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Nanotechnology has gained much attention, especially in medical research, but its rapid development and the
widespread use of nanoproducts raise questions about the ecotoxicity of these materials. In this work we studied
the toxicity induced by nano FesOas in a model organism, Artermia salina (A. salina) in an aquatic environment.
These nanoparticles were synthesized by the microwave-assisted hydrothermal method. The methodology was
a completely randomized experimental design and had 8 treatments which were: filtered and autoclaved
seawater, CuSOs4, 10 mg/L, 100 mg/L, 250 mg/L, 500 mg/L, 1000 mg/L and 10000 mg/L of Fe3Oa4, each with 3
replicates. The experimental units were composed of 100 uL of each treatment and 10 instar Ill nauplii in a 24-
well microplate. After 24 hours, the number of dead larvae and LCso were determined using the statistical
program R free version. As a result, the X-ray diffractogram indicated the formation of FesO4 with a crystallite
size of 10.1nm; FT-IR spectroscopy confirmed the pure phase of the material with the presence of its
characteristic bands. The LC50 had a value of 5356.76 mg/L of FesO4 at 24 hours of exposure to A. salina. In
conclusion, FesO4 nanoparticles have a toxic effect causing larval death at concentrations above 5356.76 mg/L.

1. Introduction

Nanoscience and nanotechnology represent a growing research area, which involves structures, devices, and
systems with novel properties and functions due to the arrangement of the nanoparticles atoms on the 1-100
nm scale (Bayda et al., 2019). Recent research on magnetic nanoparticles shows that they are an important
class of nanomaterials that have various technological applications, therefore, they become a promising
alternative in the field of health (Nguyen et al., 2021). Their small size makes them bioavailable; in addition, they
enhance the absorption capacity of nanomaterials by biological systems (Ezealigo et al., 2021). Furthermore,
they can be used as biocatalysts for the oxidation of various phenolic compounds (Grebennikova et al., 2022)
and humic acid degradation (Lee et al., 2023).

Nowadays, magnetic iron oxide nanoparticles (magnetite, FesO4 or hematite, Fe203) in the range of 2-20 nm
are of scientific and technological interest due to their superparamagnetic behavior (Dukenbayev et al.,2019),
they are also investigated for biomedical and biotechnology aplications (Lokesh et al., 2020) due to their unique
physicochemical properties, high strength and good magnetic properties (Chen et al., 2012). Magnetite
nanoparticles are widely applied due to their biocompatibility, high magnetic susceptibility, chemical stability,
innocuousness, high saturation magnetisation, and inexpensiveness (Shaterabadi et al., 2018). In this sense,
the synthesis of nanopatrticles has been widely used in different fields, resulting in the intentional or unintentional
release of nanoparticles into the aquatic environmen, where we find several species of great biological
importance, including a marine crustacean and non-selective filterer: Artemia salina (Chen et al., 2012).
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However, depending on which method is used to prepare nanoparticles, there will be differences on their
morphology, stability and physicochemical properties, therefore, one of the problems associated with metal and
metal oxide NPs is their possible toxicity (Turan et al, 2019).

Comparative cytotoxic assays of nanostructures have been performed using cell cultures with the MTT assay
and the A. salina test resulting in, no significant differences between the two models, therefore, the use of A.
salina constitutes an available, economical and reliable biological model (Rajabi et al., 2015). Likewise, the
toxicity of metal nanopatrticles on cysts and larvae of A. salina was evaluated, reporting that there was larval
mortality and inhibition of cyst hatching caused by silver nanoparticles (Pecoraro et al., 2020).

Shokry et al. (2021) developed nanotoxicological studies with nanocomposites, quantum dots and graphene
oxide in A. salina presenting low toxicity. Ozgiir et al. (2018) carried out toxicity studies of FesO4 nanoparticles
in sperm of Oncorhynchus mykiss "tilapia" obtaining oxidative damage from them directly proportional to their
concentration.

A. salina plays a fundamental role in the flow of energy from food chains, filtering a large amount of water per
hour. Therefore, it has significant interactions with the aquatic environment, and faces a higher risk of exposure
to environmental pollutants compared to other aquatic species (Wang et al., 2017).

Lagarto et al. (2001) describe it as part of a general trial, widely used to determine the lethal effect of materials
on nauplii of A. salina. According to Pelka et al. (2000) this test is considered a useful tool for the preliminary
assessment of toxicity of fungal substances, heavy metals, insecticides and in cytotoxicity tests.

Therefore, the present research aimed to determine the toxicity induces by FezO4 nanoparticles on A. salina
from different concentrations, these results will serve as a contribution to future research, in addition, to helping
those responsible for the synthesis of magnetite in improving their production process so that they can have the
expected applications..

2. Materials and methods
2.1. Synthesis of FesOs4 nanoparticles

The FesO4 nanoparticles were synthesized by the microwave-assisted hydrothermal method from aqueous
solutions of Fe3* (0.11 mol/L) and Fe?* (0.055 mol/L), to which NaOH (0.96 mol/L) was added at room
temperature. The mixture was microwaved for 2 minutes in a domestic oven, then it was allowed to cool,
recovering the black precipitate with a permanent magnet and washed 3 times with distilled water. Finally, the
nanoparticles were dried for 12 hours on a stove at 70°C, pulverized in an Agata mortar and stored for
characterization and toxicity tests.

2.2. Characterization of FesOs4 nanoparticles

The structural characterization of FesO4 nanoparticles was carried up by X-ray diffraction (Rigaku diffractometer,
Miniflex 600). In turn, for the chemical analysis of residual groups Fourier transform infrared spectroscopy in
ATR mode (FT-IR Nicolet-iS50, Thermo Scientific) was used. The nanoparticles were also analyzed by scanning
electron microscopy (TESCAN VEGA 3) and thermogravimetric analysis (TGA 5500, TA Instruments).

2.3. Obtaining the biological material

The A. salina cysts were purchased from an aquarium located in the Florencia de Mora district, Trujillo. In
addition, seawater was collected from the resort of Huanchaco-Truijillo, which was filtered and autoclaved before
use. To obtain decapsulated cysts, 1g of cysts were incubated in a fish tank with 1 L of seawater at 26 °C, with
a continuous light regime and strong aeration. Thus, after 48 hours the larvae of Instar Ill were obtained.

2.4. Preparation of the different concentrations of NP’s Fe3O4

From the nanoparticles in solid state, 30 mg were weighed and diluted in 3mL of seawater. This matrix solution,
at a concentration of 10 000 mg/L, was immediately sonicated for 1 hour. Then, the remaining concentrations
were prepared by diluting part of the matrix solution in saline medium. In this way, the concentrations of 10000,
1 000, 500, 250, 100 and 10 mg/L were obtained.

2.5. Toxicity assay

The protocol of Pino and Jorge Lazo was followed (Pino & Jorge, 2010). For this, a microplate of 24 wells was
used, where 100 pL of the prepared concentrations were placed, as well as the positive control: CuSQO4, and
the negative control: Filtered and autoclaved seawater. After 24 hours, was determined the number of dead
larvae in each well of the microplate. The larva was considered dead if constant movements of the appendages
were not observed for 10 seconds, as well as the speed of the swim, which must have been in all directions.
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2.6. Experimental design

The fully randomized experimental design had 8 treatments which were: Group A: filtered and autoclaved
seawater, Group B: CuSOa, Group C: 10 mg/L, Group D: 100 mg/L, Group E: 250 mg/L, Group F: 500 mg/L,
Group G: 1 000 mg/L and Group H: 10000 mg/L of FesO4, each with 3 repetitions.

2.7. Statistical analysis

Statistical analysis was determined after 24 hours, where the number of dead larvae and LCso were determined
using the statistical program R free version.

2. Results and discussion

From the X-ray diffractogram, it is found that all peaks correspond to the FezO4 magnetite with cubic structure
type inverse spinel without the presence of secondary phases, within the detection limit of the equipment used.
Taking as reference the peak corresponding to the planes (511), using the Scherrer’s equation, the average
crystallite size was obtained as 10.1nm (Figure 1a). The infrared spectrum corroborated the presence of the
magnetite phase due to the presence of the typical band around 551cm-! (Figure 1b) corresponding to the metal-
oxygen bond. Also, a weak band at around 3500 cm indicates that presence of water adsorbed, which is
confirmed in the thermogram (Figure 2a) where a weight loss of about 7% is clearly observed, higher than
reported for Fe3O4 nanoparticles obtained by co-precipitation (Khashan, et al. 2017), as well as a total weight
loss of less than 10%. Figure 2b shows a high degree of agglomeration of the nanoparticles.
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Figure 1: (a) X-ray pattern and (b) FTIR spectrum of FesO4 nanoparticles
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Figure 2: (a) Thermogram and (b) SEM image of Fe3O4 nanoparticles
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Larvae of stage lll of A. salina were analyzed after 24 hours of exposure to the 8 treatments (Table 1). In the
negative control (Filtered and autoclaved seawater), the mortality of each repetition was lower compared to the
positive control (CuSOa), where the mortality was 100%. Likewise, a higher percentage of mortality in the
treatment of 10000 mg/L was observed with respect to the treatments of 1000, 500, 250, 100 and 10 mg/L.
Table 2 shows the data obtained in the R program, where LCso of the nauplii of the Il stage of A. salina was
calculated. As shown, the value was 5 356.76 mg/L which indicates that, from this concentration, a mortality of
50% will be obtained in the population. In Figure 3, the larvae ingest the nanoparticles (as observed inside the
abdominal cavity) leading to a higher concentration, and consequently to a greater accumulation of these, since
A. salina is a non-selective filterer (Zhu et al., 2017). The accumulated nanoparticles could induce oxidative
stress and damage to the tissues of the nauplii (Demarchi et al., 2020).
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Figure 3: Observation of (a) NPs in the abdominal cavity of the nauplii of Artemia salina, (b) Mortality of nauplii
at concentrations 10 ppm and (c) 10 000 ppm of ferrite NPs

Usage of MNPs depends largely on the synthesis method, optimal conditions and election agents to modify their
surface. Several chemical and physical methods are employed to synthesize these nanoparticles such as
chemical reduction, electrochemical synthesis, laser ablation method, mechanical milling, microwave-assisted
synthesis or polyol synthesis. Depending on which one is used for the preparation of nanoparticles, there will
be differences on their morphology, stability and physicochemical properties (AINadhari et al., 2021).

The possible cytotoxic effects of free iron are thought to be due to its ability, like other transition metal ions, to
generate reactive oxygen species (ROS) in conjunction with oxygen (Pisanic et al., 2009) which can cause
peroxidation of lipid membranes, alter mitochondrial function (Peng et al., 2018), affect other cellular functions
such as the ability to proliferate or activate pro-inflammatory processes (Zhang et al., 2017) and damage other
organic cellular constituents such as proteins or DNA, which can lead to new toxic effects (Garcia-Torra et al.,
2021).

Table 1: Values obtained at 24 hours of exposure to the different concentrations of ferrite nanoparticles, CuSOa
(Positive Control) and filtered and autoclaved seawater (Negative Control) with nauplii of Artemia salina hatched
at 48 hours

1 2 3 Agreggate
Treatments Living  Dead Living Dead Living Dead Living Dead
Filtered and
autoclaved 8 2 6 4 10 0 8+2 3.20+2.00
seawater
CuSOq4 0 10 0 10 1 9 0.33+0.58 5.98+0.58
10 mg/L 6 4 6 4 8 2 6.67+1.15 3.56+1.15
100 mg/L 6 4 6 4 7 3 6.33+0.58 3.58+0.58
250 mg/L 6 4 6 4 5 5 5.67+0.58 3.85+0.58
500 mg/L 6 4 6 4 6 4 6.00+0.00 3.60+0.00
1000 mg/L 5 5 4 6 6 4 5.00+1.00 4.20+1.00
10000 mg/L 4 6 4 6 5 5 4.33+0.58 4.38+0.58

The action of ROS is in direct relation to physicochemical characterization such as: the shape, type of synthesis,
size, type of material, purity, surface area, electrical charge, structural characteristics, dose, route of
administration, concentration in the target organ, metabolism and duration of action which determine the toxicity
of nanoparticles (Malhotra et al., 2020).
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Wang et al. (2017) measured the toxicity of a-Fe203 in Artemia nauplii stating that they were relatively resistant
to heavy metals and could tolerate wider ranges. The values found for the LCso of the instar Il and Il were
177.424 and 235.495 mgl/L, respectively; also, Zhu et al. (2017) report an LCso for FezOa nanoparticles of 241
mg/L for Ill instar larvae. Unlike the value obtained in the present research, which was 5 356.76 mg/L.

Table 2: Calculation of the LCso, at 24 hours of exposure to the different concentrations of ferrite nanoparticles,
with nauplii of Artemia salina hatched at 48 hours using the statistical program R, free version

LC Fit Lwr Vpr Df Chisq
10.5 5356.76 -1176.62 11890.09 1 4.69

3. Conclusion

The nanoparticles of FesO4, synthesized by the simple microwave assisted hydrothermal method, have a toxic
effect in concentrations greater than 5356.76 mg/L, thus causing the death of 50% of the larval population of
Artemia salina. The results indicate that the method used for the synthesis of Fe3O4 produces toxicity at high
concentrations with respect to other investigations, these nanoparticles would be used for future applications,
becoming an eco-friendly and sustainable alternative.
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