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A novel application of light rare earth elements (LREEs) was explored for their biological activity 
as potential eco-friendly molluscicides and antimicrobials on Theba pisana (Müller, 1774) and their 
feeding behavior, and microorganisms like Candida albicans, Bacillus cereus, Aspergillus niger, 
Staphylococcus aureus, and Escherichia coli. Our data showed increased snail mortality with higher 
element concentrations till 500 mg/L. LC25 and LC50 values after ten days of exposure were 513.70 
and 3012.72 mg/L, respectively, lower survival rates than the control.  As treatment concentration 
and exposure duration increased, the ingested leaf area and daily consumption rates of treated 
lettuce leaves declined. On day one, consumption dropped from 60.00 ± 0.00 cm² (control) to 
30.25 ± 6.13 cm² at 500 mg/L, further decreasing to 31.25 ± 0.76 cm² and 14.00 ± 1.46 cm² by day four 
at the same concentrations. Low concentrations had minimal impact on snail feeding, while higher 
levels significantly reduced appetite, consumption and freshness of leaves. LREEs-based formulations 
exhibited marked antimicrobial activity against all tested pathogens by the measured inhibition 
zones. Results highlight the promising application of LREEs in integrated pest and microbial disease 
management. However, these findings warrant further investigation to optimize their safe and 
practical use in the field.
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Land snails have rapidly increased over the last few years and several species have been identified in numerous 
Egyptian governorates1–3. Snails are classified as mollusks (Class: Gastropoda), and they can be found in marine4 
freshwater5,6 and terrestrial habitats7. Theba pisana (Müller, 1774) (Gastropoda: Helicidae), a white garden snail 
from the Helicidae family of gastropods, is recognized as an invasive terrestrial species that has proliferated 
across various Mediterranean nations. The small size, longevity, and rapid reproduction rates of T. pisana, which 
can yield up to 3,000 snails on a tree in under five years, contribute to its significant threat8. The helicid white 
garden snail, T. pisana, is one of several species of herbivorous land snails that are used as a sensitive indicator 
for diagnosing chemical contamination and climate change. The potential application of T. pisana as a model 
organism in laboratory toxicity assays and biomonitoring studies, serving as a bioindicator for metal and organic 
soil contamination, is fully documented9,10. Radwan and Gad11 indicated that the land snail T. pisana exhibits 
clear biochemical responses when exposed to Abamectin, affecting energy reserves and enzyme activities. These 
findings suggest that this species can serve as a sensitive bioindicator for monitoring environmental pollutant 
toxicity. Land snails are considered to be major pests since they cause considerable damage to many parts of 
plants and attack a wide range of crops12. These gastropods attack plants at different stages of growth, which 
reduces the amount of produce they can yield. The primary defense against land snails is chemical molluscicides; 
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however, due to their toxicity to both aquatic and terrestrial organisms, there is increasing interest in identifying 
suitable ecologically eco-friendly molluscicides13–16.

The lanthanide series, which is made up of 15 elements on the periodic table, along with scandium (Sc) and 
yttrium (Y), are known as rare earth (RE) elements. They are categorized into two groups according to their ionic 
radius: light rare earth elements (LREEs) ranging from La to Sm and heavy rare earth elements (HREEs) spanning 
from Eu to Lu. From a specific viewpoint, these metals have comparable chemical and physical properties and 
universally originate from the same mineral assemblages. Over 200 minerals encompass rare earth elements 
(REEs), such as monazite, xenotime, bastnäsite, apatite, and zircon. REE-rich mineral species are extensively 
dispersed throughout various geological settings. The primary forms of REE deposits are REEs linked with 
carbonatites and alkaline igneous rocks, heavy mineral sands (e.g. monazite-xenotime), and supergene ion-
adsorption clay deposits. Monazite and bastnäsite are two of the most cost-effective minerals that are rich in 
rare earth elements (REE). Monazite is one of the most abundant beach sand minerals found in vein deposits 
and acidic igneous rocks which containing mainly 20 − 30% Ce2O3, 4 − 12% ThO2 and 10 − 40% La2O3

17. Due 
to their specific spectroscopic and magnetic characteristics, rare earth elements (REEs) are essential in various 
fields, including industrial applications and advanced material sciences, such as electric and hybrid vehicles, 
electrical components, metal alloys, vital military uses, fluorescent lighting, and the production of high-intensity 
magnets17. Because these elements are readily available from the environment, it is conceivable that organisms 
may encounter and interact with the RE elements during their life. Indeed, plants and fungi grown in various 
regions of the world accumulate several kinds of lanthanides, and bacteria, cultured in the presence of REE, 
also accumulate these elements. RE elements are known to have antibacterial activities and many physiological 
effects on mammalian cells when they complex with organic compounds. However, systematic studies on the 
antibacterial activities of inorganic RE salts are scarce to date. Various researchers have investigated the direct 
digestion of monazite sand produced from black sands utilizing acidic solutions of sulfuric, hydrochloric, and 
nitric acids under a range of experimental conditions. Sulfuric acid is predominantly utilized for the digestion 
of monazite, where the sulfate (SO42−) ion of H2SO4 functions as a ligand that interacts with rare earth elements 
at elevated temperatures.

The separation of rare earth elements is a challenging process in metallurgical extraction. The separation 
procedure for rare earth elements (REEs) entails multiple treatments due to their chemical similarities, including 
the hydrometallurgical method. The extraction of rare earth elements (REEs) from ores is a multifaceted and 
labor-intensive procedure that encompasses beneficiation, mineral concentrate breakdown for REE extraction, 
and chemical processing involving impurity elimination and individual REE separation to yield a pure, 
marketable product. The hydrometallurgical method encompasses multiple procedures, including (i) roasting or 
calcining the REE concentrate; (ii) leaching, neutralization, and precipitation techniques; and (iii) separation and 
purification operations using solvent extraction and ion exchange18–24. Rare earth elements (REEs) are critical 
for our modern lifestyles and the transition to a low- carbon economy. Recent advances in our understanding of 
the role of REEs in biology, particularly methylotrophy, have provided opportunities to explore biotechnological 
innovations to improve REE mining and recycling. In addition to bacterial accumulation and concentration of 
REEs, biological REE binders, including proteins (lanmodulin, lanpepsy) and small molecules (metallophores 
and cofactors) have been identified that enable REE concentration and separation. REE-binding proteins 
have also been used in several mechanistically distinct REE biosensors, which have poten- tial application 
in mining and medicine. Notably, the role of REEs in biology has only been known for a decade, suggesting 
their considerable scope for developing new understanding and novel applications25. Metal and metal oxide 
nanoparticles, including Ag, Au, ZnO, TiO2, CuO, and Fe2O3, are currently receiving more and more attention 
for their antibacterial capabilities. This study explores the innovative application of light rare earth elements 
(LREEs) as potential molluscicides and antimicrobial agents in controlling T. pisana and inhibiting microbial 
pathogens, Candida albicans, Bacillus cereus, Aspergillus niger, Staphylococcus aureus, and Escherichia coli, 
addressing a critical gap in sustainable pest and disease management strategies.

Methods
Experimental snails gathering
Individual’s adult snails of Theba pisana were obtained from different infested orchards at Faisal district, Suez 
governorate, Egypt (30°06’22.0"N 32°31’34.3"E). The collected snails were moved to the laboratory of the 
Agricultural Zoology and Nematology Department at the Faculty of Agriculture, Al-Azhar University, Assiut 
Branch. These snails were reared under laboratory conditions at a temperature of 25  C◦±2  C◦ and relative 
humidity of 75% ±5% in plastic containers and nurtured by fresh lettuce leaves for 14 days before treatment for 
acclimatization, and the boxes were wrapped in muslin and secured with a rubber band to prevent snails from 
escaping. Dead and unhealthy snails were removed, and only healthy ones were used in the experiments26.

Tested materials
The unique hydrothermal autoclave process involves dissolving monazite ore produced from Egyptian beach 
black sands with sulfuric acid27. The procedure was conducted on a 100 g sample of monazite using concentrated 
H2SO4. Approximately 85% of the sample was solubilized, producing 1  L of leachate through dilution with 
distilled water, while the remaining 15% constituted a residue that was then filtered. The generated filtrate was 
initially precipitated at pH 1, followed by filtration; then, the resultant filtrate was entirely precipitated at pH 11 
using soda. This precipitate was directed to sulfuric acid till pH 1.7, washing the precipitate well with distilled 
water. A complete analysis was conducted on the hydrous cake, which contains La3+; Ce3+; Pr3+ and Nd3+ with 
8.3, 17.9, 7.2 and 3.3% respectively. Nitric was used to thoroughly dissolve the hydrous cake of precipitate in order 
to prepare varied concentrations 31.2, 62.5, 125, 250, 500, 1000, 2000 mg/L, 1 and 2% for the tested experiments. 

Scientific Reports |        (2025) 15:20281 2| https://doi.org/10.1038/s41598-025-07169-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


The produced solutions of different concentrations were crystallized in the solution, so before the experimental 
work we warm it with stirring till dissolving to be used as soluble elements in nitrate solution.

Biological activity tests
The effectiveness of rare earth elements was assessed against the white garden snail T. pisana under laboratory 
conditions. The leaf-dipping technique was used to perform this experiment. For 24 h, the snails were starving 
before the experiment began28. Four concentrations of the tested rare earth elements compound were prepared, 
ranging from 62.5 mg/L to 500 mg/L. The fresh leaves of lettuce were individually dipped in each concentration 
that has been prepared of the tested compound for one minute, while the leaves used for the control treatment 
was immersed solely in distilled water, and the leaves were left to dry before being presented to the tested snails. 
Snails were fed on the treated leaves in plastic boxes of 13 cm diameter filled with moist soil. Each box contained 
five healthy snails. The boxes were subsequently covered with muslin material to inhibit the snails from escaping. 
All treatments were repeated three times. The tested snails were examined daily for 10 days to count the dead 
individuals. The plastic boxes were also examined in all treatments, including the control for the first four days, to 
calculate the ingested lettuce leaf area and replaced them with fresh leaves. The consumption rate was estimated 
in each treatment by determining the areas of lettuce leaves consumed according to the method described by 
Mohamed and Ali29. Leaves treated with the concentrations used in the toxicity experiments were examined 
using Scanning electron microscopy (SEM). In addition, leaves treated with higher concentrations of 1000 mg/L, 
1% and 2% were examined to track the crystals of rare earth elements on the surface of the treated lettuce leaves.

Regarding indicator microorganisms, by method described by (Ouis & Gamal, 2021)30,31 The agar diffusion 
method was used to apply the sample. The microorganisms were injected. The organisms were cultured 
overnight in nutritional agar media for bacteria and potato dextrose agar for yeast and fungus. The cultures 
were then placed immediately into sterile petri dishes. The concentration of the examined organisms was 106 
colony-forming units per milliliter (cfu/ml). After that, a sample (100 µg/ml) was placed directly into the well 
of the agar plates. The inoculation plates were incubated for 24 h at the temperatures that were best for their 
growth. The diameter of the inhibitory zone was then measured in centimeters. The negative control (distilled 
water) and the positive control (standard antibiotic, Gentamicin 10 µg/disc) were used during antimicrobial 
testing using the agar diffusion method, which allows for accurate comparative assessment of inhibition zones. 
The selection of test organisms (Staphylococcus aureus, Escherichia coli, Candida albicans, Aspergillus niger, 
and Bacillus cereus) was based on their relevance as clinical and environmental indicators, providing a robust 
spectrum for evaluating antimicrobial efficacy. The concentration range tested was 20–2000 µg/ml, which aligns 
with preliminary screening thresholds in natural product antimicrobial evaluations.

Statistical analysis
After performing the experiments, the mortality data obtained was corrected according to the Abbott equation 32 
and subjected to probit analysis, and the values of LC25 and LC50 after ten days of treatment were determined 
using Finney’s probit analysis spreadsheet calculator (Version 2021)33. Consumption data were analyzed by using 
one-way ANOVA and presented as mean ± S.E. and the least significant differences at 0.05 level using Costat.exe 
system software (Version 6.311). The analytical methods employed for the analysis of LREEs include ICP-OES 
(Prism ICP - high dispersion) from Teledyne Leeman Labs, as well as a UV-vis spectrophotometer (SP-8001 
UV-, Metretech Inc. version 1.02, 74 2000/10/01), which utilizes a 10 mm glass cell. The surface morphology 
of land snails was examined using a scanning electron microscope, specifically the JEOL-JSM-5600LV model.

Results
Characterization of light rare earth elements
Energy-dispersive X-ray spectroscopy (EDX)
Figure  1 presents scanning electron microscope (SEM) images along with energy-dispersive X-ray (EDX) 
spectra of the light rare earth elements (the major material), illustrating their crystal morphology and elemental 
analysis. LREEs was analyzed using ICP-OES, which shows that it contains 8609, 20,213, 2575 and 16,169 of La, 
Ce, Pr and Nd respectively.

Bioactivity of different concentrations of rare earth elements against the land snail Theba pisana
Results illustrated in Table 1 showed the efficacy of rare earth elements based on values of lethal concentration 
LC25 and LC50, which were calculated for the white garden snail Theba pisana treated with these elements at 
different concentrations after ten days of treatment. The bioactivity of rare earth elements was found to increase 
with concentration, as evidenced by mortality rates of 6.67%, 13.33%, 13.33%, and 26.67% at concentrations of 
62.5, 125, 250, and 500 (mg/L), respectively. Moreover, the calculated LC25 and LC50 after ten days of treatment 
were 513.70 and 3012.72 mg/L for T. pisana snails, respectively. In the same context, the survival rate of the 
exposed T. pisana snails to the concentrations of rare elements was significantly decreased than the control 
treatment (100%) (Fig. 2), with values of 73.33, 86.67, 86.67 and 93.33% at concentrations of 62.5, 125, 250 and 
500 mg/L after ten days post-treatment, respectively.

The research regarding the impacts of various concentrations of rare earth elements on the feeding ability 
of T. pisana snails was conducted by estimating the ingested leaf area and the daily consumption rate of leaves 
treated with these elements, compared to a control treatment under laboratory conditions, as shown in Table 2. 
It was observed that the ingested area and the daily consumption rate of the treated lettuce leaves decreased with 
increasing concentrations and longer exposure periods. The means of the ingested leaf area and the consumption 
rate were 60.00 ± 0.00 cm² (100.00%), 50.08 ± 2.71 cm² (83.33%), 47.33 ± 4.18 cm² (78.89%), 38.00 ± 3.61 cm² 
(63.33%), and 30.25 ± 6.13 cm² (50.42%) at concentrations of 0, 62.5, 125, 250, and 500 mg/L, respectively, after the 
first day of treatment. These values gradually decreased to 31.25 ± 0.76 cm² (52.08%), 23.00 ± 2.10 cm² (38.33%), 
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Fig. 2.  Survival rate of Theba pisana after exposure to different concentrations of rare earth elements under 
laboratory conditions.

 

Conc. (mg/L) Mortality % LC25  (95% Fiducial Limits) LC50  (95% Fiducial Limits) Slope ± SE Chi-test X2 Intercept

62.5 6.67
513.70
(Lower : 143.03 )
(Upper : 1844.94)

3012.72
(Lower : 838.85 )
(Upper :10820.07)

0.878 ± 0.28 0.915 1.947
125 13.33

250 13.33

500 26.67

p-value : NS df: 2 Fitting: Good fit

Table 1.  Efficiency and lethal concentrations of different concentrations of rare earth elements against Theba 
pisana land snails after ten days. LC25 = lethal concentration causing death in 25%. LC50 = lethal concentration 
causing death in 50%.

 

Fig. 1.  EDEX and SEM analysis of the LREEs (Light rare earth elements).
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19.08 ± 1.76 cm² (31.81%), 12.08 ± 1.45 cm² (20.14%), and 14.00 ± 1.46 cm² (23.33%) at the same concentrations 
after the fourth day of treatment. Therefore, we can note that treating the leaves with low concentrations has no 
effect on preventing the feeding of these pests, while using these elements in high concentrations leads to their 
lack of appetite for snails and thus a decrease in the rate of snail consumption (Fig. 3), as it has been observed 
that high concentrations (1000 and 2000 mg/L) affect the freshness of treated lettuce leaves presented to the 
snails, and therefore the snails refrain from feeding on them.

The EDEX and SEM analysis for all the studied experiments
The concentrations used of the 62.5 to 500 mg/L rare earth elements showed effectiveness against the tested 
land snails, while it was observed that when the leaves were treated with high concentrations of 1000 mg/L, 
2000  mg/L, 1% and 2%, the ability of the snails to feed decreased. Therefore, the leaves treated with these 
concentrations were examined to trace the crystals of the tested rare earth elements. Figure 4a,b,c,d,e,f shows 
the lettuce leaves after immersing in different concentrations of LREEs which are 250, 500, 1000, 2000 mg/L 
and 1, 2% respectively. The SEM analysis show the light rare earth elements crystals adsorbed on the surface of 
lettuce leaves. Which show the absorption totally of low concentrations of LREEs in the leaves but in the high 
concentrations the leaves absorb small amounts so still the crystals of LREEs adsorbed in the surface of the leaves 
which appear in the SEM picture. The adsorbed lettuce leaves were subjected to the snails. T. pisana snails after 
eating the adsorbed lettuce leaves was explained in Fig. 5a,b,c,d. The T. pisana snails absorbed all concentrations 
of LREEs, so there is any presence of the LREEs in the SEM and EDEX analysis. The high concentration of 
LREEs made burns for the leaves because of the sensitivity of the leaves so the results was applied for the snails 
by concentrations of 250, 500, 1000 and 2000 mg / L not more, recommending the most effective concentrations 
(250 and 500 mg/L).

Fig. 3.  Feeding manifestations and damage of Theba pisana snails on treated and untreated lettuce leaves 
Within the replicates.

 

Conc. 
(mg/L)

Feeding in cm2 per day (Mean ± SE)

One day Two days Three days Four days

Ingested leaf area
Consumption 
(%) Ingested leaf area

Consumption 
(%) Ingested leaf area

Consumption 
(%) Ingested leaf area

Consumption 
(%)

Control 60.00 ± 00 a 100.00 45.00 ± 2.36 a 75.00 32.08 ± 1.54 a 53.47 31.25 ± 0.76 a 52.08

62.5 50.08 ± 2.71 ab 83.33 41.33 ± 2.49 ab 68.89 25.58 ± 0.33 ab 42.64 23.00 ± 2.10 b 38.33

125 47.33 ± 4.18 ab 78.89 25.75 ± 9.36 bc 42.91 24.42 ± 2.82 ab 40.69 19.08 ± 1.76 b 31.81

250 38.00 ± 3.61 bc 63.33 27.08 ± 4.72 bc 45.14 17.58 ±
4.67 bc 29.31 12.08 ±

1.45 c 20.14

500 30.25 ± 6.13 c 50.42 16.25 ± 3.75 c 27.08 14.92 ± 2.48 c 24.86 14.00 ± 1.46 c 23.33

L.S.D.
(0.05) 12.23** 16.41* 8.73** 4.95***

Table 2.  Daily food consumption of Theba pisana snails to the treated lettuce leaves with different 
concentrations of rare Earth elements under laboratory conditions. * According to Duncan’s multiple range 
test, means that are followed by the same letter within a column do not differ significantly (p ≤ 0.05).
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Antimicrobial activities of rare earth elements target five indicator microorganisms
According to the methods described by Mishra & Prasad (2005) and Ouis & Gamal (2021)30,31 the agar diffusion 
method was employed to apply the samples. Overnight cultures of the tested organisms, at a concentration 
of 106 colony-forming units per milliliter (cfu/ml), Inoculation was performed on nutrient agar for bacterial 
cultures and potato dextrose agar for yeast and fungal cultures, which were subsequently poured into sterile Petri 
dishes without delay. A sample of 100 µg/ml was subsequently introduced directly into the well of agar plates28. 
The inhibitory zone’s diameter was measured in centimeters after the inoculation plates were cultured for 24 h 
at their ideal growth temperatures. As illustrated in Fig. 6, the liquid form of our metal oxides demonstrates 
antimicrobial activity against five microorganisms that are used as indicators. Strains of indicator are Candida 

Fig. 4.  SEM images and EDEX analysis for (a) 250, mg/L, (b) 500 mg/L, (c) 1000 mg/L, (d) 2000 mg/L, (e) 1%, 
and (f) 2% concentration of LREEs adsorbed on lettuce leaves.
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albicans, Bacillus cereus, Aspergillus niger, Staphylococcus aureus and Escherichia coli. The same procedure was 
carried out at another four concentrations which are 20, 40, 200, 2000 µg/ml.

From the results obtained (100 µg/ml), the inhibition zones of microbial growth measured in centimeters 
were as follows: S. aureus exhibited an inhibition zone of 3.30  cm, E. coli showed 2.80  cm, C. albicans had 
2.50  cm, B. cereus recorded 3.00  cm, and A. niger demonstrated an inhibition zone of 2.00  cm. The results 
indicate varying degrees of antimicrobial activity against five indicator microorganisms, as evidenced by the 
measured inhibition zones. Specifically, S. aureus exhibited the largest inhibition zone at 3.30 cm, suggesting 
a high susceptibility to the tested antimicrobial agents. In contrast, E. coli and B. cereus displayed moderate 
inhibition zones of 2.80 cm and 3.00 cm, respectively, indicating a notable but lesser degree of susceptibility 
compared to S. aureus. The presence of these inhibition zones suggests that the antimicrobial agents are effective 
in preventing the growth of these bacteria. C. albicans showed an inhibition zone of 2.50 cm, which reflects 

Fig. 4.  (continued)
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a moderate response to the antimicrobial agents as well. This finding is particularly relevant as it highlights 
the potential for these agents to combat fungal infections as well as bacterial ones, aligning with studies that 
emphasize the importance of broad-spectrum antimicrobial efficacy. Lastly, A. niger exhibited the smallest 
inhibition zone at 2.00 cm, indicating a lower susceptibility compared to the other microorganisms tested. This 
result suggests that while some antimicrobial agents may have limited effectiveness against certain fungi. Table 3 
and Fig. 7 shows the results of other concentrations 20, 40, 100, 200, 2000 µg/ml. Oxide solutions demonstrated 
moderate antimicrobial activity. From Table 3 higher concentration (2000 µg/ml) result in improved inhibition 
zones for microorganisms such as: S. aureus (2.8 cm) and A. niger (3.1 cm). So, the significant effects were found 
at 100 µg/ml which consider the best concentration for S. aureus.

Fig. 5.  SEM images and EDEX analysis for Theba pisana snails after eating (a) 250 mg/L, (b) 500 mg/L, (c) 
1000 mg/L, and (d) 2000 mg/L concentration of LREEs adsorbed on lettuce leaves.
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Fig. 5.  (continued)

Sample

Inhibition zone of microbial growth (Cm)

Microorganisms

Staphylococcus aureus Escherichia coli Candida albicans Bacillus cereus Aspergillus niger

1 (20) – – – – –

2 (40) – – – – –

3 (100) 3.3 2.8 2.5 3 2

4 (200) 1.20 ± 0.13 – 1.20 ± 0.20 2.10 ± 0.14 –

5 (2000) 2.80 ± 0.18 2.50 ± 0.22 2.70 ± 0.06 3.30 ± 0.16 3.10 ± 0.06

Table 3.  Antimicrobial activity of different concentrations of the oxide sample (MIC) by agar diffusion.

 

Fig. 6.  The treated strains with rare earth elements: (A) Aspergillus niger (front); (B) Aspergillus niger (back); 
(C) Staphylococcus aureus (front); (D) Staphylococcus aureus (back); (E) Candida albicans (front); (F) Candida 
albicans (back); (G) Escherichia coli (front); (H) Escherichia coli (back); (I) Bacillus cereus (front); (J) Bacillus 
cereus (back).
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Discussion
Our results showed that the light rare earth elements have different degrees of activity against the tested 
land snails and some of the microorganisms under study. Vukašinović-Pešić et al.34. Research examined 
the bioaccumulation of twelve elements zinc, manganese, copper, aluminum, cadmium, lead, nickel, iron, 
chromium, lithium, selenium, and mercury in different organs of Helix vladika and H. secernenda from three 
sites: Biogradska Gora, Nikšić, and Malesija. The organs comprised the hepatopancreas, albumen gland, 
digestive tract, reproductive system, mantle, foot, and shell. The research identified notable disparities in lithium 
and selenium concentrations among the populations of H. vladika and H. secernenda. The concentrations of 
various metals (Zn, Mn, Cu, Al, Cd, Pb, Se, and Hg) exhibited significant variation among different organs, with 
the digestive tract and hepatopancreas demonstrating a propensity for selenium and cadmium accumulation. 
Sebban et al.35 investigated the efficacy of bioaccumulation of Pb, Cd, Zn, Cu, and Ca in Otala spp. snails. 
Their findings indicated that the snails accumulated all the analyzed components, with notable differences noted 
across different tissues. Principal Component and Bioaccumulation Factor studies demonstrated that Otala spp. 
serve as macroconcentrators for cadmium and microconcentrators for lead. Moreover, the identified amounts 
of dangerous metals (Pb and Cd) surpassed the maximum allowable limits established by European standards, 
with the exception of Pb at the reference station. As stated by Abdel-Halim et al.36 Subjecting the snail Monacha 
cartusiana to modest levels of zinc oxide nanoparticles (ZnONPs) for 14 days resulted in significant metabolic 
alterations attributable to oxidative stress and cellular damage. Fahmy et al.37 reported that ZnONPs exhibited 
molluscicidal action against Biomphalaria alexandrina snails, with an LC50 of 145 µg/ml. It also exhibits a harmful 
effect against terrestrial Lehmannia nyctelia38. According to Abdel-Azeem et al.39 TiO2NPs were toxic to the snail 
Helix aspersa, with an LC50 value of 544 µg/L after 24 h of exposure. Myco-synthesized SeNPs had a notable 
molluscicidal effect on B. alexandrina snails following 96 h of treatment at a dosage of 5.96 mg/L40. Metals such 
as mercury, zinc, arsenic, copper, and silver have been widely utilized in various forms as antimicrobial agents41. 
However, previous studies have not extensively explored the antimicrobial potential of rare earth elements. Given 
the increasing concerns regarding bacterial infections, antibiotic resistance, and the adverse effects associated 
with conventional antibiotics42 several studies have focused on the development of antibacterial materials based 
on metal oxides, including titanium oxide (TiO2)43 copper oxide (CuO)44 silver oxide (Ag2O)45 silver cations 
(Ag+)46 zero-valence silver nanoparticles (Ag0)47 and zinc oxide (ZnO)48. These materials have been applied 
either directly or as components within solid supports to enhance their antimicrobial efficacy. Human daily 
exposure to REEs can also occur due to other factors such as improper management of e-waste or high traffic 
volume since they are used for developing technological devices and as additives in diesel fuels. Although REE 
levels in the environment and food are currently present at low levels and do not possess a huge threat to human 
health. In some studies, they acted as antioxidants activating pathways related to numerous proteins such as 
SOD2, GSA, TNF-α, IL-1α, IL-8, ICAM-1, MCP-1, LC3, Beclin1, p62, caspase-9, caspase-3, BAX, Bcl-2, FAK 
and JPK. They can be uptaken by several cellular compartments like mitochondria, lysosomes, cytoplasm and 
the nucleus49. REE supplementation has also been shown to improve ruminal fibrolytic and proteolytic activities 
as well as the flavor of meat with negligible residues in edible tissue, however, the mechanism behind this action 
is still unclear. According to existing research, due to their poor absorption and similarity with calcium REE 

Fig. 7.  The antimicrobial activities of LREEs solution with different concentrations target by five indicator 
microorganisms.
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might exert their action locally on gut microbial populations within the gastrointestinal tract (GIT). Moreover, 
REE have also shown anti-inflammatory, anti-oxidative as well as immune stimulating effects. REE used as 
feed additives for livestock and sum up efficacy of LREEs supplementation on the performance and health 
of animals by comparing the findings. Till date, research with REE have shown properties that make them a 
promising, new and safe alternative feed additive but further exploration is recommended to optimize effects 
and clarify discrepancy of various results before practical proposals can be drafted50. according to this studies, 
we can say that the using of using LREEs as molluscicides and antimicrobial agents is safe and economy. Xie et 
al.51 investigated the antibacterial activity of ZnO nanoparticles against Campylobacter jejuni and proposed that 
their antibacterial effect could be attributed to cell membrane disruption and the induction of oxidative stress. 
Their findings demonstrated that ZnO nanoparticles led to significant morphological alterations, measurable 
membrane leakage, and up to a 52-fold increase in the expression of oxidative stress-related genes in C. jejun. The 
using of low concentrations of LREEs which consider more effective according to the experimental work is more 
economical application of using LREEs as Potential molluscicidal and antimicrobial effect. The findings support 
the feasibility of using LREEs as broad-spectrum antimicrobial agents, with potential applications in agricultural 
disease control, surface disinfection, water treatment and biocontrol formulations combining molluscicidal and 
antimicrobial activity. However, further research, including minimum inhibitory concentration (MIC) tests, 
mode-of-action assays, and field evaluations, is recommended for real-world deployment.

Conclusions
This study provides valuable insights into the potential use of light rare earth elements (LREEs) as both 
molluscicides and antimicrobial agents. The results demonstrate a dose-dependent relationship between REE 
concentrations and mortality rates in Theba pisana, with lethal concentrations (LC25 and LC50) of 513.70 mg/L 
and 3012.72  mg/L, respectively. However, high concentrations (1000 and 2000  mg/L) also impacted the 
palatability of lettuce leaves, affecting the snails’ feeding behavior, with reduced consumption and leaf acceptance. 
SEM and EDX analyses confirm the absorption of LREEs by snails, supporting their potential use as effective 
molluscicides.

Moreover, the antimicrobial properties of metal oxides were confirmed through agar diffusion tests, 
showing broad-spectrum activity against microorganisms, especially against Staphylococcus aureus and Bacillus 
cereus. These findings suggest that LREEs could be developed into dual-purpose formulations, offering both 
molluscicidal and antimicrobial benefits. Future research should focus on optimizing these formulations for 
practical applications, including field trials to assess their effectiveness in natural environments and the potential 
for large-scale use. Additionally, further studies should explore the long-term ecological impacts of LREEs-based 
treatments, Taking into account the effect of high concentrations on the freshness of the leaves of some plants.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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