
Australia are distinct from those located in eastern Australia which may be related to
differences in estuarine processes which affect formation, and the geomorphology and geology
of the catchment.
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