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What are acid sulfate soils (ASS)?

The nastiest soils in the world!
e Why?

AND

The most benign soils in the world!
e Why?
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What are acid sulfate soils?

What happens when pyrite in solls or
sediments are disturbed or exposed?

pyrite + oxygen + water =» iron (ag) + sulfuric acid (aq)

Release and export of:

e Acid

e lron

e Aluminium

e Other metals and heavy metals
e Consumption of oxygen

 Generation of monosulfidic black ooze o



Sulfidic (= potential ASS material)

'Sulfuric (= actual ASS material)
August 2007”

2009

Release of:
e Sulfuric acid

e [ron
e Aluminium
« Mg-sulfate salt§&§ >



Impacts of disturbing or exposing

sulfides In ASS

Impacts of ASS disturbance may be:
- Environmental
- Engineering
- Human or animal health
- Economic
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Human health

RISKS: Metal release following oxidation
De-oxygenation of water column
Noxious smells

CSIRO. Acid Sulfate Soils

By CATHERINE MORGAN

The stench emanating from a near
dry swamp at Cobdogla is driving
away tourists and affecting local busi-
nesses and residents.

The poag is being emitied from the

Cobdoghs evaporation basia, which has
boen dryimg owl since ki Fast year bocause
of drowsght conditicas and a reduction in
proundwalcr.
Tesidents have beem sruggling with the
sl ~ a combination of decaying fish and
Bydrogen sulphide (roticn epg) gas - for
more than theee months.

More than 1td) sigmatures have been
wollevred cm a petition hobbyisg fur activn
i e teken b stop the smell. Besdents ans

F. i ' |77
residents in front of the swamp Bl they claim ks making le o misery
decaying fish and rolien egg gas that has anguiied the lownship.

s arganising a public meeting s discuss.
[

the
The smell has cavsed 3 sharp drop in
ourist numbers, affecting besinesses sach

Caravan Park owner L Willcourt had a
groap booking for 20 pecpie cancelled st
e bormin of o0 Sony

“The figurcs fo Jamaary were drcad-
ful, 1 cam see the pong i prumg o cost this
busimess 3 formane,” Mr Willcour said.
“The Now-on effect of this oo other besi-
nesses b coomous, it's really affecting
our liveliboods.”

Residents have aliso been suffering from
the smell

(Cnutinesed page 24
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Monosulfidic Black Ooze (MBO)
- accumulation along barrages

— . . .

=>monosulfides (FeS)

De-oxygenation of water column
Noxious smells



Engineering impacts
Cracking, shrinking, subsidence

()
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Engineering impacts
racking, shrinking, subsidence

|gh moisture
content

- Irreversible shrlnklng
mosaic cracking effect
unevenly dry out O

CSIRO. Acid Sulfate Soils CSIRO



Extensive soft sulfidic material
+ Monosulfidic Black Ooze:

Human health hazards

CSIRO. Acid Sulfate Soils
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ulfuric cracking clay soill
drained wetlands adjacent to Finniss river)

Sulfidic material
pH> 7

(w
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Sulfuric material with cracks + water (pH 3.5)
Finniss river — November 2008

Saline
(31 dS/m)




Sulfuric cracking clay soil with acid (pH 3.5
ater in the cracks - adjacent to Finniss river




Sulfuric cracking clay soil + standing water (pH 3.4)
- drained wetlands adjacent to Finniss river

« = oxidised iron sulfides
* Yellow jarosite (iron sulfate

- - A0y

- \
N X, iy

al)

S@STANDING WATER =pH 3.4

oy : Sulfidic material = pH > 7= Unoxidised
Sulfidic material Iron sulfides: Dark grey and black

Depth > 90cm (w
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Sulfuric cracking clay soil with coatings of iron
minerals (= store of acidity when rewetted)

Collecting coatings of iron minerals (pH 3.2), which stores acidity because
when the soil is rewetted the mineral transforms and releases more acidity

Light yellowish iron sulfate mineral = “jarosite” ()

CSIRO. Acid Sulfate Soils CSIRO




Sulfuric cracking clay and sandy ASS materials
Currency Creek — Goolwa North = VAST

November 2008

CSIRO. Acid Sulfate Soils



- Sulturic cracking clay and sandy ASS materials
! Currency Creek: yellow and orange colours

etting by rainfall events = yellow and orange colours

| l ovember 2008
pyrite + air (oxygen) => acid (pH 1- 3) + iron oxides (yellow-green iron mineral)
IIow-green iIron mineral + water => orange iron oxide mineral ‘mm'

CSIRO. Acid Sulfate Soils



Sulfuric soils with “stored acidity” in coloured iron minerals

Sandy In drained beache

e e

=

Oxidation of pyrite to form yellowish-green
areas with pH <2 (sideronatrite mineral)

7
In presence of rain water the yellowish-
green mineral transforms to the orange
mineral (schwertmannite mineral)

()
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- Sulfuric soil (Sandy in drained beaches)

Contain “stored acidity” in coloured iron minerals

LU AU OQUNALT OUND




~ ' Sulfuric material

Sulfuric material

(Has become acidic after drainage)
* pH <4 (usually ranging from 3.5to 2.5)

«“Qxidised iron sulfides
vith yellow mottles
* Yehqw jarosites and other iron-sulfate salts

~~Sulfuric
“material -

Sulfidic material

(If disturbed becomes acidic)
e pH>4 (e.g. pH 6 to 7 = sea water)
« Unoxidised iron sulfides: Dark grey and black ‘llm’

L S 20|
/Water tabJQJeMeIIIGEJ% cm (February 07) CsIRO




Excavation of sulfidic material in Finniss River
- Acid and metal mobilisation after rain event

Simulation of
rewetting

e

r|te + air (oxygen) => ac:|d (pH 1— ) + iron OXIdeS (e g yeIIow-green sideronatrite)
I« oxide (e.g. sideronatrite) + water => orange iron oxides (e.g. schwertmannite)
CSIRO. Acid Sulfate Soils CsIRO
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Changes in extent of ASS in Lake Alexandrina

resulting from lowering water levels

Pre-Drought
(+0.50mAHD)

Current
(-0.50mAHD)
e Further 1m drop

in lake water
(-1.50mAHD)

l Deep water
[ Subaqueous sulfidic
[] Sulfidic
B Sulfuric

Lowering Water Level




Map showing “current” distribution of ASS in Currency

Creek, Finniss River, and Black Swamp

Legend
ASS extent at water level -1mAHD

- Deep water

- Subaqueous sulfidic

P suifidic
| B

------
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Map showing “current” distribution of ASS in Currency

Creek, Finniss River, and Black Swamp

[ Legend
ASS extent at water level -1mAHD

- Deep water

- Subanueous sutfidic

I sulfidic
B suiuic




Summary of Lower Lakes outcomes

I

Currently ~2,000 ha of sulfuric material is verified in Lower Lakes

his equates to ~480,000 tonnes of H,SO, already formed

A further drop of 1m in lake water level will result in ~33,000 ha of
sulfuric material equating to ~8,000,000 tonnes of H,SO,

Monitoring of ASS is continuing (50 plus sites)

)
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Recent publications: lower lakes region

Fi patrick, RW, P. Shand, M. Thomas, R.H. Merry, M.D. Raven, S.L Simpson (2008)
Acid sulfate soils in subagqueous, waterlogged and drained soil environments
' ne wetlands below Blanchetown (Lock 1), South Australia: properties, genesis,
sks and management. Prepared for South Australian Murray-Darling Basin
ural Resources Management Board. CSIRO Land and Water Science Report 42/08.

. SIRO, Adelaide, 122. pp.
itp://www.clw.csiro.au/publications/science/2008/sr42-08.pdf

patrick, RW, P. Shand, S Marvanek, R.H. Merry, M. Thomas, S.L Simpson,

. Raven and S. McClure (2008) Acid sulfate soils in subaqueous, waterlogged

d drained soil environments in Lake Albert, Lake Alexandrina and River Murray
low Blanchetown (Lock 1): properties, distribution, genesis, risks and management.
epared for Department of Environment and Heritage, SA. CSIRO Land and Water
ience Report 46/08. CSIRO, Adelaide, 167. pp.
tp://www.clw.csiro.au/publications/science/2008/sr46-08.pdf
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http://www.clw.csiro.au/publications/science/2008/sr42-08.pdf
http://www.clw.csiro.au/publications/science/2008/sr46-08.pdf
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What are acid sulfate soils?

What happens when pyrite in solls or
sediments are disturbed or exposed?

FeS, + /,0, + '/,H,0 > Fe(OH); + 250,% + 4H*
pyrite + oxygen + water -» iron (ag) + sulfuric acid (aq)

Release and export of:
 Acid
e |ron
e Aluminium
e Other metals and heavy metals
e Consumption of oxygen
e Generation of monosulfidic black ooze

)
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