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Abstract: Rare-earth elements are released into the aquatic environment as a result of their extensive

use in industry and agriculture, and they can be harmful for living organisms. The effects of

holmium(III), erbium(III), and gadolinium(III) when added to a growth medium in concentrations

ranging from 10 to 30 mg/L on the accumulation ability and biochemical composition of Arthrospira

platensis were studied. According to the results of a neutron activation analysis, the uptake of

elements by cyanobacteria occurred in a dose-dependent manner. The addition of gadolinium(III)

to the growth medium did not significantly affect the amount of biomass, whereas erbium(III) and

holmium(III) reduced it up to 22% compared to the control. The effects of rare-earth elements on

the content of proteins, carbohydrates, phycobiliproteins, lipids, β carotene, and chlorophyll a were

evaluated. The studied elements had different effects on the primary biomolecule content, suggesting

that holmium(III) and erbium(III) were more toxic than Gd(III) for Arthrospira platensis.

Keywords: rare-earth elements; Arthrospira platensis; holmium; erbium; gadolinium; neutron

activation analysis

1. Introduction

A collection of 17 elements known as rare-earth elements (REEs) includes 15 lan-
thanides (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yu, and Lu), as well as Sc and
Y [1,2]. The increased use of REEs in agriculture, metallurgy, the nuclear and chemical in-
dustries, and the production of magnets, luminescent and laser materials, superconductors,
batteries, smartphones, and electronics is determined by their unique chemical, electrical,
magnetic, and optical properties [3–5].

The widespread use of REEs in various industries causes their release in soil, water
bodies, and the atmosphere at concentrations that are frequently orders of magnitude
higher than the natural background levels [6,7], resulting in environmental contamination,
which may have a serious negative impact on human health [6]. Thus, it was reported
that endomyocardial fibrosis, lung and bladder cancer, indigestion, diarrhea, abdominal
distension, anorexia, weakness, fatigue, etc. were all linked to high concentrations of REEs
in humans [8,9].

Depending on the element, its quantity, and the organisms exposed, REEs can have
either harmful or stimulating effects on aquatic organisms. Eight doped lanthanide-based
ceramic oxides were tested on crustaceans and duckweeds, and either very low acute
toxicity or no toxicity were seen [10]. Bergsten-Torralba et al. [11] demonstrated the toxicity
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of La, Nd, Sm, and their combinations for algae, microcrustaceans, and fungi. Several
studies have reported the toxicity of Ce in nanoform for microalgae [12,13].

Among the 17 REEs, the influence of La, Ce, Gd, and Y on aquatic organisms has
primarily been researched [12,14–17]. Despite studies and review papers detailing the
bioaccumulation of REEs by aquatic organisms, their uptake by and effect on cyanobacteria
have scarcely been investigated. According to numerous studies [7,18–20], cyanobacteria,
including Arthrospira platensis, have a high biosorption and bioaccumulation capacity for
heavy metals. This makes them promising candidates for polluted water bodies and
wastewater remediation.

In recent years, the cyanobacterium Arthrospira platensis has primarily been used as a
biosorbent to recover REEs from solutions. Two strains of Spirulina platensis were applied to
recover Nd from batch solutions. Both strains showed high adsorption capacity: 72.5 mg/g
for the LEB-18 strain and 48.2 mg/g for LEB-52 [21]. Approximately 80% of Yb ions were
adsorbed by spirulina from simulated mine wastewater [22], and 87.62% of the ions were
absorbed from an aqueous solution [23]. Endemic and commercial strains of Arthrospira
platensis were able to recover 18.1 and 38.2 mg/g, respectively, of Ce ions [24]. Arthrospira
platensis showed a high adsorption capacity of 89.5 mg/g for Eu ions [25].

It is worth noting that little research has been done on their ability to bioaccumulate
these elements. Thus, Zinicovscaia and co-authors [26] investigated the uptake of Dy, Sm,
Tb, La, Nd, and Yb by spirulina biomass. The accumulation of Eu and Y ions by Arthrospira
platensis and their effects on the biochemical composition of the biomass were reported
in [25,27]. At the same time, the bioaccumulation technique, which allows the uptake
of high levels of pollutants and their biotransformation into less harmful forms, is more
appropriate for in situ remediation [28]. In this case, it is crucial to maintain the optimal
level of biomass productivity and its biochemical composition in order to guarantee the
excellent bioaccumulation potential of cyanobacteria.

In the current study, neutron activation analysis was used to examine the accumulation
of gadolinium(III) (one of the most studied REEs), holmium(III), and erbium(III) (two less
well-examined elements) by the cyanobacterium Arthrospira platensis. The effects of REEs
on the biomass, biochemical composition, and antioxidant activity of Arthrospira platensis
were evaluated. As far as we are aware, this is the first study to report the effects of the
aforementioned REEs on Arthrospira platensis.
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