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Table 4-2. Threshold estimates for particle surface area dose associated with pulmonary
inflammation {PI\[\'; in BAL fluid) in rats, based on piecewise-linear model

(m®)
Data modeled MLE 050 LCL 050, UCL
TiO; [Tran et al 1999] 00134 0.0109 0.0145
T10; [Cullen et al. 2002] 0.0400 0.0395 0.0484

' Abbreviations: BAL fluid = bronchoalveolar lavage; LCL = lower confidence limit;
MLE = maximum likelihood estimate; PMNs = polymorphonuclear leukocytes; Ti0; = titanivm dioxide;
UCL = upper confidence limit.
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(1) BEEAWE : ERE2. 1um (6. Tn/g).
ABRAEY) : Rat Male, Wistar rats).
X< #5715 : Whole body inhalation 7 hr/day, 5 days/week.
A&, WM ;25 mg/m®, 7.5 months, 50 mg/m®, 4 months
(2) HEAWE - B 2um (6.41m%/g) .
AERA Y - Rat Male, Wistar rats).
X< &Kk : Nose-only inhalation 6 hr/day, 5 days/week
&, #IR : 140mg/m:-2 months, 25 mg/m®+7.5 months, 50 mg/m*+4 months
* BMD:0. 011 m2 288 % 5 K& PR 2R (45 4] & AE) (&P Te Mifi~0H#E)
<2 FR ORI CEMAL fine:[EAR 2. 1 um(KififH 6. 68m”/g)
ultrafine : [E££ 0.8 um(GRMEAH 48m*/g)
=fine K {:<2-10 mg/m’, ultrafine ki : <0.5-1.0 mg/m’ (FF) #71H7z,
B KK S i~ ks BIXICRP (EFS b #Z 5 42) OMPPD (multi-path
model of particle deposition) % fEH L7,



<finehi¥ (EAEZ2. 1um,

FHFE 6. 68m2/g) ZAAAE) >

Workers” mean airborne exposure (mg.-"m“}

Rat equivalent 23
0.011 225 ?

Item 0.5 1 2 5 10
Estimated TiO» surface area dose:
Workers™ lungs (m]j 33 7.0 14 35 0
Rat equivalent (m]] 00035  0.0070 p.014  0.035 0.070
Rat-based threshold for pulmonary inflammation:
Exceeds LCL of 0.011 m’ [Tran et al. 1999] No No Yes Yes Yes
Exceeds LCL of 0.039 m? [Cullen et al. 2002] No No No No Yes

<ultra fine Bi¥ (HEA0.8um. 48m2/g) ZA0E >

[170.039 ##AS 2

Workers’ mean airborne exposure (mg-"m"‘)

Item 0.05 0.1 0.5 1 2
Estimated Ti0; surface area dose:
Workers™ lungs (m]] 31 6.2 31 62 130
Bat equivalent (ru]] 0.0031 0.0062 0.031 0.062 0.12
Rat-based threshold for pulmonary inflammation:
Exceeds LCL of 0.011 m® [Tran et al. 1999] No Ne | Yes Yes Y;&
Exceeds LCL of 0.039 m® [Cullen et al. 2002] No No No Yes Yes
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Mean body weight

Mean lung
weight of

Treated rats

Pardcle size

Retained mean

Tumaor proportion

of controls at 24 controls at AMMAD U:'-'-“:' Exposure dose (mg | {rats with tumors /
months (g) 24 months (g) "“_d SP*‘Efﬁ"' ey Ti0y lung)’ total rats)
ok sl tration
Kaciwcle ::_Infi:ud ype: Rat strain Female Male Female  Male Ti0y) (mg/m Female Male Female Male HARSEAER
Fine Ti0; (= 99% rutile):
Lee et al. [1985, 1986] Sprague- 537 T80 2.35 325 MMAD: 0 0 0 077 279 —
Dawley 15t 1.7 10 323 20.7 1475 27 —
(erl:CD) 30 130 1183 0174 175 =S
SA: 499 250 5458 784 8 26/74 13T
[Driscoll
19946]
Muhle et al. [1989. 1991, Fischer-344 337 403 1.05 138 MMAD:1.1 0 0 — — 3/100
1994]; Beliman et al. [1991] (GSD: 1.6) 5 272 — — 2/100%
SA:4.09
(estimate)
Lltrafine It0y (~80%
anatase; ~20% Rurile):
Heinrich et al. [1995]; Wistar 417 — 1.44 MMAD: 0.80 0 0 At 24 months:
Muhle et al. [1994] [er:(WTBR)] (G5D:1.8) 0/10 (controls)
(agglomer- 4/9 (all tumors)
ates)
0.015-0.040 ~10 39.29 At 30 months:
(individual (SD: 7.36) 1/217 {controls)
particles) 19/100 (no
keratimizing
SA: 48 cystg)32/1 CI!_]'
(SD: 2) (all temors)
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« ZOFER, fine Ki T 1-5 mg/m’, ultrafine ki T 0.05-0. 5mg/m’® & #47-,

<fine hi+ (HEF2.1lum. KA 6. 68m2/g) ZMHEE) >

Airborne exposure concentration (mg.-"m“ as 8-hr TWA)

0.5 1 2 5 10
Model MLE UcL ME 4 uco MLE |UCL MLE| UCL MLE UCL
BMD multistage /
linear extrapolation 036 0.42 0.73 0.837 146 1.67 3.65 417 733 833
Linearized multistage / N
meodel-predicted 3.08 x 10°° 0244 0.0000319 0.488 0.000255 @ 0.0039: 244 0.0319 487
EMD/BMA 0.073 — 0.15 — 0.30 — 0.807 — 1.76 —

<ultra fine Fi+ (EAL0.8um. 48m2/g) ZHHE>

Mean airborne concentration (mg/m® as 8-hr TWA)

0.05 0.1 0.2 0.5 1 2

Model MLE + UCL MLE UCL MLE A UCL AMLE A TCL MLE UCL MLE UCL
BMD multistage /
linear extrapolation 0.83 @ 1.11 135 1.68 2.05 297 3.62 594 723 11.50 13.99
Linearized
multistage / model- ~ N
predicted 277%107° 0216 221=107 0432 0.000160 ( 0.836 0.00277 | 2.16 0.0221 431 0.160 836
EMD/BMA 0.134 — 0.249 — 0384 — 0.7037 — 1.53 — 343 —

UCL: 95% upper confidence limit.
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Workers® mean airborne exposure {1.11~g;-"|11|”1}+

Response Fine TiO, Ultrafine TiO,
Lung cancer excess risk < 1/1,000° 1-5 0.05-0.5
Pulmonary inflammation (below estimated threshold) = 2-10 = 0.5-1.0
\4
1. bmg/m’ 0. Img/m?




