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Introduction 
 TiO2 (Titanium Dioxide) photocatalyst, which rarely interacts with other chemical substances to undergo a 

reaction which can change its own chemical composition or the chemical milieu of the surrounding environment, is widely 

used in a variety of applications and products in the environmental and energy fields, including self-cleaning surfaces, air 

and water purification systems, sterilization, hydrogen evolution, and photo-electrochemical conversion. It is often used in 

the cosmetic (sunscreen, etc.), pharmaceutical, paint and paper industries. One of the main differences between TiO2 

nanoparticles (NPs) and conventional TiO2 is the much greater surface area of a given mass or volume of nanoparticles 

compared to an equivalent mass or volume of conventional TiO2 particles. This greater relative surface area of the TiO2 NPs 

affords a greater potential for properties such as catalytic activity and UV absorption at certain wavelengths. Such properties 

have led to the development or use of TiO2 NPs for a wide variety of applications, and due to changes of dimension, TiO2 

NPs may show different biological, chemical, optical, magnetic and structural properties and may induce differential 

toxicity [1]. The possible biological and safety effects of TiO2 NPs for dermal exposure and absorption have not been well 

studied and more investigations on the potential health hazards of the TiO2 nanoparticles are needed [2]. The exposure can 

be incidental or intentional. One of the possible effects of chemical substances with human exposures is eye and skin 

irritation. Especially, the skin is the largest organ of the body and can be an important route for the entry of NPs into 

mammals [3]. 

 In general, the physiological response to a chemical stimulus is irritation, which involves objective changes (e.g., 

local redness and oedema) and subjective sensations (e.g., pruritus and pain). Assessment of eye and skin irritation potential 

is an important part of any comprehensive toxicology programme for new chemicals and consumer products, and it is 

essential to ensuring the safety of individuals. Therefore, before humans can be exposed to such substances, the tendency 
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of new chemicals to cause eye and skin irritation must be determined. In several studies for TiO2 NPs, Sadrieh et al. showed 

no significant penetration through the in-tact skin and Bennat et al found that TiO2 NPs can penetrate through hairy skin 

on application as oil-in-water emulsion (5 % NPs to human skin with the size of 20 nm). Also, the acute test on dermal, eye 

and vaginal mucous membrane in mice showed no significant irritation [4-6]. Also, TiO2 nanoparticles do not induce 

phototoxicity, acute skin irritation, or skin sensitization [7]. In the study using 3D human skin model (KeraSkinTM) after 

application of NPs (final concentration of 25 %), there was no skin irritation [8].  

         To evaluate the toxicological effects in local treatment, the image-based method could be used to identify of 

chemical; micro-computer tomography (micro-CT), magnetic resonance imaging (MRI), optical tomography, fluorescence 

molecular tomographic imaging [9-10]. Recently, Kim et al. reported that they used micro-CT to investigate the detection of 

ZnO NPs in eyes of rats and confirmed association with local distribution in ocular lesions [11]. 

The TiO2 powder, GST (TiO2 produced from sludge recycling) was manufactured to have cost-competitive lower 

than price of commercial material (P-25, Evonik Corp., a flame-made multiphasic TiO2 nanoparticles containing anatase and 

rutile, as well as a small amount of amorphous TiO2) [12-13]. 

         In this study, we examined safety of new TiO2 material photocatalyst (GST) by means of skin or eye 

irritation/corrosion tests according to OECD test guideline 404 / 405 and compared with P-25, commercial product. Also, 

we investigated the detection of NPs in the eye/skin lesions using micro-CT analysis and confirmed the local lesions by 

histopathological examination. 

 

Materials and Methods 
Test facility 
 This study was conducted in compliance with the principles of Good Laboratory Practice (GLP) at KTR (Korea 

Testing & Research Institute), Hwasun based on the Korea Good Laboratory Practice (KGLP) and OECD “Principle of Good 

Laboratory Practice, ENV/MC/CHEM (98)17 (as revised in 1997)”. The study protocol was reviewed and approved 

(IAC2019-2069, 2070, 2429, 2430, IAC2020-2349, 2350) by the Institutional Animal Care and Use Committee (IACUC) of KTR 

Hwasun based on the Animal Protection Act [Enforcement Date: 2019-08-27] [No.16544 (2019-08-27, partial revision)] [14] 

and the Laboratory Animal Act [Enforcement Date: 2019-03-12][No. 15944 (2018-12-11, partial revision)] [15]. Also, this 

study was conducted in accordance with the OECD guidelines for the testing of chemicals, Section 4, TG 404 “acute dermal 

irritation / corrosion” [16] and TG 405 "acute eye irritation/corrosion" [17].   

 
Animal Husbandry and Maintenance 
 This study employed three male rabbits (New Zealand White, 2-3 kg) to test for the eye or skin irritation/corrosion 

and these were kept carefully following an acclimation period of 6-8 days to ensure their suitability for the study. Test 

animals were kept within a limited-access rabbit facility with environmental conditions set to a temperature of 20±3 °C, a 

humidity of 30-70 % RH and a 12-h light / 12-h dark cycle. For study, the healthy animals were used after examining body 

weight changes, healthy condition, and dermal condition.  

In addition, two animals (1 hour, 24 hours after treatment) were assigned to the test group of TiO2 (GST) for the 

imaging analysis (micro-CT, histopathology) and histopathological examination; eye and skin, respectively. At this time, 

eye with accessory gland (including conjunctival sac) and skin with panniculus carnosus was excised without washing for 

treatment lesion. 

 
Test materials and Preparation 
         The GST (pale yellow powder, crystalline composition of 100 % anatase), TiO2 photocatalyst was produced through 

sludge recycling of the sewage treatment plant and P-25 (crystalline composition of 88 % anatase/ 12 % rutile), commercial 

nanomaterial product TiO2 (AEROXIDE®, Evonik Industries, Germany) was provided by Bentec Frontier Co., Ltd.  

To evaluate of characterization of GST, It was measured about Zeta potential [Particle size & Zeta potential 

analyzer (Zetasizer Nano ZSP, Malvern Instruments LTD., UK) in Korea TECH], SEM (scanning electron microscope) 

particle size image [FE-SEM(Field Emission Scanning Electrong Microscope, Tescan Corp., Czech)] equipped with EDS 

systems (Thermo scientific, USA) in KRICT (Ulsan department), TEM (Transmission electron microscopy) image [FE-EF-

TEM (Field Emission Energy Filtered Transmission Electron Microscopy, JEOL, Japan) in Korea Basic Science Institute 

(Jeonju department)] and size distribution [Image J software (https://imagej.nih.gov/ij/download.html)].  

 For the test procedure, test substance was moistened with the smallest amount of sterilized distilled water for the 

skin irritation/corrosion test in accordance with test guidelines. 
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Test procedure 
The characterization of GST showed in (Figure 1 and 2), respectively. The zeta potential is known for indicator of 

the droplet stability, where values more positive than +30 mV and more negative than -30 mV indicate good stability against 

coalescence [18]. The estimated value of GST was a negative value (-35.4 mV) and this value showed that GST had a good 

stability and was thought to have a less agglomeration nature.  

 Generally, the nanosubstance was known as a substance that have an extremely small structures of 1 to 100 

nanometers. In this study, the particle size value for GST was 95.8±46.3 nm (mean±standard deviation) and 34.1 % by 

number of the particles had a diameter > 100 nm in particle size. The results demonstrated that it was difficult to recognize 

as nanomaterial because there were distributed in various size. 

 

 

    
(a) (b) 

Figure 1. Characterization of TiO2 particles (GST): (a) Negative zeta potential (-35.4 mV, 30 mg/mL); (b) SEM 

(scanning electron microscope) image. 

 

     
                                         

(a)                                                             (b) 

Figure 2. Characterization of TiO2 particles (GST): (a) A particles dispersed in 99.9 % EtOH was deposited on a copper 

grid and analyzed by TEM (Transmission electron microscope) image; (b) Size distribution of the imaged GST.  

 

Eye irritation/corrosion test 
 The initial test was conducted on one rabbit and the confirmatory test was conducted to confirm irritant or 

negative response using two additional animals. Five minutes prior to test substance application, 2 drops of a topical ocular 

anesthetic (0.5 % proparacaine hydrochloride) to minimize pain or distress were applied to each eye and then the test 
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substance was applied to the conjunctival sac of the right eye of each animal (0.1 g/animal). The left eye was remained 

unapplied and served as the reference control. The test substance had not been removed from the eye by physiological 

mechanisms at the first observation time and it was gently washed out with washing solvent (Normal Saline Injection, 

Daihan Pharm Co., Ltd.) at 24 hours. And then the eye reactions were macroscopically observed at 1, 24, 48 and 72 hours 

after treatment according to grading of ocular lesions for cornea, iris, conjunctivae and chemosis of OECD test guideline TG 

405. The scores for grades at 24, 48 and 72 hours were summed and divided by the number of the observations for the treated 

sites [Mean score: ∑ Eye reaction (at 24, 48, 72 hours) / 3]. And then eye irritation/corrosion was categorized according to 

the GHS category (3.3.1: Serious eye damage/Irreversible effects on the eye category, 3.3.2: Reversible effects on the eye 

categories) [19]. 

 

Skin irritation/corrosion test 
 The back of the animals was clipped free of fur with an electric clipper 24 hours before application of the test 

substance and this area were divided into two sites (treatment / control site) within the same area (6 cm2). A dose of 0.5 

g/site of test substance was moistened with the smallest amount of sterilized distilled water to the gauze patch and was 

applied to the test site and the untreated skin area was used as the control. The back of rabbit was covered with a non-

occlusive bandage for the duration of the exposure period and then the residual test substance was carefully removed by 

washing away with washing solvent (sterilized distilled water) for observation after removing bandage.  

The initial test was conducted on one rabbit and was applied sequentially to the animal for 3 minutes, 1 hour, 4 

hours and the confirmatory test was conducted to confirm irritant or negative response using two additional animals and 

was applied to two animals for 4 hours. The skin reaction was observed for 1, 24, 48 and 72 hours after removal bandage 

and residual test substance were evaluated according to the scoring system for skin reactions and mean score was evaluated 

(erythema/eschar and oedema formation). The mean score was calculated as the following: Scores for erythema and oedema 

at 24, 48 and 72 hours were summed and divided by the number of the observations for the treated sites [Mean score: ∑ 

Skin reaction (at 24, 48, 72 hours) / 3]. And then the irritation/corrosion degree was categorized according to the GHS 

category (3.2.1: Skin corrosion category and sub-categories, 3.2.2: Skin irritation categories) [19]. 

 
Micro-CT analysis 
 The eyes and skin with adjacent tissue were dissected. After full fixation in 10% neutral buffered formalin, the 

tissue specimens in fixative were requested to Center for Non-clinical development (CND) of Asan medical center for micro-

CT analysis. A Skyscan Desktop Micro-CT 1176 (Kartuizersweg 3B, Belgium) instrument, with a source voltage of 50 kV, 

and current of 500 ㎂, was used to acquire X-ray radiographs. The specimens were attached to a stage that rotated 360° with 

images acquired at 1.0° intervals. After scanning, cross-sectional slices were reconstructed and each scan result was 

reconstructed using the 0.010 ~ 0.067 threshold values to distinguish bone and air. Three-dimensional (3D) analysis was 

performed using the Skyscan software, CTvox [2.2.0 r762(64-bit)]. The parameters of micro-architecture, including the 

deposition and distribution of foreign materials in the eyes and skin of rabbit treated with TiO2 NPs (GST), were evaluated 

using the built-in micro-CT software [2.2.0 r762(64-bit)].  

 

Histology 
 At 1 hour and 24 hours after test substance treatment, the tissues (skin, eye) were fixed in 10 % neutral buffered 

formalin (BBC Biochemical, USA, Lot No.95922) and then paraffin was embedded, sectioned, and adhered to slides. Sections 

of each tissue were stained by hematoxylin (BBC Biochemical, USA, Lot No.95925) and eosin (BBC Biochemical, USA, Lot 

No.959058) to assess tissue morphology. The histopathological observations were performed under light microscopy.  
 

Results and Discussion 
Eye irritation/corrosion test  
 The test substance (GST, P-25) was remained in the conjunctival sac of eye at the time of first (1 hour) observation 

and it was considered to be non-absorption into the eye.  

The eye reactions (irritation or corrosion) were not observed on the eye sites applied P-25 and the mean score of 

P-25 was "0.0" in each rabbit at any time of the observation after removing the test substance (Table 1, Figure 3 and 4). In the 

animals applied with GST, the conjunctivae redness and chemosis swelling were observed on the eye lesion as follows 

(Table 2, Figure 5 and 6). The conjunctivae redness was observed as score 1 (some blood vessels hyperaemic) at 1, 24, 48 

hours and was recovered at 72 hours and the mean score was “0.7”.  The conjunctivae chemosis swelling was observed as 

score 1 (some selling above normal) at 1 hour and was disappeared at 24 hours and mean score could not be calculated. 

These results were considered that observed reactions were caused by contact with the test material and was the effect of 

the test substance. Also, based on the evaluation results, the GHS category was identified as a “No hazard class”. From a 

risk assessment perspective, it is essential to point out that both size-dependent properties and biological effects that are of 
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potential concern for human health, specifically toxicokinetic behavior and particle-cell interactions, are not closely related 

to specific size thresholds.  

 
 

    
(a) 

 

  
(b) 

Figure 3. Eye photographs observed at 24 hours after application of test substance, P-25 (No eye reaction): (a) Initial test; 

(b) Confirmatory test.   

 
 

   
(a) 

 

   
(b) 

Figure 4. Eye photographs observed at 72 hours after application of test substance, P-25 (No eye reaction): (a) Initial test; 

(b) Confirmatory test. 

 
 

   
(a) 

 

   
(b) 

Figure 5. Eye photographs observed at 24 hours after application of test substance, GST (conjunctivae redness): (a) Initial 

test; (b) Confirmatory test. 

 
  

   
(a) 

 

   
(b) 

Figure 6. Eye photographs observed at 72 hours after application of test substance, GST (conjunctivae redness was 

recovered): (a) Initial test; (b) Confirmatory test. 
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Table 1. Mean score of eye reaction (P-25)    

Group 
Test 

substance 

Animal 

number 

Cornea 

(Opacity) 
Iris 

Conjunctivae 

(Redness) 

Chemosis 

(Swelling) 

G1 

P-25 

1101 0.0 0.0 0.0 0.0 

G2 
1201 0.0 0.0 0.0 0.0 

1202 0.0 0.0 0.0 0.0 

G1: Initial test, G2 : Confirmatory test, Mean score : ∑ Eye reaction (at 24, 48, 72 hours) / 3 

 

Table 2. Mean score of eye reaction (GST) 

Group 
Test 

substance 

Animal 

number 

Cornea 

(Opacity) 
Iris 

Conjunctivae 

(Redness) 

Chemosis 

(Swelling) 

G1 

GST 

1101 0.0 0.0 0.7 0.0 

G2 
1201 0.0 0.0 0.7 0.0 

1202 0.0 0.0 0.7 0.0 

G1: Initial test, G2 : Confirmatory test, Mean score : ∑ Eye reaction (at 24, 48, 72 hours) / 3 

 

Skin irritation/corrosion test  
  In the case of skin irritation, TiO2 nanomaterial was known for mild or non-irritant to skin from the several 

studies using animals (guinea pig, rabbit) and 3D human skin model (KeraSkinTM) [20]. In this study, Rabbits showed no 

irritation signs or skin reactions (oedema, erythema, eschar) in the test site applied with GST and P-25 of each rabbit at any 

observation time after removing patch applied with the test material on the skin lesion, respectively (Table 3, 4, Figure 7 

and 8). The mean score was “0.0” and the GHS category was identified as a “No hazard class”.  

 

 

 
(a) 

 

 
(b) 

Figure 7. Skin photographs observed at 24, 72 hours after application of test substance, P-25 (No skin reaction): (a) Initial 

test; (b) Confirmatory test. 

 
 

(a) 

 

 
(b) 

Figure 8. Skin photographs observed at 24, 72 hours after application of test substance, GST (No skin reaction): (a) Initial 

test; (b) Confirmatory test.  

 

Table 3. Mean score of skin reaction (P-25) 

Group 
Test 

substance 

Animal 

number 

Erythema and Eschar 

Formation 
Oedema Formation 

G1 

P-25 

1101 0.0 0.0 

G2 
1201 0.0 0.0 

1202 0.0 0.0 

G1: Initial test, G2 : Confirmatory test, Mean score : ∑ Skin reaction (at 24, 48, 72 hours) / 3 
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Table 4. Mean score of skin reaction (GST) 

Group 
Test 

substance 

Animal 

number 

Erythema and eschar 

formation 
Oedema formation 

G1 

GST 

1101 0.0 0.0 

G2 
1201 0.0 0.0 

1202 0.0 0.0 

G1: Initial test, G2 : Confirmatory test, Mean score : ∑ Skin reaction (at 24, 48, 72 hours) / 3 

 

Micro-CT analysis  
 Micro-CT analysis was conducted to confirm the distribution of NPs in the eye and skin of rabbits treated with 

new TiO2 material (GST) to compare with those of control (eye: 1, 24 hours after treatment, skin: 1, 24 hours after removing 

patch). 

 In the eye applied with test substance, the residues of test substance were identified at 1 hour after treatment and 

showed no residues at 24 after the treatment site (right eye) in conjunctival sac site. Also, it was not observed inside or 

outside the eyeball and was the same observation as macroscopic observation of the conjunctival sac (Figure 9). The white 

spot observed at 1 hour in (Figure 9) was thought to be a residue after washing and these results were considered to be non-

absorption into the eyeball.  

 

 
(a) 

 

 
(b) 

Figure 9. Eye micro-CT photographs (GST): (a) Eye photographs at 1 hours after application (Left: control, Right: test 

substance); (b) Eye photographs at 24 hours after application (Left: control, Right: test substance). *White spot: test 

substance, arrow: conjunctival sac site (red). 

 

 In the skin lesion applied with test substance patch, the test substance was observed on the skin treatment site at 

1 hour after removing the patch, but no material was observed on or under the skin at 24 hours after removing patch (Figure 

10). It meant that new TiO2 powder (GST) did not penetrate into the skin layer (under the epidermis) and the observed 

material was considered to be chemical residual on the skin treatment site.  

 

 
(a) 

 

 
(b) 

Figure 10. Skin micro-CT photographs (GST): (a) Skin photographs at 1 hours after removing patch (Left: control site, 

Right: test substance site); (b) Skin photographs at 24 hours after removing patch (Left: control site, Right: test substance 

site). *White: test substance, Red arrow: epidermis. 

 

Histology  
 Histopathological examination was performed to identify the presence of TiO2 NPs (GST) in the eye and skin (eye: 

1, 24 hours after treatment, skin: 1, 24 hours after removing patch). The Figure 11 and Figure 12 showed that no substance 

was observed in the eye with accessory organ and skin and treatment-related effect was not examined at any observation 

time.  

Wu et al. reported that no penetration of TiO2 NPs of various particle size into the corneum of isolated porcine 

skin exposed for 24 hours in vitro [21]. Also, Study of Senzui et al. for damaged skin using tape stripping showed that the 

presence of TiO2 NPs in hair follicles and no penetration was observed in the dermis or epidermis [22]. In our study, our 

histopathological examination for skin indicated that TiO2 NPs, GST did not penetrate into the skin layer (epidermis 

including stratum corneum/lucidum/granulosum/spinosum/basale).  
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Kim et al. reported that histopathological finding showed the retinopathy in the eyes from animal treated with 

ZnO for 90 days and the presence of NPs was identified using micro-CT analysis method [11]. Considering this study, 

further study like repeated toxicity is thought to be needed to confirm whether presence or treatment-related effect for GST 

is observed or not.  

 

 

 
(a) 

 

 
(b) 

Figure 11. Eye photographs including the cornea, iris, lens, retina and accessory organs (GST): (a) Histological section of 

eye at 1 hour after application (Left: control, Right: test substance); (b) Histological section of eye at 24 hours after 

application (Left: control, Right: test substance). *Arrow: cornea (red), iris (blue), lens (black), retina (green). 

 

 

 
(a) 

 

 
(b) 

Figure 11. Skin photographs including epidermis, dermis and panniculus carnosus (GST): (a) Histological section of skin 

at 1 hour after removing patch (Left: control, Right: test substance); (b) Histological section of skin at 24 hours after 

removing patch (Left: control site, Right: test substance site). * Arrow: epidermis (red), dermis (blue). 

 

Conclusions 
Human exposure effect to TiO2 nanomaterial may occur when manufacturing and using many commercial 

products (cosmetics, paints, plastics, etc.). Also, major routes were known for inhalation and dermal exposure. Considering 

these points, eye or skin irritation/corrosion potential of the individual chemicals is needed for both hazard characterization 

and risk assessment when it is contacted on local lesions. The present study was performed to evaluate the effect of local 

lesions (eye, skin) for new TiO2 material, GST manufactured from sludge recycling of the sewage treatment plant. In addition 

to, the micro-CT and histopathological examination to investigate the location or distribution of local sites. As a result of the 

study, there was no irritation/corrosion of skin or eye, and the GHS category was identified as a “No hazard class”. Also, 

no materials were observed on the local lesions and the treatment-related effect could not be evaluated in the lesions. 

Therefore, based on findings of local toxicity and imaging analysis, it was considered that GST had no irritation/corrosion 

and did not distribute in local lesions (eye, skin). Lastly more studies are needed to definitively comment on long-term use 

of new TiO2 (GST) material and health effects (for example, dermal repeated toxicity study, etc)   
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