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— Fugitive dusts
— Leachates

— Soils & sediments




Risks: fugitive dusts

Foe -

The Red Mud Accident in Ajka (Hungary): Characterization and
Potential Health Effects of Fugitive Dust
Andras Gelencser, Néra Kovats," Beatrix Turéezi,” Agnes Rostasx, Andras Hoffer," Kornélia Imre,’

Tlona Nyiro- Kosa, Dorottya Csakberenyl Mala51cs, Adam Toth," Aladar C21trovszky,§ Attila Na\gy,§
Szabolcs Nagy, Andris Acs," Aniké Kovacs,' Arpad Ferincz,' Zsuzsanna Hartyani," and Mihaly Pésfai*!

University of Pannonia, Veszprém, Hungary
*Air Chemistry Group of the Hungarian Academy of Sciences, Veszprém, Hungary
SResearch Institute for Solid State Physics and Optics, Hungarian Academy of Sciences, Budapest, Hungary

Toxicology Letters 209 (2012) 113-120

Contents lists available at SciVerse ScienceDirect

Toxicology Letters

journal homepage: www.elsevier.com/locate/toxlet

Respiratory consequences of red sludge dust inhalation in rats

Mutagenesis Advance Access published September 17, 2012

Mutagenesis pp. 1-5,2012 doi:10.1093/mutage/ges(42

No short-term cytogenetic consequences of Hungarian red mud catastrophe

Sarolta Gundy*, Gyongyi Farkas, Gibor Székely and heavy-metal impurities. Certain radionuclides may also be pre-
Miklés Kasler sent in the red mud increasing its possible health and genotoxic
Deparument of Oncocytogenetics, National Institute of Oncology, Rith Gy. hazards (1). Most refineries unload red mud into open-air reser-
u. 7-9, H-1122 Budapest, Hungary voirs and keep it in a solution of sodium h)dl\)\ldt. with rather
high pH values. However, this ‘wet’ storage requires very strict
precautions because of large volumes and caustic properties of
red mud accumulating over decades.

On October 4, lel(). the north-western corner of a dam of

*To whom correspondence should be addressed. Tel.: +36 1 224 8779;
Fax: +36 1 224 8776, E-mail: gundy @oncol hu

Received an October 25, 2011; revised on May 24, 2012; aceepted on May 25, 2012
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Risks no greater than urban
dusts; some evidence of mild
respiratory irritation

Longer term studies valuable
/ toxicological information —
valuable for rehab,
particularly in arid areas
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Mayes et al. (2011). Environ Sci. Technol. 45: 5147-5155.



Risks: leachates

e pH 13.1, high alkalinity,
Na, K, Ca, Si, Al, P, SO,,
range of other
oxyanionic metal(loid)s:
As, Cr, Mo, V

e Sequential filtration
— Particulate
— Colloidal
— Truly dissolved




Leachate characterisation
® Cd, CU, Pb, /n <LOD After Mayes et al. (2011). Environ Sci

7echnol. 45: 5147-5155.
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! 33 24 42 28 23
| As Cr Mo Ni VvV

Aluminum Arsenic Chromium Molybdenum Nickel Vanadium
26.982 74.922 51.996 95.94 58.693 50.942

Limited data available of leachate composition. essential for post-
closure remedial planning.
Analytical suites crucial



Risks: soils & sediments Selected Solid concentration
Elements (mg.kg™?)

e Comparisons with Threshold ?:Z 18 f’B (32;:1375)
+ . :
and Probable Effects Levels e 105 167 ( ;
(TEL / PEL) Co 97 £13
o PEL exceeded for ~<20km Cr 811 +108 (37 / 90)
(some reference sites exceed!) cy 5618  (36/197)
e Hotspots of deposition CE 9£3
e Typically >60% in hard-to- 2 =
- Mo 14 £3
leach fractions
Na 39918 +1300
Ni 321 +58 (18/36)
Pb 157 £20 (35/91)
U 339 +28
V 907 +£52
Zn 173 +40 (123/315)

Mayes et al. (2011). Environ Sci. Technol. 45: 5147-5155.



XANES —
oxidation state

Normalised Absorption

Vanadate
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Normalised Absorption

E Cr -XANES

Chromium present
as Cr(III) substituted
into hematite

Burke et al. (2012).
Environ Sci. Technol. 46:
3085-3092.
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Vanadium is present

in V(V) oxidation
state; most likely as
vanadate

—
Arsenic present as

As(V); sorbed to red
mud particles as

arsenate
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Composition — REE / CRM

e Enrichment of a range of critical raw materials

e Availability limited — >95% in particulate phases with
exception of Ga and V

+ Opportunities for passive
recovery’ from leachates?

+ Particularly relevant for
elements that both have value
and are environmental
pollutants

Based on flux of material
released: in the region of US
$0.8 million

21Sc 23V .a .a .d

; y i Scandium Vanadium Gallium Lanthanum  Neodymium
After Mayes et al. (2011). Environ Sci. 3 44.956 50.942 69.732 138.906 144.24

Technol. 45: 5147-5155.




Ruyters et al. (2012). Environ Sci Technol 45, 1616-1622

B i OIOg ica I i m pa Cts Klebercz et al. (2011). J Environ Mon. 14: 2063-2071.

Scholl (2011). Bull Environ Contam Tox. 87, 124-128

e Most trophic IeveIs assessed by various workers

o Al ,;é:g‘( 5 r: (,! N g — ‘-
t lNo. and l10-3(:¢;‘/o l Shoot Nosdleat ltTolel:ant
colonies diversity is’rrl?i‘ll;,ition yield trend :l)’(:‘:::

e Difficulty in discerning causal effects
e Na enrichment appears crucial (above metals)
o Representative of affected areas?

Ecotox data lacking for many red mud
contaminants and in appropriate matrices



pH

Remediation — acid dosing of leachate

e Effective buffering, limiting mobility of most elements
e Some retain mobility in agueous phase (e.g. V)
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8"C (%o) VPDB
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SO,4% (aq) +2H,0 () + H,

Remediation — gypsum dosing of leachate

(aq

3 (aq)

~35% CO, in secondary deposits from atmosphere
Some metals associated with secondary deposits

Krishnamurthy et al., (2003)
Andrews et al., (1997)
Macleod et al., (1991)
Fléhoc et al., (2006)

O'Neil and Barnes (1971)
Renforth et al., (2009)

This study
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End member 1 (EM1): consistent with
carbonates formed in high pH solutions

(6°C = -27.0%e, §'°0 = -20.0 %)

End member 2 (EM2): consistent with
lithogenic carbonates.

.15 10
5'%0 (%) VPDB

! i3 _ 18 _
-5 0 (6 °C = 0%o, 5 O = 0%)
Renforth et al. (2012) Sci. Tot. Environ.421, 253-259



Remediation — ploughing residual red mud

e <5cm layer, ploughed into topsoil, biofuel crops

e Salinity issues, and organic complexation at alkaline pH
—> increases mobility of Ni and As

Lockwood et al. (2014) App. Geochem. 51, 268-277
Nagy et al. (2013) Environ Sci. Poll Res. 20: 7603-7614.

Implications for long-
term cycling.
Relevance for rehab
sites.
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Anton et al. (2014). Environ Sci. Proc. Impacts 16: 2677-2688.



Summary

e Initial risks well-managed; nuisance dusts

e Biological impacts: salinity > pH - metals?

e Majority of metal inventory in forms posing minimal risk
e Recovery far quicker than documented elsewhere

e Valuable environmental information support post-
closure remediation plans incorporating carbon
accounting and possible value recovery
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