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Ecotoxicology and Environmental Safety 50, 000}000 (2001)

Toxicity of Bauxite Manufacturing By-products in Sea Urchin Embryos

Giovanni Pagano, Süreyya Meriç, Antonella De Biase, Mario laccarino, Domenico 
Petruzzelli, Olcay Tünay, and Michel Warnau
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REEs and bauxite residues

Barros Ó et al. Recovery of rare earth elements from wastewater towards
a circular economy. Molecules. 2019 24:1005. 

Verma AS et al. Applications of bauxite residue: A mini-review. Waste 
Manag Res. 2017 35:999-1012. 

Liu Y, Naidu R. Hidden values in bauxite residue (red mud): recovery
of metals. Waste Manag. 2014 34:2662-73. 

Anawati J, Azimi G. Recovery of scandium from Canadian bauxite residue
utilizing acid baking followed by water leaching. Waste Manag. 2019 95:549-559. 

Rao Borra C et al. Selective recovery of rare earths from bauxite residue by
combination of sulfation, roasting and leaching. Minerals Engineering 2016 
92:151-159.
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Working Hypothesis

Bauxite and its processing sludge display relevant levels
of rare earth elements (REEs), as detected in Gardanne
soil, where REE levels displayed intermediate values between
aluminum & iron, and minor elements, such as Zn, Pb, V, Cr,
Ni, Cu and B.
This finding in Gardanne is confirmed by a body of literature.
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Working Hypothesis (?)

1. Exploring the REE content in areas previously utilized
for red mud lagooning

2. Evaluating safe devices for REE extraction from the
lagooning areas
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Open Questions

The agricultural areas downwind and downstream vs.
the Gardanne bauxite-processing facilities have not yet
been investigated in our previous studies.
The possible outcomes of ad hoc investigations might
lead to re-consider the actual influence, if any, of 
bauxite sludge on local crops and on livestock, which
might imply any environmental concern, and require
remediation interventions.
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Rare earth elements (REEs) are key constituents of modern technology and play 
important roles in various chemical and industrial applications. They are also 
increasingly used in agricultural and zootechnical applications such as fertilizers 
and as feed additives. Early applications of REEs in agriculture have originated in 
China over the last several decades with the objective of increasing crop 
productivity and improving livestock yield (ex: egg production or piglet growth). 
Outside China, REE agricultural or zootechnical uses are not currently practiced. 
A number of peer-reviewed manuscripts have evaluated the adverse and the 
positive effects of some light REEs (lanthanum and cerium salts) or of REE 
mixtures both in plant growth and in livestock yield. This information was 
never systematically evaluated from the growing body of scientific literature. 
The present review aimed at evaluating the available evidence for adverse 
and/or positive effects of REE exposures in plant and animal biota, and the 
cellular/molecular evidence for the REE-associated effects. The overall 
information points to shifts from toxic to favorable effects in plant systems 
at lower REE concentrations (possibly suggesting hormesis), whereas the 
available evidence for REE use as feed additives may suggest positive 
outcomes at certain doses, but requiring further investigations before 
extending this use for zootechnical purposes.
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REE-associated effects in plant models ranged from growth stimulation 
(hormesis) to inhibitory effects as a function of REE concentration; 

Different accumulation gradients were noted in plant and animal organs, 
with minimal – if any – accumulation in the edible parts;

REE-based feed additives in poultry failed to result in increased weight 
gain in broiler chicks, whereas REE-supplemented laying hens improved 
quantitative and qualitative egg production;

Growth performance in REE-supplemented piglets appeared to depend 
on REE dosages, as increased weight gain was observed for REE dosages 
>300 mg/kg, and not for a dosage of 200 mg/kg.
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MAIN GOAL

Seeking optimal hormetic effects of individual vs. combined
REEs in plant and animal test models, aimed at inducing the
most effective increases in crop yields, as well as the improvement
of animal growth.
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