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Introduction — My study site

My study site — Haulage Creek, Queenstown, Tasmania, Australia

Australia has over 95000 mines,
and 89% of them are classified
as inactive

Less than 4% of these inactive
mines have been rehabilitated

Werner, T. T,, et al. (2020). "A Geospatial Database for Effective Mine Rehabilitation in Australia." Minerals 10(9).
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Introduction — My study site

My study site — Haulage Creek, Queenstown, Tasmania, Australia
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Introduction — My study site

My study site — Haulage Creek, Queenstown, Tasmania, Australia
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Introduction — My study site

My study site — Haulage Creek, Queenstown, Tasmania, Australia

Target AMD

Element concentration (mg/L)

Al

100

Ca
Co

Potential for over
2500 tonnes of iron
and 300 tonnes of
aluminium to flow
down Haulage Creek
per year
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Phytomining

% IS

Phytoremediation — using plants Phytoextraction — removing Phytomining - harvesting
to remediate contaminated media contaminated plants for contaminated plants for
remediation remediation and profit

How are the plants to be harvested?
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Phytomining considerations for use with AMD

$mmm Field sampling

Pre-
treatment

Harvesting
strategy
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Implications of Tasmanian plant samples

10000
Stems Leaves Seeds

1000

100

=
o

Concentration (ug/g DW)

=

Al Cu Fe Mn Ni Zn Al Cu Fe Mn Ni Zn Al Cu Fe Mn Ni Zn

Do we need to pre-treat the AMD
BTN to increase plant metal uptake?

’Hea\M\ated’
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Phytomining considerations for use with AMD

Plant
selection

Harvesting
strategy

{@mmmmm——— Benchtop experiment
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‘Pre-treatment’ using alkaline materials
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Control Dolomite  Limestone Oxic Anoxic O
(aeration) Lime sand Serpentinite limestone  limestone
) 3 5 I T T
=2 _ca 60 Ca 350
Co 1.5 Co 1.1
Cu 25 Cu 6
F 0.4 F 0.4
Fe 550 Fe 350
Mg 100 Mg 100
Mn 100 Mn 90
Ni 0.3 Ni 0.22
. [ Pb 0.06 Pb 0.02
— _ . S0, 3400 50,2 3400
' Sr 0.6 Sr 8
4 hours zn 5 Zn 3
contact
time Full-strength AMD  ‘Pre-treated’ AMD
solution (mg/L) solution (mg/L)
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Phytomining considerations for use with AMD

Are metals stored in Plant Did plants take up more metals
roots or shoots? selection from pre-treated AMD?

Plant health + Plant metal concentrations
= Higher plant metal masses

Harvesting Pre-
strategy treatment

Did pre-treatment
impact plant health?
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Plant studies

Plant study 1 — Pot-plant survivor!

Add AMD to plants daily > see which survive!

Which plants will survive in AMD?

Plant study 2 - ‘No mow’ column study

Sacrifice initial pot plants = dose for six weeks - harvest roots and shoots

« What metals do the plants take up in their roots and shoots?

Plant study 3 - ‘Mow’ column study
Dose for one week = harvest shoots = continue dosing = harvest roots and shoots
Do the plants survive and take up similar amounts of metals with lower biomass?

R A
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Plant
selection

Plant studies

Plant study 1 — Pot-plant survivor!
Add AMD to plants daily > see which survive!
Which plants will survive in AMD?
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Plant studies Y
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Plant study 2 - ‘No mow’ column study
Sacrifice initial pot plants = dose for six weeks - harvest roots and shoots
What metals do the plants take up in their roots and shoots?
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% ' Roots i
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Plant studies

Plant study 3 - ‘Mow’ column study
Dose for one week - harvest shoots = continue dosing - harvest roots and shoots
Do the plants survive and take up similar amounts of metals with lower biomass?
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A year 's worth of linear mixed model results!
BT oo E E ok E
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Usmg Ilnear-mlxéd models, we tested our plant metal m
1 concentrations for significant interactions between plant-
spemes plant sectlon and dosmg solution

) | =
) ‘;éii ; 1 I ‘H‘Hh MH\HH M ‘II |

In general, plant metal concentratlons followed thls trend uuuuu
Fe >> Mn AI > Cu > Zn > Co > N| =

We are gomg to focus on one hlgh-concentratlon element 55 A P,
which was removed significantly by the pre-treatment (Al) _  -_
and one more ‘economic’ element (Co) =
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AI u m i n i u m Full-strength AMD  Pre-treated AMD

Marginal means for both the ‘No mow’ study and ‘Mow’ study. Figures shown for significant
interactions in the linear mixed model
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*error bars show the 95% confidence interval g MONASH 7
**bars with different colours within the same x-axis grouping (i.e. roots/shoots) with different letters are significantly different to each other at an 0=0.05 level. University



Full-strength AMD  Pre-treated AMD

Cobalt

Marginal means for both the ‘No mow’ and ‘Mow’ study. Figures shown for significant interactions in
the linear mixed model

‘No mow’ study ‘Mow’ study

*error bars show the 95% confidence interval
**for the ‘Mow’ study, bars with different colours within the same x-axis grouping with different letters are significantly different to each other at an a=0.05 level. g MONASH
***for the ‘No mow’ study, bars with the same colour within the same species (all conditions) with different letters are significantly different to each other at an a=0.05 level. University




Plant metal summary

Plant Section
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Phytomining considerations for use with AMD

Are metals stored in Plant Did plants take up more metals
roots or shoots? selection from pre-treated AMD?

Plant health + Plagit mMetal concentrations
= Higher glant mgtal masses

Harvesting Pre-
strategy treatment

Did pre-treatment
impact plant health?
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‘No mow’ study ‘Mow’ study

Isolepis inundata end of  f—
study ‘portraits’ water

* Metal accretions on the roots of
treated plants 1

 More dieback in the full-strength AV
plants

90
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80 | I roots - pre-treated
J[ |:|r00t5 - DI water
I < oots-final - full-strength
I shoots-final - pre-treated
[ shoots-final - DI water

70
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 Plants choose to grow new shoots
after being cut rather than regrow tr
shoot
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40 -

Plant
selection

Dried plant mass at the end of the mid-harvest study (g)

treatment

strategy
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Phytomining considerations for use with AMD

Dosing Solution

Best Best

‘accumulated accumulated No difference
from full- from pre- between AMD
strength AMD treated AMD

Are metals stored in Plant Did plants take up more metal
roots or shoots? selection from pre-treated AMD?
Plant Section : o
Very site-specific —
Plant health + Plant metal concentrations - Metal specific T
= Higher plant metal masses - Plant specific b b
€
_ Will depend on harvesting technique
Harvesting Pre-
strategy treatment | iy

| Pre-
| treated
| Anap

Did pre-treatment
impact plant health?

‘Mow’ study,

| Full-
| strength
| AMID
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Final conclusions - the big picture?

Plant Ore grades being

concentrations mined from rock Plant concentrations only
from experiment one magnitude smaller than
normal mining operations

“ bad for a waste product!

.

21, _ mental
concentratl Wften at
0.06% Cu in >0.43% Cu ore least o gnitude higher
some plants grade in new ?@ e plants growing
mines (Alvear et al., qﬂ‘ field
2020)
Dehaine, Q., et al. (2021). "Geometallurgy of cobalt ores: A review." Minerals engineering 160: 106656. Mrgl)\/]gé%_l
ALVEAR, G., RISOPATRON, C. & PEASE, J. 2020. Processing of Complex Materials in the Copper Industry: Challenges and Opportunities Ahead. JOM, 72.
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Thank you!
Any questions?

4 MONASH 2§

0

University



Follow on slides for questions
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Plant growth trends
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Dried plant mass at the end of the mid-harvest study (g}

Concentrations (mg/kg) Masses per plant section (mg)
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