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0.0.2, 2.0 IL-1 b 37 3#£80220 mgj/kg
3 n % |
81 s ma/kg . 3" 3£90220
. (1%Tween8 '
1,3 - 0 PBS mg/kg 8 8 %
| H - s s}
3° 3 %8 2.0mglkyg
n 8 8 8 -
ey o =
Crl:CD(SD) n 0.2, 1 mg/kg
N BALF 8 8 |DHs
IL-1 b 6 3 #°0.2, 1.0 mg/kyg
g | 0,00402 |0
'ey s s | 10mgkg - 6 3#°20210
136 (1%Tween8 | mg/kg 8 8 %
1,28,30) L] 0 PBS ”_J _ 8 EA "_J
) Y 6 3% 1.0 mg/kg
n 8 8 8 -
N o
N BALF 8 L <=
% O - 8'fiR %|dv~
3 -
0,015,115 NB2© %
ey 13 mg/k X %
) 8 1 8 g/kg ”.J 3" 3 % 8
Wistar . (20 mg/mL L
1,3 -~ BSA 8 1 Y |
) 3 g#s 8 1
8 1° 8 1.5mg/kg
n 8 8 8 -
N o
n 3° 3 #:80.2mgkg
N BALF 8 8
8 8 - ~ 8
0.0.04, 0.2 mg/kléDH IL-1 b 37 3#800402
- Cop mg/kgx 5 O
- 8
y | Crl:CD(SD) $1 ] 1 1,3 (1%Tweens 8 n o.oi mg/kg
0 PBS . _ . o2
) mg/kg
n 8 8 8 -
N o
N BALF 8 - =
n %4 BALF  HO-1 -
- 0,003,013 " ° <
1 1 -
ey mg/nt L= . . 3 s
129 Crl:Wistar 3 81,3 | (1%Tween8
' 6 - 0 PBS : -0
(OECDTG412) 5 : 8 - s 1,3 8
n 8 8 8 8 8 8
- N = 3" 8
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. - = %l SRS EERTEN T ER
¢ = CNT
Matsumoto|r 2012 | 8 CNT 8 95 Lsp ey
%50mgkg- o |fe 1 4 -V 8 |  EJFd MeLDso| >50 mglkg
#No v 1 <d =™ 5 ve |ty &L sp e~ 01253 1.25% |-
125mg/kg/ —  # 28 -V e ™4 — 2| s L
0 | EJkd M NOAEL| 125mg/kg/ # N v 1 <4 o= o
% - A
5 &g NzZW >0 > - - OECDTG405 & [ v
19s 1 72 —A==-— # | B[ ovef Vo
05g 4 Nzw >0 - - OECDTG404 & |
v 19g 1 72 —A==-— # |  Edo%f Vo
10 SG  CNT—»ao» %] - A
( )
18 >.D ’ 1mL 1, 24, 48, 72h¢ #
OECD TG405 KbENZW (0.5% Olive oil ) j . ’ ’
ML 0 =
18) | S OB
oECD TGa0s | KONZW | T (Olive%i?g ) | H ll|24’ 48¢, 74|2h|1r|_R $0 2
04g 4 Hartley -1z ¢ - - Buehler ~ |} OECD
TG406 L [ v 198 1 72 —A==— £ 4 | EFdne
H e = ] s ey
11 SG  CNT—:=1 = peJr~ A
( )
19 sy |07F ] N Olve c?i'|4g ) 1,24, 48, 72hr £
OECD TG406, | Slc:Hartley L 5o s 029 §/3|}J | t4n
Buehler 4 ( C i og ) K O =
- ~afesa] H=mem
T
Pietroiustif- 2011 | & CNT Cheap Tubes Ing.p-SWCNT® 0-SWCNT® uo-SWCNT
i cD1 v > o =V & 100 ng - ¢ % |- %
=vi<d  o=m™ % Campgnolo|- 2013 | # PEG CNTL 55 3V |
55115 ~ oV s — %y V< == ™] s phibrook |-
2011 | 8 CNT 107 v | 100 mg/kgl 9 —v »or V< e
10 mg/kg# 8 % | - Yq 4 V< o= ™ 39 8 Huang |k
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2014 | 8PL-PEGNH2 CNTL p53 v » @— 10.515.5 ~ . 8
- td o %[ V< = ™ 3% CNT~ <= | 8Fujitani | 2012 | @
MWNT-7 & ICR v > o % | -V &/ 4 - 4 2mglkg
% amgkg - # - %nfdvs -=™{%9 Y eHuang|: 2014
| ®# PLLPEGNH2 CNTL p53 v »o— 105155 -~ -V 8
LA % 14 V< o= ™ 399
AL < o= oi -¢' 8 AL vy OECD TG4718
' wmdD 2t F @940 d ™y in vitro OECD
TG4738 %1 v » @l ™y OECD TG474 & = ¥ p==
# Nof VO
12 SG CNT — invitro
¥ lgiozog! TA97, TA98, | k™ 24 8 12.5, 25, 50, 100, - 24 TM= 8
O+ O TA100, TA1535¢8 ey S9 (200, 5080 S9¢)
OECD TG471 WP2uvrA/pkM101 / 0.1%CMC S9(+)
_ EpyE
Isg vitro CHUIL Lop ; s9 30(:gl5rggg 1000 2?:?8 22;"
OECD TG473 0.1%CMC Sgnix(+),, 6hr
13 SG CNT — in vivo
39 ¥ »9 5 60, 200 mg/kg PRIV,
OECD TGA474 Crlj:CD1(ICR) 24 ) 1%Tween80 Ao
PBS
Toyokuni|t 2015 | &  Wistar' ¢ . ~ 0.1-10 mg— 4 -84 -
—  r= ™M= =0 < =V MWNT-74 “Vier— 2|
0 8 % | @ # | % | -0
% tdl Ve eYeeo WS 4L Ve | ud - | Ed o %
Voo | 4 - o= LA g nf Ve || e - - A
1 %4 | ™is%  dvs o=
%=|=
L ks CNTL ™y % ey 24 0=
SEERIRN SRR
¢ D 2
Shvedovak 2014 | @ CNT Unidym & 40eg/ — % 83V | 5mg/nt
- CNT #5 [ 84 — 5gg 4 -8
oV 9/ — s +-— - 8 — 8 21 2% |4 % 14V
%e %t— | Efdowf V< o=™ Do 5 Vs Fujtalt 2015 | 8 ' e~ 200
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3V | 400pg—  CNT L 8754 -  oV<iT8 %t

— |01/sf V< o= TM_” 379
JL ™,/
a1 A549 i ™y invitro
4 - - D SRV SR | A549 - 48
0.1mg/mL ¢ Y8 8 )" @ +- &£ A=<t
- 8 TEM & ™y -4 44
L [ veys — 8 #— o R IE 0 - 4
swiDd- @ Lol Ve cYen ks ROS —  %s®
— - td Vi s%le . ol A % tdVegves
K e . 1 11 | Lo
Yol V %2 -4 3d]is% t 4 v o
''PJ v e. hOD © NR8383 I ™y invitro
L - - t YV &' pJye. hOD © NR8383 - 24
0.lmg/mL ¢t 3 8 8 o." el A{=s<l~-
s TEM4L ™y -4 44 L fvoeoy— e
— - — % ks 2 — Ommzd ¢ — ™
Fkne - 4 q441sL  oveqveROS- %o - -
tqvi<sl|e o,” ol A % 14V %® A549 < 8
#— CNT— 14 Qumit — ™| =28 — 20 % of1<% % v
- %1
— - %1 | @ NEDOk. ©Ve. s at —
P06041 ¢ — #Nof| s CNT' ®- o 2=t p —
Lllc 8 —S2/3=| ¢J||ETM_||9
- 0 L afi) Wefi ) £ o=8 L omy ey o4 2 |k
v NOAEL | 0.13mg/mi# Nof v %9 | — ¢d ad 3 ¢ AV
L—  Loc sl py 3 — NOAELgr 2 0.065 mg/mi< =V ©
1— & s |- %1 4 NOAEL4 - -8 —
- %1 1 8 8 5 — 815 — L 4L 50.03 mg/n
< Ly o - — L Ao
L. L _$&
I o Py O AAU 31 p
S TP T AAU T_$& B
31
NOAELy A mg/n? -1 A OEL < 0d<A
NOAELg I - mg/n?
tr, t Yeumlldas 1 VS /
day, day, Yesmfldas — /
Qr Qu Pesmflas - Vv 4 m?/
Qr| ® Bide [F*9% - Evotey 0.3kg &+ - 0.18% 107
Qu| & ICRPO—4 . 0.025 1.25L/ x20 / ~ |4
DFg, DRy Yeumfldas — +—CNT DFr DFy< A
SAg, SA4 Yeusfd A m?
UF Jee cctve c o A - - =® 3< A
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| & -l = - rlE= %%Ne| v BW < = 09< ™e 0
Y%eNel| L <8 ' ey A SARISAy %' B @l BWr/BW, < %0
7o ™< ™e 03 A%Nef| L < efket el BWr 0.3k # ! BWy 73kgs -8
Yoy A SARISAy L' ey 4 BWR/BWy ~ % 4V &8 R’
©D A AL A‘”lsl_"':IﬁJ aJ AL @ETM_”Q
Py /I(yOAAU]' $& 7 p
’ & AAU 1 $& "7 5&
X
nsrcpu(pq”TU YLl T p 20P
U QT % LU pTT ™ O
0.029
3 0.03 mg/n?
g1 21 | & Y | o= ™ A g D Al
v L e - oas 1| < Lme
- A nfes-H o 4o |
CNT—4 | | & 2 | — CNT' o~ o U t
v > @e—q 1A =™ 8 CNT—/ 4| | ® NEDOK. ©V<) Y8 P amai Vs
at oo BASF  *3 |} NIOSH ®ws |/ 4| - 4 p =™
o se=e Ak wE o iq=m S S
9
NEDOK. © Ve J CNT -—
NEDOk. ©Vv-J | 8 4 CNT' @- o V- 25™M= 8 CNT MWCNT(N) &
™./ —  Y%|-# MWCNT(N)— Ak o= ™o
— 0 L «fi ) Wamfi J € ==8 MWCNT(N)L ™y ' ¢, 4 #
4 v NOAELz| 0.37 mg/miz N v *% | — &  — NOAELy - =| ks -
%1 1 8 & 5 — 815 — Ak & s 0.08 mg/ni<
LV Y9 Vo g CNT' @~ o - 2™=8 MWCNT(N)— #* 2 K 44nm ¥
- =™ — CNT 444 ™ <i%f|s # t 4 v
0.03 mg/nid CNT-=m=L  A{—-% 3 c™oxec td =™ Do
P i Baytuba® —
Pumai |8 # no A CNT Baytube§ <& ™y —
Y5 |- 8 Baytube§— L L=y s
- L «fi ) Wamfi J < == 8 Baytube§L ™y ' ¢, 13
z |F4 v NOAELg| 0.1mginf# N v 9 | — < & oy Adjustment
Factor AF v-. hOodo # =V # Ys |k Baytube§— OELy, 1 6
e 5 — 4 dLes 005mgints kv o - — 4L Ao
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! %, 1! %, '
I &
I & I & &
1 $ & I &
1 $& - &
P-h
1 TAATEC ™ p ¢ p T
] b TAAMHC m8ru X LV PTT
g p
p T
h — h
P .
I %, 1 c mu | gl
OELy A mg/n? -1 < 0
AF retdned dose a e - %1 -” - A -"
AFdeposited dose ¢ / ! e - %1 -” - A -”
AFyinetics d. tes o~ CNT Ya | i
s |I|=' B Y8 ||I=— tiyor ¥8 60 8¢ J Y8 |I=_ tyoH
% 1 < =8 %1 L 10s<
AFavvoume AL e~ 21 v-. hodxe - Af
Qr Q4 Yesmllds — ve -1 m°/daykg
Qr| & Mauderly |- “0— 08L/ /kg ¥ |-80.8¢< 10° 60x 10°x 6hr 3 0.29 ni/day/kg?
Qul| & #y 1 10 nte 70 kgs <=8 10/70 0.14 nilday/kg
DFg, DRy Peswlfdds — - CNT Anjilvel Asgharian *"— % -8
DFg=0.05# DF,=0.118<
AMvol,g, AMvol,,, ' e u 25 A Vvd— wve-. hOdo Oberdorstef¥% |F 4 Krombach|: 9
— Ys |- AMvol,z=8.7x 10'% AMvol,;=5x 10" ¢ ritkg body weight <
"ey 350¢ 4 70kgs<
At oo BASF  Nanocyl™NC7000 —
At oo BASF | @ — CNT NanocyMNC7000 & ™y
591, |k & Nanocyl™ NC7000— L o= P
- L «fi » Wamfi J < == 8Nanocyl"NC7000L ™v ' ¢, 90
z |k v LOAELr | 0.1mg/mi# Nof v %% | 4 - 24 e
NOAELgZ: 0.05mg/ni’< =V s OEL,| ® NOAELg~ &£ v 20
- |H| 424 o 5— 4L -8 0005mginfs kv
NIOSH—
NIOSH | & — ¢dad ™M=8zfigwyderd BMD -~ |-
Ke D HYl|Fe CNT25 | o> Wi 5t h D waP D — - A " ofis L
=™ Ponzas |yt ofis — L o oz 25
a = TM\/ 00 ?8\/ ™9
Pauluhn| *9% |4 Ma-Hock |F *0—"' & . /44 s o %
8 o — z |4V ¢d>2LsBMD - &' fi~sh, BMDS2.1.2L
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™=hopwofiatys - 4+ v L oer<-|de
— 2 oVzfiWyd« 10% ' e-L 9 — 95% BMCL
~ NOAEL < %:%5 | — < 4 |4 =™ 000019 0.0019 mg/md v o
14 |4 eNIOSH%  n A s NIOSH 5040 “¥— # Nof 0.001 mg/r
8 Twa 4 REL < =V 9 0.001 mg/m| @ td v
- 0 %z % 0.5 16%= t 4] #N eNIOSH| | — -
N Ll k
14 CNT %1 qsk °®
n n
mg/nt
NEDOK. ©Vve ) ? CNT 0.03 1 8 8 5 815 —
a+ - & =V 9210
—eLr AL sd o
NIOSH* CNTn CNF 0.00L Recommended Exposure Limit (REL),
d+ TWA
I ENRHERQAKkK. © Ve J CNT 0.03( )8 Derived NoeEffect Level (DNEL)
52 0.0007( )
Bayer Y CNT 0.0 Occupational Exposure Limit (OEL),
Baytube& TWA
Nanocyl “? CNT 0.0@5
NC7000
Pig oD Wi ot #° 2 K— - Yo >0 1.14
4=, J i
CNT— - %1 | 8 €= o L om <#s n
whd L cene] afuswEwfevece BV |
#Nof| CNT<Pe-a' pfi) — 2N L < A{owdaKi # 0
— < -=8 —|Fe o L—3%Nef ¢
n optical particle counter 8 OPC
OKFe. fiYoffF oo fi Qmmii—  — LA # 8 0
| 8 0.3 10 um# Ne ° Lwii k # -8 — L& o@mo- |H #
Al e - % —%s = % ds —o»fis - |4 - &
e
0 condensation particle counter 8 CPC
At roKF eo fi Qwm—  — LA %8 0 | &
0.01 1pm# Nef ° — | OPC< 0 = %*® Loi «di az—
- -8 Feiedipgz— L py= 144 L %o t 3y
< # 8 OPC# | FHRoO™ 10 3% EF%oVws — %t — | |
o) ™9



o e oAl 9F

T N
—  %%Ne| o # 0 s o— oF | Lwifi k # -8
" y@d AL 1y 8 — AL A.”e <« . i — <
BE - A< -8 4. g1 =2/ — eI 7% I
_ A L AV E-|sheiar | < — o= |

— LNelkso B k=240 %Ne] ©

" KT BP-eoDdWliz g = ¥. 00402
K' eeodWlioz - 4L A+| oK' Peod W% L
L L S e IV NS A A
Aivs-deK' ecooWii @=. si — &L Ao
CNTL g nt - 0 <. i < -=8 OPC 0.3 10 pm—
A - < CPC 0.01 1pm— AL — |4 At
Ommit b or iQmugzE— ™ —  — L A irs%nE%n|e3Veeo0
SR T e T G RS EL R =R R
</ — — £— % <s™e %N sPe-al pfiy 4 -
L N SR B N &
oz — &L 1> s K' eeodWliz pa| s - o= AL
~—¢38 - =3 —Pe-alpfiy  — | 1™ Ll k. ¢ ®
A o=-— — d <. g — A p o ™d - 3%™= Ls
- o | V| oe = - 83V
< wk v 4 o2 - % Nef -
JsPeoal pfis - 4 =8 CNT— r~ e L A%
<o
| &1 — % 3nm# Nef| %® — Ve 13V | -
7 J=™|i1<s%  1d=%n{s - a4 n % qo02- | - =V
| & rOKFeo fidelbb vu fi O mmzi— < == td =™ —s o
9
=V %f =8 A z 4 e otfirtfia 48 8 8 & 48
%6 02 — | soPCd ¢ @941 0F sK'e-odWliz sa- | CNT -

% < a ]
8 CNT |} t YV 2 4 eleo ~|sCNT| 4 o < o=

A % Nef| 4 r® - t YV CNT— - & — oz 9
/ —fee ~|ecPcd  A{i<#100nm 33— 10 L A <%ER|°
Voot ol dfiidr—feo &L 1 8Ppcal pfidrl —Qwax — | 2

AV E — Z | fem® —«r. c1 % o= ™| s # No
{ CNT— %o  — | =™ % ™o

— I #O0mmt| %00 %8 200nm|f4 10 L 5 —

% |4 | < -=38 Scanning MobilityParticle Sizer SMPS 8
I R Fast Mobility Particle Sizer FMPS 8 ==fi R~ 2 Electrical
Low Pressure ImpactorELPI o > %Nef| ¢ 3 v 8 05 10pm—  — — % | |
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S o= 4. hwmAF P <RI Ye i Duml® D Aerodynamic Particle SizetAPS o = ¥%Ne

{oveoespecat pfiin  — L ]| < #Nef e
# oV A= i 4 ™y |2 «=. o1 % A 8 2
F4 = = #Nef® c¥%os <=L i " % | vso=ls/ —
%CNTo—%ze%| ML #zomcNT— - 4L A <eo=]|csh
o i o # qu. oid w=38 4 - kS = 4L A o=—
%sNef| ©

= H

—V k- - < =8 Nofr%o k4 AL Vw! o
DWEDJhei ad e %Nefo «nu o —heia|s 4 4
vok # - -4 1fis-He/ =97 SEM
# % % © — 8 11%|fd 13| s 80NN 25 mAaWi' oD WEDJ he i 2424
- 38cnf—@vfi” ® hoi avi pd ™=s 0.3 0.5 LUmin# -
v - £ Nef o TEM —+V E— <=
cOWlihe i TEMa' e L o= A{  03>%No| 5%

= H

-8 ™o =%—  %Nof % ty=2CO 3V |/ 4L =¥

CH, LA 0=2%  #%]° - 4 -~ |4 & CNT</ — —

8 8 — % Nef| # Nef ©
— < e=s NIOSH¥%  — CNT— < o= == ™ NIOSH 5040
%Nef o 1 — |8 hei ar ~vofikid 0 er/ —3 7 -
A v <%z %] e hoi ar ~vaofiki Lz pr # 1y =
AL -8 M= # t Yy = L n Iz-"g

o e [* -~ cots tfri k- -4 CHis

tqvoe O fi FID ~ |t t4{°CNT]| = - -

K BRI IAS - o= % ENefeqve i~ -

A

OEL < —

s CNT' ®- I bf = oAV - - %1 4| OEL| 0.03 mg/m 30 pg/m’
% Nef . - %1 o — & R L
o ™le o ALy 0+ 4 pm— 50%> P ) — < o= t
ql =™ o —e. L  <o=s — OELs  A{V E- 3
v L8 e —feo %N

0F —Owmme. fid wafi Re 24dk ™= L 4 ™y — e
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o — % -V | <0.007 mg/m®> # Ned 8 | —

8 - %0 A 0.03mg/m |f4 ™ #Ng Vo
8 o— | “VWe-e® — — SEM  # | 8CNT
— Y%lo{ m™LL -— 02% |V 8 °

8 = 4 — - = — SEM
n Y% q
- % %d a™e |4 0 ™ — < =8 0% L % Fo
— JL gy 56)JL A°
9- A -4 30 - n % q L3 [Vo | smPs
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—  Oee ik 4 s 0¢ - L ovs
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