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1. EFSAS OIMBIEIEt=0 et Sclgsty & S48 |4

(St. Clair, 2016) SMIX ASEI}

S0l M= CetteEXl A3 3o

or
rno
©
D
i
Pl
0
0
HU
L
0z
rz
m
Z Jo

(Taylor, 2021; EMA 2021).

2) MEHIIEEAMN OIASIEIEHES 22|-3t&8t8 £4

o

® ZAHFPX(crystalline): Titanium dioxide2 K& JIE &Y JHS2E S=
(European Inventory of Existing Commercial Chemical substances, EINECS)ZS
HSE= 236-675-50101 Z2f oA B1S(Colour Index number)= 778910|Ct.
AtSHEIEtE 2 H0I=50Q EtOIEts & A otLtet ot 3L 200 e 242
N SXE2 79.866g/mol0I0, ROI2F 2 &4 JIR0|CH OlASIEIENS
2AX A X (crystalline)Ofl M2t Anatase(OFLIEFA) 2t Rutile(RE) Bt o2 RE5HCH.
Anatase2 Oteiol <>t 20| 2EF (2 ZHHAIL BXE)A(EES) A
2= ZHZ220/1, Rutile2 ZEHRAQ ZHHRAI SHI2M2)I2(EEF)
HEE U= Z2HZA0IH CAS Bs= 22 1317-70-0 ¥ 1317-80-20ICt. =
g0lM= anatase®t rutile B 25 ASEIIE L= AEMAZ AZENH E171

£ =ef.



Anatase Rutile

<> XS ElEts C=A0IE € Titanium Dioxide, Rutile)2t Ol AMSHE|Els OF
LIEFMI(Titanium Dioxide Anatase)2l 2=X

@ EFSAS AISEIIEZM OlAStEIEtESl X 3JI18 F4: EFSA ANS
Panel(2016)0l =X ASZEIIE E1712 O|ASIEIEHsE U=RE X &0
100 nm Ol&t@ micro-sized TiO.0lH <100 nm O[22l nano-sized TiOx=
3.2% 0|2 RHLN JUCKR2: the food additive E 171 mainly consists

of micro-sized TiO, particles, with a nano-sized (< 100 nm) fraction less

oin
(il

than 3.2% by mass>. <E>= Verleysen (2020, 2021)0| AIZ&II=

o
10
o
I
>
o

E171 &332 124 420 Uet &4 AJ0 HE =8 & 22X

11
2
JA
oY
=4

Z10ICH OIS0 =% ASEIIZ E1712 OlAMSEIEtsE2 UREE

rr
0
U

100 nm OIA Q! micro-sized TiO.0lH 100 nm 0|2t nano-sized TiO»

-
HOZ 9 256% FTOICH 2l X 3J(2 30 nm 0Idt TiO,2 +=H2Z 1

R

0l8F, D2lD E™ H|£0| 00/2ts HS =0l 4 QL)



<H> O[AM3IEIEts ME0A X2 III0 OHE F4 HIE

Table W.1: Number percentage of particles

Number % of particles with mini Feret di ller than threshold x

% (am) Sample 1 Sample2 Sample3 Sample 4 Sample 5 Sample6 E 171-A® E 171-B® E 171-C® E 171-D'® E 171-E® E 171-F®
i0 0 0 1] 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
30 1 0 U] il £ 1 0 0 0 0 0 0
40 6 1 2 2 8 3 1 2 1 1 2 0
50 13 4 5 5 16 7 3 6 3 1 6 2
60 22 9 12 13 25 15 6 15 9 2 14 3
70 36 21 24 25 37 29 11 29 19 4 24 7
80 50 35 39 38 54 44 20 44 31 8 40 9
90 63 50 54 52 63 58 30 58 44 13 54 14
100 74 64 67 65 73 71 40 70 56 18 65 20
110 81 75 77 74 80 79 50 79 67 24 75 28
120 87 83 85 82 86 85 60 85 75 31 83 35
130 92 89 90 89 91 90 68 0 82 38 88 43
140 94 92 94 93 94 94 77 a3 88 44 91 51
150 97 95 96 9 96 96 83 95 92 50 95 59
160 98 97 98 97 98 97 88 97 95 57 97 67
170 98 98 99 99 98 98 S1 98 97 65 S8 76
180 99 99 99 99 99 95 93 99 98 72 99 81
190 99 100 100 100 99 99 96 i) 99 76 99 87
200 100 100 100 100 100 100 97 100 99 83 100 91
250 100 100 100 100 100 100 100 100 100 95 100 99
300 100 100 100 100 100 100 100 100 100 98 100 100
400 100 100 100 100 100 100 100 100 100 100 100 100
500 100 100 100 100 100 100 100 100 100 100 100 100

(a): Sample daimed to be the same of the E 171 for which data were evaluated in EFSA FAF Panel (2019).

<HE> O|AMSIEIEts MS0A X2 2S00 OE 4 HE

Table W.2: Mass percentage of particles

Mass % of particles with minimum Feret diameter smaller than threshold x

x (nm)
Sample 1 Sample 2 Sample 3 Sample 4 Sample5 Sample 6 E 171-A®Y E 171-B®) E 171-¢'® E 171-D"™® E 171-E® E 171-F®

10 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0 0 0
50 1 0 0 0 1 1 0 1 0 0 0 0
60 3 1 2 2 3 2 0 2 1 0 2 0
70 7 4 5 5 7 6 1 6 3 0 4 0
80 14 9 11 10 13 12 3 12 7 0 10 1
90 23 18 20 18 22 21 6 20 13 1 18 2
100 33 29 32 29 31 32 10 30 20 2 27 3
110 44 41 43 39 41 43 15 41 30 3 38 6
120 54 52 56 50 52 52 23 50 39 5 49 9
130 64 63 66 64 61 62 30 59 49 8 58 13
140 71 70 75 72 70 73 40 68 59 11 66 19
150 80 79 81 82 78 78 49 73 69 15 75 27
160 84 84 88 87 84 84 58 80 77 20 82 35
170 88 90 92 91 88 88 65 85 84 27 86 47
180 92 93 95 95 92 92 70 90 89 34 90 55
190 94 96 9% 96 95 95 77 o4 92 40 93 65
200 95 98 99 98 96 97 82 9% 95 49 9 74
250 100 99 100 100 100 100 95 100 100 75 99 %
300 100 100 100 100 100 100 98 100 100 88 100 100
400 100 100 100 100 100 100 100 100 100 99 100 100
500 100 100 100 100 100 100 100 100 100 100 100 100

(a): Sample daimed to be the same of the E 171 for which data were evaluated in EFSA FAF Panel (2019).



3)

Ol&tSLEIEHS Ol CHE EFSASl S4&HH

g
i

O <BE>HAMXME EFSA= R&=4d 012 E1712 1,000 mg/kg/day E£= L A3D|

30 nm Ol& nano-sized & X2l 100 mg/kg/dayltkle LEtSHd L J|2S4H0|
le 2AezE Z2ES Sl Z28= W CHConcerning general and organ
toxicity, the Panel concluded that the available information in the literature
did not indicate adverse effects with either E 171 up to a dose of 1,000
mg/kg bw per day or with TiO2 NP > 30 nm up to the highest dose tested
of 100 mg/kg bw per day. EFSA Panel, 2021). 2L} SEHASHMA(EFSA,
European Food Safety Authority)2l Paneld® E1712 AIZ&JI=(food additives)
N O 0|4 oHNGHAl 2Ch= 2A HMAIGIRISO(EFSA Panel, 2021) REHES
20223 8ESRH Ol4tstElElsS AS0H AME3X =XE WEOICH EFSAY 012t

=4 = DNA LIdZ2H 3 HMK|

nll

<HE> EFSA E1A(2021)0IM2 S&1 2330 2 LIS

=451 Q09 BN 82
~ _ The absorption of TiO. particles is low; however,
HUW E=== X2 21 BtZI|IZ | they may accumulate in the body due to their
MU =& long half-life.
_ _ Studies on general and organ toxicity, including
S8 ANE stH=EEe 1000 |  the newly performed EOGRT study with E 171, did
mg/kg/day Ol NOAEL. TiO» not indicate adverse effects up to a dose of
2 | NP(nanoparticles, L=/ X)) > 30 1,000 mg/kg bw per day. Also, no effects were
nmOl& A 100 mg/kg/daylt Xl seen in studies retrieved from the literature with
= =40 92 TiO, NP > 30 nm up to the highest dose tested
of 100 mg/kg bw per day;
No effects on reproductive and developmental
SN E sl H 220 1000 toxicity up to a dose of 1,000 mg/kg bw per day,
- ot 0 ATATH G S Ad O the highest dose tested, were observed in the
8 gg/kg/daymll cTESETe = EOGRT study E 171. No other reliable studies
= were found in the literature addressing these
effects with E 171.
Some findings regarding immunotoxicity and
4 Ho=sMd 9= 2|0 AE=EH0| inflammation with E 171 as well as neurotoxicity
TiO, NP Ol _IOP NE =49 JisA with TiO2 NPs may be indicative of adverse
effects.
5 CH&ECl Ol& &E=9YA0 ACF There are indications of an induction of ACF with
(aberrant crypt foci) < E 171.
Tio, NPl 22y =0IS 2o & | No studies appropriately designed and conducted
6 HotAH CIXQIE N =l SMA| to investigate the potential carcinogenicity of TiO»
e o= nanoparticles were available.




Combining the available lines of evidence on

mE-== SHHOIIF OftLlet il : ; ;

2 = genotoxicity, TiO. particles have the potential to
%fxﬂ_i};&' Olf’i%o DNOACL—VE induce DNA strand breaks and chromosomal
At FMY Eas mEots damage, but not gene mutations. No clear

7 | 2Md0l RAS. Jdeflt &M I | correlation  was  observed ~ between  the
S99 X SelssE EHW in physico—chemical properties of TiO, particles -
vivo 2 in vitro 9 st 8FX such as crystalline form, size of constituent
SAANS ZI M09 olAES particles, shape and_ agglomeration state - and
ol the outcome of either in wvitro or in vivo

genotoxicity assays.

8 TiO, & XH(particles)d 28t RE=4E | A concern for genotoxicity of TiO, particles that
HiHE &= 813 may be present in E 171 could not be ruled out

Several modes of action for the genotoxicity may
SM=AMO H=2I|M(MOA, mode operate in parallel. The relative contributions of

9 of action) 2 threshold0l CHEF different molecular mechanisms elicited by TiO,
B0l 2= = particles are unknown and there is uncertainty as
o =405 to whether a threshold mode of action could be

assumed.

10 7HSE4 AHA20t0 TiO, particle A cut-off value for TiO. particle size with respect
size= QL X %3 to genotoxicity could not be identified.
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Ols £XIE0l 55% == N =ULH TetA OIAEEIEtS

|8 & mouseZLl rat€ 0|2st &8 Z2UE OE5t=

oz MEdl= =22 Rold L Iof-0l Oist
S2SHAHC Z2MESFAIAE QI GHS(Global Harmonized S
and labelling of chemicals)0ll M2t <E>HAME LDsy 2 2 SA49 2%

Jb 5 JtelD2l(category)2 2SI UCHJIECFA, 2016). = Category 12 <5

ystem of classification

ma/kg & extreme toxic, Category 2= 5-50 mg/kg & very toxic, Category 3
2 50-300 mg/kg & toxic, Category 4= 300-2000 mg/kg & harmful 1el1,
Category 5= 2000-5000 £= 5000 Ol&h mg/kg & HE S&HO| Sl =&E2=2

=5, WHOE HIRotH 0= 2 REHEZ2 Category 52 ASFEII==

_|

ADl(acceptable daily intake, 12 &FolE2)E JIE22 ADI-not specified &
ADI-not classified2 &F06IUCH. USFDAT OlASIEIEFES  GRAS(Generally
Recognized As Safe)2 2Fol0 H&HO| 1%E dlZotD UCHBIlue California,

2022). Ol= S4=49 AMHU W AX(threshold)2 EE5l =58 ZRIt

LDso0l Ot ALDIF 5000 mg/kg 0140101 W20l OlAtSIEIEIES =4 =0

ogt 542 N2 8lg H2=2 At=&Lh

<HE> F LDs JI=0 HE GHSS JtelL1el

_12_



GHS category

Category 1 Category 2 | Category 3 | Category 4 Category 5

D 2000-5000
>0 <5 5-50 50-300 300-2000 e

(ma/ka) 5000 O] At

=d d3% eigfir;e very toxic toxic harmful non—harmful

® 5000 mg/kgll SEEES AMSIHEHEZ &bk MHS IAJIF et JIs,
AL o™ ZAHIE JUsXl SHo=Z RYSt= 01801 AUHHES
(allometry)0l 11, &=2 LIEtH= 200l AHUHHI=HY (allometric scaling) 0l Ch.
S20 A X 82z ME Al MEHRN HE At XH0lol et 28X
(Correction factor) J|g22 QIHE W2 S M s2 W2 A= CHNair,
et al., 2016). WetA Animal 82 human 8222 H™Etet= HED(human

) =2 orcHe 340 20 = MM gt

JIH'

IE
[

on

equivalent dose, QM=
ALD= 5000 mg/kg x (0.2 kg / 60 kg)%% = 1.622 mg/kg Ol&te2 =AM
0l SN S P2 LEHHE MUS ZEE HEHE SH&HE B3

J glg Ae=z =FHELL

HED (mg / kg) = Animal dose (mg / kg) x(Weight .., [kg]/ Weigthy,... [kg])

O =350 Ss8EAMEE SHR2 mg/kg/dayllA XM E MSOH LES ANF2ES
Al &8 L= =0l Qs Y ZHE0IH EXEI|2ZS4H(target organ

toxicity) & S40| LEIUX 22 222l NOAEL(no—-observed adverse effect

V

o & SIerE&QCl 3 1000 mag/kg/dayOlICt. <E>= OECD test guideline
40801 et e 90 ZRBISSEHSHAIEY ZU0IH F AE 2F A
20l HDNEBECZ ZHMEAHZO AROl OIFHBCH OIASEIEHES AL D)
SO0l Oist 2Xtel 2 X(threshold)= 100 nm OI04, 0latel IS JH&l Ol AHSHE
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HoHII0= SHMIF UCH L& HES2 M2 AEWA QlD2Hol &0l Bt
CEAl 22-Bt=22H (dose-response relationship)E ol OIFH XD H20 XN
S =2 el 188 S99 H0E 3HH sSH20l AMIEH olg=Ct. OdH
LF, Mohammadipour S(2014)2] MASHAIE§E2 © GILIS SHZ2S AMEZ06H0
OINAUHE SHoIYULD & 4= QL EFSA ANS Panel(2016)0ll 2% AIZH
JI=S E1719 O|AMSIEIEIE2 122 X 2AHO0l 100 nm 0]&l micro—sized
TiO-0l <100 nm 0/2+2l nano-sized TiO,= 3.2% 0|2t =2 RAEAE O UCH O
ctA 829 AZEIIES =32 O0IASIEIEIsA =0IM 2Ad X 3212 10
nme OftF 0I0|ALE 8REX 2= HAe=z2 F=HECH =0l micro-sized &
nano-sized TiO,2| &HFE Sot MUEHHZE EL= 0.02 - 0.1%2 HO FAl
& MT0lJ] M0 10 nmS 0l20t £x=&= Mohammadipour S(2014)2 Al
2 OMUHAN MASMESHO AIHALAS QLD & %= UCH

<HEH> O|AMSEIEFsN OIgh MARSESMHAIE ¥ 21t

> E0 22k = ol Al 2+ al

=2 o Mgy Rt e I T

Warheit £(20150) | 100, 800, 1000 | o 1o oy | A a2 m- 2

OECD test guideline | mg/kg/day — o

S 6-20¢ H3elS

414 SD rats

Warheit a(2015b). - 100, 300, 1000 43-47 nm: Al | AlB S E -2y

OECD test guideline | mg/kg/day = 5 192 15101 S

414 Wistar rats _'_ = s e

Mohammadipour =8

100 mg/kg/day
2014 10 nm: Q«gAl = |85 L J|A
- (=g .= T

(HIJtoIS2tel0ld oo 221 0}

X Bt o) Wistar rats

@ O|ASIEIEHES] MAIYTMSAMO CHEH ZE2: OECD test guideline 41401 & 0|
MSHEIENE S L= XH43-47 nm) € AEEIIE2 5329 22X (153-213 nm) S
o 23 MAISTMEMAIEHA SHHEZE 1000 mg/kg/day0l NOEL(no observed
effect level)2 F=&HZIH ADI-'not specified' £= GRASZ 25&ls Aoz =
MECH EFSA ANS Panel (2016)0 22X U2 MASTMESMHAIHNA ol
SHE2 HAZSEIIE SE201HU EXES 0IMSIEIEIES AlE0 JlQldle 2He




4)

2

)

CIACHRHE: The Panel noted that possible adverse effects in the

i

reproductive system were identified in some studies conducted with material
which  was either non—-food—-grade or inadequately characterised
nanomaterial). & M2 EFSA (2021)0 2% XA 10 nmE Jt& O0IAEIEIEHS
2 Sl N2Z EIZACHEFSA, 2021, Appendix W). L8t Ol AHSHEIEHS 0] A4
AHg=4H0l g0= HZ2  EFSA  Panel on Food Additives and

Flavourings(2021)0Il M & &1 g A L.

S A& Group 2B &5

O IARC(International Agency for Research on Cancer, 2 M A 13])= O0|AHSIEIE

sS 200639 QIH-&£2 JIsSE 20 2B2o=2 2FoIYUCHIARC Monographs,
2010). IARC 2B=9 Sa2 28 SN 22AAH0] UXIBH CIHINAE &0l

Xl 22 S&0|CHPossibly carcinogenic to humans). IARCS| Z2A2 20 ({E & sHE

1o
o
i

£ 0l 2ZdAE 30l tiet HIIE Solf OIF0ILL OlLtelElEls S8= Sol
OIF0& 2242 LAEAIFUA 1H0AME &=+ 25F0A HEY 240l SototR] CHE
1240d= 2H0AEH HEY L4801 SOtotULH AN DIRA HAHNM ) =&

= Sofl H0l SIoHKl EUAHU TE B2 &S Soilk=s & 20| SItotXl

category 28 ZANHESEHZ 2FROIYCHECHA, 2017). 0l 28= && 10 0012
Z0I8(um) Olotel OlALSIEIELE YL XRIF 1 % Ol ZEC Ys 22 L &8
S0 HEZ X2 OIMFIEIEIsS EL&ole MM S22 ¢80z 2RI

2 =CHECHA. 2021).

Ol&ttEIE=Sl ADI 2 GRAS

ol 22)ADI(acceptable daily intakeADl Md4E2 <E>0HA 9
SO otM=Z20l NOAEL(no observed adverse effect level, =S
sHdgEHi s2 € S 2% X0l ot= oA H =0l SF(safety factor)

2 Us0Xls 2d4= Sol 0IFHAED ADle =2 ASEI=0 g A==

i

gt

02
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AZEII20 UoHMd= ADI ‘Not specified” £&= 'NS'2 =FECh ADlI "Not
specified” %= = MAEZI|722 JECFA(FAO/WHO ESAMZHIISEZIIAS
3ol ool SFHEUJSH JECFA= SHEINZUE Soi NOEL(No observed
effect level, 2R EEE) L= NOAEL(no observed adverse effect level,
ZHRSHEEY) SS9 201 UR HA &0l (ZILE ™ H0l &l EE5
A2 ADIE &g ZRIt 2l ASEIH20 ol ADI 'Not specified' 2 &
SICHJUECFA, 1975). 0I=2 FDAQI A20= LBt oz otMEl AIZFHIIEz 2
Htl= Sstd 2A9 =52 GRAS(Generally Recognized As Safe)2t S &t
JHEOICH 01= FDA= ZHCI & 12l JIEt A8 S0l ASEIIEZ 0.5% 0l
StEIEt B2 &R0

1 A= GRASZ 2Fot] AUCHUSFDA. 2022). metA
Ol&tStEIEIE2 M d0l = o]

ADIZ SZ&IX &= 'not specified £=
GRASZ 2J/GC &= ASEIIZ0IL Sol &AM <E>HAM x8e 902 HI=2X RS
=SS AIE2 NOAELO| StHIEE 1000 mg/kg/dayetes A2 2Xe 3AJ|0 22

OtAl 'not specified' £= GRASZ &0 UIgt 2¢HES ROsCtD & = UL

OML=
otM D= OHEAH~ B2 Y L =X L
(&4=1)
Default safety 10 S=2 A 2t9] pI2& Xt0|
AN 1 s S
(ma/ka/day) factors
(O1=otE H =) 10 AE ALOI2 212-& X0l
NOAEL
ADI 34 ADl =z —m8m
SF(10 x 10)
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4. EFSAS Ol4tstEIEtE AIEZ XKl RE=40l e EIF 3

O EFSA ANS Panel(Panel on Food additives and Nutrient Sources added to
Food, R& AZHEE A AZTFHIIS-ASEHEIMNILL ME)2 20164, 2018
H el 20213 S 38 ZX O|AtSIEIEs AN st EONME HAGHY
Ct. EFSA ANS Paneltil 2/t 2016 & 2018E 0= in vivo FE=H0 Oist <
ot gl Alhe ZES WL DU ZEAE=E 202092H AMSEIMZQ
Ol &tSHEIEtS 0l QUM CHMBICH= S0t SE06HA 2le ASSIAMLES
(French Agency for Food, Environmental and Occupational Health and
Safety, ANSES)2| 282 Sdil AHE 3K ZHS WLCH 0l 22 23N =
Ol EFSA Panel2 2021E0 DNA LI&ZHI HMK &4 S 22 RES4HS

BHXE = giCts 2ES UWX2H O HFE USW 20l 248 =~ UL

|0

1) EFSA Panel (2016)

O OI&tSIEIEHsE0 8t EFSASl |R&=4 Hit= 2016E ‘'Re—evaluation of
titanium dioxide (E171) as a food additive’ OIRMHMCHEFSA ANS Panel,
2016). 0l EDMO0IAM OIASHEIEIE Sl L= 22! (nanomaterial) il CHSH De2dJF &

P
A

_{
1

AJACH EUSY ULE=2ZE FHoYes XHE(patura)ez, E£= JIE2 & F
(incidental)@ 2 gaist 21X 2ZAO0l 1-100 nm ZH229 O|ASHEIEFSE 0l 50% 0l
(e]

ct=og

[ Yt

]
10
E
o
[m)
Mo
h
=
N
=
=
M
10
=
P
fon
m
m
Aor
=
(1)
=

= 20168 & X = OECDS 21 A0
A2l OlAFSHEIEFS Ml THEE in vitro 2 in vivo @32 (OECD, 2016)&2+ OtLliet O

S0t MEH OI2UHEA in vitro & in vivo S8S4H NE8E 240t 0IF R L.

ANS Panel2 OIAMSHEIEFS0 2/t RS RM8as4H0 st 24 B8t30] OS

1 22 EH0| =eIZ UL,

1. In vivoJt Ot in vitroOl M B 2 4BtS

2. ROS(reactive oxygen species, SUNE A AA) 2 X & DFALSE (lipid
peroxidation) S0l 28t &g AEQ A(oxidative stress)2tel 2tad A

3. @I &t3Holl 28t 8-oxo-7,8—dihydro—2"'-deoxyguanosine (8—oxodG) &4
4. SMHYOIAAIEOILL ASHAIED 201 =22 MY AdH(chromosome damage)E 2
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AE chyz
A

o ZEE £ Qe YOl otY ZUAIE (comet assay)OlLE SAHH 2 Bl
ol H2AXS| ©QIAFSH(H2AX histone phosphorylation) S &

assay) $HS Sofl 240l &ld

AH
2 ZAl2A(indicator

dedt HE22 in vivo SESHAIENM micro—sized TiO0l CHolA = S4H2
2 SOl /UCE. Nano-sized TiO0l Uist RESHAIE 2= AHEl FF0HA0H
A

H=EHAMEAN SE2=2 &R U
A

OZ =QOITI ANS Panellll 2ol Ol&tSIEIEIS0N 2lst RE=H2 fHEY k=
Ot X2 BHGHRUCH EFSA PanelOll 218t Olefst ##HE micro—sized %
nano-sized TiO,2l &=, &%, 1cl1 BIE S0l O =% FIt ZJUCH =,
micro—sized % nano-sized TiO,2l HFHE Sot HLUE2AAHZ === 0.02 -
0.1%2 He RAY & RFAE EZ0IH & 222 &= A0l Ul=s FO
DAERUCH <FZ2: The Panel concluded that, based on the available
genotoxicity database and the Panel’'s evaluation of the data on absorption,
distribution and excretion of micro—sized and nano-sized TiO, particles, orally
ingested TiO, particles (micro— and nano-sized) are unlikely to represent a
genotoxic hazard in vivo: O the absorption of orally administered TiO,
particles (micro— and nanosized) in the gastrointestinal tract is negligible,
estimated at most as 0.02-0.1% of the administered dose, @ no difference
is observed in the absorption, distribution and excretion of orally

administered micro— and nanosized TiO, particles>

EFSA Panel (2018)
EFSA= 2018 ‘Evaluation of four new studies on the potential toxicity of
titanium dioxide used as a food additive (E 171) E1DA Eol SASH0l O

& 8tE(Proguin S, 2017)2 Z&6t0 OIAMSIEIEtES SHUH M22 =2

ror
I

w
v

HOl Ciet 2401 OlFHAIL. FE=LHAE2 28372 M Z2&H3Y AZE=
(human colon cancer cell lines)& 0I8dt0 in vitro2 Ol &/ XI2 EFSA
Panel2 in vivo RESAHN st L2t gl 2122 EFSA ANS Panel (2016)

DANS ZE2E MECQIGIACH. <EE:  The new in vitro findings in the

Proquin et al. (2017) study did not modify the conclusion on the
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genotoxicity of TiO, as stated in the previous EFSA opinion of 2016 on the

safety of TiO, (E 171) as a food additive>

3) EFSA Panel (2021)
O Panel TiO, &Xt= DNA UASZECHDNA strand break)nt SAHH  &=4

>

(chromosomal damage)e ®Z& &EFHE2 U2 KEXL =HB0|(gene
mutation)= SLSHA 2= X2z 22 URLCH E£8F in vivo & in vitro #&
SHAIES 2 2e-3dsd S 4 (physico—chemical properties)?! 2 & & EH
(crystalline form), X2 3|, 2L SEA&EH(size of constituent particles,
shape and agglomeration state) St 228 A2 FHIUCH 012 22 &
ini; i Panel2 OIASIEIEFE0l 218 DNA LIAdECH) FAR =A2
HOA Ctst &I & (mode of action, MOA)Ol 2t Hez

s §

MOA #ES XX ALUCH Olds S&4as MOAU

1]
ol

==
S

R

-/

ol
I

=i}

J

bl
2
0
Ja
ror

EFSA Panel2 OIMSIEIEIS0 28 RESE R0 UNHAH S0 X Of
A Xl(threshold)E HMAIGHIE OH{EXIE DNA LIAEE D MY =4 S

SESH32 HHAE == Q0= ZAHZE oL, <RZ: Concerning the

&2
]

N
o

genotoxicity studies, combining the available lines of evidence, the Panel
concluded that TiO, 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 TiO»
particles — such as crystalline form, size of constituent particles, shape and
agglomeration state — and the outcome of in vitro or in vivo genotoxicity
assays. The Panel 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 TiO. particles are unknown.
Based on the available data, no conclusion could be drawn as to whether
the genotoxicity of TiO, particles is mediated by a mode(s) of action with a
threshold(s). Therefore, the Panel concluded that a concern for genotoxicity

of TiO» particles cannot be ruled out>.

_20_



og

5. RESHAIES ZX EII O[M3lEIEte =& Il st JIE

1) A0l SHEXNSHIIAIAE (Klimisch Scoring System)

O Reliability2t Relevance: S&AIE dIO0IE &2 HEIl(evaluation)= 22 EIEH

N
N
e
=0}
>
rr
10
e
0>

(adequacy) HEJi(assessment)It EAOIHd 012 <&
(Relevance) b &2/ & (Reliability)0ICt. OIOIE Sl 22 22X 0l10 X Etot J
ol ‘Acl0lH SHEXNSEINAIAE (Klimisch  Scoring  System)’0l  XMICHE ALt
(Klimisch, 1997). & 3at&t=2& H(European Chemicals Agency, ECHA)OI & Al

b k

o
ol

222 HEAIEE g SH2=Z =20 et S == UI0IEHI0l A

JA
toli

.

ATERQIN IUCLID 6(International Uniform Chemical Information Database 6;
https://iuclidé.echa.europa.eu/)0ll A& Al & (Reliability)0fl g 2FII=S <E>
A

Qb 201 MAIGHACH &2 & (reliability)2 AEE Xt Z2US0| LAHE

3]
2
x

2

Q

ror

£84 SHE HMNBolJ| ?lol M=tle 2AsS Eototll ZEstel S

)

gEl AISENMZ ==22 =Xl 2ol gt EItE 2l0lgtth. ol 2 A d

rlo

CIOIE AN AHEZ= AIEYEe Alzidn AZE 2HIF JALH SEX

gd2 Acl0ld SEXNZEIMAAEZ2 HA0l A= A9 dzld KZ(reliable
without restriction), HM2f2 Jt&l Al2ld XtZ(reliable with restriction), 2140 &4
= XZ(not reliable), 12l AI2 2Jts58 XtZ(not assignable)2 ?&E6H0 1&
28, 38, 48 S22 H=siot= JIs0l AL ES+52 4240 =20 181 28
2 M0l Use N22 2FEHMH 3EW 4E

el KRZH(relevance)2 K= SHAIEO

identification) 2t i A& & (risk characterization)0ll ot H&ES 3T E ULEUWE
Z00ICH SHEAME Hzo RAL2 =3(high), 228 L= HMEtE(limited), 23(

low) & 3AMXIZ2 EFE L

<E> S4Al

o

o =0l CHet AlZld0l CHEt 3el0ls SENZEILAA

L
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Ehs g €4 =8 JI&E
GLP-JIEF & Ji0IECtRl SHAIELZRHS =
 — O| AICHO| =AM SH O = [©) =
Hl@ol 8}“\5 ?Elé;l-—o—| jl‘Ol_al“; OO——l _|O}\|CJ_§_I_E‘I—’| II'_n_n_

AZ2IA X2 (reliable
without restriction)

Hsets JHal
X2 (reliable
restriction)

AN
with

AZIH0l gl I&E
(reliable with
restriction)

ANE-E0tS
(not assignable)

8 DAS SHAELZRH Ttz

WS RAIOA =B0| JHSE WH U AN LY
0l Sttel YHoz +uE SHAE UH2(ZW
LM sEN gEE Ns)
=RC9 = I Sloh ArkioHll S MsF SX e
2 JtolSerelol met +3E SHAE e
488 Oiet MAS JMNALE 010 4Est SHAES
226 12
~88 D15 M2 JHNLE Ol0) AZHE = DA
of SMAEORRH X2
BEN flo| ZR0IA 482 4+ US BT 2N
S SHAEOREHO X2
+88 Dist 22X Ye0l MAIE SSAEO2E
xe
SHNRE AES HOIL HBE0 22 S8K2

S ENOR AE SHE JHA SHAEOZRE
e
RMEBIK SHK 2= AIAHZS 0|88 SHAEORE
_____ B R .
Z=0oF Zlote SHNE ZURREHY N2
dIgE =S4NE
ot BEESIIU £58 X2

2) Nano-sized O|AtSIEIEIS 2| internal exposure(MW =)0 ZOt

O Scoring for nanoscale considerations(NSC)2 Nano-sized O|AtSHE|IEFS Ol

H=H A0

U0 A

exposure) 258 ZD

g0l =Che 2= 2

ot st &2 DI

ni;

A
el

>et 20l €8,

MHH

« Scoring 1 for NSC: the study is suitable.(2 & &)
» Scoring 2 for NSC: the study has some limitations. (Ct2A HIEH)
« Scoring 3 for NSC: the relevance of the results cannot be verified.

« Scoring 4 for NSC: the relevance of the results is low.(S24 %

(2o ST ZH0| 24X 2S)

— O o o

0l0

)
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<H> Nano-sized O|AISIEIEIES MW ==SSH0l Oist S2 WAl

Appendix G — Description of test materials, scoring for nanoscale
consideration and internal exposure for toxicokinetic studies

Test material

Scoring for nanoscale

considerations
(dispersion and for

confirmation of internal

exposure), assigned

aceording to Appendix E

Internal exposure

Talamini et al. £ 171 {35% nana), anatsss,
(2019) 201 nm in suspansion (NTA)

Comera et al. E 171, anatae, 20-34) nm
{2020) {118 nm} {TEM); 44.7%
partiches < 100 nm

Riadle st al. E 171, sanatase, 119 nm

(2020) (TEM)

Pele et al.
{2015) i

Guillard et al. E 171, anatase, 20440 nm

(2020) {mean 104.9 nm (SEM-EDX),
558 nanopartides

Disdier et al. Ti0, NPs, P25 {15-24 nm)

(2015)

Kreyling et al. TiD: NPs, anatsse, 50 nm
{2017a) {TEM), purity dnknown

Geraets et al  NM-100 {50150 rim) and
(2014) NM-102 {21-22 nim)
Tassinari TiD:z NPs, anatase, twa
et al. (2014)  different mambokgies:
spherical shape with a sie
20-50 nm {TEM) and
ireg ular 60-40 nm {TEM)
Hendrickson  Ti0y NPs, anatass, 20-25

stal, (2016) nm (TEM)

Ammendolia  TiG; NPs, anatase, sphancal
etal. (2017)  shape 2050 nm and
imegulsr shape 4060 nm

(TEM)

Kreyling et al. Ti0, NPs, anatase, 50 nim
(2017b) {TEM), purity unknown
Hendrickson  Ti0, NPs, rutile, nesdie- ar
et al. (2020) rod-fike shape, 5 = 30 nm

\TEM)

Chen et al. Ti: NPs, anatase, 29 nm

(2020a,b)  (SEM)

Heringa et al. T, particls
(2018)

Peters et al. T particles
(2020)

E 171, anatase, d50 = 260

1

Mot experimental study

Mot experimental study

Quantitative anahyss in Hssues
with methodalogy refiable with
some limitations

Quantitative analysis in tissue,
methadalogy reliable with some
lirmitations

Qualitative anabysis in bssues,
methodalogy reliable with some
limitations

Quiaiitative analysis in biood,
methadsiogy highly reliable
Quantitathve analysis in tissues,
methodology reliabia with some
limitations

Quantitative analysis in blood and
tsmues, mathodoiogy reliabie with
some lirmitations

Quantitativa analysis in blood and
tesues; methodology highly
mefiable

Quantitative analysis in tissues;
methodalogy highly reliable
Quarntitative analysis in lssues;
methodalogy highly refiabike

Quantitative anahsis in biood and
tissue, methodology medfiable with
some limitations

Quantitative analyss in tssues,
methodology highly refiable

Quantitative analysis in blood and
tissue, methodology highly relisble
Partides identified in tssues by
EM, methodalogy reliable with
some limitations

Quantitative anshesis in blood and
tissue, methodology reliable with
some limitations

Quantitative analysis in tissue,
methodology highly refiable
Quiantitathee anatyss in tesue,
methodalogy highly reliabile

NTA: nanopartice tracking analyss; 5EMT acanning sacton maoroscopy: TEM: ranamission elactron m ST osonm.
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6. EFSA 202142 At=ESX0l U RESHA

mjo
L]
K
ol

O EFSAE Ch¥st 2O M2 28(EFSA ANS Panel, 2016; OECD, 2016)
o dsHel gyel |MEX SAHPOI(gene mutation), SMH =2 04
(micronuclei/chromosomal aberrations) 2l JlEt MSH & 2ol
comet assay, DNA Binding SWlA2 ZUE F=06t0 Ol&HSIEIEIE N CHEE in

vitro & in vivo S&8s4d2 HIIoISIL

%
ne
N
%

1) KEX SHEHO|(gene mutation)0fl CHEH A 2

@ In vitro KX SHEHO|

o
X

O 258 2detsS0l AUKXNL AISHQ ZHCI0te AZESE S WE =22
O

T RdSsdilte 2240l ¥2 A2=2 I UL

@ In vivo REX S3B0

O <E>HMHME OIRA & e SO AEHN 2+ (oral), S2(intraperitoneal), &

-

O (intravenous) £01 2l J|2&&2E(intracheal instillation) S92 ggo2
in vivo F8XF SHHOIAIE0l OIFHRBCLE O0IRA BFREZ E0E AIE0H A DNA
A &l(deletion)0l EOITIALD LIHAI AlEUHAME 2LF S22 SHOIGJLL 2E
ANEOA AtZ= Ol&tetEIElE XS 2E0l 30 nm 0122 nano-sized TiO;

& X+OICH.
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<E> in vivo 8Lt SHBO0| Al

Dt

Study design Test material Results Reliangity/ Reference
Relevance
Oral
C57BL/61p""p"™ mice NSC: 2, TiO; NPs (P25), Positive 2/limited Trouiller et al.
In vivo DNA deletion assay in the p" 15-24 nm (2009)
locus
Drinking water for 10 days to pregnant
mice; 500 mgm
Intraperitoneal injection
Male BEC3F1 mice NSC: 1, TiO; NPs, Negative 2/limited Sadiq et al.
Pig-a gene mutation assay in peripheral anatase, ellipsoidal (2012)
blood reticulocytes and in total red blood shape (TEM), minor
cells; 0.5, 5.0 and 50 mg/kg bw per day axes12.1 &+ 3.2 nm
for 3 days
Intravenous injection
Gene mutation in gpt, Spi~ (liver) and pig- NSC: 1, TiO; NPs (P25), Negative 1/limited Suzuki et al.
a (erythrocytes) 15-24 nm (2016)
Delta transgenic C57BL/6] mice;
2, 10 and 50 mg/kg bw for 4 weeks
Gene mutation in gpt, Spi- (liver) Delta NSC: 1, TiO; NPs (P25), MNegative 2/limited Suzuki et al.
transgenic C57BL/6] mice; 15-24 nm (2020)
0, 2, 10 and 50 mg/kg bw for 4 weeks
LacZ mutation assay in liver and spleen NSC: 1, TiOz NPs (NM- ' Negative 1/limited Louro et al.
C57BL/6 transgenic mice; 102), 21-22 nm (2014)
0, 10 and 15 mgfkg bw, i.v. on 2 days
Intratracheal instillation
Male Sprague-Dawley rats NSC: 1 Negative 2/limited Relier et al.
' Pig-a gene mutation assay in peripheral TiO; NPs (P25), 15 24 (2017)
' blood reticulocytes and in total red blood nm
cells; 3 endotracheal instillation over 8 days;
0.5,2.5 and 10 mg/kg (atotal particle
surface area lung deposition of 87, 437 and
1,700 cm?/lung)
NSC: nanoscale considerations; NP: nanoparticle; i.v.: intravenous.
® &2 Y A
Oh S0l S0 EFSAE in vitro A0 IsHAE MZ W 549 82, 12|12
in vivollMde= |R8X =&2 sHBEH0IJF Oty MM ==2| SAHBE0[2 DNA 4
&l(deletion)til JI1QIGHN OIAtSIEIENS Sl SMA SHHOIER gl A2z HE
OtULL 0%t &2 ZE2 EYotH Ol <dAE>UHMME R8I =&2 =HH
OlJF Ot! SAX &2 SHBEH0| 25 DNAW ga= =X8 Il =0 Hat
£ RAX =F2 sAHUHO0I, el DNA Lid =F0A =42 7&ote RS2
MM =2 SHHO0IZ HOZDIl H20ICH <OAZ>0MAMME DNA 2&0let
DNA OlsUtdel EHoZ M L2t el Xe HAE 20lot)] 20 S
=To SHH0I0I2t] & = UL Sol 85 Age gREd=s4de 20| 2854
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A2l & (Reliability) 2t HIgtE S24(relevance)2 2 0| ASIEIEIS0 28t 84

+FQ RIASH0 REE JIsHES 396t

Monofunctional alkylating agents Bifunctional alkylating agnets

lalkylation l alkylation

glolnlog s

™

Replicationi alkylated single-base interstrand-crosslinkl Replication

Predominately Predominately _
base-pair subsituitions chromqsomal deletions
.
FEATE SOB0| gMA+F S0
(Gene muation) (Clastogenic muation)

O8> RN £FQ SHHOIY FMH =F2 SHBON(UHH, 2010)

\;

L) X 3718 2&: <E> in vivo &I SHEH0| AEHAM ALSE O0lAHSHEIEHS

of &IXt MAL2 25 30 nm OIsHOICH <E>= Verleysen S(2020, 2021)0|

ZEII2 S2 E171 &Z22 1200 M4E0 s X 2010 HE =8 L HSH
HIE2 ZAtSt J0ICH OIS0 =Y AZFEIIE E1712 OlASIEIEtE2 URE
24X HZO0l 100 nm Ol &2l micro-sized TiO.0/04 100 nm 0I2+2!I nano-sized
TiO, = H2&2=2 2 256% E&EO0ICH 2l in vivo Rds4d= s 24X 3
J1e1 30 nm Olot TiO,2 =&H2=Z 1% Oldt, del) HEEE H|E0| 00lete A

o
Jon
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=2 S (== = A = _ o, [ = =
a7 4FHE I8t JAUgERHZE E=JF 24 0.02 - 0.1%0|ct= S 1DHoHH
S = = st © = T =13 St oS 3JlUtiz
OIMSHEIEHE &F 0 28t |S&EX SHHOIIF QMM LS BIHLES 3ot
st A
Ct & = UCH
i =| [ - o o = =
<H> O|4t3tEIEtE M30M XS 010 OHE 24 HIE
Table W.1: Number percentage of particles
Number % of particles with Feret di. than threshold x
x (nm
(nm) Sample 1 Sample2 Sample 3 Sample 4 Sample 5 Sample 6 E 171-A® E 171-B® E 171-C® E 171-D'® E 171-E® E 171-F®

10 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0

30 1 0 0 il 1 i 0 0 0 0 0 i}

40 6 1 2 2 8 3 1 2 1 1 2 0

50 13 4 5 5 16 7 3 6 3 1 6 2

60 22 S 12 13 25 15 6 15 9 2 14 3

70 36 21 24 25 37 29 11 29 19 4 24 7

80 50 35 39 38 51 44 20 44 3L 8 40 9

S0 63 50 54 52 63 58 30 58 44 13 54 14

100 74 64 67 65 73 71 40 70 56 18 65 20

110 81 75 77 74 80 79 50 79 67 24 75 28

120 87 83 85 82 86 85 60 85 75 31 83 35

130 92 89 90 89 91 90 68 [0 82 38 88 43

140 94 92 94 93 94 94 77 a3 88 44 91 51

150 97 95 96 9 96 96 83 95 92 50 95 59

160 98 97 98 97 98 97 88 97 95 57 97 67

170 98 98 99 99 98 98 91 98 97 65 98 76

180 99 98 99 99 99 95 93 99 98 72 99 81

190 99 100 100 100 99 99 96 a9 99 76 99 87

200 100 100 100 100 100 100 97 100 99 a3 100 &l

250 100 100 100 100 100 100 100 100 100 95 100 99

300 100 100 100 100 100 100 100 100 100 98 100 100

400 100 100 100 100 100 100 100 100 100 100 100 100

500 100 100 100 100 100 100 100 100 100 100 100 100

(a): Sample daimed to be the same of the E 171 for which data were evaluated in EFSA FAF Panel (2019).

W Sl = = (] Xl = =
<H> O|At3tEIEIE M20AM X2 220 OHE 4 HIE
Table W.2: Mass percentage of particles
Mass % of particles with minimum Feret diameter smaller than threshold x

x (nm

(nm} Sample1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 E 171-A® E 171-B® E 171-¢® E 171-D™ E 171-E® E 171-F@
10 0 0 0 0 0 0 0] 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0] 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0 0 0
50 5 0 0 0 i 1 ] 1 0 ] 0 0
60 3 1 2 2 3 2 0 2 1 0 2 0
70 7 4 5 5 7 6 1 6 3 0 4 0
80 14 9 11 10 13 12 3 12 7 0 10 1
90 23 18 20 18 22 21 6 20 13 1 18 2
100 33 29 32 29 31 32 10 30 20 2 27 3
110 44 41 43 39 41 43 15 41 30 3 38 6
120 54 52 56 50 52 52 23 50 39 5 49 9
130 64 63 66 64 61 62 30 59 49 8 58 13
140 71 70 75 72 70 73 40 68 59 11 66 19
150 80 79 81 82 78 78 49 73 69 15 75 27
160 84 84 88 87 84 84 58 80 77 20 82 35
170 88 90 92 91 88 88 65 85 84 27 86 47
180 92 93 95 95 92 92 70 90 89 34 90 55
190 94 96 96 96 95 95 TT 94 92 40 93 65
200 95 98 99 98 96 97 82 96 95 49 96 74
250 100 99 100 100 100 100 95 100 100 75 99 9%
300 100 100 100 100 100 100 98 100 100 88 100 100
400 100 100 100 100 100 100 100 100 100 99 100 100
500 100 100 100 100 100 100 100 100 100 100 100 100

(a): Sample daimed to be the same of the E 171 for which data were evaluated in EFSA FAF Panel (2019).
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Blood cells: 10 studies
High relevance 3 studies *High relevance: 1 pos, 6 neg, 1 equiv

Limited relevance 4 studies Limited relevance: 2 pos, 1 neg, 1 equiv
Low relevance 3 studies

Intestinal cells: 4 studies

A High relevance 2 studies *High relevance: 3 neg
Limited relevance 1 study Limited relevance: 1 pos
Micronudleus/ | Low relevance 1 study |
Chromosomal aberration Lung cells: 14 studies
In vitro studies: High relevance 9 studies —_— *High relevance: 2 pos, 10 neg
56 studies Limited relevance 4 studies *Limited relevance: 1 pos, 4 neg, 1 equiv

Low relevance 1 study
Epidermal cells: 2 studies
"| High relevance 2 studies

——3. | *High relevance: 3 pos

Miscellaneous: 26 studies

5| High relevance 8 studies *High relevance: 6 pos, 4 neg
Limited relevance 10 studies *Limited relevance: 10 pos, 10 neg
Low relevance 8 studies

*: Some of the studies used more than one test material and in these cases, the results are reported separately.
Figure 1: In vitro micronucleus and chromosomal aberrations studies. Summary of test results from

56 studies reported in 44 papers, NANOGENOTOX Project, 2013 (Documentation provided
to EFSA No 7 and 8) and Documentation provided to EFSA No 15

<O> EFSA B0 A(2021)0IA S in vitro ABHAIE N HAMTOlA AIES 21t

ro
A

O Proquin S(2017)2 Z 30l O & <OE>E Proguin S(2017) =20lAM &
Fst 2422 HCT-116(Z2 & M) 5, 102 50 pyg/cm, TiO,E 24A12F Heldt
= AMAIEES Soi GMX OlA0 CHSt ZWOICH <> A)UIM &<l ook
APEI2 102t 50 pg/cm, TiO, SHZOAM M2l S& X (agglomerates), 12l1)
SIEHOIA =24 e ZAI 201 A8 &(micronucleated) & OlHA
(binucleated cells) S2I GMXIO0I&0l &EQIERUCH SE 0lf8 AU LAEt
S22 UXZ2UAME SAZAX L <> B)OIAKE A8 LMEICI AIEZ0

HMOZ 7OIGHA
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SH al
= =

<E> in vivo &

Micronucleus/
Chromosomal aberration

In vivo studies: 26
studies

SOl

-3

& A"

Oral route: 5 studies
High relevance 1
Limited relevance 4

High relevance

E171: none

TiO,fTiO, NPs >30 nm: 1 pos
TiO; NPs <30nm: none

/ N\

Limited relevance

E171: none

TiCy/TiO; NPs =30 nm: 1 pos, 1 neg
TiO, NPs <30nm: 2 pos

i.p. route: 7 studies L peletianc
: E171: none
—>»{ High relevance none = ‘
Hmited relevance 7 TiO,fTiO; NPs =30 nm: 2 pos, 1 neg, 1 equiv
TiO; NPs <30nm: 1 pos, 1 neg, 1 equiv
i.v. route: 3 studies Limited relevance
3| High relevance none —2| E171 none
Limited relevance 3 TiO,/TiO; NPs >30 nm: none

TiO; NPs <30nm: 1 pos, 2 neg

Figure 2: In vivo micronucleus and chromosomal aberration studies — Summary of test results
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J10ll= 0I&3tCt.

O Shukia S(2014) =&: Background: The use of metal oxide nanoparticles
(titanium dioxide) in consumer and industrial products improves their quality
but also underscores the possible adverse effects to human and
environmental health. Materials & methods: Mice were exposed orally for 14
consecutive days and analyzed for alteration in different hepatic enzymes,
histopathological changes, oxidative stress, DNA damage, tumor suppressor
and proapoptotic protein expression in liver cells. Results: We observed a
significant alteration in the level of hepatic enzymes and liver histopathology
at a dose of 100 mg/kg body weight. Significant oxidative DNA damage
was observed in liver cells, which could be attributed to oxidative stress. In
addition, the increased expression of p53, BAX, caspase—3 and -9 proteins
and decreased expression of antiapoptotic protein Bcl-2, suggest activation
of the intrinsic pathway of apoptosis. Conclusion: High accumulation of
titanium dioxide nanoparticles in the liver tissue would cause DNA damage
and apoptosis through the intrinsic pathway.

L) &X 3712l 2R&: Nano-sized OIAMSIEIEHSHIA L 2HBES0l UKXISH LIt
o AJI0 E 28 H SN0l SdetsS0l =AEAKX L 100 nm Ol&2]

micro—sized XM= 4t 2 FMAH OlYdUHA SHEEHS2=2 =QILULE.

Nano-sized O|ASIEIEIES] 82 HHIAME=E X330 [HE DNA =409l o=
A0l X8 100 nm Ol&t2] micro—sized A0l CHEH A8 &4 L HMHY O]
A S92 in vivo DNA =&H)l Oiet A2 OtF Y2 212z At=S 0 Lt

micro—sized X0l CHSH in vivo DNA &40 Ut H32= S H ZRE 2o

2 M= &L

3) In vitro & in vivo 2824 (comet assay)

O Comet assaye= S MIE &I|GS(SCGE, single cell gel electrophoresis)2 2
EcI0 JHEMIESl DNA &4 HEE in vitro ¥ in vivo =Z 0l A &0210| Jtsst
SUSHAERO0ICH. Comet Assaye= strand breaks (DSBs), single strand
breaks (SSBs), alkali labile sites, oxidative DNA base damage,
DNA-DNA/DNA-protein/DNA-Drug crosslinking, DNA repair SO0l st &9010]
Jts3atLt.
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@ In vitro 224

=

O EFSAS T} =220z YHE 68EH= EetotH 142 in vitro comet assayJt
0

e EFR2 HMEFE

il

AMol= alkaline comet assay=08t OtLIct AtStEl HD| 22 kol =25
M(repair  enzyme)?! FPG(formamidopyrimidine  DNA-glycosylase),

OGG1(8-hydroxyguanine DNA-glycosylase) ENDOIll(endonuclease Ill) £ 0l

2ot SAXCIZAYHOZ +AE 142 AlF2l Z2UE RASH AOICH 0l ZEH

57%°]

A
43S ZEot 106 AN =2 2 F=8 R240| 2 UCH =

ANEZIE 30 0I8F nano-sized TiO,& Ml AlEUHA =AHZULE.

EFSA panelfl 23 AIE0W Ol OIMSEIEIE2l HZB0l 2.3 nmOlAd 5 um

HeAZ HOITULH =

ro
9

Y 22X L0l A= ZUA LX =A 30 02

nano-sized TiO,= 78% 2M&E, el 30 0|4t nano-sized TiO,= 87% &N

=0| =
Xtel

CIACH Metd 222 Comet assayOllA e BtE29] 20l &

0|2t 2HEIES 2= Y= A2 FIHOIRUL. AFEHIE Ss¢
S

E1710l CHE' in vitro comet assayll CiX AIE0IA DNA ULIHZECSHDNA strand
break)2l 20| 4AI&, 2l S50 1 AIEWA EQIEULCH.

Comet assays — strand breaks:
100 studies

—>| High relevance 44 studies —
Limited relevance 25 studies
Low relevance 31 studies

*High relevance: 51 pos, 10 neg
*Limited relevance: 32 pos, 5 neg, 4 equiv

+Fpg/0OGG1: 36 studies

Comet assays ; i High relevance: 11 pos, 11 neg
In vitro studies: | H_igf] relevance 22 stuc_hes — >, g ; . ;
142 Limited relevance 9 studies Limited relevance: 3 pos, 7 neg, 2 equiv

Low relevance 5 studies

+Endo III: 6 studies

>| High relevance 5 studies High relevance: 4 pos, 1 neg
Limited relevance 1 study Limited relevance 1 pos
Low relevance none

*: Some of the studies used more than one test material and in these cases, the results are reported separately.

Figure 3: In vitro Comet assays — Summary of study results from 142 studies reported in 68

<JE> Comet assayll CIst &0 HE DNA =40 CH

publications

r&"

S 2 H(relevance)
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HEOAM
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2~ SH &

T o T

20200t Xl

Oral route: 9 studies
High relevance 2
Limited relevance 7

v

Comet assays
In vivo studies:
44 studies

i.p./i.v. route: 6 studies
> High relevance none
Limited relevance 6

Intratracheal instillation:
3 studies

High relevance
Limited relevance 3

h 4

none

crel

LIS & SH(single—strand breaks,

22 (Fpg-sensitive sites)0ll comet assay2l 21t

44 Ngez 24 A2z 0l 18

High relevance

E171: 1 neg

TiO,/TiO, NPs > 30 nm: 1 pos
TiO, NPs < 30nm none

* Limited relevance

E171: 1 neg

TiO,/TiO, NPs > 30 nm: 2 pos, 1 neg
TiO, NPs < 30nm: 4 pos, 1neg

Limited relevance

E 171: none

TiO,/TiO, NPs >30 nm: 1 pos
TiO; NPs < 30nm: 3 pos, 2 neg

Limited relevance

E 171: none

TiO5/TiO, NPs > 30 nm: none
TiO; NPs < 30nm: 2 pos, 1 neg

*: Some of the studies used more than one test material and, in these cases, the results are reported separately.

Figure 4: In vivo Comet assays — Summary of test results
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> st = &H 20| M2 Comet assayl Z21 24

Table 9: Summary table of test results in vivo Comet assay. Studies within the same route of
exposure are ordered by the size of the tested material

Study design Test material Results ::::::’gf Reference
Oral
Rat; 50 and 500 mg/kg bw;  NSC: 2,(E 171 Anatase, three Negative  1/high Jensen et al.
oncefweek, 10 weeks; size groups of particles: 135, liver, lung (2019)
analysis: 24 h 305, 500 nm (TEM image)
Mice, 40 and 200 mg/kg bw NSC: 3, TiO,, Anatase Positive 2/limited Sycheva et al.
per day; 160 nm BM (2011)
7 days; analysis 24 h after the Negative
last dose liver, brain
Rat; 10 mg/kg bw per day; 7 NSC: 1@} 118 nm Negative 2/limited Bettini et al.
days Anatase (range 20-340 nm) Peyer's patch {2017)

and TiOz NPs NM-105) cells (both

15-24 nm materials)
Mice; 10, 50, 250 pg/mouse;  NSC: 1, TiO,, Anatase Positive 2/limited Murugadoss et al.
analysis: 3 days after 117 nm; Blood (2020)
treatment and TiO; NPs, anatase leucocytes

17 nm
Mice; 10, 50, 100 mg/kg bw per NSC: 1, TiO, NPs, Anatase, Positive 1/high Shukla et al.
day; 14 days; analysis: 24 h 20-50 nm Liver (2014)
Rat; 0.5 mg/kg bw per day; NSC: 1, TiO; NPs, crystalline Negative 2/limited Martins et al.
45 days; form unknown, 42 nm Blood and (2017)
analysis: immediate liver
Mice; 0.2, 0.4, 0.8 mg/kg bw  NSC: 2, TiOz NPs, Positive 2/limited Manivannan et al.
per day; 28 days; Rutile, 25 nm Liver, BM, (2020)
analysis: immediate spleen,

thymus,
lymph nodes

Mice, 500, 1,000, 2,000 mg/kg NSC: 4, TiO; NPs, Anatase, Positive 2flimited Shi et al. (2015)
bw per day;, 7 days, 10-25 nm Liver and
analysis: day 8 kidney
Rat; 50, 100, 200 mg/kg bw per NSC: 2, TiOz NPs, Anatase, Positive 2/limited Grissa et al. (2015)
day, 60 days; analysis: 24 h 512 nm Leucocytes

_36_



Reliability/

Study design Test material Results Relevancs Reference
Intraperitoneal injection
Mice; 500, 1,000, 2,000 mg/kg NSC: 1; TiO: NPs, Anatase/ Positive 2/limited El-Ghor et al.
bw per day rutile 44 nm BM, liver, (2014}
5 days; analysis: 24 h brain
Mice; 50 mg/kg bw per day; 3 NSC: 1; TiO; NPs Anatase Positive 2/limited Li et al. (2017b)
days; analysis: immediate 8.9-15.3 nm Liver

+0GGY/

Endolll: lung

and liver
Intravenous injection
Rat; 5 mg/kg bw; single dose; NSC: 2, TiOz NPs (NM-105), MNegative 2/limited Dobrzynska et al.
analysis: 24 h, 1 and 2 weeks 15-24 nm Leucocytes (2014)

(BM)
Mice; 2,10, 50 mg/kg bw per  NSC: 1, TiO, NPs (P25), Negative 2/limited Suzuki et al.
week; 15-24 nm Liver (2016)
4 weeks; analysis: 3 days
Rats; 0.59 mag/kg bw (single); NSC: 1, TiOz NPs (NM-105), Positive 2/limited Kazimirova et al.
analysis: 24 h, 1, 2, 4 weeks  15-24 nm PBMC (only at (2019)

24 h)
Rat; 5, 25, 50 mg/kg bw per  NSC: 1, TiO; NPs, Anatase  Positive 2/limited Meena et al.
week; oncefweek, 4 weeks; 10-20 nm Brain (2015b)
analysis: immediate
Intratracheal instillation
Rat; 0.5, 2.5, 10 mg/kg bw (3 NSC: 1, TiO» NPs {P25), Positive 2/limited Relier et al. (2017)
times every 4 days, over 8 15 24 nm Lung (2 h, 35
days); analysis 2 h and 35 days), liver (2
days h, 35 days),

blood (35

days)
Mice; 18, 54, 162 yg/mouse  NSC: 1, TiO, NPs, Rutile, Positive, 2/limited Wallin et al. (2017)
(single); analysis: 1,3 and 28 10 nm Lung (28
days days), liver (3

~28 days);

{negative:

BAL)
Rat; 1, 5 ma/kg bw (single);  NSC: 1, TiD; NPs, Anatase, Negative 1limited Naya et al.
0.2, 1 mg/kg bw 5nm Lung (2012b)

{once/week) x 5 weeks;
analysis: 3 and 24 h

BAL: bronchoalveolar lavage cells; NSC: nanoscale considerations, NP: nanoparticle; PBMC: peripheral blood mononudear cells.
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tCH Fairbairn S,

1995).

M OlA E£&= cytotoxicity)tel ZDHE HIWGt= 2001 R0
Oldst 82 1ot SEH0 RE=Ho B2 Sdl M40l 27E
b,
= MlI: Nano-sized Ol&HSHEIEFE2! in vitro & in vivo comet assay
Z0F EMEN HIZRUCEH 2HHHl HIE ASHEHII=2 S
= 240l HoZASKtE XSt
SHOIE|UCH ZDte Hst
SAZ0l ¢

o

0[0

in comet assay2 &4
=

Lt

HiAdeE &4 &

=0 E1710 8+ in vitro comet assayOl A
ol st

2019¥ Jensen

BHS Ol

X 2019
e
in vivo comet assay2l 221 2F0lAM S&0|
HHI S & (weight of evidence) SHO0IA in vitro2Ch in vivoOl O
1710
ore el

E
2t HUAS S4
ULt

A ==
=P
U =20 MMM ASEIL
BrE22 gle ez FFEEAM. =ol 0leE
==UA ASEIIE 552 E 17101 et
188, Al =2 2240 F2&o =0 &
Abstract: Vegetable carbon

intestinal tissues.
in

A AEgel Azl
following intragastric exposure to food—grade titanium dioxide and vegetable
34, 203-214):
Levels of DNA
tight

O Jensen S(2019)2 =2(Telomere length and genotoxicity in the lung of rats
carbon particles. Mutagenesis,

(E153) and titanium dioxide (E171) are widely used as black and white food
colour additives. The aim of this study was to assess gastrointestinal tight
junction and systemic genotoxic effects in rats following exposure to E153

and E171 for 10 weeks by oral gavage once a week. The expression of

tight junction proteins was assessed in
strand breaks, oxidatively damaged DNA and telomere length were assessed
Hydrodynamic suspensions of E153 and E173
indicated mean particles sizes of 230 and 270 nm, respectively, and only
intracellular production of reactive oxygen species

secondary organs.
had decreased gene expression of the
(P < 0.05). E153 (6.4 mg/kg/week) also decreased

in
colon epithelial (Caco—-2) cells. Rats exposed to E153 (6.4 mg/kg/week) or

E153 gave rise to
E171 (500 mag/ka/week)
junction protein TJP1
OCLN (P < 0.05) in the colon and occludin protein expression in the small
intestine (P < 0.05). Furthermore, E153 or E171 exposed rats had shorter
telomeres in the lung (P < 0.05). Plasma from particle—exposed rats also
produced telomere shortening in cultured lung epithelial cells. There were
unaltered levels of oxidatively damaged DNA in the liver and lung and no
changes in the DNA repair activity of oxidatively damaged DNA in the lung.
intragastric exposure to E153 and
reduced tight junction protein expression in the

Altogether, these results indicate that
E171 is associated with
intestinal barrier and telomere length shortening in the lung in rats.

_38_



5)

®

@

m
m
wn
>
I5|
A
He
r}g
%
@)
=
>
Holl

H(DNA Binding) RESAHAIE0I2t DNAR 2& 2t
g2 SZ<(optical density)2 &0Qlote RESLHAFYOILH JHE
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anatase (< 10 nm)2 DNAJI Z&dts 20| &g AT
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et RESHEAIE
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bases) Ol 2o S = DNA =42 XEQl 8-oxodG =&, SEX =4 AlS(y
H2AX foci)2t DNA Z=A&fo| 2t™AHOIQl X|H(other markers of DNA Damage)?!
Soll &4 AtA(Reactive oxygen species, ROS) A, DNA U0OIE 3HEpigenetic
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Z e EFSA TOE <H>0IM === OIASIEIEIE L H20IH RESE 2 A&
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<HE> JIEt 0 SASHAED 200 Cist "ot
5 4 J|A EFSAS Xz 2 EHO} oA
<In vitro>
- 24X 271 20-60, 21+9 nm &<
gg?g)—sized X0l 2t 2HEHS (Ziino S, | |1y vitro 2 in vivoOll
- Anatase 12 nm, P251t rutile 21 nm< Al _ gde
nano—-sized X0l 28 oxodG &It | %, | nano-sized & Xt0lA
B Jdeftl X 140 nmel OIMSEIEtsWMA=E | o stolg it £35)
A|_|'§I'EI %‘jl %/c\j (Jugan et al., 2012_) < IO > 0_” /\—I o
(Oxidised DNA | - Anatase® rutile®l & 12l nano- ¥ -7 =
bases): At3t0l O | micro—-sized L&9| &2 AN 24 gt | nano-sized & A0IA
ol S=& DNA & | S(Andreoli §, 2018) = Zu-o=EmMOZ
&2l AEe =PI SN
8-ox0dGE =& <In vivo> = . -
- 2220 =86t X IJ| 20~30 nm | macro-sized X0l
(AZH: p25) X DI HEZECH 1.580 | e DEZFZ20HA
=JHTrouiller S, 2009) HIIb 2 2940
<EFSA HII>: In vito ZWE Doz | HALULL
nano- % micro-sized X 25t
8-oxodG E4&Z2 Soi &SIl &g STl
s EXE0] U= Hez2 =H
- yYH2AX foci= DNA Ol=LIS ZEEHDNA .
double-strand breaks)0l Off CHst S X &= | =& DNASl &0
S =4 AMS | HASZ in vitor € in vivollA 2HEFS0| | O|A0] SIALD L&
(yH2AX foci)et | &2l &. ASHA AEY AL
DNA &4 X=E |- 22U KRESHS HEI|®(mode of | ZMGIX 20t SR
(other markers of | action) &4 20Ol ToxTracker assayE & | 2&0l 8iti= 210
DNA Damage) of S8422 &0olE(Brown S, 2019) EFET THetolet
ANEE,
<EFSA TI>: Mt s2a4
— Nano-sized &AQl A2 in vitro & i
vivo SHAM ROS M4 R0 CHst HEse=
24
= EI7101 8 ROS
— . . AH A b eqd &
) - st micro-sized 2 XHoll A 2 CH Prgpjm 5(201‘7)‘5
2 o 2 o & & nano-sized YNUA ROS 480l RASHA | o ML STos =2
i o= H = — o= 2 =
(Reac_;tlve oxygen | =% S(Guichard S, 2012). . E171DF ROS M
species, ROS) _ _ Mol BMus Cf
cj%"(PI’OQUIﬂ = 2017). I 2A02 Al2g.
<EFSA EII>: IIgl0] &&=3l ROS M4 &
20 e AZ20 SIS
- DNAQ HiEste 8L €& 282 &
ole 8™ HE = 5lUZE WCHet HEss
S LS AH. O2tM DNA HEst= & |DNAS 1 HEse
A0l DNA &4l 228 SEX AE Q | KL &8 M, M
of &4 X E HEs= 28 =X
aINEA';HE' i s & J|d0IE2
ONA momoenele | - Nano-sized 2XJt DNA BIZSi0l 2&s | € 012 =i 0la3)
y = EIEFSOI °/8F DNA
=42 =Jote A
<EFSA EII>: 0l 2= RN 2AH Q01 | 2 Rt U8
Ol o8t 2t X0l DNA =& &olgt=d 2
0o At =F
: <EFSA TI>: NS R AdNEZQ
HEXMEHCell HEHY 230 JAX Y FASHUS FALS o =o| &
transformation) | =8ot= 22 @I 2ol Ame prat A | EFSA B0 S2I&
S0l otel
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g F0UE =706t HO HIWoHY atgol RO & = UL

O Andreoli £(2018)2] =& Abstract: In the last years, a number of in vitro
studies have been performed to assess the genotoxic activity of titanium
dioxide (TiOy). To resolve the contradictory results, in this study, we
investigated the genotoxic activity of commercial TiO, nanoparticles (NPs) and
microparticles of different forms (anatase, rutile and mix of both). We evaluated
micronucleus formation in stimulated lymphocytes, as well as DNA strand breaks
and 8-oxo-7,8—-dihydro—2'-deoxyguanosine in peripheral blood mononuclear
cells (PBMCs), a mixed population of lymphocytes and monocytes. Different
responses to TiO, exposure were obtained depending on the assay. Both TiO»
NPs and microparticles and all the crystalline forms elicited a significant
increase in 8-oxo-7,8-dihydro—2"'—deoxyguanosine and DONA strand breaks in
the whole PBMC population, without a concurrent increase of micronuclei in
proliferating lymphocytes. The distribution of DNA damage in PBMCs, detected
by the comet assay, that measures DNA damage at level of single cells,
indicated the presence of a more susceptible cell subpopulation. The
measurement of side scatter signals by flow cytometry highlighted the
preferential physical interaction of TiO, particles with monocytes that also
displayed higher reactive oxygen species generation, providing a mechanistic
explanation for the different responses observed in genotoxicity assays with
PBMCs and lymphocytes. This study confirmed the suitability of human PBMCs
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as multi-cell model to investigate NP-induced DNA damage, but suggested
some caution in the use of stimulated lymphocytes for the assessment of NP
clastogenicity.

<E> Andreoli S(2018)2 =20 A X 30|

TABLE 2 Percentage of tail DNA after treatment with TiO2 anatase, rutile and mixture anatase/rutile

Tio, Nanoparticles Microparticles

pg mit Anatase Rutile Mix Anatase Rutile

0 0.52 + 0.12 0.44 + 0.05 0.34 £ 0.01 0.73 £ 0.29 0.44 + 0.05
10 1.14 + 0.23 1.19 £ 0.19 1.30 + 0.04 282 +2.03 0.74 + 046
50 1.62 + 047 2.33+0.68 251 +0.96™ 3.16 +1.28 1.22 + 0.54
100 2.01 £ 0.66™ 2,62 + 0.54* 444 £0.18™ 218+ 111 1.01 £ 041
200 1.54 £ 0.52** 348 £ 1.59° 445 £ 0.09*" 3.80 £1.78* 1.83 £ 0.80"
H20, 2879281 * 29.80 + 3.16** 27.16 015" 2955350+ 29.80 + 3.16**

Mean on >100 comets + SD for each experimental point.

Results are from two independent experiments performed on two different donors.
“P < .05;

**P < .01 by ANOVA and LSD post hoc analysis.

L) ROS MMl CH8t 2doli: <JA&>2 Proguin S(2017)01 E171, nano-sized 12|
1 micro-sized A2l FJ|IE ROS &= ME 720 Mt =elst BUE UEHH
ZOICH 2 =20 A E1712 ROS dd= Sol DNA &&= REkots s8S JHXL
UOH ABOUHA AI22 Kold RH4E OJIE £ UJALHThe capacity of E171 to
induce ROS formation and DNA damage raises concerns about potential
adverse effects associated with E171 (TiO,) in food)= X222 FELIULE. <A
>0 A= MIIEDIb Qlol S8t HHMUAM 1 mM S0 2 X
b, 82 143 pg/emy, & H,0.0F &M oF E17101 2o ROSIt

C
1 U822 nano-sized X 12l micro-sized &YX =22

[u]

IEO?.tUEﬂ

M Am
bl

MALJUCH. L8 nano-sized LAsE S 14.3 pg/cmlidE HEZ D HlWEHY

ROSJI SJIotA X2 143 pg/cm0l A SOtotAl & ULCH Ol E=EXC XH0I1JF 3
Jl Mi20ICH [MetM Olefst B2 SH-A24801 LSOt Rt 20 Ol &HSHE!
Ete XA Jelld X 3018 ROS MANto dadoz ZHEH|He fellt ACH
<> B HH&EY 7% 2Z2l 0= AINEH(AOM, Azoxymethane)E FII6HN &
A ROS 4 QA 218 B Z20AHdE= micro—sized & XH0IA
0.143 pg/cm, ¥ 1.43 pg/cm, & SN ALHO=Z LMGH OIAEIEISH 26t

3
ROS diditel gadil et R2Ad2 gle X2z FHELL
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A) ME8= HHZFMHl A ROS 84

504 1 Absence HyO,
\ = 1 mhH:0y
40 s
g 1 '
£
3 304 '
=<
E \'
=]
: | |
E_ 204
T ¥
=]
[
104
o4 &
Control 0,143 143 143 0.143 1.43 143 0,143 143 143

E171 (pglem®) MPs (pglem®) NPz (uglem’)

Figura 4, Intansity of cell-frea radical formation with yvarious concentrations E171, MPs and

MPs in HBSS in the presanca (1 mM} or absance of MO0, shown on x-axis

Tha y-axis raprasents the avarage tolal pask height of obtsinod ESR spocire calculsted por sampla,
Rasults inclide background levels, *P < 0,05 significant diference compargd with the contral |mesn = SE)
Mo significant diffarence was found when the presence and absance of H )0, ware compared.

Thres indepandent axparimants wara performed

B) (A= 2 AOM)Q| UMl A ROS B 4

40 = Absence H;0;
. - 1 mMH;0;
S -
E an‘ Kymeinaneg
< \
S 20 . \-*
o
=
-
g
5 10.
|—
0.
Control 0.143 1.43 0.143 1.43 0.143 1.43
E171 (pglem?®) MPs (pgliem?) NPs (pglcm®)

Figure 5. Intensity of cellular radical formation at non-cytotoxic concentrations E171,
MPs and NPs in HBSS in callular (Caco-2) co-exposed to 1 mM of HpOy of 20 pgimL ACGM

shown on x-axis. The yaxis represents the average total peak height of obtained ESR
spacira calculated per sampla. Significant ditference compared with the contral

(*P= 0,056, mean = SE|. Thres independent experiments were performed, each of them
was performed in duplicate, n =12,
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2) EFSAQ threshold MOAOI CHSH Aot H=O| yistM
M Threshold MOA: EBt2ES UEHHX 2= X2 FAES 9Xl(threshold)0letd
=0 getdos Z2-8ts st AE X0l MOAS| It HJF HEs [ &

Xl &k (threhol

ol
JA

o
o

ose) &0l JtSGtCH. &M HMAIE OIASHEIEHS & XHTIO,
particles)0ll 28t RESH |FLUAM 22 MOAS EMA DI &= &

odg
TT =2
= A= 0t QICH K&, SE=42 MOAJL OIAtSHEIEIE0 218 DNAE &E &

1
;O

SHU 2HGIH OIASIEIEHSE 2 XHTIO, particles)? AJIE 22T Zt(cut—off
value)S EX& £ UCHEFSA Panel, 2021)10 Z28 R,

The relative contribution of the modes of action mentioned above to the genotoxicity
elicited by TiO. 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 TiO. particles that
may be present in E 171 cannot be ruled out. A cut-off value for TiO. particle size
with respect to genotoxicity could not be identified.

A

SESH FEI|E(direct MOA)S JH&A

A (oxidative stress) R =5 St DNA &SN &

MH Sotd A (genomic instability)S S&ol= DNA =& AlA
AN SFE X (tumour suppressor genes)et 22 SHZEE oL =84

Sst NE2ZO FHIIM M4 S +

i
O
o
O
=
>
I
0
i
:

J|&(indirect mode of genotoxic action)Olet) &CHBeyersmann &, 2008;
COM, 2010). 222 =HHOIFH HEOI=2(W: arsenic, antinomy, beryllium,
cadmium, chromium, cobalt, lead, nickel and vanadium) indirect MOAOIC}.
EFSA= ASEIIZ2 E1712 RESHH Ul G 22 222 Sol AE3X

£ ZEoULL
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2. O|AMSHEIELS A0 Sl RE=4d2 2t 2J| & (indirect mode of action)
Ol oloH ZAi5tH O JI™0] HE6HK T 2=5t0 MOAN & HX|ol
‘threshold mode of action(#&J|& «X)= =EA6ICH

e
(I
>

AZEXHIIE2l ADI(acceptable daily intake, 12 & FotM28) &H0 HEL=
A2 Q0|ettt. et o Z HIKMESHd=2E2 00 IX =0t =MetC.

MEM  LASH OEME © SHLS SEO od LMEs S
=
2Lt DNA =& EA00 o8 =AE DNAQ 23 JbssiCh 019 22 Yei=ol
=] 2

(Fukushima S, 2010). 2Lt ZHZ0e HIKISHSE 20 ofLi2h DNAQ =
& Jtsotbt=s &M ool SESH=2E2E0 Otlict RESE-F Z2=Z
(genotoxic carcinogen) XtAIO CHOHAM & <X =T
HIAIEl A CHKakehashi S, 2014; Nohmi &, 2018). AXNZ SAESH0l st &
2I|&0l MOAE S8t 9XIE threshold MOA(threshold mode of action, Xl
MOA)OI2t) &t=0 Ol0l 28t threshold 2B & 2ItE XH&2 JH0IEHADL
AMED  AIIE  StCHUKCOM. 2010 & 2018). £3l Metruccio S(2018)2
‘Genotoxicity in risk assessment: is it time to use a threshold approach?’ 0l
cte =22 Sol RAd=Hd=220 HolMdE FXE Cl&EG6t) 0l ADI €8s <
et PloHdEIIIL O HOF sttt =&otl UL MetM E171 L= Ol4&tSHE
S

Ets0l Oiet JIds 2 += 8l =S40 Oig 2EXH MOA Olofiet =0

usible biological explanation of a threshold dose for mutagenicity (most often for an
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experimentally derived threshold dose)

rr
z

MetA Ol&tstEIElE YA L= ASEIL=2 E17100 et MOAOI CHet Z0tet H=0

threshold MOAE Eoi AD

i
0x
=
N
oIr
o

}

0
[w)

MW, Free radicals & Reactive oxygen species
0,' -, OH*, H,0, etc.
Double strandbreak/ Single strand break

Direct MOA MW}

Double strand break/ Single strand break

-------------- + (Threshold MOA) «---------- Indirect MOA

JIE0Iet 22 2 8FH SHHOIZ 0 He FXI=2 otLlct

The relative contribution of the modes of action mentioned above to the genotoxicity
elicited by TiO. particles is unknown and there is uncertainty on whether a threshold
mode of action could be assumed.
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(COM. 2018).

Thresholds for in—-vivo mutagens Definitions. A number of definitions are used in this
document and in the published literature regarding thresholds for in vivo
mutagens.(Kirsch-Volders et al., 2009) .

True Threshold: A point in the dose response relationship for mutagenicity where a
slope of zero changes into a slope of greater than zero.

Threshold dose: The actual dose below which there is no increase in effect over the
backaground level. (Severe practical issues make the unequivocal experimental
identification of the threshold dose difficult and a practical threshold is often derived.)

Practical Threshold: The point where the experimentally derived dose response
relationship first exceeds the background variability in a suitably designed well
conducted study.

Threshold: The threshold dose (most often an experimentally derived practical threshold
dose) for a substance where there is also appropriate supporting evidence to conclude
that a threshold mode of action occurs. A Biologically meaningful threshold dose can
be used in subsequent hazard/risk assessment evaluations.

True Threshold

Threshold mode of action. The plausible biological explanation of a threshold dose for
mutagenicity (most often for an experimentally derived threshold dose).

Threshold mode of action Practical Threshold Threshold dose True Threshold

0|0l threshold mode of actions 0|&& AIS&EJI=2°2 ADl(acceptable daily

intake, 12 &F ot 2e) 40l (HECH

Conventional approaches to assessing the risk of chemicals which are toxic
/non—genotoxic are generally based on establishing a non-toxic level in in vivostudies
(the reference dose (RfD), derived from the point of departure (POD) and applying
uncertainty factors to estimate an exposure which represents a Healthbased Guidance
Value (HBGV) such as a maximum acceptable daily intake (ADI)) (IPCS 2009). In
general, for genotoxic carcinogens, the view is that there is no threshold. A margin of
exposure (MOE) approach based on a POD derived from a carcinogenicity study can be
utilised for carcinogens that are genotoxic and for which there is unavoidable exposure
(EFSA 2005; Barlow et al 2006: Benford et al 2010; COC 2012). Currently, there is
considerable interest in the development and evaluation of methodologies which would
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enable the analysis of genotoxicity doseresponse data to be carried out in a
guantitative manner.3) Modification of the traditional [yes/no] approach to genotoxicity
is a substantial departure from current practices. Development of a strategy based more
on quantitative analyses would require extensive evaluations of the dose response
methodologies employed and a more detailed understanding of the relationship of the
genotoxicity endpoint to a human health effect, before it would be possible to
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