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1. Introduction – Urban mining is pointed as the solution to reduce the constraints associated with the 

supply chain of elements that are vital for emerging and strategic technologies (technology-critical 

elements), such as the rare earth elements (REE). Although the recovery of 

REE from waste and wastewaters represents a huge opportunity, with clear 

economic and environmental benefits, it is still poorly implemented because 

of technological limitations. The potential of different living macroalgae to 

remove, concentrate, and recover REE from synthetic aqueous solutions, 

under different realistic scenarios, including mono- and multi-contaminated 

waters, with different ionic strengths was already highlighted [1,2]. In this 

work, included in the N9ve.REE project, we assessed and explored for the 

first time, the use of Ulva sp. (Image 1) in a real waste, namely in acid 

extracts from end-of-life lamps. 

 

2. Experimental - Extraction of REE was achieved by treating the lamp waste with 2 mol/L nitric acid. 

Pre-concentration and recovery of REE from the extract by Ulva sp. was studied, evaluating the effect of 

the residence time (0 – 48 h); pH (4.5 – 9.0) and light exposure (absence, natural, and artificial). 

Concentrations of REE in leachate and macroalgae were determined by Inductively Coupled Plasma 

Optical Emission Spectrometry (ICP-OES). 

 

3. Results and Discussion - It was possible to solubilize almost all the yttrium (Y) and europium (Eu), 

which were the REE present in greater amounts in the studied waste. Ulva sp. was able to uptake and 

concentrate both elements from the acid extract (Table I), reaching after 6 h concentrations in the biomass 

that were 20 - 30 times higher than those commonly found in apatite ore, which is a primary source of 

REE. Within the studied range, the pH did not show to influence, in a relevant way, the removal (between 

23 % at pH 9.0 to 30 % at pH 6.0, for Y; natural light). Compared with the total absence of light, Y 

removal doubled with artificial light supplementation (from 20 to 40 %), while that of Eu increased 1.7 

times, highlighting the role of organism metabolism in the process.  

 

 

4. Conclusions - The combination of diluted acid solutions with the high capacity of preconcentration of 

elements of the living macroalgae Ulva sp. demonstrated to have high potential to recover and recycle 

technology-critical elements from secondary sources. This environmentally friendly and low-cost 

methodology will make possible to value waste, increase recycling rates, and reduce the impacts 

associated with mining of REE. 
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Image 1. Marine macroalgae Ulva sp. 

Tabla I. Concentration of Y and Eu in the acid extract after dilution in water, and in Ulva sp. biomass 

after sorption experiments.  
 Yttrium (Y) Europium (Eu) 

Concentration in a diluted acid extract (mg/L) 104 5.5 

Concentration in Ulva sp. (mg/kg) 17713 801 
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