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Abstract Red mud is a by-product of the production of 
alumina from bauxite ore. Less than 2% of the red mud 

produced is currently being reused. The red mud contains 
a number of residual elements, some at a considerable 

concentration. The red microalga Galdieria sulphuraria 
was used to test the accumulation of scarce metals from red 
mud. Algal cells were cultured autotrophically and 

mixotrophically in a liquid medium with an alternative 
addition of glycerol as a source of carbon. Red mud was 
added into the growth medium as the acidic extract (in 10% 

HNO3). The growth of the cultures was monitored. The 
content of single scarce metals in the red mud extract and 

the biomass, was determined using ICP-MS. The most 
abundant element in red mud was Fe followed by Na and 
Al (53%, 17% and 12% respectively). The most abundant 

lanthanides were Ce, Y and La. The growth of cultures 
grown in the presence of red mud was comparable with the 
control. The red alga Galdieria sulphuraria can grow in 

the presence of red mud and accumulate scarce metals 
from it. The accumulation is more effective under the 

mixotrophic regime, shoing Y as the most accumulated 

lanthanide. 
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1. Introduction 

The unicellular red alga Galdieria sulphuraria belongs to 

Cyanidophyceae, the class of primitive rhodophytes. These 
extremophilic microalgae are adapted to thermo-
acidophilic growth conditions inhabiting hot sulfur springs 

and geothermal habitats (Gross et al., 1998). They thrive 
wide range of temperature up to 56 °C and pH values 

bellow pH 1 (Ciniglia et al., 2004; Reeb and Bhattacharya, 
2010). G. sulphuraria shows distinguished metabolic 
versatility which allows, apart from an autotrophic growth, 

a mixotrophic and heterotrophic growth on variety of 
carbon sources (Gross and Schnarreberger, 1995; 
Oesterhelt et al., 2007). The growth was increased under 

the mixotrophic and heterotrophic regimes compared to 
autotrophy (Čížková et al., 2020a; López et al., 2019; Liu 

et al., 2021). The resistance of Galdieria against numerous 

toxic metals, rare earth elements (REEs; lanthanides), high 

salt and the adaptation to high temperature and low pH is 
quite unique among other eukaryotic algae and make it a  
promising adept for biotechnologies (Vítová et al., 2016; 

Čížková et al., 2020b; Hirooka et al., 2020).  

Red mud (RM) as a by-product of alumina production 
contains high amount of residual metals including REEs. 

The use of microalgae for recovery of REEs was studied 
already (Čížková et al., 2019, 2020a; Minoda et al., 2015; 

Ramasamy et al., 2019).  

The aim of this study was to examine the ability of the red 
alga G. sulphuraria to accumulate scarce metals from RM 

applied as the acidic extract. In order to examine bio-
absorption capacity, G. sulphuraria was cultivated auto- 
and mixotrophically. As a comprehensive determination 

of the content of scarce metals accumulated in algal 
biomass, inductively coupled plasma mass spectrometry 

(ICP-MS) was used. The potential to use red algae for 

bio-recovery of scarce metals from red mud was evaluated. 

2. Methods 

2.1 Experimental organism and culturing 

The unicellular red alga Galdieria sulphuraria 002 was 
obtained from Algal Collection of University “Federico II” 
of Naples, Italy (http://www.acuf.net/index.php?lang=en). 

Cultures were grown in photobioreactors in modified 
Galdieria-nutrient medium pH 3 (Vítová et al., 2016) with 

or without addition of 1% glycerol (added every 48 hr) at 
40°C and the light intensity 500 µmol photons m-2 s-1 for 
72 hr. Starting concentration of the inoculum was 0.1 mg 

L-1. Red mud (Envirotis Holding zrt., Hungary) was 
extracted with 10% HNO3 in the concentration 50 ug RM 
mL-1. Algae were treated with 5% RM extract (v/v). The 

pH of the cultures was adjusted by NH4OH to pH 3. The 
biomass was harvested by centrifugation and freeze-dried. 

2.2 Dry matter evaluation 
Dry matter was determined from 5 mL of algal suspension 
centrifuged at 3000 rpm for 5 min in dried and pre-weighed 

5-mL test tubes. The pellet was dried at 105°C for 12 h and 
weighed on the analytical balance Sartorius TE214S-0CE. 
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2.3 Quantitative analysis of metal content by ICP-MS 
Samples of red mud and algal biomass were digested with 

67% HNO3 and 30% H2O2 in a PTFE microwave oven at 
250–600 W for 20 min. ICP-MS measurements were 
performed using an Elan DRC-e equipped with a 

concentric PTFE nebuliser and cyclonic spray chamber. 
Values were expressed as microgram per gram of dry 

matter (ug g-1 DM) (Goecke et al., 2015). 

3. Results 

3.1 Composition of red mud 

The composition of RM was analyzed using ICP-MS. The 

most abundant element in RM was Fe followed by Na and 

Al (53%, 17% and 12% respectively). The acidic extract of 

RM (see Methods) was evaluated for the levels of REEs. The 

most abundant lanthanide was Ce, followed by Y and La  

(6106, 3900 and 3334 µg L-1, respectively) (Tab. 1, column 

1). 

Table 1. Content of single rare earth elements in the red mud 

extract (RM) (µg L-1) and in the biomass of Galdieria 

sulphuraria cultivated auto- and mixotrophically and treated 

by RM extract (G.s.+RM Auto/ Mixo) (µg g-1 DM). 

3.2 Algal growth in the presence of red mud 

Cultures of G. sulphuraria of the same initial 

concentration (1x106 cells L-1) were cultivated auto- and 

mixotrophically in the liquid mineral medium with 

addition of 1% glycerol at continuous light. They were 

harvested after 3 days to obtain the biomass for elemental 

analysis. The RM extract was added to the final 

concentration 5%. The amount of produced biomass was 

monitored by dry matter determination. When compared 

with the control cultures (no RM added) the growth of 

cultures grown in the presence RM extract was comparable 

(Fig. 1). The autotrophic control reached the DM value 

3.50 mg mL-1, while the maximal DM value of RM treated 

culture was 3.95 mg mL-1. The mixotrophic control grew 

to 4.06 mg mL-1 while the RM treated culture to 3.00 mg 

mL-1 showing the negative effect of high metal levels 

accumulated in the cells.  

3.3 Accumulation of rare earth elements in biomass 

To follow the accumulation of REEs by algal cells, the 

harvested biomass from above described experiments was 

analyzed by ICP-MS for the REEs content. Total amount 

of accumulated REEs differed with the metabolic regime 

used for cultivation in behalf of mixotrophic one (Fig. 2). 

The algal biomass from cultures grown in the presence of 

RM extract, contained Y as most abundant element (5.4 

and 94.3 µg g-1 DM in auto- and mixotrophic, respectively) 

followed by Eu (Tab. 1, column 2, 3; respectively). 

Surprisingly, the accumulation fo Ce and La was 

negligible. 

To summarize, the red alga G. sulphuraria 002 was able to 

grow both auto- and mixotrophically in the presence of RM 

extract and accumulate REEs from the extract into the 

cells.  The most successful accumulator was mixotrophic 

G. sulphuraria and the most abundant lanthanide 

accumulated in the biomass was yttrium.
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Figure 1. Dry matter of Galdieria sulphuraria 002 grown auto- and mixotrophically (mg mL-1). C = control (no RM 

extract), RM = 5% RM extract treatment. 

REEs RM extract  
G.s.+RM 

Auto 
G.s.+RM 

Mixo  

 µg L-1  µg g-1 DM   µg g-1 DM 

Y 3900 5,4 94,3 

La 3334 0,4 0,4 

Ce 6106 0,5 0,2 

Eu 185 0,4 9,8 

Gd 794 0,1 0,1 
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Figure 2. Total amount of REEs accumulated in the biomass of Galdieria sulphuraria 002 (µg g-1 DM). 
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