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— Asbestos travels through out the body
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* reticuloendothelial system 20
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Tumors of the Serosal Membranes

Figure 4-4

MALIGNANT MESOTHELIOMA

The tumor almost completely encases the lung and
extends along the major fissure. Tumor also grows into the
lung along the interlobular septa, surrounding small vessels
and airways (arrows).

localized rather than diffuse disease should
make one hesitate before diagnosing a diffuse
malignant mesothelioma, although sometimes
diffuse microscopic disease is present that is not
MALIGNANT MESOTHELIOMA apparent grossly. Similarly, the presence of dis-

Malignant pleural mesothelioma appears as multiple ease tho t.to be benign on gross examina-
small tumor nodules. Gﬁgf#?%m%&tﬁl@%}"ﬂd‘ﬁfﬁgﬁ" 201 %%%E@l%%%é‘fﬁ%d%{%ﬁl ngalthough very
7
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Figure 4-3
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Figure 3
Mesothelioma observed and fitted/projected deaths among males aged 20-89,
asbestos imports and estimated/projected exposure index
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Dose—Response Relationship

of Fibrous Dusts in Intraperitoneal Studies
Environ Health Perspect 105(Suppl 5):1253-1256 (1997)

Markus Roller,! Friedrich Pott,' Kenji Kamino,4
Gerhard-Heinrich Althoff,! and Bernd Bellmann3

Table 1. Fibrous dusts and mass doses applied in a series of carcinogenicity studies from 1990 to 1992 (number of
injections x dust mass/injection, mg).

Fibrous dusts containing relatively Fibrous dusts containing relatively

long and thick fibers? short and thin fibers?

Glass fibers¢ B-01-0.9 (5x 25, 10x 25, 20 x 25, 40 x 25)

B-09-2.0 (3 x50, 9x50) B-09-0.6 (2 x50, 6 x50)

B-20-2.0(1x6, 1x 18, 2x30) B-09-0.6 (1x3.5, 1x8.5, 1x25, 3x25)
Glass? MMVF11 (2 x 35, 6x30) Glass fibers? M-753-104 (1 x 17, 1x 50)
Stone? MMVF21 (2 x 30, 5x 30)

Slag® MMVF22 (1 x 20, 1 x50, 3x50) Asbestos

M-Stone (1x8.5, 1x25.5, 2x 42.5) Crocidolite (5x0.1)
R-Stone-Experimental 3 (4 x 28.5, 9x 28.5) Tremolite (1x 3.3, 1x15)

#Particles with aspect ratio>5/1, median length 8—17 pym, median diameter 0.7-1.2 ym. ®Particles with aspect
ratio >5/1, median length 2—4 ym, median diameter 0.2-0.5 pm. €All B-prefix fibers are glass fibers. The first num-
ber (B-01, B-09, B-20) represents a code for the chemical composition. The composition of B-20 is similar to stone
fibers MMVF21. The second number indicates the nominal median diameter of the original sample. #The designa-
tions MMVF11 and -21 originate from the Thermal Insulation Manufacturers Association (TIMA, Stamford, CT).
TIMA made the samples available for scientific purposes. The dusts were prepared from the thinnest fraction of
typical commercial insulation wools and were also used in inhalation experiments in the laboratories of Research
and Consulting Company (RCC), Geneva, Switzerland. Glass fibers M-753-104 are produced as microfibers, i.e.,
with a relatively small diameter and a chemical composition similar to MMVF11. #The chemical composition of
this dust sample, bought in 1930 from Manville Technical Center (Denver, CO), is practically identical to the slag- 25
wool designated MMVF22 in inhalation experiments carried out in the RCC laboratories, Switzerland.
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Relation of Particle Dimension to Carcinogenicity in Amphibole R S I prid T G Ik, By vesica
Asbestoses and Other Fibrous Minerals ': gl ion of sdand DICC evocidotite designased

crocid 5, Differences in dimension were the result of

Mearl F. Stanton, ®* Maxwell Layard, >*® Andrew Tegeris, 7 Eliza Miller, > Margaret May, 3 4 South African crocidolitc and scparated by centrifugy.
7.9 d Al Smith 5 . tion to obtain mutually exclusive size ranges from the
Elizabeth Morgan, an roy sm same sample (24) The remaining sample, crocid 2, way

TABLE 1—Summary of 72 experiments with different fibrous materials

Percent Common log Percent Common log
Actual . Actual "
Expt tumor fibers/ug, Expt tumor fibers/ug,
No.  Compound e  Probability =025umx | No. ~ Compound tumor . probability <025 phasd
+SD >8 um incidence + 8D >8 um
1 Titanate 1 21/29 95+4.7 4.94 37 Halloy 1 4/25 20+9.0 0
2 Titanate 2 20/29 100 4.7T0 38 Halloy 2 5/28 23+9.3 1]
3 Si carbide 17/26 100 5.15 39 Glass 8 3/26 19+10.3 301
4 Dawson 5 26/29 100 4.94 40 Crocid 11 4/29 19+8.5 0
5 Tremolite 1 22/28 100 3.14 41 Glass 19 2/28 16+9.0 0
6 Tremolite 2 21/28 100 2.84 42 Glass 9 2/28 14+9.4 1.84
7 Dawson 1 20/25 95+4 8 466 43 Alumin 6 2/28 13+8.8 0.82
8 Crocid 1 18/27 9446.0 5.21 44 Dawson 6 3/30 13+6.9 0
9 Crocid 2 17/24 93+6.5 4.30 45 Dawson 2 2/27 12+7.9 0
10 Crocid 3 15/23 93+6.9 5.01 46 Wollaston 2 2/25 12+8.0 0
11 Amosite 14/25 93+7.1 3.53 47 Crocid 12 2/27 10£7.0 3.73
12 Croeid 4 15/24 B6+9.0 513 48 Attapul 2 2/29 11+7.5 0
13 Glass 1 9/17 85+13.2 5.16 49 Glass 10 2/27 8+5.6 0
14 Crocid 5 14/29 TE+10.8 3.29 50 Glass 11 1/27 B+5.5 0
15 Glass 2 12/31 77+16.6 4,29 51 Titanate 3 1/28 8+8.0 0
16 Glass 3 20/29 T4+85 3.69 52 Attapul 1 2/29 B+5.3 0
17 Glass 4 18/29 71+9.1 4.02 53 Tale 1 1/26 7+6.9 0
18 Alumin 1 15/24 70+10.2 3.63 54 Glass 12 1/25 T+5.4 0
19 Glass 5 16/25 6996 3.00 556 (rlass 13 1/27 6+5.7 0
20 Dawson 7 16/30 68+9.8 471 56 Glass 14 1/25 6+5.5 0
21 Dawson 4 11/26 66+12.2 4.01 57 Glass 15 1/24 6+5.9 1.30
22 Dawson 3 9/24 66+13.4 5.73 58 Alumin 7 1/25 5+5.1 0
23 Glass 6 7/22 B64+17.7 4,01 59 Glass 18 1/29 5+4.4 0
24 Crocid 6 9/27 63+13.9 4.60 60 Tale 3 1/29 4+4.3 0
25 Crocid 7 11/26 56117 2.65 61 Tale 2 1/30 4+3.8 0
26 Crocid 8 8/25 53+12.9 0 62 Tale 4 1/29 5+4.9 0
27 Alumin 2 8/27 44+11.7 2.95 63 Alumin 8 1/28 3+3.4 0
28 Alumin 3 9/27 41+10.5 247 64 Glass 21 2/47 6+4.4 0
29 Crocid 9 8/27 33+9.8 4.25 65 Glass 22 1/45 2423 0
30 Wollaston 1 5/20 31+12.5 0 66 Glass 17 0/28 0 0
31 Alumin 4 4/25 28+12.0 2.60 67 Glass 18 0/115 0 0
32 Crocid 10 6/29 37+13.5 3.09 68 Crocid 13 0/29 0 0
33 Alumin 5 4/22 22+9.8 3.73 69 Wollaston 4 0/24 0 0
34 Glass 20 4725 22+10.0 0 70 Tale 6 - 0/30 0 0
35 Glass 7 b/28 2189 2.50 71 Talc 6 0/30 }] 3.30
36 Wollaston 3 3/21 19+10.5 0 72 Tale 7 0/29 0 0 26
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Dose—Response Relationship

of Fibrous Dusts in Intraperitoneal Studies
Environ Health Perspect 105(Suppl 5):1253-1256 (1997)

Markus Roller,! Friedrich Pott,' Kenji Kamino,4
Gerhard-Heinrich Althoff,! and Bernd Bellmann3

Table 1. Fibrous dusts and mass doses applied in a series of carcinogenicity studies from 1990 to 1992 (number of
injections x dust mass/injection, mg).

Fibrous dusts containing relatively Fibrous dusts containing relatively

long and thick fibers? short and thin fibers?

Glass fibers¢ B-01-0.9 (5x 25, 10x 25, 20 x 25, 40 x 25)

B-09-2.0 (3 x50, 9x50) B-09-0.6 (2 x50, 6 x50)

B-20-2.0(1x6, 1x 18, 2x30) B-09-0.6 (1x3.5, 1x8.5, 1x25, 3x25)
Glass? MMVF11 (2 x 35, 6x30) Glass fibers? M-753-104 (1 x 17, 1x 50)
Stone? MMVF21 (2 x 30, 5x 30)

Slag® MMVF22 (1 x 20, 1 x50, 3x50) Asbestos

M-Stone (1x8.5, 1x25.5, 2x 42.5) Crocidolite (5x0.1)
R-Stone-Experimental 3 (4 x 28.5, 9x 28.5) Tremolite (1x 3.3, 1x15)

#Particles with aspect ratio>5/1, median length 8—17 pym, median diameter 0.7-1.2 ym. ®Particles with aspect
ratio >5/1, median length 2—4 ym, median diameter 0.2-0.5 pm. €All B-prefix fibers are glass fibers. The first num-
ber (B-01, B-09, B-20) represents a code for the chemical composition. The composition of B-20 is similar to stone
fibers MMVF21. The second number indicates the nominal median diameter of the original sample. #The designa-
tions MMVF11 and -21 originate from the Thermal Insulation Manufacturers Association (TIMA, Stamford, CT).
TIMA made the samples available for scientific purposes. The dusts were prepared from the thinnest fraction of
typical commercial insulation wools and were also used in inhalation experiments in the laboratories of Research
and Consulting Company (RCC), Geneva, Switzerland. Glass fibers M-753-104 are produced as microfibers, i.e.,
with a relatively small diameter and a chemical composition similar to MMVF11. #The chemical composition of
this dust sample, bought in 1930 from Manville Technical Center (Denver, CO), is practically identical to the slag- 29
wool designated MMVF22 in inhalation experiments carried out in the RCC laboratories, Switzerland.
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Three doses

Cancer
Science:

Dose-dependent mesothelioma induction by
intraperitoneal administration of multi-wall carbon

nanotubes in p53 heterozygous mice

Atsuya Takagi,! Akihike Hirose! Mitsuru Futakudhi,* Hiroyuki Tsuda® and Jun Kanno'®
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300 pg/animal = 1x108 fiber /animal
30 pg/animal = 1x107 fiber /animal
3 ng/animal = 1x10° fiber /animal
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Mortality by Mesothelioma
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Takagi et al. Cancer Science, 2012



Low dose group #19
3 ug/animal = 1/1,000 of the first study

Takagi et al. Cancer Science, 2012
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Figure 3

Takagi et al. Cancer Science, 2012
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MWCNT
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Absence of Carcinogenic Response to Multiwall Carbon Nanotubes in
a 2-Year Bioassay in the Peritoneal Cavity of the Rat

Julie Muller,* Monique Delos,i Nadtha Panin,* Virginie Rabolli.* Frangois Huaux,* and Dominique Lison*"'

*Industrial Toxicology and Occupational Medicine Unit, Catholic University of Louvain, 1200 Brussels, Belgium; and tLaboratory of Pathology, University
Hospital of Mont-Godinne, Catholic University of Louvain, 5530 Yvoir, Belgium

Received April 8, 2009; accepted Apnl 30, 2009
TABLE 1
Main Physico-chemical Characteristics of the Tested Materials

Crocidolite®  MWCNT+? MWCNT-?

Metal content (%)* nd

Al 1.97 0.37
Fe 049 <0.01
Co 048 <0.01
Specific surface area (m%/g) 8 209 190

Extent of defects (Ip/lg)* nd 1.16 0.58
Reactive sites”, molar nd 29.2 0.4

enthalpy of adsorption of
Diameter (nm) 330 (2.1)*
Length (pm) 25 (2.0

AT ) ST NS S H LY TEEERIT VLAV LI W HTAPIL L = TNAX L S Y

11.3+ 3.9
About (0.7

113 +:3.9*%
About 0.7
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TOXICOLOGICAL SCTENCES 11(0(2), 442-448 (2009)
doi:10.1093 oxsci/kfp 100 ;hj-& Ly & 75\ _I_
Advance Access publication May 8, 2009 —_
FIZFEIND
=
7 | N
Al T\ - '‘bon Nanotubes in
7 \ ] - pf the Rat
! \ 8
! //'k %91 & |and Dominique Lison*
- Iength (I-lm) ! \ i "? nd tLaboratory of Pathology, University
1.25 2.5 5 0 40 \ 607 S L
5 I N \ 15
0.031 X/ N30 A Ny o &
0.0625 < \10 §< ‘\QZS\F N | e
0125\~ 25" N N\ oS 20- %
0.25\ 25 100NN\ © Materials
diameter  os\_  \\ 10 5 \\‘| N\ o] ——

(Hm) 1.0\ N\ |MWONT-4

AN
2.()\\\\)<Q'\\

thesis on the carcinogenic potency of a fibre as a function of its size with 0.37
someé\data on “carcinogenicity factors”. From: Pott (1978). <0.01

Co 0.48 <0.01

Specific surface area (m?/g) 8 209 190
tent of defects (Ipfig)* nd 1.16 0.58
RealNjve sites’, molar nd 292 0.4

113 +:3.9*%
About 0.7

1.3 39
About 0.7

Diameter (nm) 330 (2 1)*
Length (um) 25 (2.0)

AT ) ST NS S H LY TEEERIT VLAV LI W HTAPIL L = TNAX L S Y
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Figure 3
Mesothelioma observed and fitted/projected deaths among males aged 20-83,
asbestos imports and estimated/projected exposure index
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Figure 3
Mesothelioma observed and fitted/projected deaths among males aged 20-89,
asbestos imports and estimated/projected exposure index
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Case study: MWCNT (MWNT-7)

 Human environment allows to inhale dispersed single

fibers
— Low wind in human environment

— Human upper respiratory tract

* Alveolar lesions are important

— In earlier rodent studies, aggregates/agglomerates induced
lesions at proximal segments; masking distal lesions

* Preparing well-dispersed single fiber aerosol

— Without dispersant

— No change is size (length and width) of single particles
BES/ NN TOACT OrEESR 2014-05-17@ FEFDESH I F TS
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Exposure Chamber
=Rigorous agitation

Human

Aerosol with
aggregates/agglomerates

73



Exposure Chamber

Human . .
=Rigorous agitation

Aerosol without
aggregates/agglomerates
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Taguann method (outline)

Based on two idea of
 JRFETOJEE : Liguid phase dispersion and
filtration using volatile dispersant.

s FRRRELIRICKSBEEE DML : Critical point
drying to avoid aggregation by surface tension.

= EIZORIL - B D MWCNT 455 B
FTHIENHKS,
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“Taguann method” 1R

Taquahashi et al., J Toxicological Sciences, 2013

U-CNT

Suspend Freeze
to TB and thaw

/

Filler extension

=> | Filter |=>| Snap-freeze Sublimate T-CNT
Suspensnon See
Vlbratlon motors FI g 4

\g//

Filterate to Collecting Bottle
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Macroscopic and light microscopic views
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Taquahashi et al., JTS, 2013

T-CNT (SEM x1,000)

Consists mainly of
Dispersed single fibers

U-CNT (SEM x1,000) SEM x400

Mixture of single fibers
and large
aggregates/agglomerat

scale bars 10 um
78

BEF/H—R TaS T ofEES 2014-05-17T@Q FEIDE S F 7 TS5



The distribution of the fiber length & width

uag%s;_wlbgt al., JTS, 2013

. . s e
BES A FOST ONEES 2014-05-17@ ZFEFLES F 25
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Mainchamber Patent pending

Facilitate a solution for changing test substances by using disposable system

» Disposable top plate with tubing holes
* The animal cages for 16 mice (asterisk)
are suspended from the top

A whole image

Inner bag: Disposable electrosatic-free plastic bag
Outerchamber:acrylic

®550mm x H550mm, inner volume:105.5 L

Differential pressure :Room > Inner bag >space between
outerchamber & inner bag

Differential pressure maintain t?g i§hap% of 7t_h/e 7'%1/1 . g/%HA 2014-05-17@ EF2NIE SH R ZE TS
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Carrier air flow from su

RS

pochamber to mainchamber

Taguahashiet al., JTS, 2013
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Loading T-CNT to the cartridges

Cartrges
D22 mm X H65 mm

Capacity; 23.5mL

A measured amount the collected T-CNT was resuspended to TB

The suspension was dispensed into th cartidges, snap:frozen and sublimated >

82



Aerosol generation procedure

Injection (Duration: 0.2 sec)

L

10 sec | 20 sec | 30 sec | 40 sec | 50 sec | 60 sec

-

1 T T T

Cartridge 2  Cartridge 3 Cartridge 3 Cartridge 21
Cartridge 1

« Twenty-one cartridges were prepared for a two hour exposure experiment

« The compressed air was injected into subchamber (0.8MPa. 0.2 sec X5 time,10 sec

interval)

« Loading first two in 1 min for an initial boost and then one in every 6 min 83



A real time particle counting in Mainchamber

Particle Count/L

(x108)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0

CPC & OPC Count/L
(250pg T-CNT/Cartridge)

A

A
MAN AL M/\f\'.~.\/\f“,M
/ i U Vvv v ﬁl .,~ :\' ‘\"'-"

f

[

\

-15 0 15 30 45 60 75 90 105 120 135 150 165

Time (min)

Solid line:CPC Dotted line:OPC

Taquahashi et al., JTS, 2013
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Morphology of T-CNT aerosol collected from the main
chamber on a filter aquahash et al, JTS, 2013

5L/min for 3 minutes SEM x1,000 (scale bars are 10 um).




The distribution of the fiber length in T-CNT of the
mainchamber

Aerosolized T-CNT Length

200 4 100

180 | 4 90

160 | 4 80

140 r 1 70
ngO - 4 60 g
1 | 7.3 £ 4.9 um 18
LL

o0 | (Max 33.0 um) 1o ©

40 t 1 20

20 t 4 10

0 o 0

5 10 15 20 25 30 35 40 45 50 55 60
um

T-CNT aerosol at a concentration of 1 mg/m3 in the main chamber was
collected on the Anodisc filter and measured their length by SEM x2,500
(N=618)
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A polarized microscopic view of the alveolar region of a lung Taquahashi et al., JTS, 2013

The mouse was exposed 1 mg/m3 of T-CNT for 2 hr. a day for 5 days scale bars &g um
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From the lysed lung

Taquahashi et al., J Tox Sci 38:619-628, 2013
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On-going study: Taquann-Direct Injection System
whole body MWCNT inhalation study (c57BL/6 p53 +/- male)

Group/

Exposure* Conc. Sampling
mg/m?3 Animalno. 0D 13W 26W 39W 52W
Pathology 3 7 7 8 8
Control
O ng/cartridge 0 48
H Burden 3 3 3 3 3
Pathology 3 7 7 8 8
Taquann L 48
250 ng/cartridge
Burden 3 3 3 3 3
Pathology 3 7 7 8 8
Taquann H
: 2 48
500 ng/cartridge
Burden 3 3 3 3 3

*. 2hr exposure per week for 5 weeks (total 10 hr)
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High 13W Inhalation study
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Frustrated Phagocytosis
(Mesotheliomagenesis)
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Frustrated Phagocytosis
(Mesotheliomagenesis)
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