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MUT/2021/03 

COMMITTEE ON THE MUTAGENICITY OF CHEMICALS IN FOOD CONSUMER 

PRODUCTS AND THE ENVIRONMENT  

REVIEW OF GENOTOXICITY OF TITANIUM DIOXIDE 

Referral to COM 

1. The Food Standards Agency has asked for advice on the genotoxicity of 
Titanium Dioxide (TiO2), following a recent re-evaluation from the European Food 
Safety Authority (EFSA).

Introduction 

2. Titanium dioxide,  Chemical Abstracts Service (CAS) Registry number 
13463-67-7, European Inventory of Existing Commercial Chemical Substances

(EINECS) number 236-675-5 and Colour Index (C.I.) number 77891 is an organic 
substance. The titanium atom is coordinated octahedrally with oxygen, but the 
position of the octahedral structure differs in the different crystalline forms. 
Titanium dioxide exists in nature in different crystalline forms - the anatase

(tetragonal, CAS Registry number 1317-70-0) and rutile (tetragonal, CAS Registry 
number 1317-80-2) being the two most important.

Fig.1: Natural forms of TiO2
1 

3. Titanium dioxide is an authorised Food Additive in the EU in accordance to

Annex with Annex II to Regulation (EC) No 1333/2008 in both anatase and rutile

forms (Commission Regulation (EU) No 231/2012) and under GB Food Law

1 http://www.fangyuan-tio2.com/rutile-anatase-tio2-uses-titanium-dioxide-properties.html 

http://www.fangyuan-tio2.com/rutile-anatase-tio2-uses-titanium-dioxide-properties.html
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(retained EU law Regulation No 1333/2008 on food additives). Titanium dioxide 

particles can reflect light over the majority of the visible spectrum and achieve 

opacity by causing multiple reflections and refractions (EFSA, 2016). As such, it is 

used in food as a colour to make food more visually appealing, to give colour to 

food that would otherwise be colourless, or to restore the original appearance of 

food. It is also widely used in cosmetics and medicines2. 

4. Titanium dioxide has been the subject of multiple safety evaluations: the 

Scientific Committee on Food (SCF) in 1975 and 1977, by the Joint FAO/WHO 

Expert Committee of Food Additives (JECFA) in 1969. In 1969, JECFA allocated 

an acceptable daily intake (ADI) ‘not limited except for good manufacturing 

practice’. In 1975, the SCF did not establish an ADI for titanium dioxide, whereas 

in 1977, the SCF included titanium dioxide in the category ‘colours for which an 

ADI was not established but which could be used in food’.   

5. In 2016, EFSA reviewed the safety of titanium dioxide. One of the largest 

uncertainties related to the composition of titanium dioxide. EFSA considered that 

E 171 mainly consisted of micro-sized titanium dioxide particles, with a nano-sized 

(< 100 nm) fraction less than 3.2% by mass. Uncertainties around the identity and 

characterisation of E 171 were however highlighted, noting that no limits for the 

particle size of E 171 were set in the EU specifications (EFSA, 2021). 

Subsequently, in 2019, and following the evaluation of data submitted by 

interested operators, the Panel recommended that “ the EU specifications for E 

171 include the parameter of median minimum external dimension by particle 

number >100 nm (measured by electron microscopy), which is equivalent to less 

than 50% of constituent particles by number with a minimum external dimension 

<100 nm.”  

6. With regards to genotoxicity, based on the available genotoxicity data and 

considering other absorption, distribution, metabolism and excretion parameters 

(ADME) the Panel concluded that orally ingested titanium dioxide particles (micro- 

and nanosized) were unlikely to represent a genotoxic hazard in vivo. This was 

based on the observations from both in vitro and in vivo genotoxicity studies. In 

vitro, mixed results were obtained, providing some evidence of genotoxicity for 

micro- and nano- sized titanium dioxide particles. The Panel noted that most 

positive results were reported under experimental conditions associated with the 

induction of oxidative stress and that the genotoxic effects concerned were mainly 

seen in indicator assays such as the Comet assay. The Panel noted that the 

reliability of Comet assay for evaluating nanoparticle-induced genotoxicity has 

been questioned because of the possible secondary induction of DNA damage by 

nanoparticles during sample processing. They further highlighted that comparing 

 
2 https://www.efsa.europa.eu/en/news/titanium-dioxide-e171-no-longer-considered-safe-when-

used-food-additive  

https://www.efsa.europa.eu/en/news/titanium-dioxide-e171-no-longer-considered-safe-when-used-food-additive
https://www.efsa.europa.eu/en/news/titanium-dioxide-e171-no-longer-considered-safe-when-used-food-additive
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the results obtained in intact cells and isolated nuclei, Ferraro et al. (2016) 

demonstrated that most DNA damage elicited by titanium dioxide nanoparticles in 

human epithelial cells was produced during the assay performance (ex post 

damage) rather than during treatment (ex ante damage), through the direct 

interaction of cytoplasm-internalised nanoparticles with DNA in nucleoids. In vivo, 

overall negative results have been obtained in genotoxicity studies with microsized 

titanium dioxide pigment. Limited evidence of genotoxicity, if any, is provided by 

studies with orally administered titanium dioxide nanoparticles.  The Panel 

considered that there was limited or no indication of the genotoxicity of titanium 

dioxide nanoparticles is provided by studies using an intravenous route of 

administration, which allows maximum exposure of target tissues (EFSA, 2016). 

Overall, the Panel concluded that  once definitive and reliable data on the 

reproductive toxicity of E 171 were available, the full dataset would enable the 

Panel to establish a health-based guidance value (ADI). They further 

recommended that: 

• In order to enable the Panel to establish a health-based guidance value 

(ADI) for the food additive TiO2 (E 171), additional testing could be 

performed. An extended 90-day study or a multigeneration or extended-one 

generation reproduction toxicity study according to the current OECD 

guidelines could be considered. Such studies should be performed with 

TiO2 (E 171) complying with the EU specifications and additionally including 

a characterisation of the particle size distribution of the test material. 

However, in deciding on actual testing, considerations of animal welfare 

need to be balanced against the improvement in the toxicological database 

within a tiered testing approach. 

• The EU specifications for TiO2 (E 171) should include a characterisation of 

particle size distribution using appropriate statistical descriptors (e.g. range, 

median, quartiles) as well as the percentage (in number and by mass) of 

particles in the nanoscale (with at least one dimension < 100 nm), present 

in TiO2 (E 171) used as a food additive. The measuring methodology 

applied should comply with the EFSA Guidance document (EFSA Scientific 

Committee, 2011). 

• The maximum limits for the impurities of the toxic elements (arsenic, lead, 

mercury and cadmium) in the EU specification for TiO2 (E 171) should be 

revised in order to ensure that TiO2 (E 171) as a food additive will not be a 

significant source of exposure to those toxic elements in foods. 

 

https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4545#efs24545-bib-0030
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7. In 2018 four additional studies were evaluated, including one in vitro 

genotoxicity study in two human colon cancer cell lines. The Panel re-confirmed 

that E171 did not raise concerns for in vivo genotoxicity3 . 

Other evaluations 

8. After a report by the French Authorities in 2016,  and a proposal for 

evaluation of titanium dioxide the Committee for Risk Assessment (RAC) of the 

European Chemicals Agency (ECHA) concluded in June 2017 that titanium 

dioxide met the criteria to be classified as a substance suspected of causing 

cancer (category 2) if inhaled. The main mechanism to explain the effects induced 

by titanium dioxide, in common with effects seen with other substances, was 

inflammation and an indirect genotoxic effect through production of reactive 

oxygen species (ROS) arising from the biopersistence and insolubility of all forms 

of titanium dioxide particles. However, a direct interaction with DNA could not be 

excluded, since titanium dioxide was found in the cell nucleus in various in vitro 

and in vivo studies. This was in line with the International Agency for Research on 

Cancer (IARC) evaluation which concluded that “titanium dioxide is possible 

carcinogenic to humans (Group 2B) based on sufficient evidence in experimental 

animals and inadequate evidence from epidemiological studies.4” This was with 

relation to exposure via inhalation. However, in the same report by the French 

Authorities the Agency for Food, Environmental and Occupational Health and 

Safety (ANSES) concluded that there was no carcinogenic concern after oral or 

dermal administration. 

9. In their most recent evaluation, the Scientific Committee on Consumer 

Safety (SCCS) assessed titanium dioxide used in cosmetic products that lead to 

exposure by inhalation. With regards to mutagenicity and genotoxicity, the SCCS 

noted that in the 2010 evaluation, IARC concluded that that most of the in vitro 

genotoxicity studies with titanium dioxide exposure were negative despite the high 

rate of false positives and that the EFSA Panel in 2016 considered that the 

positive genotoxicity results may have been due to experimental conditions 

associated with the induction of oxidative stress. The SCCS also noted that 

studies showing a positive association between the so-called group of Poorly 

Soluble Low Toxicity (PSLT) particles exposures and genotoxicity are generally 

consistent with the mechanism that sub-toxic concentrations of PSLT particles can 

cause inflammation and oxidative stress, which may lead to mutations. Oxidative 

stress is considered the underlying mechanism of the proliferation and genotoxic 

responses to PSLT particles including titanium dioxide and thus there is a large 

body of evidence that titanium dioxide has no direct genotoxic potential. The 

 
3 https://www.efsa.europa.eu/en/efsajournal/pub/5366 

4 https://monographs.iarc.who.int/wp-content/uploads/2018/06/TR42-Full.pdf  

https://monographs.iarc.who.int/wp-content/uploads/2018/06/TR42-Full.pdf
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SCCS was of the opinion that “The genotoxic effects of titanium dioxide most 

probably manifest through an indirect mechanism (oxidative stress), or secondary 

mechanisms (e.g. oxidative stress and inflammation caused by immune cells). The 

SCCS therefore considers it plausible that there is a practical threshold for this 

mode of action and therefore a risk assessment could be carried out for its use in 

cosmetic products.” They concluded that when used in cosmetic products titanium 

dioxide does not pose a genotoxic risk. (SCCS, 2020) 

2021 Evaluation by EFSA 

10. Following the review of titanium dioxide specifications in 2019, and based 

on the fraction of nanoparticles present in E171, the food additive falls under the 

scope of the EFSA guidance on nanotechnology which was revised in 20185 to 

include ‘a material that is not engineered as nanomaterial but contains a fraction 

of particles, less than 50% in the number–size distribution, with one or more 

external dimensions in the size range 1–100 nm’. The proposed amendment to 

E171 specifications was therefore accompanied by a recommendation for re-

assessment of toxicological data in line with the requirements of the 2018 EFSA 

guidance on nanotechnology. 

11. Data evaluated was for the food additive titanium dioxide E171 as well as 

titanium dioxide other than E171 containing a fraction of nanoparticles <100nm or 

nano titanium dioxide (TiO2 NPs). The characterisation of E 171 was previously 

evaluated by the Panel and it was concluded that, according to data received from 

interested business operators, less than 50% of constituent particles in E 171 

have a minimum external dimension below 100 nm by number. The Panel 

considered that studies performed with TiO2 NPs that predominantly consist of 

particles smaller than 30 nm (e.g. P25) are of limited relevance to the safety 

assessment of E 171. This is because titanium dioxide particles in pristine E 171 

likely form large agglomerates. When dispersion procedures are applied, these 

agglomerates may de-agglomerate, resulting in increased numbers of ‘free’ 

nanoparticles. The extent of agglomeration and the number of ‘free’ nanoparticles 

present maybe further affected by the conditions in food and the gastrointestinal 

tract (GIT) environment. The data available to EFSA showed that the percentage 

by number of constituent particles < 30 nm was in the order of 1% or less in 

samples of pristine E 171 or in E 171 extracted from foods analysed after 

dispersion. However toxicity studies performed with TiO2 <30 nm have been 

considered for completeness of the database and may be relevant with respect to 

whether a minimum limit for particle size should be included in the EU 

specifications for E 171. 

 
5 https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2018.5327 
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Kinetics and Metabolism 

12. In 2016, the Panel concluded that the absorption of orally administered 

titanium dioxide is low. Its oral systemic availability (measured either as particles 

or as titanium) is estimated to be 0.02–0.1%, and the vast majority was eliminated 

unchanged in the faeces. The small amount of orally ingested titanium dioxide 

appeared to be absorbed by Peyer’s patches, a group of cells in the gut-

associated lymphoid tissue (GALT). It is subsequently distributed to various 

organs (by order of decreasing concentration: mesenteric lymph nodes, liver, 

spleen, kidney, lungs, heart and reproductive organs), from which the material 

disappears with variable half-lives. The ANS Panel noted the potential for tissue 

accumulation based on the slow elimination of titanium from tissues after 

intravenous administration with calculated half-lives ranging between 28 and 650 

days in different organs (EFSA, 2016). Interpretation of these findings was, 

however, complicated by the extent of the variability in the background levels of Ti 

in animals and humans which also prevented the accurate determination of kinetic 

parameters such as the elimination half-life. In the most recent evaluation the 

uncertainties around the variability in the environmental, dietary and tissue 

backgrounds remained as one of the critical aspects when evaluating the 

toxicokinetics of titanium dioxide. In addition, the challenges in analytical 

determination of low concentrations of Ti in tissues further complicated obtaining 

accurate and reliable tissue concentrations and toxicokinetic data.  

13.  For the re-evaluation was based on observations from both human and 

animal studies with titanium dioxide  that meets the specifications for E171 and  

titanium dioxide materials other than those that meet the specifications for E171. 

The estimate of the oral systemic availability of titanium dioxide was updated by 

multiplying the reported concentration with the respective organ or tissue weights. 

Subsequently, the sum of the calculated amounts in the different organs was 

compared to the dose applied to estimate the percentage absorbed. Data were 

extracted only from those publications in which the analytical method used for the 

measurement of internal exposure was evaluated as reliable or reliable with some 

limitations (Appendix D of EFSA opinion). The Panel concluded that “E171 had 

low systemic availability, probably not greater than 0.5%”. This was based on 

observation from two studies in mice (Comera et.al, 2020; Talamini et al., 2019). 

The studies allowed the derivation of estimates of internal dose at 0.01% and 

0.1% respectively. The Panel noted that the estimate were based on 

measurements of Ti concentrations in a limited number of organs and that, despite 

the uncertainty with regards to what extent titanium dioxide distributes to other 

organs6,  the Panel’s estimates always included the Ti amount in the liver, which 

 
6 Talamini et al., 2019: stomach, large and small intestine, liver, lung, spleen, testes, brain, kidney. 

Comera et al., 2020Segments of the jejunum, ileum and colon. 
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accounted for about 12.5% of the Ti amount in the body. They therefore 

considered that the underestimation in body burden and absorption was therefore 

unlikely to be more than 5-fold. It was also concluded that “it may pass the 

placenta. With regards to the studies on TiO2 NPs, consisting of nanoparticles with 

primary particle sizes between 7 and 90 nm,the data indicated that these materials 

have   long half-lives (roughly 200–450 days), a potential for accumulation 

(accumulation factor of 290 to 450) and long time to reach steady state (3–5 

years). The oral systemic bioavailability of these materials was higher than for 

E171 but still low (probably <1%). In tissues from deceased human subjects, 

titanium dioxide particles were identified in liver and spleen, the low Ti amount of 

the investigated organs indicating low oral systemic availability of titanium dioxide 

ingested from a number of sources, including dietary exposure to E 171”.(EFSA, 

2021) 

14. Further information can be found in pages 14-21 of the EFSA 2021 Opinion 

(Annex 1). 

Toxicity 

Short term 

15.  For E171, the Panel considered that no adverse effects were observed in 

mice (n=4) following administration of E171 at a mean dose of 2mg/kg bw/d for 21 

days. E 171 or water (for controls) was slowly dripped with a pipette into the mice 

mouths, allowing each drop to be swallowed. The test material was E 171 (35% 

nano), anatase, 201 nm in suspension (Appendix H; EFSA 2021). The treatment 

regime was 5 mg E 171/kg bw per day, 3 days per week, for 3 weeks (nine 

treatments in 21 days, providing an average daily dose of 2 mg E 171/kg bw/d 

(Talamini et al.,2019). No body weight or feed intakes were observed and organ 

weights were not affected. The Panel noted reports for areas of “necro 

inflammatory” foci in the livers of exposed mice and considered these deserved 

attention. However, the Panel could not conclude on the association of this finding 

with exposure to E 171, due to very limited number of livers examined. The Panel 

noted the absence of additional endpoints indicative of evidence for liver injury 

and the fact that these reported changes can variably occur as a background 

pathology in murine liver. 

16.  In rats, there were no signs of systemic toxicity following gavage 

administration of  up to 1000 mg/kg bw/d in 90 day studies however they noted 

that the study had limitations for assessing the toxicological effects of the fraction 

of nanoparticles. The test material (Appendix H; EFSA, 2021) was E 171, anatase, 

150 nm (dynamic light scattering (Han et al., 2020). 

17. Several studies were identified assessing the safety of materials other than 

E171 (TiO2 NPs or TiO2 containing a fraction of NPs). Study durations varied 
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between 14- 90 days. From those it was concluded no adverse effects were 

observed at the highest dose tested (100 mg/kg bw/d, Vasantharaja et al. (2015)). 

Overall, no adverse effects associated with general toxicity were observed in rats 

orally exposed to E 171, TiO2 NPs or TiO2 containing nanoparticles.  

18. The studies assessing the safety of TiO2  NPs <30nm were also reported. 

These were:  mild hyperbilirubinaemia however this was not accompanied by any 

changes in liver enzymes (Yang et al., 2017); the effect size of increased fasting 

glycaemia and impaired glucose tolerance (Hu et al., 2015) which the Panel 

concluded was not of toxicological relevance and not accompanied by changes in 

insulin or other changes in lipid metabolism, histopathological changes were 

reported in the heart (Yu et al., 2016); however, these findings were not supported 

by incidences and severity scores. Histopathological findings indicating 

inflammation were reported in the liver, but investigations to confirm hepatic injury 

were not performed (Hong et al., 2016). In rats, inconsistent and/or unexplained 

sex differences in some parameters were reported (e.g. hypobilirubinaemia in 

females (Chen et al. (2015a); heart rate and blood pressure changes in females 

(Chen et al. (2015b); leucocyte changes in females (Heo et al., 2020); higher 

absolute pituitary weights in males (Heo et al., 2020); lower blood insulin levels in 

females, lower C-peptide levels in males and differences in blood concentrations 

compared to controls in a glucose tolerance test in males (Chen et al., 2020b). 

The Panel considered that the TG changes reported in several studies were likely 

incidental study findings since the reductions were seen in only one sex and 

without a clear dose response (Chen et al., 2015b), lacked a clear dose response 

(Vasantharaja et al., 2015) or increased in a single dose study (Grissa et al., 

2015). 

19.  It was concluded that “effects reported in mouse studies TiO2 NPs < 30 nm 

could be associated with accumulation of NPs in various tissues whereas 

inconsistent findings in rats were considered incidental.” (EFSA, 2021). 

20. With regards to reproductive and developmental toxicity, a number of 
studies available in literature were assessed, in addition to the extended one-
generation reproduction toxicity (EOGRT) study. The EOGRT study was 
commissioned by interested business operators to address data gaps identified in 
2016. The protocol was later amended to accommodate the investigation of 
additional parameters related to the occurrence and titanium dioxide-related 
induction of aberrant crypt foci (ACF) in the colon; these are preneoplastic lesions 
that had been reported by Bettini et al. (2017) shortly after the completion of the 
ANS Panel re-evaluation of E 171. Overall, no effects on reproductive and 
developmental toxicity were observed up to a dose of 1,000 mg E 171/kg bw per 
day, the highest dose tested in the EOGRT study. 
 
21. No reliable studies were found in the literature addressing reproductive and 
developmental toxicity of E 171 (EFSA, 2021) and no effect was reported up to a 
dose of 1,000 mg/kg bw per day for titanium dioxide containing a fraction of 
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nanoparticles when administered from gestation days (GDs) 6 to 15 (Warheit et 
al., 2015). 
 
22. Concerning neurotoxicity, no reliable studies performed with E 171 were 
found in the literature (EFSA, 2021). In studies with TiO2 NP > 30 nm, neurotoxic 
effects were observed at the only dose tested of 100 mg/kg bw per day in rats 
exposed in embryonal life and at the only dose tested of 500 mg/kg bw per day in 
rats exposed in adult life. In studies using titanium dioxide NPs < 30 nm, effects 
were seen at doses as low as 2.5 mg/kg bw per day. The findings in studies with E 
171 on immunotoxicity and inflammation were considered inconsistent; in studies 
with TiO2 NPs > 30 nm effects were seen at a dose of 20 mg/kg bw per day 
whereas in studies with TiO2 NPs < 30 nm effects were observed at doses as low 
as 2.5 mg/kg bw per day. 
 
23. Regarding the newly performed EOGRT study E 171 was administered in 
the diet. In the F0 generation, E 171 was administered in the diet at doses of 0, 
100, 300 or 1,000 mg/kg bw per day from 10 weeks prior to mating until weaning 
of the F1 generation. The F1 generation received these diets from weaning until 
postnatal days ( PND) 4 or 8 of the F2 generation. The F2 generation was 
exposed through the milk until the termination of the study on PND 4 or PND 8. 
Duration of dosing depended on the endpoints under evaluation in the different 
cohorts, with the longest duration of treatment up to 18 weeks. The Panel 
concluded that there were no indications of general toxicity, no effect on thyroid or 
sex hormone levels, no effect on reproductive function and fertility in either male or 
female rats. Furthermore, no effects were observed on pre- and postnatal 
development. No effects on neurofunctional endpoints in F1 offspring were 
observed either (EFSA, 2021). 
 
24. Concerning immunotoxicity, a marginal but statistically significant decrease 
in antigen-induced IgM levels (-9%) in males of the F1 Cohort 3 only was noted, 
with no apparent dose-response. However, the Panel noted that there were 
methodological shortcomings in the design of this part of the EOGRT study. 
Therefore, the Panel could not conclude on immunotoxicity. In a satellite group of 
that study, E 171 at doses up to 1,000 mg/kg bw per day did not induce ACF in 
the colon. The Panel considered that there was uncertainty regarding the extent of 
the internal exposure to titanium dioxide nanoparticles (present in E 171) across 
the range of tested doses (EFSA, 2021). The Panel also noted that there was 
uncertainty with regards to the extent to which the particle size distribution of the E 
171 used in the EOGRT study was reflective of the particle size distributions of E 
171 when added to foods as well as the extent to which the particle size 
distribution of E 171 in transit through the GIT in the EOGRT study was affected 
by the concentration in the diet (i.e. dose). 
 

Genotoxicity 

25.  Due to the large volume of studies considered, the Appendices (J, K, L, 

M,N, O,P) from the EFSA evaluation, summarising the studies including 

characterisation of the test materials and reliability and NSC scores have been 
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included at the end of this document (Annex 2). The studies include: new in vitro 

and in vivo genotoxicity studies, in vitro and in vivo genotoxicity studies that have 

been considered in the 2016 review as well in vitro and in vivo studies from the 

OECD dossier (2016). 

26. As previously mentioned, the genotoxicity of titanium dioxide was evaluated 

in 2016 by EFSA. Based on the available data at the time, titanium dioxide was 

not considered a nanomaterial based on the EU Recommendation on the 

definition of nanomaterials: “natural, incidental or manufactured material 

containing particles in an unbound state or as an aggregate or as an agglomerate 

and where, for 50% or more of the particles in the number size distribution, one or 

more external dimensions is in the size range 1–100 nm”. Therefore, data on 

titanium dioxide as nanomaterial were not considered as directly applicable to the 

evaluation of the food additive. As discussed in paragraph 6, mixed results were 

obtained in vitro, evidence of some in vitro genotoxicity of micro- and nano-sized 

titanium dioxide particles. The ANS Panel had considered that most positive 

results were reported under experimental conditions associated with the induction 

of oxidative stress (as shown by increased 8-oxo-7,8-dihydro-2’-deoxyguanosine 

(8-oxodG), LPO and reactive oxygen species (ROS) generation), and that the 

genotoxic effects observed mainly concerned indicator assays (comet and H2AX 

histone phosphorylation), which in some studies were shown not to be associated 

with permanent chromosome damage such as chromosome breaks visualised as 

micronuclei (MN) (EFSA, 2016).  

27.  However in vivo, overall negative results were obtained in genotoxicity 

studies with micro-sized titanium dioxide. With regards to TiO2 NPs, there was 

limited evidence, if any, of genotoxicity from the orally administered studies. 

Similarly, limited or no indication of genotoxicity for TiO2 NPs was observed when 

the test chemical was administered intravenously. Therefore, the Panel concluded 

that E171 as a food additive did not raise genotoxicity concerns (EFSA, 2016).  

 In vitro gene mutation  

28.  The Panel considered fourteen studies investigating the ability of titanium 

dioxide to induce gene mutations in mammalian cells. Of those, seven were 

considered relevant and used for the assessment. These have been summarised 

in Table 1 below (Information taken from relevant EFSA Appendices): 

Table 1:In vitro gene mutation studies considered by EFSA. 

Test System Exposure Characterisation 

of test 

substance 

Result EFSA’s 

Reliability 

Score 

EFSA’s 

evaluation 

of 

Relevance 

Ref 
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Mammalian cell gene 

mutation test in V79 

(hypoxanthineguanine 

phosphoribosyl 

transferase (HPRT or 

HGPRT) gene) 

Particle uptake: 0, 

10, 50, 100 µg/ml 

MTT assay: 1, 10, 

25, 50, 100 µg/ml 

ROS production: 

1, 10, 25, 50, 100 

µg/ml Exposure: 

HGPRT gene 

mutation in V-79 

cells: 6 hours 

Particle uptake: up 

to 24 hours MTT 

assay: up to 24 

hours ROS 

production: 6 

hours 

TiO2 NPs, 

anatase, 12- 

25nm (TEM), 

NCS Score:1 

Positive:Statistically 

significant increase 

in the mutation 

frequency of HPRT 

gene at 50 and 100 

µg/ml.  

Particle uptake: 

Cellular uptake 

detected by flow 

cytometry and 

confirmed by TEM. 

ROS production 

(DCFH-DA): 

statistically 

significant increase 

of % of ROS 

production at all 

concentrations 

except at 1 µg/ml 

2  

Main 

deviations 

from OECD 

TG 476: the 

cytotoxicity 

induced by 

the 

treatment 

(relative 

survival) 

was not 

evaluated 

in the gene 

mutation 

experiment. 

The 

number of 

treated 

cells is not 

reported 

Limited Jain et al.,2017- 

Appendix J 

Mammalian cell gene 

mutation assay HPRT 

locus Chinese 

hamster lung 

fibroblasts (V79 cells) 

 

0, 5, 20 and 100 

µg/mL 2h 

exposure Positive 

control: EMS 

without S9 OECD 

TG 476 (1997) 

TiO2 NPs, 

anatase, 75 nm 

NSC: 2 DLS 

measurement in 

cell media 

confirming 

agglomeration 

Positive: 

statistically 

significant and 

concentration-

related increase in 

the mutation 

frequency of HPRT 

gene. 

1 High Chen et al. 

(2014)-  

Appendix L 

Gene mutation (Spi- ) 

assay  

gpt delta transgenic 

mouse primary 

embryo fibroblasts 

(MEF)  

Oxidative stress 

0.1,1, 10 and 

30µg/mL 

3 days exposure 

without S9 

No positive control 

1)TiO2 NPs, 

anatase 5 nm 

2) TiO2  NPs, 

anatase, 40 nm 

3) TiO2, anatase, 

325 mesh 

NSC: 2 

sonication and 

indirect 

assessment of 

exposure to 

particles by flow 

cytometry 

Positive: 5 and 40 

nm significantly 

increased mutation 

yield at 0.1 µg/mL 

and above; the 

effect was 

concentration 

related with TiO2 

NPs (40nm), as 

reported by the 

authors, however, it 

is not supported by 

statistical analysis, 

nor by the visual 

inspection of the 

data. The effect was 

abrogated by the 

concurrent 

treatment with the 

endocytosis inhibitor 

Nystatin. Treatment 

of MEF cells with 

TiO2 NPs (40 nm), 

resulted in a 

concentration 

 2  

No positive 

control was 

used. 

Results of 

statistical 

analysis not 

reported in 

detail, test 

system not 

validated 

for 

regulatory 

purpose 

Limited Xu et al (2009) 

Appendix L 
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dependent 

decrease in cell 

viability when 

analysed with MTT 

assay.  

Negative: TiO2 -325 

mesh 

Mammalian Cell 

Gene Mutation Test 

(Hprt) OECD TG 476  

Chinese hamster lung 

(V79-4) fibroblasts 

3, 15 and 75 

µg/cm2 24h 

Positive control: 

MMS 

TiO2 NPs 

(NM105), 

anatase/rutile, 

15-24 nm 

NSC:1 Two 

dispersion 

protocols, good 

dispersion for 

protocol 1, and 

larger 

agglomeration for 

protocol 2, giving 

different size 

distribution.  

Negative: No 

mutagenic effects 

independently of the 

dispersion protocol 

used 

1 High Kazimirova et 

al.,2020- 

Appendix J 

Mammalian cell gene 

mutation assay HPRT 

locus  

CHO-K1 cells  

 

10, 20 or 40 

µg/mL for 60 days 

without S9 

TiO2 NPs, 

anatase, < 25 

nm (XRD)  

NSC: 1 no 

information on 

dispersion but 

exposure 

confirmed by EM 

and Ti 

measurements 

Negative: no 

significant increase 

in gene mutations. 

No effects on colony 

forming ability. No 

cytotoxicity (XTT 

assay). Cells 

exposure is 

demonstrated 

2 No 

positive 

control; no 

cytotoxicity 

observed. 

Limited  Wang et al 

(2011)- Appendix 

L 

Mammalian cell gene 

mutation test 

(Thymidine kinase 

(Tk) locus) in mouse 

lymphoma L5178Y 

cells (OECD TG 490) 

Particle uptake 

TEM: 0, 1, 100 

µg/mL of TiO2-NPs 

< 25 nm TiO2-NPs 

(50 nm) 

Mouse lymphoma 

assay: 0, 1, 10, 

100 µg/mL of 

microparticulated 

form of titanium 

dioxide (TiO2), 

TiO2 NPs (24.23 

nm) and TiO2 NPs 

(50 nm)  

Exp: Particle 

uptake TEM: 24 

hours 

1) TiO2 NPs, 

anatase 24.2 nm 

(TEM) 

2) TiO2 NPs, 

anatase 50.2 nm 

(TEM) 

3) micro-TiO2, 

(no further 

information 

available) 

 NSC: 1 

Dispersion 

measured 

according to the 

Nanogenotox 

protocol and 

cellular 

internalisation 

Equivocal No 

statistically 

significant increase 

compared to the 

negative control. 

The Global 

Evaluation Factor 

(GEF) was not 

exceeded. However, 

a statistically 

significant 

concentration/eff ect 

trend was observed 

in 6 separate 

experiments 

2 Methods 

not 

reported in 

details, only 

reference 

to 6 

publications 

provided 

Limited Demir et al.,2017 
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confirmed by 

TEM. Both NPs 

and agglomerate 

s observed in the 

exposed cells. 

Mouse lymphoma 

gene mutation assay  

L5178Y TK+/- cells 

NM-102: two 

series of 

concentrations: 1) 

0, 32, 64, 128 and 

256 µg/ml  

2) 0, 312.5, 625, 

1250 and 2500 

µg/ml  

NM-105: two 

series of 

concentrations: 1) 

0, 32, 64, 128 and 

256 µg/ml  

2) 0, 625, 1250, 

2500 and 5000 

µg/ml 

1) TiO2NPs 

(NM102), 

anatase, 21-22 

nm 2) TiO2NPs 

(NM105), 

anatase/rutile, 

15-24 nm 

NSC: 1 

Nanogenotox 

Project 

dispersion 

protocol 

Negative for all 

forms of TiO2 NPs 

tested 

1: Only 

minor 

deficiency 

in data 

reporting. 

High NANOGENOTOX 

Project, 2013 

(Documentation 

provided to EFSA 

No. 7 and 8) – 

Appendix N 

 

29. Other data (seven bacterial reverse mutation studies and one submitted by 

industry) were considered of low relevance due to limitations in the penetration of 

particles through the bacterial cell wall and lack of internalisation in bacteria 

(EFSA Scientific Committee, 2018a). 

In vivo gene mutations 

30.  Six studies considered of high or limited relevance have been reviewed. All 

studies were performed with TiO2 NPs <30nm (limited relevance to the safety of 

E171 but considered for completeness of database and to assess whether a 

particle size limit should be applied). 

Table 2: Summary of in vivo studies considered by EFSA 

Test System Exposure Characterisation 

of test 

substance 

Result EFSA’s 

Reliability 

Score 

EFSA’s 

evaluation of 

Relevance 

Ref 

In vivo DNA deletion 

assay in the pun locus.  

C57Bl/6Jpun/pun mice; 

pink-eyed unstable 

(pun) locus (internal 

duplication) 

Reconstitution of the 

wild-type p gene can 

Oral route: Mice 

were treated with 

TiO2 NPs during 

embryonic 

development at a 

total dose of 500 

mg/kg. Offspring 

were sacrificed at 

age of 20 days. 

TiO2NPs (P25), 

anatase/rutile, 

15-24 nm  

NSC: 2 

Ultrasonication in 

water and 

consideration of 

agglomeration, 

Positive TiO2 NPs 

increased DNA 

deletion frequency in 

fetuses. 

2:  “The 

assessment 

of 

genotoxicity 

in 

developing 

embryos 

was based 

on method 

Limited Trouiller 

et al. 

(2009)- 

Appendix 

M 
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be seen as a single 

pigmented cell or a 

clone of pigmented 

cells on the 

unpigmented retinal 

pigment epithelium 

(RPE) in the transgenic 

mice and represents a 

DNA deletion as a 

permanent genotoxic 

event  

 

Water was used as 

negative control. 

reporting is 

insufficient but 

indicates 

presence of both 

particles and 

agglomerates 

developed 

in-house, 

which has 

not been 

validated”. 

(EFSA ANS 

Panel, 

2016) 

Pig-A gene mutation 

assay in peripheral 

blood reticulocytes and 

in total red blood cells 

of the same animals.  

Male B6C3F1 mice 

0.5, 5.0, and 50 

mg/kg/day, 

administered by 

intraperitoneal 

(i.p.) injection for 3 

days; positive 

control: 140 mg/kg 

ENU, Cells analysis 

over 6 weeks 

TiO2NPs, 

anatase, 

ellipsoidal 

shape, minor 

axes 12.1 ± 3.2 

nm (TEM) 

NSC: 1 

Sonication, 

agglomeration 

reported for each 

concentration 

and confirmation 

of exposure by 

measuring Ti 

levels in tissues 

Negative 2 

Reporting is 

inconsistent 

for the route 

of 

application 

(i.p. or i.v.), 

but upon 

request the 

study 

authors 

confirmed 

i.p. 

Limited  

The route of 

administration 

is not relevant 

to dietary 

intake. 

Sadiq et 

al. 

(2012)- 

Appendix 

M 

Pig-a mutation in 

erythrocytes gpt and 

Spimutation in liver  

Male gpt Delta 

transgenic C57BL/6J  

5 mice/group 

2, 10 and 50 mg/kg 

bw, intravenously 

(i.v), once a week 

for 4 consecutive 

weeks positive 

control: ENU or DEN 

TiO2NPs (P25), 

anatase/rutile, 

15-24 nm . 

NSC:1 Level of 

dispersion 

measured for 

each 

concentration 

and cellular 

internalisation 

confirmed by EM 

with Ti detection 

Negative: No 

significant increase in 

the frequency of Pig-

a mutant frequency in 

erythrocytes nor of 

gpt and Spi- mutants 

in liver. TiO2NPs 

accumulated in liver 

and localised mainly 

in Kupffer cells 

1 Limited Route 

of 

administration 

not relevant 

for oral 

exposure 

Suzuki et 

al.,2016- 

Appendix 

K 

gpt and Spi- mutation 

in liver  

Male C57BL/6J gpt 

delta mice, 6 

animals/grou p 

0, 2, 10, and 50 

mg/kg i.v. Exposure: 

weekly for 4 

consecutive weeks. 

Mice were 

euthanized on day 

90 after the final 

injection of TiO2NPs 

The route of 

administration is not 

relevant to dietary 

intake, but relevant 

TiO2NPs (P25), 

anatase/rutile, 

15-24 nm 

NSC: 1 

Dispersion, 

stability and 

cellular 

internalisati on 

measured and 

reported. 

Negative: gpt and 

Spi− mutation assay: 

Neither gpt nor Spi− 

mutation frequencies 

were significantly 

higher when 

compared with the 

vehicle control group 

at any dose. These 

results suggest that 

TiO2NPs has no 

mutagenic effect on 

hepatocytes in mice 

 2  

neither a 

positive 

control nor 

DNA from 

previous 

positive 

control was 

included, 

(although it 

is noted that 

in a 

Limited Suzuki et 

al, 2020- 

Appendix 

K 



15 

 

for ADME/(geno)tox 90 days after the last 

administration. 

previous 

study by the 

same 

authors 

(Suzuki et 

al., 2016) 

the positive 

controls 

performed 

as 

expected). 

LacZ gene mutation 

assay in liver and 

spleen C57Bl/6 

transgenic mice (LacZ) 

i.v. on 2 days. 

Sacrifice 28 days 

after last i.v 

administration 0, 10, 

15 mg/kg bw,  

Positive control: 

ENU 120 mg/kg bw, 

i.p. 

TiO2NPs (NM-

102), anatase, 

21-22 nm 

NSC:1 

Nanogenotox 

protocol and 

confirmation of 

exposure by EM 

(although not all 

data reported, 

and EM did not 

include detection 

of Ti) 

Negative 1 Limited 

The route of 

administration 

is not relevant 

to dietary 

intake 

Louro et 

al, 2014- 

Appendix 

M 

Pig-a  

Male Sprague-Dawley 

rats 

3 endotracheal 

instillation over 8 

days: 0.5, 2.5, and 

10 mg/kg bw (a total 

particle surface area 

lung deposition of 

87, 437, and 1700 

cm2/lung); 

 Six rats were 

injected with MNU 

(N-methyl-

Nnitrosourea) in one 

i.p. injection 35 

days before kill as 

positive control for 

the mutation assay 

administered at a 

dose of 60 mg/kg 

TiO2NPs (P25), 

anatase/rutile, 

15-24 nm 

NSC: 1  

level of 

agglomeration 

reported for each 

dose and 

exposure 

confirmed by 

measurements in 

tissues 

Negative: No 

increase the 

frequency of mutant 

red blood cells and 

reticulocytes (target 

tissue exposure was 

demonstrated based 

on the positive 

outcome of the comet 

assay in blood) 

 2  

Only three 

male rats 

per dose 

group, 

historical 

control data 

not 

reported. 

Limited 

(limitations of 

the study and 

non-oral route 

of exposure) 

Relier et 

al., 2017- 

Appendix 

K 

 

EFSA’s concluding remarks 

31. “Several in vitro studies demonstrated the ability of TiO2 NPs to induce 

gene mutations in cultured mammalian cells. One in vivo study indicated the 

induction of large DNA deletions, however four other studies, that investigated 

different molecular targets suitable for identification of point mutations and small 

deletions, gave consistently negative results. Overall, the available experimental 
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data do not confirm the potential of TiO2 NPs (< 30 nm) to induce gene mutations 

in vivo.” (EFSA, 2021) 

In vitro micronuclei/chromosomal aberrations 

32. Out of fifty six available studies, fourty three were classified as high or 

limited relevance and considered for the assessment. Due to the large volume of 

studies considered, a summary table is not presented here, however the relevant 

Appendices (J, L, N, P) have been attached in the Annex2.These will also include 

characterisation of the test material.  

33. Positive results were reported in three out of seven studied in primary 

human lymphocytes that were considered of high or limited relevance. In a study, 

classified of high relevance, a concentration-dependent increase of MN frequency 

was observed in peripheral blood lymphocytes from healthy subjects and colon 

cancer patients (Kurzawa-Zegota et al., 2017- Appendix J). Positive results in 

cultures of human peripheral lymphocytes were also reported in two studies with 

limited relevance (Appendix L:Turkez and Geyikoglu, 2007;Appendix N:  Kang et 

al., 2008). Negative or equivocal results were described in four studies classified 

at high or limited relevance (Appendix N: NANOGENOTOX Project 2013 

Documentation provided to EFSA No 7 and 8; Appendix L:Tavares et al., 2014; 

Appendix J:  Andreoli et al., 2018; Osman et al., 2018)) 

34. Three out of four studies performed with intestinal cells were considered 
relevant. One study, classified at high relevance, showed negative results with MN 
assays in Caco-2 cells exposed at different concentrations of TiO2 NPs (Appendix 
J: Zijno et al., 2015). EFSA considered the outcome of this study  to be consistent 
with the results reported in the same cell line by the NANOGENOTOX Project, 
2013 (Documentation provided to EFSA No 7 and 8- Appendix N). A single study 
showed concentration dependent increase of MN frequency in human colon 
adenocarcinoma (HCT116) cell line (Appendix J: Proquin et al., 2017). 
 
35. Thirteen studies performed with lung cells were classified as relevant. Four 
out of five studies available in human lung epithelial cells (BEAS-2B) were 
negative with MN tests after exposure at different concentrations of TiO2 NPs and 
for different times ((Appendix N:NANOGENOTOX Project, 2013 Documentation 
provided to EFSA No 7 and 8); Appendix J:Vales et al., 2015; Di Bucchianico et 
al., 2017; Zijno et al., 2020). In Falck et al. (2009)- Appendix L, negative (rutile, 
5,000 nm) and equivocal (anatase, < 25 nm) results were reported. Positive 
results with the MN test were reported in BEAS-2B cells only using a treatment 
medium that minimised the nanoparticle agglomeration (Appendix L:Prasad et al., 
2013). Inconsistent results were reported in studies in human lung carcinoma cell 
line (A549). Two out of five studies were evaluated as positive (Appendix L: 
Srivastava et al., 2013; Appendix J: Stoccoro et al., 2017). Negative results were 
reported in two studies (( Appendix N: NANOGENOTOX Project, 2013 
Documentation provided to EFSA No 7 and 8); Appendix J: Brandao et al., 2020) 
classified at high relevance and in a study with limitations (Appendix L: Jugan et 
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al., 2012). Negative results with the CA test were described in a Chinese hamster 
lung cell line (CHL/IU cells) (Appendix L: Nakagawa et al., 1997). 
 
36. Two studies in human epidermal cell lines (A431, NHEK) to which high 
relevance was assigned were positive ((Appendix N: NANOGENOTOX Project, 
2013 Documentation provided to EFSA No 7 and 8); Appendix L: Shukla et al., 
2011). 
 
37. Twenty-six studies carried out in various other types of cell lines of different 
origin, reporting results on MN frequency or on structural CAs were evaluated: 
eight of them were classified of high relevance and ten of limited relevance. The 
differences in the results observed in different studies could not be attributed to a 
certain parameter such as the crystalline form, particle size, degree of 
aggregation, treatment medium used, concentrations applied and treatment time. 
 
38. The Panel noted that around 60% of the available results were obtained 
with TiO2 NPs < 30 nm. The majority of in vitro MN or CA tests gave negative 
results, regardless of the size of the tested particles (55% for TiO2 NPs < 30 nm 
and 67% for TiO2 NPs > 30). A single study tested E 171 in intestinal cells and 
reported positive results (Appendix J: Proquin et al., 2017). 
 

In vivo micronuclei/chromosomal aberrations 

39. Out of twenty-six studied, fifteen were ranked as high or limited relevance 
and considered for assessment.  
 
Table 3:Summary of micronucleus and chromosomal aberrations in vivo studies considered by EFSA 
 

Test System Exposure Characterisation 

of test substance 

Result EFSA’s 

Reliability 

Score 

EFSA’s 

evaluation of 

Relevance 

Ref 

Micronucleus 
assay in bone 
marrow 
Sprague-Dawley male 
rats 

Oral route  
Intragastric 
administration once 
a day for 30 
consecutive days 0, 
10, 50, 200 mg/kg; 
7 rats each group. 

 TiO2 NPs, 
Anatase 75 ±15 

nm 

NSC: 2sonication, 

agglomeration 

confirmed 

(reported size 

473.6nm) 

Negative 

No changes in 

PCE/NCE, 

however, a 

significant and 

dose-related 

increase in γH2AX 

foci in bone 

marrow cells, 

observed at the 

end of treatment 

(at the two highest 

doses), which is an 

evidence of bone 

marrow exposure 

2 

No positive 

control 

Limited Chen et al. 
(2014) 

Appendix M 

Micronucleus test 
and 
Mammalian bone 
marrow 
chromosomal 
aberration test 

200 and 500 mg/kg 
per bw  
90 daily oral 
administrations 
by gavage to 5 
animals/sex/dose 

TiO2 NPs, 
58.25 
8.11 nm (SEM) 
(crystalline form 
unknow)NSC:4 for 
in vivo  assay 

In vivo MN test: 

Positive. 

Significant ( 
P<0.01) increase 

in the mean 

2 

Data show 

some 

inconsistencies 

in the 

Limited Chakrabarti 
et al. (2019) 
Appendix K 
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Swiss-Albino mice Insufficient 
information 
provided on 
dispersion 
and only high 
doses used.  

percentages of 

MNPCEs at the 

highest dose. 

The ratio 

PCE/total 

erythrocytes not 

affected by 

treatments, at any 

dose.  

Chromosome 

aberration test: 

Positive. 

Statistically 

significant 

increase (P<0.01) 
in the incidence of 

chromosomal 

aberrations at the 

highest dose. 

 

comparison of 

total MNPCEs 

or aberrant 

cells and their 

frequencies. 

Micronucleus test in bone 
marrow cells male  
 
Swiss albino mice: 5 
animals/group 

Oral: gavage 10, 50, 
100 mg/kg bw /day 
for 14 days positive 
control EMS, single 
ip 100 mg/kg b.w. 

TiO2 NPs 
Anatase, 20–50 
nm 
 
NSC:1 
Sonication and 
level of 
agglomeration 
reported for each 
dose, a level of 
agglomeration 
observed 

Positive 

Dose-related 

increase on 

MNPCEs 

statistically 

significant only at 

the highest dose. 

Data on bone 

marrow toxicity 

not reported. 

1 High Shukla et al. 
(2014)Appendix 
K 

Chromosome aberrations  
 
Swiss albino male mice:  5 
animals/dose 

Oral: 0.2, 0.4, and 
0.8 mg/kg/day by 
gavage for 28 days 
Positive control: 
MMC (by i.p.) Bone 
marrow sampled 18 
h after the last 
treatment Analysed 
150 metaphases 
per anima 

TiO2 NPs, 
Rutile, 21–31 nm, 
(TEM), spherical 
and rodshaped 
particles (TEM), 
21-31 nm (TEM) 
 
NSC:2 
Dispersion 
measured 
and high 
level of 
agglomeration  
confirmed. 

Positive 

Dose-related 

increase of cells 

with structural 

chromosomal 

aberrations 

(excluding gaps), 

statistically 

significant at the 

two highest doses, 

where mitotic 

index was reduced 

by 40 and 65 %, 

respectively 

2 

Data in Table 

1 are not 

consistent with 

the scoring of 

750 

metaphases 

(150 x 5 

animals), as 

stated in 

Methods 

Limited Manivannan 
et al. (2020) 
Appendix K 

Micronucleus test 
in bone marrow 
cells: 6 animals/dose 
Male Wistar rats 

Oral: TiO2 NPs 
suspended in 
distilled water at 
50, 100 and 200 

TiO2 NPs, 
Rutile, 5-12 nm 
 
NSC:2 

Positive 

Statistically 

2 

Treatment 

determined 

Limited Grissa et al. 
(2015) 
Appendix K 
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mg/kg bw 
60 days by gavage 

Sonication 
performed 
with no 
additional 
information 

significant and 

dose related 

increase on 

MNPCEs at the 

two highest doses. 

Significant 

decrease of 

PCE/total 

erythrocyte ratio 

at top dose. 

distinct 

hematotoxicity 
with formation 

of abnormally 

shaped red 

blood cells with 

Heinz bodies. 

It is not clear 

whether this 

could have 

bias the 

scoring of 

MNPCEs in 

bone marrow. 

Micronucleus test Male 
B6C3F1 mice (peripheral 
blood and in bone marrow 
erythrocytes) 

I.p. injection: on 3 
consecutive days, 
animals euthanised 
48-hr after the last 
treatment. groups 
of 5 mice; 2 
experiments in 
bone marrow: 1) 
250, 500 and 1,000 
mg /kg bw (same 
doses for peripheral 
blood) 2) 500, 1,000 
and 1,500 mg/kg 
bw 

TiO2 Anatase 
(Unitane® 0- 
220) 
> 100 nm 
 
NSC 3 
No information on 
dispersion. 

Equivocal 

Not all criteria for 

a clearly positive 

result are met (all 

values were within 

the range of 

spontaneous 

control values 

observed in this 

study). Exp.1: MN 

increase at 1,000 

mg/kg bw and 

statistically 

significant linear 

trend; MN 

increase also in 

peripheral blood, 

but not 

statistically 

significant Exp 2: 

MN increase at 

1,000 mg/kg bw, 

but not significant 

linear trend. 

2 

Equivocal 

results 

No positive 

control 

 

Limited  

The route of 

administration 

is not relevant 

to dietary 

intake. Not all 

criteria for a 

clearly 

positive result 

are met. 

Shelby et al. 
(1993)Appendix 
M 

Chromosomal 
aberration in 
bone marrow 
 
Male B6C3F1 
mice;8 animals/group 

I.p. injection: 
animals euthanised 
17 or 36-hr after 
the injection. 
625, 1250, 2500 
mg/kg bw 

TiO2 Anatase 
(Unitane® 0- 
220) 
> 100 nm 
 
NSC 3 
No information on 
dispersion. 

Negative 2 

Positive control 

included, but 

data not 

reported. 

Limited 

The route of 

administration 

is not relevant 

to dietary 

intake. 

Shelby and Witt 
(1995)- 
Appendix M 

Micronucleus assay in bone 
marrow Male Swiss 
Webster mice- 5 
animals/group  

I.p. injection: 
administration for 5 
consecutive days. 
Animals sacrificed 
after 24- hr 0, 500, 
1000, 2000 mg/kg 
bw per day; 5 
animals/group.  
 
Positive control: 

TiO2NPs, mixture 
of rutile and 
anatase (XRD), 44 
nm (XDR), 
polyhedral 
morphology 
(TEM) 
 
 NSC: 1 
exposure 

Positive 

 and decrease of 

PCE/NCE 

1 Limited 

The 

intraperitoneal 

route of 

administration 

applied in this 

study is not 

recommended 

by OECD 

El-Ghor et al. 
(2014) 
Appendix M 
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cyclophosphamide confirmed by Ti 
measurements in 
tissues No 
information on 
dispersion method 
 

guidelines, as 

non- 
physiological; 

in addition, 

the route of 

administration 

is not relevant 

to dietary 

intake 

Micronucleus test in bone 
marrow  
Balb/c male mice:  4 
animals/group/dose  

0.1, 1, 3 g/kg bw 
single 
administration by 
i.p. Bone marrow 
collected at 24 h  
1 g/kg bw single 
administration by 
i.p. Bone marrow 
collected 24, 48, 72 
and 96 h after 
dosing 

TiO2 NPs, 
Rutile, 28.88 nm 
(XRD) 
and 5–45 nm 
(TEM) 
 
NSC:2  
Ultrasonication for 
15 min before use 

Positive 

Dose-dependent 

increase of 

MNPCE. Time-

dependent 

decrease of 

MNPCE for 

treatment at 1 

g/kg bw. The 

percentage of MN 

frequencies in 

treated groups 

after 24, 48 and 

72 h were higher 

than the control 

groups (p< 0.05). 

No significant 

difference in the 

treated group with 

respect to the 

control at 96 h 

2  

exceedingly 

low baseline 

incidence of 

MNPCEs, 

inconsistency 

of tabular and 

graphical data 

Limited 

Study 

limitations and 

route of 

administration 

is not relevant 

to dietary 

intake 

Lotfi et al. 
(2016) 
Appendix K  

Micronucleus test 
in bone marrow 
erythrocytes 
Male swiss mice, 6- 
8 weeks old 
 
 

i.p. injection 9.38, 
18.75, 37.50, 75, 
150 mg/kg bw for 
five consecutive 
days  

TiO2 NPs 
Anatase, < 30 nm  
 
NSC: 2 
Dispersion and 
stability measured 
and some level of 
agglomeration 
confirmed 

Positive 

after 5 days 

treatment 

statistically 

significant and 

dose dependent 

increase in 

micronucleated 

polychromatic 

erythrocytes 

(MNPCEs) and 

decrease of the 

PCE:NCE ratio; 

After a 5 days 

recovery period 

since last 

treatment 

(sacrifice at day 

10), the increase 

of MNPCEs was 

still statistically 

significant at the 

1 Limited 

The relevance 

of the test 

system is 

considered 

limited as the 

route of 

administration 

is not relevant 

to dietary 

intake 

Fadoju et al. 
(2019) 
Appendix K 
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higher dose. All 

the animals 

appeared healthy 

during the 

exposure 

duration. No 

significant changes 

in the body 

weights of the 

animals. 

Significant 

changes in the 

activities of 

superoxide 

dismutase, 

catalase, and 

levels of reduced 

glutathione and 

malondialdehyde 

were observed in 
liver and kidney of 

TiO2 NPs treated 

mice compared to 

untreated controls 

The i.p. 

administration of 

TiO2 NPs induced 

ROS production 

and altered 

oxidative stress 

parameters in liver 

and kidney 

 

Micronucleus test in bone 
marrow Balb/c male mice 
,4 animals/group 
 

10, 100, 500 mg/kg 
bw single 
administration by 
i.p. Bone marrow 
collected 24 h after 
dosing 

TiO2 NPs 
Anatase, 20.17 
nm 
(XRD) and 1–25 
nm 
(TEM) 
 
NSC:2 
Suspensions 
dispersed in water 
and ultrasonicated 

Equivocal 

Significant 

increase (p< 0.05) 

in MN frequency 

only at the highest 

dose. Inconsistent 

results at the 

lower doses 

2 

Single 

sampling was 

performed 

exceedingly 

low baseline 

incidence of 

MNPCEs, 

inconsistency 

of tabular and 

graphical data 

Limited Zirak et al. 
(2016)- 
Appendix K 

Micronucleus assay in bone 
marrow PCE and 
reticulocytes Male Wistar 
rat 

i.v. injection: single 
dose. 5 mg/kg bw 
of TiO2 NPs (P25), 
Groups of 7 
animals, sacrificed 
24h, 1 week and 4 
weeks after 
injection. For 
estimation of 

TiO2NPs (P25), 
anatase/rutile, 
15-24 nm 
 
NSC:2 
Sonication before 
administration. 

Positive 

MN cells 

frequency 

increase in PCE 

only after 24h, no 

changes in PCE%. 

No MN increase in 

2 

No positive 

control 

Limited 

The route of 

administration 

is not relevant 

to dietary 

intake. 

Dobrzynska 
et al. 
(2014)Appendix 
M 
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induction of MN in 
PCE, cells were 
stained with 
solutions of May 
Grunwald and 
Giemsa stains. For 
estimation of 
induction of MN in 
reticulocytes, cells 
were stained with 
acridine orange 

reticulocytes in 

the same blood 

smears. 

Micronucleus test in 
peripheral blood 
reticulocytes (RETs) Male 
gpt Delta transgenic 
C57BL/6J, 5 mice/group 

2, 10 and 50 mg/kg 
bw/week for 4 
consecutive weeks 
intravenously. 
 The frequency of 
MN was 
determined in the 
blood specimens 
collected on day 2 
and day 9 after final 
injection 

TiO2 NPs (P25) 
15–24 nm, 
  
NSC:1 
Level of 
dispersion 
measured for 
each 
concentration 
and cellular 
internalisatio 
n confirmed 
by EM with Ti 
detection. 

Negative 

No decrease in % 

reticulocytes: % 

RETs in the 50 

mg/kg 

TiO2NPtreated 

group was 

significantly higher 

than that in the 

control on day 2 

2 

No positive 

control 

Limited 

The route of 

administration 

is not relevant 

to dietary 

intake. 

Suzuki et al. 
(2016) 
Appendix K 

Micronucleus  assay  in 
peripheral blood 
reticulocytes 
C57Bl/6 transgenic mice 
(LacZ) 

i.v. injection on 2 
days. 0, 10, 15 
mg/kg bw, Blood 
collected 42- hr 
after last i.v 
 
Positive control: 
ENU 120 mg/kg 
bw, i.p.  

TiO2 NPs (NM- 
102), 21–22 nm 
 
NSC:1 
Nanogenotox 
protocol and 
confirmation of 
exposure by EM 
(although not all 
data reported and 
EM did not 
include detection 
of Ti) 

Negative 2 

Only one 

sampling time 

 

Limited Louro et al. 
(2014) 
Appendix M 

 

40. The studies administered via the oral route (gavage) were given higher 

weight and four were evaluated as positive for the induction of micronuclei or 

structural chromosomal aberrations. One (Chen et al., 2014) tested negative in the 

rat bone marrow micronucleus assay, although some evidence of bone marrow 

exposure was provided by the concurrent analysis of H2AX foci. 

41. The studies via intraperitoneal and intravenous injection were considered 

as supporting evidence.  EFSA considered that the in vivo studies – one of them 

of high relevance and the others of limited relevance– “were predominantly 

positive, independently of the route of exposure. Discrepant results were reported 

in some studies using comparable dose ranges, species and endpoint, which 

cannot be traced to size or other specificities of the test material. Rather, it is 

possible that differences in handling of TiO2 NPs, and dispersion protocols, which 

were insufficiently reported for most studies, were important variability factors” 

(EFSA, 2021). 



23 

 

EFSA’s concluding remarks: 

42. Overall, based on the available lines of evidence, the Panel considered that 

- on balance - TiO2 NPs have the potential to induce MN/CA. The Panel noted that 

a significant portion of the studies was performed using TiO2 NPs < 30 nm, 

however some positive results were observed with TiO2 particles > 30 nm and no 

clear dependence of the particle size on positive effects in MN/CA assay was 

observed.  

Comet Assays (in vivo and in vitro) 

43. In vitro, 142 assays were available and out of those 106 were classified as 

high or limited relevance and considered for risk assessment. The range of 

titanium dioxide particle size tested was from 2.3 nm to 5 μm. Information on these 

studies including particle sizes can be found in Appendices J,L,N (Annex2) 

44. In vivo, eighteen out of fourty-four studies were classified as high or limited 

relevance (Appendices K, M). Details of the results of the in vivo- and in vitro  

assays can be found in pages 53-57 of the EFSA Opinion (Annex1), however due 

to the large volume of studies only the main findings have been summarised in 

this paper.  

45. In vitro the majority of the studies performed on colon cancer cells tested 

positive in the Comet assay, showing an increase in DNA damage, i.e. strand 

breaks or strand breaks and formamidopyrimidine DNA glycosylase (Fpg)-

sensitive sites (Fpg detects oxidised purines). Test particle sizes varied from 15-

150 nm, with two performed with E171 specification titanium dioxide7. Some of the 

studies have been found to be negative (Dorier et al., 2019- Appendix J) test 

materials 1)E171 (118 ± 53 nm,2) TiO2 NPs, anatase, 12±3 nm[A12] and 3) TiO2 

NPs (NM105), anatase/rutile, 15-24 nm  or equivocal- test material TiO2 (NM-100), 

anatase, 50-150 nm (Vila et al., 2018- Appendix J). 

46. All five studies performed on human peripheral blood mononuclear cells 

(PBMC) were positive, most of them for strand breaks (Demir et al., 2013; Cowie 

et al., 2015; Kurzawa-Zegota et al., 2017; Andreoli et al., 2018; Kazimirova et al., 

2019) and also for Fpg- and Endo III-sensitive sites (Demir et al., 2013). One of  

these studies showed a negative response in some donors (Kazimirova et al., 

2019).Test particle sizes varied from 2.3 to 60 nm (Appendix J).  

 
7 E171 (39% nano)- Proquin et al., 2017, Appendix J & E 171, anatase (0.2% rutile), 390 nm 

(DLS)- Brown et al., 2019, Appendix J. 
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47. Two studies performed with human lymphoblastoid TK6 cells, showed DNA 

damage after exposure to titanium dioxide particles- test material size from 15-150 

nm (Appendix J: Cowie et al., 2015; El Yamani et al., 2017) and two studies were 

negative. Test materials were TiO2NPs (NM105), anatase/rutile, 15-24 nm 

(Magdolenova et al., 2012) and TiO2NPs, anatase, ellipsoidal shape (TEM), 10x 

30 nm, minor axes 12.1 ± 3.2 nm(Woodruff et al., 2012).Information on these 

studies available in appendix L. 

48. Fourteen studies (9  considered high relevance) used a lung model and the 

majority showed positive results for strand breaks for test materials size ranging 

from 12 to <5000nm (Appendix L: Falck et al., 2009; Karlsson et al., 2009; Jugan 

et al., 2012; Prasad et al., 2013; Appendix N:  NANOGENOTOX project, 2013 

Documentation provided to EFSA No 7, 8 and 10; Appendix J: Cowie et al., 2015; 

Wang et al.,2015; Biola-Clier et al., 2017; El Yamani et al., 2017; Stoccoro et al., 

2017; Murugadoss et al., 2020; Zijno et al., 2020) as well as oxidised DNA lesions 

(Di Bucchianico et al., 2017; El Yamani et al., 2017; Stoccoro et al., 2017; Zijno et 

al., 2020). There were two negative studies for strand breaks- test materials size 

ranging from 21-150 nm (Appendix J: Vales et al., 2015; Di Bucchianico et al., 

2017). 

49. The majority of Comet assays in other cell types such as HepG2, THP-1, 

BeWo b30 placenta, HEK293, cerebral endothelial cells, HeLa, HUVECs, TH-

1,GM07492, MCF-7, L-02 human fetus hepatocytes, NHEK normal keratinocytes, 

HEp-2 derived from HeLa, A431 keratinocytes, EUE human embryonic epithelial 

cells showed positive results (Appendix L: Osman et al., 2010; Shukla et al., 2011, 

2013; Demir et al., 2013Appendix N:  NANOGENOTOX project, 2013 

Documentation provided to EFSA No 7, 8 and 10); Appendix J: Cowie et al., 2015, 

Shi et al., 2015; Ferraro et al., 2016; Brown et al., 2019; Liao et al., 2019; 

Murugadoss et al., 2020; Kumar et al., 2020). Test material sizes varied from10 to 

390 nm, with one material (Brown et al., 2019) E171 specification titanium dioxide 

(see footnote no.7, page 23) with four (test material sizes ranging from 5 to 49 nm) 

testing negative (Appendix L: Woodruff et al., 2012;Appendix J:  Franchi et al., 

2015; Sramkova et al., 2019; Elje et al., 2020) and two (test material sizes ranging 

from 15-150 nm) equivocal. (Appendix L: Magdolenova et al., 2012; Appendix J: 

Brzicova et al., 2019). 

50. The majority of assays in cells from monkey, rat or hamster origin were also 

positive. Three from four different types of titanium dioxide tested in mouse 

lymphoma L5178Y cells by Nakagawa et al. (1997) were negative (anatase 21 

nm, rutile 255 nm and rutile 420 nm) and one was positive (anatase 255 nm). In a 

study of Brown et al. (2019), E 171 ((anatase (0.2% rutile), 390 nm (DLS)) was 

positive for strand breaks in all studied cell lines, and positive for oxidised DNA 

lesions only in one of them (HepG2) (Brown et al., 2019). 
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51. The Panel noted that around 5% of available studies were obtained with 
titanium dioxide <30nm, however no clear dependence of the positive effect on 
particle size was observed. The majority of in vitro comet assay gave positive 
results, regardless of the size of the tested particles (87% positive findings for 
titanium dioxide particles > 30 nm and 78% positive findings for titanium dioxide 
NPs < 30 nm). Five studies of high or limited relevance investigated, by the in vitro 
Comet assay, the effect of E 171 treatment; 4 studies were positive for strand 
breaks and 1 negative. 
 

52. In vivo, out of 9 studies administered by oral gavage 6 tested positive 

(Appendix K: Sycheva et al.,20118;Appendix M:  Shukla et al., 2014; Grissa et al., 
2015; Shi et al., 2015; Manivannan et al., 2020; Murugadoss et al., 2020). Test 
material sizes varied from -160 nm9, doses from -2000mg/kg bw/d and treatment 
times from 7-60 days. Three were negative (Appendix K: Bettini et al., 2017; 
Martins et al., 2017; Jensen et al., 2019.) Two of those included E17110 (Bettini et 
al., 2017 Jensen et al., 2019) and other TiO2 NPs. The study doses and duration 
were 50 and mg/kg once a week, for 10 weeks (Jensen et al., 2019), 10mg/kg 
bw/d for 7 days (Bettini et al.,2017) and 0.5mg/kg bw/d for 45 days (Martins et 
al.,2017)  To identify possible factors responsible for the different outcomes of the 
assays, the Panel took into consideration physico-chemical characteristics of TiO2 
NPs (crystalline form, size of constituent particles, shape and agglomeration 
state), time of exposure, doses and target tissues. No obvious correlation could be 
identified between specific physicochemical properties of the titanium dioxide 
particles and the outcome of the assays, the time of exposure nor the 
administered titanium dioxide particle doses. The Panel calculated a cumulative 
dose by integrating dose and time of treatment, however this factor alone 
appeared not to be the main determinant of assay results. The Panel noted that 
the majority of the positive results were obtained from organs of the reticulo-
endothelial system. 
 

53. Studies via intravenous and intratracheal instillation administration were 
also considered. The Panel considered that the induction of DNA damage in liver 
following intra-tracheal instillation demonstrates a systemic effect which is possibly 
triggered by an inflammatory response observed in the lung. 
 

EFSA concluding remarks 

54. Based on the results of the in vitro and in vivo comet assays, the Panel 

concluded that “TiO2 particles have the potential to induce DNA damage. The 

 
8 Positive for bone marrow, negative for liver and brain 

9 Murugadoss et al.,(2020) dosed at 10, 50, 250 μg/ animal 

10 Bettini et al., 2017: 1) E 171, anatase, 20- 340 nm (118 nm) (TEM); 44.7% (< 100 nm 2) 

TiO2NPs (NM-105), anatase/rutile, 15-24 nm and Jensen et al., 2019 E171, anatase (0.2% rutile), 

three size group s of particles : 135 ± 46 nm, 305 ± 61, 900 ± 247 nm (TEM image ) 
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Panel noted that a significant portion of the studies were performed using TiO2 

NPs < 30 nm, however some positive results were also observed with TiO2 

particles > 30 nm and no clear dependence of the particle size on positive effects 

in Comet assay was observed” (EFSA, 2021). 

Other Studies: 

55. Numerous other studies investigating titanium dioxide exposure and DNA 

damage were reported. Due to the large volume of studies only the main findings 

are summarised. These include studies on DNA binding, γH2AX foci and other 

markers of DNA Damage, Oxidised DNA bases, Reactive oxygen species, 

Epigenetic DNA methylation and Cell transformation. (pages 57-60 of the EFSA 

Opinion). The results of the above studies were used to attempt to establish a 

mode of action (page 60-62 of EFSA Opinion).  

56. Overall,  combining the available lines of evidence, the Panel concluded 

that “TiO2 particles had the potential to induce DNA strand breaks and 

chromosomal damage, but not gene mutations. No clear correlation was observed 

between the physico-chemical properties of TiO2 NPs, such a crystalline form, size 

of constituent particles, shape and agglomeration state, and the outcome of either 

in vitro or in vivo genotoxicity assays. The Panel considered that there is some 

evidence for internalisation of TiO2 nanoparticles in the nucleus and mitochondria” 

(EFSA, 2021). 

57. Furthermore they concluded that there is evidence for several modes of 

action for genotoxicity that may operate in parallel (excerpt from EFSA, 2021): 

• Direct interaction of TiO2 nanoparticles with DNA (there is no proof for 

covalent binding). 

• Direct formation of reactive (oxygen) species due to intrinsic properties of 

TiO2 nanoparticles. 

• Reactive (oxygen) species formation via TiO2 particles-induced 

inflammation. 

• Reactive (oxygen) species formation via interference of TiO2 nanoparticles 

with mitochondrial function. 

58. Additionally, there are indications that TiO2 particles may: 

• induce epigenetic modifications affecting the expression of genes involved 

in the maintenance of genome function (e.g. downregulation of some genes 

involved in DNA repair pathways). 
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• interact with proteins involved in the control of chromosome segregation 

and the spindle apparatus. 

59. The Panel concluded that “the relative contribution of the modes of action 

mentioned above to the genotoxicity elicited by TiO2 particles is unknown and 

there is uncertainty on whether a threshold mode of action could be assumed. 

Even if it was assumed that all modes of action would be indirect, the available 

data would not allow identification of a threshold dose. Therefore, the Panel 

concluded that a concern for genotoxicity of TiO2 particles that may be present in 

E 171 cannot be ruled out. A cut-off value for TiO2 particle size with respect to 

genotoxicity could not be identified” (EFSA, 2021). 

Overall EFSA conclusions: 

60. Concerning the genotoxicity studies, combining the available lines of 

evidence, the Panel concluded that “TiO2 particles have the potential to induce 

DNA strand breaks and chromosomal damage, but not gene mutations. No clear 

correlation was observed between the physico-chemical properties of TiO2 

particles – such as crystalline form, size of constituent particles, shape and 

agglomeration state – and the outcome of in vitro or in vivo genotoxicity assays” ( 

i.e a cut-off value for TiO2 particle size with respect to genotoxicity could not be 

identified). The Panel also concluded that “several modes of action (MOA) may 

operate in parallel and the relative contributions of the different molecular 

mechanisms resulting in the genotoxicity of TiO2 particles are unknown. Based on 

the available data, no conclusion could be drawn as to whether the genotoxicity of 

TiO2 particles is mediated by a mode (s) of action with a threshold(s)”. Therefore, 

the Panel concluded that a concern for genotoxicity of TiO2 particles cannot be 

ruled out. 

61. With regards to other endpoints the Panel concluded (excerpt from EFSA, 

2021):  “that the absorption of TiO2 particles is low, however they can accumulate 

in the body due to their long half-life; studies on general and organ toxicity, 

including the newly performed EOGRT study with E 171, did not indicate adverse 

effects up to a dose of 1,000 mg/kg bw per day. Also, no effects were seen in 

studies retrieved from the literature with TiO2 NP > 30 nm up to the highest dose 

tested of 100 mg/kg bw per day. No effects on reproductive and developmental 

toxicity up to a dose of 1,000 mg/kg bw per day, the highest dose tested, were 

observed in the EOGRT study with E 171. No other reliable studies were found in 

the literature addressing these effects with E 171;some findings regarding 

immunotoxicity and inflammation with E 171 as well as neurotoxicity with TiO2 NPs 

may be indicative of adverse effects. They also considered that there are 

indications of the induction of aberrant crypt foci with E 171 and that no studies 

appropriately designed and conducted to investigate the potential carcinogenicity 

of TiO2 nanoparticles were available.” 
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62. Overall, on the basis of all currently available evidence along with all the 

uncertainties, in particular the fact that genotoxicity concern could not be ruled out, 

the Panel concluded that E 171 can no longer be considered as safe when used 

as a food additive. 

63. The Panel, after evaluating the scientific evidence available, has identified 
uncertainties related to the following points: 

• The size distribution of the particles in marketed E 171 that consumers are 

exposed to, related to the different types of E 171, as presented in the 

EFSA FAF Panel (2019) opinion. 

• The processes used by industry when using E 171 in food and to what 

extent these processes may affect the degree of agglomeration and thus 

internal exposure. 

• State of agglomeration i.e. presence of ‘free’ (non-agglomerated) particles 

of tested material in GIT of the animals and its effect on absorption. 

• Representativity of different tested materials used in toxicity and 

genotoxicity studies for the food additive E 171 when used in food. 

• Differences in the physico-chemical properties of the different tested 

materials and the extent of their impact on the observed results. 

• Interference in the measurements of Ti/TiO2 in blood, tissues or organs with 

the most widely used analytical technique, i.e. ICP-MS, and its impact on 

the reliability of tissue concentration data. 

• Confidence in the limited kinetic data as the basis for estimating half-lives 

and accumulation and for assessment of internal exposure and, related to 

that, the extent of systemic availability. 

• None of the rodent studies were sufficiently long to cover the time needed 

for reaching the steady state for accumulation and this impacted the 

interpretation of the study results. 

• Relative contribution of different molecular mechanisms leading to the 

production of ROS resulting in the genotoxicity of TiO2 (inflammation, 

interaction with mitochondria, intrinsic potential of TiO2 to generate ROS). 

• Several modes of action for the genotoxicity may operate in parallel. The 

relative contributions of different molecular mechanisms elicited by 

https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2021.6585#efs26585-bib-0076
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TiO2 particles are unknown; it is unclear if a threshold mode of action could 

be assumed. 

• Nature of the interactions between DNA and TiO2 particles leading to 

conformational changes in DNA (EFSA, 2021). 

 

Questions for the COM 

64. Members are asked to consider the EFSA opinion: 

i) Do Members consider that the weight of evidence supports EFSA’s 

evaluation of the genotoxicity studies with respect to a) nano TiO2 and b) micro 

TiO2? If not, what are the COM’s conclusions based on the available information? 

ii) Do members consider that the available information demonstrates a direct 

genotoxic mechanism or do they consider on the balance of probabilities a 

thresholded mode of action is a) probable and b) likely. Members are asked to 

indicate the size threshold for genotoxic effects based on the data available based 

on their response. Members are asked to indicate what evidence would be 

required to increase or decrease their confidence in these conclusions. 

iii) Do Members consider a cut-off value for TiO2 particle size above which 

genotoxicity is unlikely and if so can they comment on the magnitude of genotoxic 

risks associated with 3.2% (the current E171), 1 % and 0.1% of smaller particles in 

such material? 

iv) Could member comment on whether the conclusion  “that a concern for 

genotoxicity of TiO2 particles cannot be ruled out”  is meaningful from a risk 

communication perspective? 

v) There are a number of risk management options that could minimise the 

risks if a concern for genotoxicity of TiO2 particles cannot be ruled out, Members 

are asked to outline the risks and the uncertainties associated with the following 

options a) do nothing, b) restrict the presence of small particles to less than x% 

and c) a ban. 

 

Food Standards Agency 

May 2021 
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Abbreviations: 

ACF – Aberrant crypt foci  

ADI – Acceptable Daily Intake 

ADME – Absorption, Distribution, Metabolism, Excretion 

ANSES – Agency for Food, Environmental and Occupational Health and Safety 

C.I. – Colour Index 

CAS – Chemical Abstract Service 

ECHA – European Chemicals Agency 

EFSA – European Food Safety Authority 

EINECS – European Inventory of Existing Commercial Chemical Substances 

EOGRT – Extended one-generation reproduction toxicity 

GALT – Gut- associated lymphoid tissue 

GIT – Gastrointestinal Tract  

IARC – International Agency for Research on Cancer 

JECFA – Joint FAO/WHO Expert Committee of Food Additives 

MN – Micronuclei  

PND – Post natal days 

PSLT – Poorly Soluble Low Toxicity 

RAC – Committee for Risk Assessment 

ROS – Reactive Oxygen species 

SCCS - Scientific Committee on Consumer Safety 

SCF – Scientific Committee on Food 

TiO2 – Titanium Dioxide 

TiO2 NPs – Titanium Dioxide Nanoparticles 
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EFSA 2021: Safety assessment of titanium dioxide (E171) as a food additive- 

Appendices relevant to genotoxicity studies: 

• in vitro and in vivo studies retrieved from the literature search 

(Appendices J, K), 

• in vitro and in vivo studies considered in the re-evaluation of E 171 (EFSA 

ANS Panel, 2016) (Appendices L, M), 

• in vitro and in vivo studies reported in the OECD (2016) ((published papers 

and results from NANOGENOTOX Project, 2013 Documentation provided to 

EFSA No 7, 8, 9 and 10)) (Appendices N, O) and 
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and 15) (Appendix P) 
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