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(Hsu et al., 2024), o dióxido de titânio está entre um dos mais produzidos nanomateriais 

manufaturados, além de ser um dos maiores poluentes emergentes. Em 2020 a

6% entre 2021 e 2028 (Firoozi et al., 2021).

de TiO₂, quando presentes em formulações de filtros solares, não são tóxicas para a pele humana 

setores nos quais o TiO₂ é amplamente 





Enquanto o órgão Health Canada’s Food Directorate, no 

(Health Canada’s Food Directorate, 2023)



As micropartículas de dióxido de titânio (TiO₂MPs) recebem essa nomenclatura 

toxicidade do TiO₂ em diferentes grupos de organismos, devido aos potenciais riscos para os 
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₂) is a chemically stable and insoluble compound widely used in 

ing evidence indicates that TiO₂ can induce cellular and physiological damage in plants, 

ultrastructural and metabolic effects of TiO₂

form TiO₂ nanoparticles (ζ potential: −17.36 ± 0.11 mV; 

— —demonstrating that contact alone with TiO₂ 



highlighted the potential exposure pathways of TiO₂NPs 

TiO₂ NPs in plants is still limited compared to other organisms. Their work highlights that 

higher concentrations of TiO₂ NPs (>40 ppm) can hinder seed germination, growth, and vigor 

, TiO₂

to TiO₂ nanoparticles (average diameter 20 nm) had dose

arefully evaluating the consequences of TiO₂ 



Ti contamination’s potential advantages or disadvantages in comparison to other materials, 

TiO₂ NPs of 25 nm induced significant morphological and mechanical alterations 

These effects highlight how nanoscale TiO₂ can alter plant tissue structure at the cellular level 



Current scientific findings regarding the toxic effects of nanoTiO₂ at 

While these studies highlight the multiple mechanisms by which TiO₂ nanoparticles 

https://link.springer.com/article/10.1007/s13205-023-03751-4#ref-CR50
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2.29 nm. The rutile form was used in this study with its zeta potential of −17.36 ± 0.11, its 

bench at a controlled temperature of 22 °C under continuous light condit



fixation was carried out with 1% osmium tetroxide (OsO₄) at pH 7.02 for two 



– –

the toxic response to TiO₂,

These findings collectively suggest that TiO₂

After 4 hours of exposure to TiO₂, the leaf cells of 



—

—

that TiO₂ exposure triggered a stress

the wall’s capacity to sequester cadmium (Gutsch 

alterations observed suggest that contact with TiO₂ may have triggered remodeling of the cell 





seedlings 7 days after germination, exposed to 50 ppm TiO₂ for 4 hours. (A, B, E) Control sections (H₂O) of radicle 

to TiO₂ show marked structural alterations. Disorganization of the pericycle and 

—

– –
– – – – – –

– – –

may be occurring in lettuce roots under TiO₂ exposure, where damage thickening and 



exposed to TiO₂ nanoparticles 

—

impairment and redox imbalance are key elements of TiO₂ nanoparti



germination, exposed to 50 ppm TiO₂ for 12 hours, and respective controls. (A–C) Control sections (H₂O) of the 
–

ppm TiO₂ for 12 hours. In the radicle (D), pericycle cells are affected but still distinguishable 

– – – –
– – – – μ





exposure to 50 mg/L TiO₂. A: Control radicle cell (H₂O), 

– – – – – –
– – –



d TiO₂ are commonly combined in sunscreen formulations further supports the evidence of 

Although titanium dioxide (TiO₂) has often been considered safe 







seedlings 7 days after germination, exposed to 50 ppm TiO₂ for 16 hours, and respective controls (H₂O). (A–

–

– – sues exposed to TiO₂ for 16 hours: radicle (D), hypocotyl (E, G, H), and leaf (F, I, J). 

– – – – –

– – – – – –

–

–

–



hour exposure to 50 mg/L TiO₂. A: Radicle cell showing a disorganized cell wall (CW) and ruptured plasma 

– – – –

Muccifora et al. (2021) reported that exposure to TiO₂ nanoparticles induced 



–

of the present study, in which TiO₂ microparticles, although unable to penetrate the cell wall, 

Even though in the current work it was not possible to determine if TiO₂ absorption 

possible to detect the absorption and translocation of TiO₂ MPs, data presente

–

– –



TiO₂ modulates ion distribution and homeostasis in p

TiO₂ exposure significantly alters the uptake and 

TiO₂. sodium (Na⁺) concentration in the cell wall region



potassium (K⁺)

–

: SIMS image of the radicle showing high sodium (Na⁺) concentration in the cell wall 

a potassium (K⁺) gradient (green to red) concentrated in the cell wall regio

–

uptake, most likely due to the larger size of TiO₂ and the short exposure time. Considering its 

was enough to trigger toxic effects. These findings highlight that TiO₂ cannot be considered 

This study confirmed that titanium dioxide microparticles (TiO₂MPs) exert toxic 

TiO₂ by plant cells, demonstrating that prolonged exposure and direct surface contact alone are 

findings highlight that TiO₂ toxicity in plants is governed not only by uptake capacity but also 
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Brazil. Dehydrated cysts were kept at 4◦C and used in all experiments. Nauplii instar I and 

incubated for 24 h at 28◦C under 16 h light, 8 h dark conditions and continuous aeration of the 



hatched nauplii. The room temperature was set to 24◦C and photoperiod of 12 h dark/12 h light. 

rate in the control group was ≥90% (OECD, 2004).

—



microplates of 2 mL and then 500 μL of acridine orange at a concentration of 5 μg/mL was 
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1). The polynomial nonlinear regression (p ≤ .05) demonstrates a stro

≤ .05) in relation to the control (ASW) (Table 1). K
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m, and p):  150 μm; (b,  e,  h ,  k, n and q):  50 μm; (c,  f ,  i ,  l ,  o ,  and r):  50 μm.
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Titanium dioxide nanoparticles (TiO₂NPs) are widely used in personal care products and 

investigated the acute toxicity of TiO₂NPs in zebrafish (

– –

₂ at 



Titanium dioxide nanoparticles (TiO₂NPs) rank among the most widely 

manufactured nanomaterials (NMs) worldwide among emerging environmental contaminants 

(HSU et al., 2024). It is estimated that the production of its raw material was estimated at US$ 

17.19 billion in 2020, with a projection of 6% annual growth from 2021 to 2028 (Firoozi et al., 

2021).

TiO₂NPs are prominent among the emerging pollutants increasingly detected in 

aquatic environments, owing to their widespread use in personal care products such as 

cosmetics and sunscreens, as well as in pharmaceuticals, paints, and plastics (Abdel-Latif et al., 

2020). TiO₂ is a white pigment found in a wide range of products, including paints, printing 

inks, plastics, paper, synthetic fibers, rubber, capacitors, pigments, crayons, ceramics, electronic 

components, food, and cosmetics (Weir et al., 2012; Hanigan et al., 2018; Haider; Jameel; Al-

Hussaini, 2019).

The environmental risk of TiO₂

especially considering that the presence of TiO₂ can influence the toxicity of other metals, such 

— exposure to Cd and TiO₂ —

Additionally, environmental variables such as salinity, temperature and pH can 

modulate the effects of chemical compounds across different species (Vasyukova et al., 2021). 

The toxicity of titanium dioxide has been tested in Lemna species, a freshwater angiosperm. 

Matějová et al. (2023) concluded that its effects should not be generalized, as they depend on 

the preparation methods and stability of the nanoparticles. While Koce (2017) demonstrated 

greater morphological and biochemical toxicity of CuO compared to TiO₂ in Lemna minor. To 

environmental-friendly approach, TiO₂ NPs were synthesized using Echinophora cinerea 

extract as a green method, with water as the solvent. The nanoparticles were characterized by 

FTIR, XRD, SEM, and DLS, and key synthesis parameters were optimized. Their acute toxicity 

was then evaluated in zebrafish (Danio rerio) over a 96-hour exposure period and showed toxic 



effects both chemically and green synthesized TiO2-NPs, the last one shows toxicity in higher 

concentrations (Jafari et al., 2022).

Within the context of environmental stressors affecting aquatic biodiversity, not 

only are organisms directly exposed to contaminants impacted, but also their offspring, through 

transgenerational effects (Luu et al., 2021). Increased industrial activities have led to the 

uncontrolled release of metals into the environment, resulting in a global increase in metal 

pollution. Heavy metals are also consumed from the surface of glasses over a prolonged period 

of use. Heavy metal pollution is a serious problem that can have wide-ranging and long-lasting 

impacts on human health and the environment (Nnaji et al., 2023). TiO2 NPs present in 

sediments are bioavailable to aquatic plants and fish, indicating that even incidental 

contamination can have long-term ecological consequences (Asztemborska et al., 2018).

Zebrafish is an important vertebrate model organism and widely used in many 

standard eco-toxicological tests in OECD, ISO, USEPA (Ceger et al., 2022) guidelines to 

evaluate the toxicity and endocrine activity of chemicals. Zebrafish provides valuable 

information concerning the toxic effects of contaminants on vertebrates, including humans 

(Segner, 2009), as approximately 70% of human genes have at least one clear zebrafish 

orthologue (Howe et al., 2013). The chorion is an acellular envelope surrounding the oocyte. In 

fish, this envelope plays a pivotal role during fertilization and protects the developing embryo 

against environmental and mechanical factors until the moment of hatching (Pérez-Atehortúa 

et al., 2023).

The fish embryo acute toxicity (FET) test with the zebrafish (Danio rerio) was 

developed to assess the acute fish toxicity of chemicals or environmental samples as a 

replacement for the Acute Fish Test (AFT) with juvenile fish (Reichstein et al., 2024). Besides 

the good correlation of FET with the standard acute fish toxicity (AFT) test, the potential of the 

FET test to predict AFT, which is required by the Registration, Evaluation, Authorization, and 

Restriction of Chemicals (REACH) regulation is still in discussion. The critical review about 

applicability of the fish embryo acute toxicity (FET) test (OECD 236) summarizes the main 

findings and discusses regulatory application of the FET test under REACH. Given some 

limitations (e.g., neurotoxic mode of action) and/or remaining uncertainties (e.g., deviation of 

some narcotic substances), it has been found that the FET test alone is currently not sufficient 

to meet the essential information on AFT as required by the REACH regulation (Sobanska et 

al., 2018).



Although several studies (Vasyukova et al., 2021; Ortiz-Román; Casiano-Muñiz; 

Román-Velázquez, 2024; Mishra et al., 2021; Chen; Wang; Liang, 2024) have already 

demonstrated the potential TiO2 toxic effects on aquatic organisms, particularly in model 

species such as zebrafish (Danio rerio), significant gaps remain regarding the toxicity of 

titanium dioxide beyond FET tests. These gaps include understanding the influence of 

concentration on toxic potential, evaluating the role of chorion as a possible protective barrier, 

and assessing cellular damage that cannot be adequately detected using conventional techniques 

such as bright-field microscopy. 

Slightly, chorion can protect the embryo from the toxicity of some contaminants 

with a certain range of molecular weight. Introduced endocrine disruptors can be 

bioaccumulated by aquatic organisms through food chain, consequently causing wildlife 

poisoning, following by population degradation and eventually harming the entire aquatic 

ecosystem (Yang et al., 2020). Polystyrene (PS) NPs in the diameter of 100 nm can be 

effectively blocked by the chorions of zebrafish embryos. The adsorption of fluorescent and 

non-fluorescent PS NPs (n-PS) and PS MPs (μ-PS) on the outer surface of chorion changed the 

mechanical properties of chorion and may lead to a hypoxic microenvironment in the embryos 

(Duan et al., 2020).

The interaction of titanium-based particles with different biological groups and 

environmental compartments represents a critical aspect for understanding their potential 

impacts at the ecosystem level. In this study, the toxicity of titanium dioxide is evaluated in 

Danio rerio embryos, with particular attention to the comparison between chorion-intact and 

dechorionated individuals regarding the extent of induced damage.

–

104.4 ± 2.29 nm. The rutile form was used in this study with its zeta potential of −17.36 ± 0.11, 



μS, temperature 28 

D’s guideline number



well polystyrene microplates of 2 mL and then 500 μL of 

acridine orange at a concentration of 5 μg/mL was added to each well for 20 min at room 

–



Levene’s test.

Dunn’s post hoc test to identify pairwise differences where significance was detected. 

TiO₂ and CeO₂ reported by 



Body size and yolk sac area of zebrafish embryos exposed to different concentrations of TiO₂ under two 

, and H₂O). The 100 mg/L 

from either the 1 mg/L group or the H₂O control 



and 100 mg/L TiO₂, and H₂O; p < 0.05). However, no significant differences were observed 

–

insoluble nanoparticles, like SiO₂ NPs, did not show acute effects 

effects on larvae are anticipated, as observations revealed deposition of fluorescent SiO₂ NPs 

insolubility of TiO₂ can be considered a modulator toxicity factor.

Additionally, H₂O

κB activation in 



(p = 1.82 × 10⁻⁵), 100 mg/L 

(p = 1.244 × 10⁻¹¹), control (p = 3.051 × 10⁻¹³), and 3,4 dichloroaniline treatment (p = 

3.572 × 10⁻¹⁰).

concentrations of TiO₂ in an acute toxicity test.

groups were observed at concentrations of 1 mg/L (p = 1.82×10⁻⁵), 

100 mg/L (p = 1.244×10⁻¹¹), in the control (p = 3.051×10⁻¹³), and in the 

treatment (p = 3.572×10⁻¹⁰), indicating a strong effect of chorion removal on embryonic 





Aggregate sizes of TiO₂ at different concentrations in reconstituted and ultrapure water after 96 hours.

(2020) demonstrated the increased toxicological responses of TiO₂ nanoparticles have been 



test, exposed to different concentrations of TiO₂ and to positive and negative controls, under two exposure 

dichloroaniline, 4 mg·L⁻¹), 
showing cardiac and yolk sac edema, as well as impaired growth. E and F (1 mg·L⁻¹ TiO₂), G and H (10 mg·L⁻¹ 
TiO₂), and I and J (100 mg·L⁻¹ TiO₂)

mg·L⁻¹ TiO₂), Q and R (10 mg·L⁻¹ TiO₂), and S and T (100 mg·L⁻¹ TiO₂) show embryos without chorion, with no 



study using captopril’s influence on 

in embryos at all tested concentrations, ranging from 0.2 to 2000 μg/L. This indicates that even 

used 5 nm TiO₂ 

particles complexed with Pb²⁺, demonstrating their ability to permeate the chorion and induce 

—

—

likely hindered TiO₂ from crossing the chorion, developmental 

–



–

and the three tested TiO₂ concentrations in both 

exposure to titanium dioxide nanoparticles (nTiO₂) and 

survival, even at higher concentrations. These differences highlight that although TiO₂ and ZnO 

embryo’s viability

–

TiO₂ NPs induced marked 



₂ nanoparticles in the 100 nm size 

, the findings of the present study indicate that TiO₂ 

retardant often found alongside TiO₂ NPs, has unclear combined effects with these particles. In 

exposure to TBPH and TiO₂ NPs led to the formation of larger 

to 100 mg/L TiO₂ nanoparticles showed no visible deformities or alterations in hatching rate, 

chorion, exposed to TiO₂ nanoparticles (NPs TiO₂), a difference in green fluorescence emission 



fluorescence was observed in embryos exposed to TiO₂, indicating apoptosis. 

TiO₂ and in the positive control compared to the negative control (Fi

nitrophenyl) phenylphosphonothioate (EPN) at the concentration of 500 μg/L were examined 

All the samples have their own control showing the embryo’s 

(F₂,₃₀ = 2.59, 



concentrations of TiO₂, under two exposure conditions (with and without chorion), with and without acridine 

dichloroaniline, 4 mg·L⁻¹), showing apoptotic cells at the posterior region of the yolk sac in embryos wi
chorion. E and F (1 mg·L⁻¹ TiO₂), G and H (10 mg·L⁻¹ TiO₂), and I and J (100 mg·L⁻¹ TiO₂) show embryos with 

showing cell death at the end of the yolk sac, especially visible in panel M. O and P (1 mg·L⁻¹ TiO₂), Q and R (10 
mg·L⁻¹ TiO₂), and S and T (100 mg·L⁻¹ TiO₂) show embryos without chori





different concentrations of TiO₂, with and without acridine orange staining, including positive and negative 

dichloroaniline, 4 mg·L⁻¹), revealing 

embryo death prior to hatching. Panels E and F (1 mg·L⁻¹ TiO₂), G and H (10 mg·L⁻¹ TiO₂), and I and J (100 

mg·L⁻¹ TiO₂) show signs of cell death at the posterior region of the yolk sac, as indicated by the white arrows.

dichloroaniline one, but it’s also 

₄ 

₂, ₃₃ = 83.37, p < 0.001).



concentrations of TiO₂ nanoparticles, with and without acridine orange staining. Negative and positive controls 

dichloroaniline at 4 mg·L⁻¹), revealing 

embryo death after hatching. E and F correspond to embryos treated with 1 mg·L⁻¹ of TiO₂, showing cell death at 

nd of the yolk sac (white arrow). G and H depict embryos exposed to 10 mg·L⁻¹ of TiO₂, also showing cell 

death in the yolk sac region (white arrow). I and J illustrate embryos treated with 100 mg·L⁻¹ of TiO₂, with visible 

(2024) which tested The toxicity of TiO₂ P25 nanoparticles in different concentrations (75, 100, 





concentrations of TiO₂, with and without chorion. A–

dichloroaniline, 4 mg·L⁻¹), revealing intense green fluorescence indicative of cell death. C shows an embryo 

exposed to 10 mg·L⁻¹ of TiO₂, with evidence of apoptotic activity. D and E depict embryos treated with 100 mg·L⁻¹ 

of TiO₂, both showing signs of cell death. F–

dichloroaniline, 4 mg·L⁻¹), reveals 

prominent green, fluorescent spots associated with cell death. H shows an embryo exposed to 1 mg·L⁻¹ of TiO₂, 

and I to 10 mg·L⁻¹, both

treated with 100 mg·L⁻¹ of TiO₂

–



term environmental safety of TiO₂ nanoparticles.

TiO₂ in the aquatic 

–

–

–
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based approach to coat TiO₂ commercial 
–

TiO₂ in zebrafish. 

TiO₂ in 
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–
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Toxicity of green synthesized TiO₂ nanoparticles on zebrafish. 
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Ecotoxicological effects of TiO₂ P25 nanoparticles. 
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Titanium dioxide nanoparticles (TiO₂

extensive use in consumer goods, TiO₂

exposed to 50 mg/L of TiO₂

support the intestinal and hepatic toxicity potential of TiO₂

Although trophic transfer of TiO₂ MPs could not be fully confirmed, the toxic effects caused 



the fact Health Canada’s Food Directorate chose not to ban titanium dioxide

(Health Canada’s Food 

that TiO₂ has a long history of safe use and exhibits very low absorption in the human body. 



The trophic transfer of titanium dioxide nanoparticles (TiO₂ NPs) has been 

influence toxicity across trophic levels. In terrestrial systems, TiO₂ showed higher ac

–

concerns about ecological risks (Wu et al., 2021). In aquatic environments, TiO₂ not only 

demonstrated that TiO₂ preferentially accumulated in sediments and biofilms, with sequential 

TiO₂ influenced extracellular polymeric substance (EPS) production, 

doping reduced TiO₂ trophic transfer and bioaccumulation in an algae– –

2025). Finally, studies with different engineered nanoparticles, including TiO₂, demon

embryo’s 

eşilbudak



adult’s

–

2.29 nm. The rutile form was used in this study with its zeta potential of −17.36 ± 0.11, its 



μS, 





of TiO₂

remained stable throughout the entire experimental period, TiO₂

(TiO₂
96 h. TiO₂

agglomeration of TiO₂

TiO₂ 



— —

nauplii previously exposed to TiO₂

previously exposed to 50 mg·L⁻¹ of TiO₂  displayed normal 

Signs of toxicity induced by triphenyl phosphate (TPhP) on zebrafish’s gills such 

TiO₂ 



previously exposed to TiO₂MPs (Fig. 3C, 3D, and 3H) 



exposure, even to TiO₂

—

—

(Arman, 2021). The fact that TiO₂ is also 

) exposed to TiO₂ nanoparticles doped 

suggest that doped TiO₂ nanoparticles can induce notable toxic effects in different fish species, 



exposed to 50 mg/L TiO₂, the gut sections showed 



indicate that ingestion of TiO₂



previously exposed to 50 mg/L TiO₂ 

zebrafish’s gut like

— —



support the conclusion that oral exposure to TiO₂ 

E: Gut’s fish fed brine shrimp showing 

–



—

—

previously exposed to 50 mg/L TiO₂ also exhibited extensive liver 

of TiO₂ to induce hepatotoxicity through trophic transfer. Also, In triclosan (TCS) testing liver 

indicate that oral exposure to TiO₂ 



–

exposed to 50 mg/L TiO₂, such as hepatocyte degeneration, extensive vacuolization, 



μg/L (Ye 

TiO₂ toxicity, likely associated with oxidative stress and inflammatory responses 

of TiO₂ nanoparticles and reinforce concerns regarding their trophic transfer and 

— —



–

—

—



suggest that the mere contact with TiO₂

grade TiO₂ (E171) particles exhibit high 

bioaccumulation and transference through trophic levels. The stability and dispersion of TiO₂ 

₂) 

demonstrated cellular internalization of TiO₂ in buccal mucosa, suggesting that epithelial 

—

in the absence of complete absorption or systemic distribution, the contact of TiO₂ with 



₂ nanoparticles stabilized around 48 hours, 

protection and consumer safety. Although trophic transfer of TiO₂ MPs could not be confirmed 



–

–

–

based approach to coat TiO₂ commercial particles 
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