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Evaluation of acute toxicity of
neodymium and yttrium in
zebrafish (Danio rerio) embryos

Antonio Jesus Lora-Benitez'™*, Ana Maria Molina-Lopez',
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Nahum Ayala-Soldado* and Rosario Moyano-Salvago?

Department of Anatomy and Comparative Pathology and Toxicology, UIC Zoonosis y Enfermedades
Emergentes ENZOEM, Faculty of Veterinary Medicine, Campus de Rabanales, University of Cérdoba,
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Rare earth elements are a group of chemicals widely utilized in industry, leading
to ecosystem contamination. Due to the lack of regulatory measures, there exists
a considerable gap in knowledge concerning their potential to induce adverse
effects in organisms. Zebrafish serve as a species utilized in evaluating the risk of
potentially toxic substances in the aquatic ecosystem. Our objective was to
evaluate the acute toxicity in zebrafish embryos induced by two of the most
used rare earth elements, neodymium, categorized as a light element, and
yttrium, as a heavy element. We followed OECD guideline n°. 236 “Fish
Embryo Acute Toxicity Test”, exposing embryos to concentrations of 6.4, 16,
40, 100, and 250 mg/L, and calculated the LCsq. Our study revealed comparable
LCso values for both elements (55.58 mg/L for Nd, and 45.61mg/L for Y),
suggesting a probable similarity in toxicity. These concentrations values have
previously been identified in various contaminated regions globally, presenting a
cause for concern.

KEYWORDS

aquatic organism, embryonic mortality, emerging pollutant, rare earth elements,
water pollution

1 Introduction

Rare earth elements (REEs) are a group of transition metals that include scandium (Sc)
(Z =21) and yttrium (Y) (Z = 39), as well as the lanthanides family, which comprises from
lanthanum (La) (Z = 57) to lutetium (Lu) (Z = 71) (USEPA, 2012; Wu et al., 2022). All the
above have similar physical and chemical properties and are found in their natural state on
the earth’s crust, except promethium (Pm), which does not have stable isotopes (Elkina and
Kurushkin, 2020). Due to their exceptional magnetic, catalytic, optical, and electronic
properties, rare earths have acquired a relevant role in innovatory and avant-garde
technologies in fields like automotion, electronics, or image diagnosis, among others
(Lu et al, 2017; Okeme et al,, 2022). The nomenclature “rare earth” originates from the
fact that, when discovered, they were found in the form of apparently scanty complex
oxides. However, though they are reasonably abundant, they have a disperse distribution in
nature, and they need complicated separation processes for their extraction (Dinh
et al.,, 2022).

Currently, there is no universal classification for REEs, although they are usually
classified into light and heavy REEs, based on their atomic number and electronic
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configuration. The light REEs are more numerous in the
environment than the heavy ones, and, among the former, La,
cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium
(Pm), and samarium (Sm) can be found. The heavy REEs include
europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Th), yterbium (Yb) and
yttrium (Y) (Huang et al., 2020).

In the last 2 decades, the demand for REEs has considerably
increased. Their extensive use in different areas has permitted
their release into the environment by different sources, such as
mining, extraction and refining, sewage from industrial
processes, or electronic residues deposited in landfills (Ayedun
etal., 2016). This has enabled the pollution of different ecosystem
and their monitoring in different parts of the world (Tepe et al,,
2014; Hatje et al., 2016; Liu et al., 2019; Bakhshalizadeh et al.,
2023). However, their detection in various environmental
matrices has rendered them potential emerging pollutants,
possibly triggering alterations in humans and ecosystem fauna
(Rogowska et al., 2018; Malhotra et al., 2020), as they are not
regulated, or monitored in public health programs. Besides that,
the techniques for their detection require a great sensitivity,
which is still in a developmental stage (Kulaksiz and Bau,
2013; Gwenzi et al., 2018; Henriquez-Hernandez et al., 2023).

From an environmental point of view, it is of interest to learn
about the REEs most used, which are practically limited to the
following six elements, in order of importance: Ce (39.5%), La
(26.4%), Nd (19.9%), Y (7.1%), Pr (4.1%), and Gd (1.1%),
whereas the rest only make up 1.9% of the total volume
employed (Schreiber et al., 2021; U.S Geological Survey, 2023).
Regarding Nd, it is widely used in different areas including wind
turbines, hybrid vehicles, in image diagnosis techniques, in
electronic devices like mobile telephones, and in military defence.
It has also been detected in fertilizers (Ramos et al., 2016). With
respect to Y, this has applications in optics, it is used in low energy-
cost light bulbs, or in television screens, and it is even employed in
radiotherapy treatment for non-Hodgkin lymphoma cases (Gwenzi
et al., 2018; Malhotra et al., 2020; Klingelhofer et al., 2022). Despite
being two of the REEs most used, there are not many studies
evaluating their toxicity, because most of the few articles
assessing the toxicological aspects of REEs have been focussed on
Ce, La and Ga (Pagano et al,, 2015a; Pagano et al., 2015b).

Regarding the adverse effects that can be caused on the aquatic
ecosystem, some current studies have been related to their
absorption and accumulation in organic tissues, like, for example,
in fish, shellfish or molluscs (Perrat et al., 2017; Trifuoggi et al., 2017;
Bakhshalizadeh et al., 2023). However, few are concentrated on
evaluating their toxicity (Pagano et al., 2016; Kang et al., 2022a; Kang
etal,, 2022b; Lachaux et al., 2022). One of the fish species commonly
used to evaluate the toxicity of potentially harmful elements is the
zebrafish (Danio rerio). The employment of this model has become
extended over the last 2 decades in diverse biomedical research
fields, using it widely as a model for the assessment of the
environmental risk from pollutants, and for estimating chemical
substance toxicity (Lora et al., 2016; Katoch and Patial, 2020; Risalde
et al., 2021). The embryos of this species are transparent, and they
are fully developed in a period of 96 h at 26°C. This makes them ideal
individuals for ecotoxicity studies (Fernandes and Lovely, 2021) as
their developmental stages are characterized in detail, therefore
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enabling the detection of any embryonic alteration from their
exposure to any toxic substance (Kimmel et al, 1995; OECD,
2013). Also, the use of individuals in the first embryonic stages is
a replacement method in relation to the 3Rs concept in animal
experimentation (Rosa et al., 2022). In this species, several authors
have evaluated the toxicity of different REEs, observing changes both
in their growth and locomotion (Zhao et al., 2020; Kang et al., 2022a;
Kang et al., 2022b), although the studies assessing the toxicity of Nd
and Y in zebrafish are limited.

In this context, the aim of our study was to evaluate and compare
the toxicity of different concentrations of two REEs, one categorized
as being light, Nd, and the other heavy, Y. This was done through an
acute toxicity test in embryos, determining their LCs, and finding
out the possible adverse effects from both elements on the
embryonic development of the zebrafish.

2 Materials and methods

2.1 Chemicals

The two rare earth elements to be evaluated, Nd (neodymium
chloride (III) hexahydrate (NdCl;-6H,0), CAS 13477-89-9, Sigma
289183), and Y (yttrium chloride (IIT) hexahydrate (YCl;-6H,0),
CAS 10025-94-2, Sigma 464317) were obtained from Sigma Aldrich
Co. (St. Louis, MO, United States). The purity of both compounds
was over 99%, and no solvent was required for their dissolution in
the embryonic medium. To prepare the dissolutions, for each
element a 500 mg/L mother solution, diluted until reaching the
desired concentrations (6.4, 16, 40, 100, 250 mg/L) was employed.
To select the concentrations, a factor of 2.5 was used and the
selection was made following: 1) concentrations proposed by the
OECD guideline n° 236 to offer validity and reliability to the results
that demonstrated the appearance of adverse effects in zebrafish
embryos (OECD, 2013), 2) the development of harmful effects
observed in different studies in the aquatic ecosystem, among
them in zebrafish (Dubé et al, 2019; Zhao et al, 2020; Kang
et al, 2022a; 2022b; Lin et al, 2022); 3) the range of
environmentally relevant concentrations detected in water in
different parts of the planet (Kulaksiz and Bau, 2013; Ayedun
et al.,, 2016; Liu et al., 2019; Zhao et al., 2020).

2.2 Animals

The embryos used in the study were obtained from adult wild
type AB zebrafish, provided by the Coérdoba University Animal
Experimentation Service (SAEX). These animals were kept in a
water recirculation system with filtration, that could measure the
water quality, germicidal ultraviolet irradiation, and light and
temperature control parameters. The water conditions were as
follows: pH 7-8; conductivity of between 300 and 500 uS/cm,
temperature of 26°C = 1°C; hardness of 50-250 mg CaCOj;
ammonia (NH3/NH,") < 0.1 mg/L, nitrite (NO,") < 0.3 mg/L and
nitrate (NO3") < 25 mg/L. The animals were fed three times a day
with a combination of dry food (Tropical Supervit Premium®) and
frozen Artemia spp. The photoperiod employed was of 14 h of light
and 10 of darkness.
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FIGURE 1
Cleavage, apparently normal embryo, and lethal and non-lethal alterations found in the experimental study. (A)- Embryo selected for the study with
normal cleavage and less than 90 min post-fertilization. (B)- Coagulated embryo at 24 h after exposure to Y 250 mg/L. (C)- Spine curvature (arrow) in an
embryo exposed to Y 40 mg/L at 72 h. (D)- Embryo apparently normal at 72 h after exposure to Nd 100 mg/L. (E)- Coagulated embryo at 72 h after
exposure to Nd 100 mg/L. (F)- Pericardial oedema (arrow) in an embryo exposed to Nd 40 mg/L. (G)- Embryo without a heartbeat (arrow) and un-
hatched at 96 h after exposure to Y 100 mg/L.

The day before the test, the fish, with a ratio of 2:1 (male:female),
were transferred to 5 reproduction aquariums, with a net spread
over the bottom and separated as per sex. The following day, when
the light was automatically turned on, the separation was withdrawn
so that the spawning process could take place. After spawning, the
embryos were collected and the reproduction aquarium contents
were poured onto a sieve and from there into a 3.5 cm Petri dishes
containing a medium of E3 (5.0 mM NaCl, 0.17 mM KCl, 0.33 mM
CaCl, and 0.33 mM MgSO,) and in which the embryos were
collected through rinsing them in the same E3 medium, thus
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eliminating possible organic matter residues. The embryos with a
normal cleavage and no apparent modifications, as is shown in
Figure 1, were selected by viewing them under a LanOptics”
triocular stereomicroscope, at 30x, and exposed to the study
concentrations at between the beginning of the blastodisc
division and the formation of the first 16 cells, at no longer
than 90 min post fertilization. With respect to the fertilization
rate, in the five reproduction aquariums used, a percentage of
close to 90% was achieved, that was therefore higher than the 70%
established in the guideline n’ 236 as a minimum fertility value
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(OECD, 2013). All the experimental procedures employed in this
study were approved by the Animal Experimentation Ethics
Committee, which is part of the Bioethical and Biosecurity
Committee at Cérdoba University (Spain).

2.3 Acute toxicity test

This was carried out following the OECD guideline n°
236 headed “Fish Embryo Acute Toxicity Test” (OECD, 2013).
Plates with twenty-four wells were used, with only one embryo
per well. In each plate, 20 embryos were exposed to a concentration
and 4 were used as an internal control in E3 medium. They were
exposed for 96h and placed in an incubator under controlled
conditions at a temperature of 26°C and a light/dark cycle of
14h/10 h.

Every 24 h, up to the 96 h that the study lasted, once a day and,
for a few seconds, the embryonic development status of every
embryo was checked, and the dead embryos were removed. The
lethal effects were observed in the embryos at 24, 48, 72, and 96 h.
The apical endpoints made in each embryo analysed included:
coagulation, lack of somite formation, non-detachment of the
tail, and lack of heartbeat. Any positive result from one of these
four observations would make the embryo be considered as being
dead. In relation to the heartbeat, particular care should be taken,
since an irregular heartbeat should not be recorded as being
lethal. Moreover, a visible heartbeat without any circulation in
the aorta abdominalis can be considered to be non-lethal. To
record this endpoint, embryos showing no heartbeat should be
observed under a minimum magnification of x80 for at least
1 minute. Absence of heartbeat is recorded after 48, 72, and 96 h.
Regarding the lack of somite formation, a normally developed
spontaneous (side-to-side
which Non-
formation of somites after 24 h might be due to a general

embryo  shows movements

contractions), indicate somite formation.
delay in development. After 48 h, at the latest, the somites
should have formed; if not, the embryos can be considered as
being dead. In addition to the apical endpoints used for
calculating the LCs, according to the guideline, the moment
at which the embryos are hatched was recorded from 48 h. Any
incidence of morphological and physiological abnormalities
observed during the study in the results have also been recorded.

The data obtained from the apical endpoints were used to
calculate: the survival percentage; the maximum concentration
not causing mortality; the minimum concentration triggering
100% mortality; the mortality in the controls; the graph of the
concentration-mortality curve at the end of the test; the LCs at the
end of the test, and the regression equation for each of the
substances evaluated.

2.4 Analytic measurements

According to OECD guideline, the concentrations of both
chemicals were measured in all treatments at the beginning and
end of the experiment. These analytic measurements were realized
by an inductively coupled plasma mass spectrometer (ICP-MS)
(Agilent 8900—Agilent Technologies, Palo Alto, CA, EE. UU.).
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The recovery of the analytical methods was verified utilizing the
certified REE-1 (Rare Earth Elements,
Zirconium and Niobium from Natural Resources Canada) for
Nd and Y.

reference materials

2.5 Statistical analysis

The statistical analysis of the data was made with 4.46 Rstudio
software. With the data obtained and due to its nonlinearity, the
probit model recommended by the OECD guideline (OECD,
2013) was not used. However, the guideline suggests using the
model that best fits the data. Therefore, a non-linear regression
equation was employed and adjusted to achieve the highest
precision in determining the LCso. The equation used was
as follows:

Y = YO + (Plateau — Y0)* (1 — exp (-K*x))

where, Y is the variable, we are trying to predict, i.e., the
mortality, X corresponds to the concentration of the element
in question, YO is the initial value of Y when X is zero, Plateau is
the value to which Y approaches as X tends to infinity, and Kis a
constant that determines the rate of approach of Y towards the
plateau. For each element, the parameters Y0, K, and plateau
were calculated to achieve a higher R-squared, ensuring greater
precision in the calculation. Subsequently, the LCs, was
computed as In2/K.

Other endpoints, such as non-lethal morphological alterations
or non-hatching, were only quantified and described.

3 Results
3.1 Nd and Y concentrations in the medium

The results of the analytic measurements of Nd and Y are shown
in Table 1. All the concentrations remained within the + 20% of the
nominal values.

3.2 Acute Nd embryotoxicity

The observations considered as being lethal in the zebrafish
embryos exposed to different Nd concentrations at between 24 and
96 h are shown in Table 2. Both the plate used as a control group and
the internal controls showed a viability of over 90%. In none of the
embryos employed were the lack of somite formation or the non-
detachment of the tail detected. As can be observed in Table 2, the
alteration detected that caused most of the deaths, independently of
the concentration employed, was coagulation, which was
fundamentally produced in the first 24 h.

With respect to the concentrations, that of 6.4 mg/L showed a
viability of over 90%, the same as the controls, so that it can be
established as being a concentration that does not produce
alterations in the embryos. Conversely, 250 mg/L concentration
induced the coagulation of all the embryos at 24 h after starting
the study. In the intermediate concentrations, 16 mg/L, 40 mg/L and
100 mg/L, a mortality at 96 h of 30%, 45%, and 75%, respectively,
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TABLE 1 Nominal and measured concentrations of Nd and Y in the medium test at the beginning and end of the experiment.

Nominal concentrations (mg/L)

Measured concentrations of Nd

10.3389/fenvs.2024.1390948

Measured concentrations of Y (

(mg/L)

Oh 96 h Oh 96 h
6.4 6.02 + 0.43 567 + 0.48 5.95 + 0.39 5.81 + 0.43
16 14.58 + 1.56 14.26 £ 1.33 17.11 £ 1.28 1398 + 1.15
40 38.88 + 3.79 36.79 + 4.16 4174 + 3.03 3594 + 355
100 9851 + 5.99 92.43 + 4.49 9922 + 435 88.48 + 6.76
250 243.67 + 2148 232.50 + 1832 239.41 + 24.99 221.08 + 1937

TABLE 2 Observations of acute toxicity in zebrafish embryos at between 24 and 96 h after fertilization and after exposure to different Nd concentations.

Apical observations

Coagulated embryos

Lack of somite formation

Observation time

Mortality

3/40 (8.5%)

Non-detachment of the tail

Lack of heartbeat

6.4

Coagulated embryos

Lack of somite formation

2/20

2/20 (10%)

Non-detachment of the tail

Lack of heartbeat

Coagulated embryos

Lack of somite formation

5/20

6/20 (30%)

Non-detachment of the tail

Lack of heartbeat

40

Coagulated embryos

Lack of somite formation

6/20

9/20 (45%)

Non-detachment of the tail

Lack of heartbeat

100

250

Coagulated embryos

11/20

15/20 (75%)

Lack of somite formation

Non-detachment of the tail

Lack of heartbeat

Coagulated embryos

40/40

20/20 (100%)

Lack of somite formation

Non-detachment of the tail

Lack of heartbeat

*Indicates that the embryos were not hatched.

was determined. In those concentrations, as well as the embryos
coagulation, another alteration particularly evidenced were the
absence of a heartbeat in 7 embryos at 96 h, one embryo exposed
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to 16 mg/L, three embryos exposed to 40 mg/L, and three embryos
exposed to 100 mg/L of Nd, respectively. These embryos did
not hatch.
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FIGURE 2

Concentration-mortality curve in zebrafish embryos exposed to
different concentrations of Nd at 96 h.

In relation to other morphological abnormalities evident, these
appeared only in some embryos belonging to the exposed groups at
72 h. In this sense, we observed spinal curvature in one embryo at a
concentration of 16 mg/L and in two embryos exposed to 40 mg/L.
We also observed pericardial oedema in an embryo exposed to
40 mg/L. These alterations can be visualized in Figure 1.

The YO values were estimated at 7.545, the plateau at 103.8, and
K at 0.01247. With these values, the non-linear regression equation
achieved an R-squared of 0.9922, a value very close to unity,
indicating high precision in the estimation. Finally, the LCs, for
Nd was determined to be 55.58 mg/L. Figure 2 shows the
concentration-mortality curve at the end of the test.

3.3 Acute Y embryotoxicity

The observations considered as being lethal in zebrafish embryos
exposed to different Y concentrations at between 24 and 96 h are shown
in Table 3. Similarly to Nd, both the plate used as a control group and
the internal controls gave a viability of over 90%. Besides, nor were the
absence of somite formation or the non-detachment of the tail in any of
the embryos detected, regardless of the concentration to which they
were exposed. Both their coagulation, which occurred in the first 24 h,
and the absence of a heartbeat and non-hatching, were similar to those
of Nd, ie., at 96 h.

The test demonstrated that nor was the concentration of 6.4 mg/
L sufficient to cause a higher mortality than over 90%. With respect
to the rest of the concentrations, that of 16 mg/L triggered a
mortality of 20%, that of 40 mg/L a 55% mortality, and that of
100 mg/L, 70%. In the 250 mg/L concentration, all the embryos were
coagulated in the first 24 h, the same as in the case of Nd.
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The YO values were estimated at 0.4066, the plateau at 99.52, and
K at 0.01520. With these values, the non-linear regression equation
achieved an R-squared of 0.9759. Finally, the LCs, for Y was
determined to be 45.61 mg/L. Figure 3 shows the concentration-
mortality curve at 96 h.

Regarding other morphological and physiological abnormalities
observed, only spinal curvature was observed in two embryos
exposed to the concentration of 40mg/L at 48h. These
alterations can be visualized in Figure 1.

4 Discussion

Considering the limited toxicological information available about
REEs, focused mainly on La and Ce for their extensive use, and on Gd
for its exposure in humans (Pagano et al., 2015a; Rogowska et al., 2018;
Egler et al., 2022). Our study provides relevant information about the
acute toxicity of Nd, a light REEs, and Y, a heavy one. This is especially
important when considering that the use of some of these elements is
increasing in a variety of industrial applications, indicating a possible
potential impact on human and environmental health (Trifuoggi et al,,
2017). Moreover, it should be noted that REEs take a critical and
irreplaceable role in various fields, especially the high-tech electronics
industry, which is usually comparable to the vitamin of industry (Qiao
etal,, 2024). Therefore, it is possible to expect that the concentrations of
these contaminants will increase in the next years, and, at the same time,
to consider that the treatment and removal of these elements are limited
currently (Al Momani et al,, 2023), which increases the damage that
they can cause in the ecosystems.

In the review carried out by Pereto et al. (2024), it was observed that
the concentrations of REEs in marine organisms were between the
concentrations in sediments and water. However, they also indicated
that there is currently a lot of uncertainty regarding these elements
concerning their distribution in aquatic organisms. This uncertainty is
transferred to its toxic effects, Gonzalez et al. (2014) collected
information on different articles in aquatic organisms and their
conclusion was there is no consensus as to lanthanides showing a
coherent and predictable pattern of (eco)toxicity in the same way as
their atomic properties. They evaluated data from different articles
about different species, such as Hyalella azteca, Chlorella vulgaris,
Daphnia magna, Skeletonema costatum, Arcantia tonsa, or Poecilia
reticulata, and, their results were contradictory, showing similar toxicity
among elements, toxicity increasing based on atomic number, or
toxicity following different patterns for each evaluated element. This
suggests that the inherent toxicity of these elements should be evaluated
individually for each element.

In our study, if we compare both REEs based on the value of their
LCs (55.58 mg/L for Nd, and 45.61 mg/L for Y), it can be said that the
toxicity is higher for Y, whose LCs, is lower. However, their LCs values
are relatively close, differing by just 10 mg/L, so it could be said that their
toxicity is alike for both REEs. In zebrafish embryos, Zhao et al. (2020)
reported that, in general, there was a greater embryonic toxicity in heavy
REEs compared to light ones. They obtained a very similar range of
LCs values within the light REEs group (7.49-15.4 mg/L), although, in
their study, Nd toxicity was an exception and resembled that of the
heavy REEs. On the contrary, Lin et al. (2022) determined that the REEs
classified as being light were more toxic than the heavy ones since they
presented lower values of LCs. Specifically, they established LCsy of
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TABLE 3 Observations of acute toxicity in zebrafish at between 24 and 96 h after fertilization and being exposed to different concentrations of Y.

Apical observations

Observation time Mortality

48 h 72h

0 Coagulated embryos 1/40

1/40 (2.5%)

Lack of somite formation -
Non-detachment of the tail -
Lack of heartbeat

6.4 Coagulated embryos 1/20

1/20 (5%)

Lack of somite formation -

Non-detachment of the tail -

Lack of heartbeat

16 Coagulated embryos 4/20
Lack of somite formation -
Non-detachment of the tail -

Lack of heartbeat

4/20 (20%)

40 Coagulated embryos 7120

Lack of somite formation -

11/20 (55%)

Non-detachment of the tail -

Lack of heartbeat

100 Coagulated embryos 12/20

Lack of somite formation -

14/20 (70%)

Non-detachment of the tail -

Lack of heartbeat

250 Coagulated embryos 40/40

Lack of somite formation -

20/20 (100%)

Non-detachment of the tail -

Lack of heartbeat -

*Indicates that the embryos were not hatched.

11.27 mg/L for Nd and 16.37 mg/L for Y. Independently, both articles
mentioned established LCs, values lower than those determined in this
study, attributing greater toxicity to Nd and Y. This suggests that these
differences in the LCsy could be due to factors in the experimental
design, namely, at what moment of the embryonic development the
exposure begins, whether it has been done in wells or in Petri dishes,
and the breeding and health conditions of the reproducers, among other
factors. In our study, all the validity criteria stipulated by guideline were
ensured. The latter comprised: fertilization of over 70%, 90% survival in
the controls, hatching of over 80% at the end of the study, and the
beginning of exposure in fewer than 90 min after fertilization. It is
precisely there where the value of the implementation of a standardized
methodology for the determination of toxicity stands out.

As for the studies carried out in zebrafish embryos on other REEs,
Cui et al. (2012), at a concentration of 0.694 mg/L. They also perceived
that exposure to La and Yb caused a delay in embryonic development,
malformations in the tail, and diminution of the hatching rate. It should
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be noted that Cui et al. (2012) followed the methodology proposed by
Schulte and Nagel (1994) and that they exposed the fish at the 4-cell
stage (—35 min post fertilization). In our study, we have observed that
some exposed embryos exhibited morphological and physiological
alterations such as pericardial edema (only in Nd) or spinal
curvature (Nd and Y). These alterations, although not used for
calculating the LCs, could have an impact on the future survival of
the adult individual. In the study by Cui et al. (2012), other
morphological abnormalities were also observed after exposure to La
and Yb, such as spinal curvature, caudal curving, or yolk sac edema.
Zhao et al. (2020) also observed pericardial edema in embryos exposed
to both Pr (at concentrations of 2.07 and 7.52mg/L) and La (at
concentrations of 0.65 mg/L, 1.90 mg/L, and 7.33 mg/L).

The results of this study are relevant in the context of the growing
demand for REEs in diverse areas. The 96 h LCs, values obtained in
zebrafish embryos, raise concern about their possible environmental
pollution and their effects on aquatic biodiversity. These LCs, are
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FIGURE 3
Concentration-mortality curve in zebrafish embryos exposed to
different concentrations of Y at 96 h.

usually above environmentally relevant concentrations, nevertheless,
even higher values have been reported in surface waters (87.7 mg/L),
soils, or sediments in areas near mining activities (Zhao et al., 2020).
Moreover, it should be mentioned that those results are based on
fish embryo exposure without considering their long-term
accumulative impact on aquatic ecosystems, especially in
areas contaminated with these types of elements. All the
studies made also reveal the need to make appropriate
regulations for these emerging pollutants, both industrially
and environmentally, that would also be essential for the
preservation of public health and of the ecosystems. Future
research could be focussed on long term exposure, using
different adult individuals from various trophic levels, and
include the evaluation of toxicity between generations and of
joint exposure to several REEs.

5 Conclusion

The main lethal effects were the coagulation and in minor
measure the absence of heartbeat in the zebrafish embryos. These
elements do not affect somite formation or tail detachment. On
the other hand, the LCs, for both REEs in zebrafish embryos at
96 h could be said that it’s similar, albeit slightly higher in Y. The
fact that they share lethal effects and have similar LCs, values
suggests that the toxicity between light and heavy REE is likely to
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be similar, at least between Nd and Y. These LCs, values have
already been determined in contaminated areas, and the demand
for these elements is expected to continue increasing in the
coming years. Therefore, governments and institutions should
focus on regulating them appropriately with the support of the
scientific community. Studies like this could contribute to
this effort.
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