
A bioleaching approach for the recovery of Rare Earth  
Elements from Waste Printed Circuit Boards. 

Alejandra Gonzalez Baez*, Leonardo Pantoja Muñoz, Hemda Garelick, Diane Purchase 

*Department of Natural Sciences, Middlesex University, London. a.gonzalezbaez@mdx.ac.uk 

Waste Printed Circuit Boards (WPCBs) represent up to 22% of total         
electronic waste, which is one of the fastest growing waste streams in the 
world. WPCBs contain hazardous elements such as heavy metals and bro-
minated flame retardants, but also valuable materials like copper, gold, silver 
and rare earth elements (REE) [1]. Appropriate recycling is then essential to 
reduce environmental impacts from the disposal of electronic waste and as 
an opportunity to recover valuable metals. Nevertheless, the recycling rate of 
critical materials such as REE is only less than 1% [2].   
 
In this research, WPCBs were supplied by recycling companies after crush-
ing process and metal analysis of the material was carried out. The concen-
tration of REE and their distributions in particle sizes is determined, and the 
potential of WPCBs for REE bioleaching is also investigated.  

Figure 2. Methodology for pre-treatment of WPCBs, metal analysis and evaluation of bioleaching. 

The most critical parameters effecting bioleach-

ing will be investigated, along with the microbial 

mechanisms of action involved in the process.  

 

This research can provide important information 

on how to maximize the leaching of REE from 

WPCBs, which can be useful for future applica-

tions in a larger or industrial scale.  
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Figure 3. Set up of bioleaching experiment. Conical flask               
containing medium, microbial cultures and crushed WPCBs . 

Figure 1. Example of PCBs from hard drives and mobile phones. 
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Figure 5. Bioleaching of rare earth elements as percentage leached of each element and their 

equivalent μg leached per g of WPCB added. Fungal strains number 18, 20, 23, 24, 26, 27, REF 

(Reference strain, A. niger ATCC 1015), and non-inoculated control (C). n=3, Means + SE 

*Significantly different from the reference strain (p<0.05). ANOVA (Dunnett)  

This study has shown that WPCBs could also be 
considered as a secondary source for recovery of 
critical materials such as REE. 
 
Fungal bioleaching can be an alternative treatment 

to WPCBs dust and fine particles (<0.5 mm),    

usually disregarded and potentially landfilled, for 

the extraction of REE.  

Most of REE are found in higher concentrations in the             
fraction with particle size <0.5mm (A). This fraction was se-
lected for bioleaching studies. Leaching of metals from 
WPCBs strongly depends on particle size and smaller sizes 
are related to higher bioleaching rates due to more contact  
surfaces available for the microorganisms [3].  

 
 
 
The most favourable leaching results were achieved follow-

ing a two-step bioleaching for 7 days, at 1% (w/v) pulp den-

sity, by Strains 20 (Penicillium sp.) and 23 (Talaromyces 

sp.). These strains were able to leach up to approximately 

40% of Nd, Gd and Pr, from ground WPCBs. The foremen-

tioned strains were also efficient at reducing and maintaining 

the leaching solution under acidic conditions, despite the al-

kaline/neutral nature of the WPCB material.  

Figure 4. WPCB material (Company 1) after dry sieving. A: particle size 
< 0.25mm; B: 0.25mm – 0.5mm; D: 1mm – 2mm; E: > 2mm.   
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