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Table 1. Target substances: Titanium dioxide nanoparticles (TiO. NPs, NM100-NM 105).

) y : Composition
NM Product name Crystal type Surface coating (TiOs, %)
NM-100 Tiona AT-1 Anatase uncoating 98.7
NM-101 Hombikat UV 100 Anatase uncoating 91.7
NM-102 PC105 Anatase uncoating 95.4
NM-103 UV TITAN M262 Rutile AlO; and SiO; 89.0
NM-104 UV TITAN M212 Rutile ALO; and Si0,, 89.0
glycerol
. 85% Anatase .

i * X

NM-105 (P25) Aeroxide P25 15% Rutile uncoating 99.0

* Priciple material: Aeroxide®P 25 (P25) was chosen as principle material, meaning all endpoints will
be addressed for this material, because of its widespread use on the market and within the scientific
community to perform comprehensive investigations.

Table 2. Target materias (TiO> NPs, NM100-NM 105) collected from the Organization for Economic
Co-operation and Devel opment (OECD).

Type Title Remarks
TITANIUM DIOXIDE: SUMMARY OF THE
Summary dossier [DOSSIER Series on the Safety of Manufactured
INanomaterials No. 73

Individual dossier [DOSSIER ON TITANIUM DIOXIDE INM-105 D ¥ ZHIMEIR
-Part 1/1 - NM 105
IDOSSIER ON TITANIUM DIOXIDE INM-105 DB E
-Part 1/3 - NM 105
IDOSSIER ON TITANIUM DIOXIDE INM-100D ¥ B FEIME. BEMKE
-Part 2- NM 100
IDOSSIER ON TITANIUM DIOXIDE INM-101D B L Z81E. BEM
-Part 3- NM 101
IDOSSIER ON TITANIUM DIOXIDE NM-102 D 9B 2. BEH
-Part 4- NM 102
IDOSSIER ON TITANIUM DIOXIDE NM-103 DB 281E. BEM
-Part 5- NM 103
IDOSSIER ON TITANIUM DIOXIDE INM-104 DB ZEME. BEM
-Part 6- NM 104

IANNEX IDOSSIER ON TITANIUM DIOXIDE

SRR = e
| GENERAL ANNEXES ANNEX 19 INM100-NM105D#3B FRIMER %= & & SHF-IRCL K — b

[DOSSIER ON TITANIUM DIOXIDE
- GENERAL ANNEXES -ANNEX 3
[DOSSIER ON TITANIUM DIOXIDE
- GENERAL ANNEXES -ANNEX 10
[DOSSIER ON TITANIUM DIOXIDE Frauenhofer ITEM® Creuzenberg & ([ & 2NM 103. 104, 105% f L
- GENERAL ANNEXES -ANNEX 21 =7 v F D28AERERAE  BHE

[Nanogenotox T L) &5 411 72NM100-NM105 D 3L IR 1E R

[Nanogenotox (Z & % NM100-NM105 D 5,& A% 5 55 D Dossier
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Figure 1. Hierarchical clustering based on physicochemical values of the TiO, NPs.
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Figure 2. PCA analysis based on physicochemical values of the TiO, NPs.
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Table

. Physicochemical properties of the TiO, NPs.

Property Inﬁmg& NM100 NM101 NM102 NM103 NM104 NML05 (P25)
1|Particle size, size distribution Primary particle diameter (nm) Anatase TEM 1 50 6 21 21
2 Primary particle diameter (nm) Rutile TEM 2 26 26
3 Primary particle diameter (nm) Anatase TEM 3 22 24
4 Primary particle diameter (nm) Rutile TEM 4 26 26
5 Primary particle diameter (nm) Anatase TEM 5 116.9 45 22 205
6 Primary particle diameter (nm) Rutile TEM 6 23.7 23|
7 Primary particle diameter (nm) Rutile TEM 7 15
8 Feret mean (Manual Mesurement) (nm) TEM 8 226
9 Feret mean (Automatical Mesurement) (nm) TEM 9 216

10|Composition Impurity (% wiw Fe) EDS 10 0.49 0 0.07 0.06 0| 0
11 Impurity (% wiw Si) EDS 11 028 029 0.08 068 0.18 007
12 Impurity (% wiw K) EDS 12 025 0 0001 0.001 0.001] 0
13 Impurity (% wiw P) EDS 13 0.21 027 0.001 0 0| 0
14 Impurity-coating (% wiw Al) EDS 14 0.09 0.09 0.05 3.43 3.22 0.04/
15 Impurity (% wiw Cr) EDS 15 003 0 0.005 0 0 0
16 Impurity (% wiw Zr) ICP_OES 16 0.005 001 0.005 0.001 0.001] 0
17 Impurity (% wiw Ca) ICP_OES 17 0.001 0.001 0.005 0.005 0.01 0
18 Impurity (% wiw Na) ICP_OES 18 0.001 01 0001 001 0.01 0.001
19 Impurity (% wiw S) ICP_OES or EDS 19 0 022 0.01 0.26 0.32 0
20 Impurity (% wiw Mg) ICP_OES 20 0 0 0 0.001 0.001 0
21 O (Wt%) EDS 21 40.08 40.35 40.07 40.82 40.68 40.07
22 Ti (Wt%) EDS 22 58.57 58.79 59.73 54.74 55.6 59.81
23|Agg ion/aggregation Size (d.nm) untreated/MQ Water 23 391.2 1609 1115 973.2 727.8] 1102
| 24| Z-Average (d.nm) untreated/MQ Water 24 343 1746 1062 671.6 367.8] 720
25 Pdl untreated/MQ Water 25 0.176 0.264 0.187 0.287 0.376) 0.539
26 Zeta Potential (mV) untreated/MQ Water 26 -34 -10.1 273 404 325 494
27 monomodal untreated/MQ Water 27
28 Zeta Deviation untreated/MQ Water 28 826 349 8.86 5.27 533 6.12
29 Size (d.nm) untreated/PBS 29 1440 1188 1528 1977 1817 4526
30 Z-Average (d.nm) untreated/PBS 30 2289 1229 1579 1397 1600 3342
31 Pdl untreated/PBS 31 0.355 0.239 0.769 0.255 0.232 0.382
32 Zeta Potential (mV) untreated/PBS 32 -36.5 -233 721 -355 -18.4) -235
33 monomodal untreated/PBS 33 -22.9 -19.3
34 Zeta Deviation untreated/PBS 34 681 127 315 307 9.58 28.1
35 Size (d.nm) untreated/DMEM + Lglutamine 35 995.5 1438 2745 2255 3059 1881
36 Z-Average (d.nm) untreated/DMEM + Lglutamine 36 2129 1954 2427 1665 2869 2868
37 Pdi untreated/DMEM + Lglutamine 37 0.662 0.359 0.181 0.256 0.247| 0.317
38 Zeta Potential (mV) untreated/DMEM + Lglutamine 38 -0.839 -8.84 -4.92 -19.9 -7.88) -4.71
39 monomodal untreated/DMEM + Lglutamine 39 762 -5.77 -9.46
40 Zeta Deviation untreated/DMEM + Lglutamine 40 498 133 252 209 222 12
41 Size (d.nm) untreated/DMEM + 1% FBS 41 736 1201 1415 1040 1156 2454
42 Z-Average (d.nm) untreated/DMEM + 1% FBS 42 606.8 1166 1295 828.8 1111 1599
43 Pdl untreated/DMEM + 1% FBS 43 0.168 0.201 0.081 0.269 0.208, 0.268
44 Zeta Potential (mV) untreated/DMEM + 1% FBS 44 -8.7 -9.59 -11.9 -8.8 -29.4 -11.6
45 monomodal untreated/DMEM + 1% FBS 45 -10.8 -10.6
46 Zeta Deviation untreated/DMEM + 1% FBS 46 16.6 11 372 9.41 274 154
47 Size (d.nm) untreated/DMEM + 5% FBS 47 845.4 1278 1414 991.1 719.3] 1709
48 Z-Average (d.nm) untreated/DMEM + 5% FBS 48 621.9 1039 1234 653.2 657.5] 1116
49 Pdl untreated/DMEM + 5% FBS 49 0.231 0.232 0.139 0.293 0.22 0.379
50 Zeta Potential (mV) untreated/DMEM + 5% FBS 50 -9.95 -8.17 -11 -10.8 -10.6| -10.7
51 monomodal untreated/DMEM + 5% FBS 51
52 Zeta Deviation untreated/DMEM + 5% FBS 52 153 248 13 12 131 219
53 Size (d.nm) untreated/DMEM + 10% FBS 53 639.1 1406 1521 1156 7112 1030
54 Z-Average (d.nm) untreated/DMEM + 10% FBS 54 582.4 1127 1227 683.3 617.8] 937.3
55 Pdl untreated/DMEM + 10% FBS 55 0.262 0.194 0.182 0.369 0.201 0.341
56 Zeta Potential (mV) untreated/DMEM + 10% FBS 56 -7.89 -105 -8.69 -8.47 -10.4 -8.58
57 monomodal untreated/DMEM + 10% FBS 57
58 Zeta Deviation untreated/DMEM + 10% FBS 58 209 128 17.7 136 139 13.4]
59 Size (d.nm) 1 min sonifier/MQ Water 59 259.3 7195 703 2649 207.7] 352.6
60 Z-Average (d.nm) 1 min sonifier/MQ Water 60 2013 500.9 505.7 1977 194.3] 2215
61 Pdl 1 min sonifier/MQ Water 61 0.205 0.274 0.248 0.393 0.236) 0211
62 Zeta Potential (mV) 1 min sonifier/MQ Water 62 -245 =272 =271 39.1 -23.4] -23.8
63 monomodal 1 min sonifier/MQ Water 63
64 Zeta Deviation 1 min sonifier/MQ Water 64 105 55 7.29 6.08 487 51
65 Size (d.nm) 1 min sonifier/PBS 65 2116 2254 2525 1629 4031 1682
66 Z-Average (d.nm) 1 min sonifier/PBS 66 1624 1827 2079 2275 3197 3585
67 Pdi 1 min sonifier/PBS 67 0.219 0.283 0.188 0.442 0.334 0.443
68 Zeta Potential (mV) 1 min sonifier/PBS 68 -26.7 -19.7 -25.1 -20.8 -16.9| -20.5
69 monomodal 1 min sonifier/PBS 69 -27.6
70 Zeta Deviation 1 min sonifier/PBS 70 161 16 12.8 16.5 20.8 173
71 Size (d.nm) 1 min sonifie/DMEM + Lglutamine 71 2973 2854 3488 4043 1701 4673
72 Z-Average (d.nm) 1 min sonifie/DMEM + Lglutamine 72 2514 2350 2701 3551 3306 3507
73 Pdl 1 min sonifie/DMEM + Lglutamine 73 0.332 0.217 0.268 0.279 0.434] 0.395
74 Zeta Potential (mV) 1 min sonifie/DMEM + Lglutamine 74 205 223 -3.14) -8.44 -7.29| -2.55
75 monomodal 1 min sonifie/DMEM + Lglutamine 75 158 -5.52
76 Zeta Deviation 1 min sonifie/DMEM + Lglutamine 76 355 43.7 9.89 25.5 14.8 11.7
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77 Size (d.nm) 1 min sonifie/DMEM + 1% FBS 77 405.3 678.5 837.5 275.6 333.6 306.8|
78 Z-Average (d.nm) 1 min sonifieDMEM + 1% FBS 78 310.4] 521.2 590 263.5 2785 265.3]
79 Pdl 1 min sonifieDMEM + 1% FBS 79 0.207| 0.232 0.243 0.243 0.194 0.177|
80 Zeta Potential (mV) 1 min sonifie/DMEM + 1% FBS 80 -9.14 -11.8 -13.6 -9.98 -8.88 -9.37|
81 monomodal 1 min sonifie/DMEM + 1% FBS 81 -10,
82 Zeta Deviation 1 min sonifieDMEM + 1% FBS 82 41.6] 18.8 204 19.1 -19.7 19.1]
83 Size (d.nm) 1 min sonifie/DMEM + 5% FBS 83 408.8 755.5 901.8 432.4 278.2 336.9]
84 Z-Average (d.nm) 1 min sonifie/DMEM + 5% FBS 84 315.2] 569.2 617.3 345.8 228.5 286.3]
85 Pdl 1 min sonifieDMEM + 5% FBS 85 0.194] 0.232 0.27 0.25 0.161 0.207|
86 Zeta Potential (mV) 1 min sonifieDMEM + 5% FBS 86 107 -15 -134 -12 151 9.43
87 monomodal 1 min sonifie/DMEM + 5% FBS 87 175 -115 -118 -11.5
88 Zeta Deviation 1 min sonifie/DMEM + 5% FBS 88 275 19.9 253 19.8 376 35.5
89 Size (d.nm) 1 min sonifie/DMEM + 10% FBS 89 345.8] 823.6 1077 370.9 3344 349.8|
90 Z-Average (d.nm) 1 min sonifie/DMEM + 10% FBS 90 283.9] 623.4 7322 286.9 2678 281.2]
91 Pdl 1 min sonifie’DMEM + 10% FBS 91 0.176| 0.24 0.27 0.196 0.178 0.196
92 Zeta Potential (mV) 1 min sonifie’DMEM + 10% FBS 92 78.4] -13 -10.5 -12.4 -9.38 -9.92|
93 monomodal 1 min sonifie/DMEM + 10% FBS 93 -4.19 -11.9 -9.5
94 Zeta Deviation 1 min sonifieDMEM + 10% FBS 94 193 16.9 135 256 48.7 15.3
95 Size (d.nm) 20 min US-bath/MQ Water 95 378.8] 1111 1103 765.3 344.5 902
96 Z-Average (d.nm) 20 min US-bath/MQ Water 96 307.6| 1130 794.1 596.9 290.8 474.4
97 Pdl 20 min US-bath/MQ Water 97 0.199 0.351 0.254 0.393 0.306 0.443
98 Zeta Potential (mV) 20 min US-bathyMQ Water 98 -40.6] -275 303 39.1 246 -32.6]
99 monomodal 20 min US-bath/MQ Water 99
100 Zeta Deviation 20 min US-bath/MQ Water 100 6.58 3.67 9.37 6.08 4.39 3.37,
101 Size (d.nm) 20 min US-bath/PBS 101 1042 1265 1789 1449 2779 4437
102 Z-Average (d.nm) 20 min US-bath/PBS 102 1217 1276 1809 1350 2284 4514
103 Pdl 20 min US-bath/PBS 103 0.317] 0.238 0.231 0.25 0.227 0.274]
104 Zeta Potential (mV) 20 min US-bath/PBS 104 -20.2| -21.7 -18.5 -20.9 -20.3 -33.2|
105 monomodal 20 min US-bath/PBS 105
106 Zeta Deviation 20 min US-bath/PBS 106 16.7, 12.9 15.6 11.2 9.63 14.4
107 Size (d.nm) 20 min US-bath/DMEM + Lglutamine 107 1059 1974 2001 2916 3207 1956
108 Z-Average (d.nm) 20 min US-bath/DMEM + Lglutamine 108 1754 1992 1997 2268 2636 2938|
109 Pdl 20 min US-bath/DMEM + Lglutamine 109 0.515| 0.247 0.227 0.264 0.209 0.341]
110 Zeta Potential (mV) 20 min US-bath/DMEM + Lglutamine 110 -1.55| 3.6 -3.46 -8.76 -9.98 -8.55|
111 monomodal 20 min US-bath/DMEM + Lglutamine 111 -1.64] -7.32
112 Zeta Deviation 20 min US-bath/DMEM + Lglutamine 112 25.4] 215 14.9 15.4 18.1 11.5
113 Size (d.nm) 20 min US-bath/DMEM + 1% FBS 113 631.9] 1368 1063 684.1 975.4 969.6|
114 Z-Average (d.nm) 20 min US-bath/DMEM + 1% FBS 114 540.2] 668.7 975.4 526.8 5204 743.9]
115 Pdl 20 min US-bath/DMEM + 1% FBS 115 0.195| 0.282 0.054 0.317 0.282 0.48)
116 Zeta Potential (mV) 20 min US-bath/DMEM + 1% FBS 116 -11.4) -12 -12.4 -10.0 -10.2 -7.76|
117 monomodal 20 min US-bath/DMEM + 1% FBS 117
118 Zeta Deviation 20 min US-bath/DMEM + 1% FBS 118 16.2 44 176 15.4 128 12.2
119 Size (d.nm) 20 min US-bath/DMEM + 5% FBS 119 522.7| 1073 1487 1079 925 848.3]
120 Z-Average (d.nm) 20 min US-bath/DMEM + 5% FBS 120 450.4 1065 1197 656.9 696.2 921.8]
121 Pdl 20 min US-bath/DMEM + 5% FBS 121 0.223] 0.302 0.179 0.367 0.221 0.456
122 Zeta Potential (mV) 20 min US-bath/DMEM + 5% FBS 122 -10.4 -11.3 -9.47 -13.7 -9.38 -11.9)
123 monomodal 20 min US-bath/DMEM + 5% FBS 123
124 Zeta Deviation 20 min US-bath/DMEM + 5% FBS 124 16.9) 13.6 12 203 118 12.2
125 Size (d.nm) 20 min US-bath/DMEM + 10% FBS 125 565.7| 1255 1228 1155 605.2 1110
126 Z-Average (d.nm) 20 min US-bath/DMEM + 10% FBS 126 473.1 957.9 874.8 570.3 480.8 619.8]
127 Pdl 20 min US-bath/DMEM + 10% FBS 127 0.204] 0.234 0.235 0.417 0.239 0.391]
128 Zeta Potential (mV) 20 min US-bath/DMEM + 10% FBS 128 -11.3] -115 -10.4 -11.8 -105 -5.43|
129 monomodal 20 min US-bath/DMEM + 10% FBS 129 -10.2 -9.61
130 Zeta Deviation 20 min US-bath/DMEM + 10% FBS 130 14.3 14 195 14.1 134 26.5)
131 Pdl DLS 131 0.427 0.242 0.221 0.171]
132 Isoelectric Point (pH) ultrasonic spectroscoj 132 6 6.9
133 |Crystalline type (Anataze) XRD 133 1] 1 1 0 0 0.85,
134/ Crystalline type (Rutile) XRD 134 0 0 0 1 1 0.15
135|Crystal size (nm)(Anataze) XRD/Peak fit 135 56.66) 5 18 18
136/|Crystal size (nm) (Rutile) XRD/Peak fit 136 19
137|Crystal size (nm)(Anataze) XRD/TOPAS 137 6187 5 16 18|
138|Crystal size (nm) (Rutile) XRD/TOPAS 138 19 20
139|Crystal size (nm)(Anataze) XRD/Fullprof 139 168.18 7 18 19|
140|Crystal size (nm) (Rutile) XRD/Fullprof 140 20 18
141|Crystal size (nm)(Anataze) XRD/Scherrer eq. 141 100 7 23 27|
142|Crystal size (nm) (Rutile) XRD/Scherrer eq. 142 26 27
143|Crystal size (nm)(Anataze) XRD/TOPAS, IB 143 100 7 26 27|
144|Crystal size (nm) (Rutile) XRD/TOPAS, IB 144 25 25
145/ Crystal size (nm)(Anataze) XRD/TOPAS, FWHM| 145 100) 10 28 31
146/ Crystal size (nm) (Rutile) XRD/TOPAS, FWHM| 146 28 29
147|Crystal size (nm)(Anataze) XRD/Scherrer eq. 147 100 30 23
148|Crystal size (nm) (Rutile) XRD/Scherrer eq. 148 18 23
149|Aspect ratio TEM 149 1.36|
150 Specific surface area (m?/g) SAXS surface (m?g) SAXS 150 169.5 65.6 51.1 524 47.0
151 BET surface (mzlg) BET 151 9.23] 316.07 77.992 50.835 56.261 46.175|
152 Total pore volume (ml/g) BET 152 0.0324 0.319 0.2996 0.2616 0.1935 0.1937
153 Micro surface area (mzlg) BET 153 0 13.625 1.108 0 0 0
154 micropore volume (mlg) BET 154 0 0.00179 0.00034 0 0 0
155|Dustiness Number Dustiness index (1/mg) Small Rotating Drum | 155 6.04 547 7.26 5.62 5.50|
156 Inhalable Mass Dustiness index (mg/kg) Small Rotating Drum | 156 2.86 243 3.96 3.59 3.01
157 Respirable Mass Dustiness index (mg/kg) Small Rotating Drum | 157 1.38 118 251 1.58 1.45)
158 Number Dustiness Index (1/g) by CPC (180s) Vortex Shaker (VS) n| 158 5.20 498 5.73 4.63 454
159 Number Dustiness Index (1/g) |measured by CPC (3600 Vortex Shaker (VS) n| 159 6.49 585 6.28 532 5.36|
160 Number Dustiness Index (1/g) |measured by ELPI Vortex Shaker (VS) n| 160 551 4.98 6.30 5.40 6.00)
161 Respirable Mass Dustiness index (mg/kg) Vortex Shaker (VS) n| 161 3.75 3.96 4.28 3.81 4.04
162|covered by hydrophobic layer of dimethicone (C2H60Si)n 162 1
163 | high hydrophilic surface 163 1
164 |Porosity total pore volume (ml/g) BET 164 0.0324 0.319 0.2996 0.2616 0.1935 0.1937
165 micropore volume (mlg) BET 165 0 0.00179 0.00034 0 0 0
166 | Photocatalytic activity UV-Vis 166 0 0 1
167|Radical formation potential OH- generation 167 0 0 0|
168 Surface reactivity 168 0 1 0

Table 4. Cytotoxicity assay data of the TiO, NPs (NM101-NM 105) extracted from eNanoM apper
database.
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Time Cell assay |Measurement condition| NO | NM100 | NM101 | NM102 | NM103 | NM104 DT0S
24 (hr) | WST-1 assay ECsp (ng/mL) 1%
Test cell type
ECs, (ng/mL) 2 1041.9 | 350.8
Test cell type NCI-H292| 16HBE
LDH assay ECsp (ng/mL) 3%
Test cell type
48 (hr) | WST-1 assay ECsy (ng/mL) 4 306.4
Test cell type A549
144 (hr)| MTT assay ECsp (ng/mL) 5*
Test cell type
240 (hr)| MTT assay ECsp (ng/mL) 6*
Test cell type
240 (hr)| WST-1 assay ECsp (pug/mL) 7 37.4
Test cell type NIH/3T3
ECs (ug/mL) 8 11.4
Test cell type mES
ECs (pg/mL) 9 235
Test cell type mES

1*, 3*, 5%, 6*:Combination of assays with the same time and cell lines, A549, NIH/3T3, mES
human adenocarcinoma-derived alveolar basal epithelial

A549

NIH/3T3

mouse fibroblast cell

mES D3 mouse embryonic stem sell
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Table 5. Cytotoxicity assay data extracted from eNanoMapper database for NM 103 with ECsy (> 100).

Time Cell assay Test cell type NM103 Number of assay tests
ECs, (ng/mL) for different doses
6, 24 (hr) LDH release assay HMDM > 100 2
24 (hr) WST-1 assay T™3 > 100 2
T™4 > 100 2
WST-8 assay 16HBE > 100 2
NIH3T3 > 100 2
NRK-52E > 100 2
RAW 264.7 > 100 2
RLE-6TN > 100 2
LDH release assay NRK-52E > 100 2
RAW 264.7 > 100 2
NIH3T3 > 100 2
RLE-6TN > 100 2
24,48, 72 (hr) Rals\?élgi;ls::;ay‘ RAW 264.7 > 100 2
MH-S > 100
Calu-3 > 100 2
240 (hr) WST-1 assay NIH3T3 > 100 1

HMDM (human monocyte-derived macrophages)
TM3 (mouse Lydig cell)

TM4 (mouse Sertoli cell)

16HBE (human bronchial epithelia cell)
NIH3T3 (mouse fibroblast cell)

NRK-52E (normal rat kidney cell)

RAW 264.7 (mouse peritoneal macrophage)
NRK-52E (normal rat kidney cell)
RLE-6TN (Rat lung epithelial cell)

MH-S (mouse alveolar macrophage)

Calu-3 (human lung adenocarcinoma)
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