[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

(i (ag) Adaa
\Y4ao Ou.u\,aue\’ bJLAA.‘ﬂsq 5499

S sl gl s S g Cuan

sl s JOL 15 s Lo e gl WBIS 3D
Ol b 3l oK e 0aSals (ond 03,8 Gaddim JT 201 ok a3y (5,55 (g pomitils -
Ol Sl 5l ol Kils cp ko o SZ3ls andt 03,8 (T 2l S aed axhy sl -
Ol Glaed e olKls o sho 0uSils ¢ mpt 05,5 (I (2l andh a2y (6 S 3lay Gioa Y

miladkazemnejadi@shirazu.ac.ir

ol

.o

u:.q”l).e\ JL?- DL LA;_)T e}BL) C»:MO)L.:)J L&J\j,w L(&;ﬁb dw.l.@.& 6‘]: Lﬁu‘)})L@} cdb)ﬁ)\é cé)\bfﬁjnﬂ-:)

Sl S 4 5508 sl 53 Olds sl8 sl sy 5 ol 4 JLe ja s Lol Wy PUCH Y WESPEIN W g
G a S a5 5l o, Cso 0l s b st o cilisee >l b Ll e 50 Lol jlasl .ol sl LS
30 1 oS G sl Jass e s iy lie 53 pligl b 3L5L Ak s culg s 5 eslinad ol B

.rgQQE\)gT@bﬁfw\éuw}SUr.:;sda&w;;bm.a\)})\}w)ﬁ

VR P
CNT Coas S35 2 b 0 5 G (C)CVD Sl sk ONT axis slas )8 sl oS Oloran
e L5l aS el aislie 5 sl o S IS0 Voo dle s &8 Gl mhw o A)g e b L
2 CNT 53l o S 8 Lo 50 1) Gl 0l ol 58 s cCnl 0l 03 eSS o Lo L
Dy a8k I 3y e D) seay Wl S 0L o S Sl ilate )l by AL
Gt i bl s bd gl 5 plaanes ey St e o 5 Sl a5, O
wr () JSD) Lph e edss (5 ey S slaasd gl S ol Coeal Gl 5 w8 ) 4 ars
S Al ol 5 (S5 s 2 4oy O , (MWCNT 5 DWCNT SWCNT) CNT Cilises
e sl Jald (5l et ol (See &S L SAS L adssim ) il (g5t (o s
Sl el ll o (555500 el SL 5 ) (dBS)  plesd w8 s, O3

AA


mailto:asardarian55@yahoo.co.uk
https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"yYad OMU Y OJLM.'.& AT su:u.u:ljw‘ A-‘.AA"

GRIBl el e 45l g Aty (b
gl b 53 LOT lacd 620 25T
ST R S L A
05 2 e eVt 256 oSl SLMWCNT
35 G55 A=) (A) DWCNT 5 SWCNT 3,5 55

LS| Jolse 5 bl U 28Ty Jols OF Jsene
gl Gy 0 Sl ele 4 e oS (Al e oS
LA sl ol 31 s 5 osde olps s
Ysens DWCNT 5 SWCNT .58 oo S sl
S5 pdgle) 5 b Gbews o) pa
S (oS Ao Lix Vpoms) Lpdio
5 (s S o3 L) 5ol S Vsane LMWCNT
slajei 55 BLMWENT (VK3 Licke

Sl (Y JS8) I8 Gosme 5o ol sla o
st el e s Blizal Izl s (Kt CNT
3 Ol s 3550 55 (053 5550 Lib e
bl s, IS sk (5,8 o s 50 CNT
o S| S b e Bolal gl Ok 055 @
boype Olindl & AoleS a5 35l 3 Cid

\ "uo.)\..fb‘jl"""u‘g)b':j\L;i;'q&\flﬁcbﬁt;d

3D ler Sl s Gl Sl LS 0 S5 kS
23 G K odas w0 (6555 50 o VL 5 b
G (Bl Ll ogls sy a0 0L >
(Solspppas Jre (Sdplan; gl pls)

( 9 L;.’L")b‘:‘)‘j" (Ledda J}L«U;)b

A4

G oo Ol Gl Do Viers Cue
sl Wl 5 e 45 cos] e Ll 5 o 03le 45 (gl45 58
03 e SA el sl Can 338 AL s
LS b ST G o me s Gk 3l el S
Loosle o kB ope o L s
S dsb s sae S bl gl slse 51 b gl
53 Sl el Yaeme o5 il o Sboy 6y
Ol il an sy b (b)) 61,8 035 o ,me
Jsho (S5 0lsn Dl & (55 Cmn 350 0
o3 sde 53 Yaeme Sl S )l oslal (lOLss)
OLis ol by 5 At odaline JB e ol S Sle
3 Do) Lol ol ol SNb ol gl

(30


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal of biosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"u}.}; LSLQUJ)JJL ‘_”a:h.djﬂ‘, o OKan LS"}.' VL'S"

S5 e L3l oS ol sdd 3S 5 ol

51035 5 ONT (gl (ol 58 5550 !

Ol 5505 oo & €y 5 O & 3355 3l

5 S o Sda glaplll iy 055 0L~

(<)

(YV) () 4,y oosibT ol o(all) Lol Gan slaplail =Y S

e‘}‘JJ‘ (6‘&.\2 AMZ eJLA) Sl 0l o J‘:‘ adazws
Lol L cdil o ool 5l ol IS5 5
e Ly Ol (Lt Caglie) O b 0 Bl
gSJ.>J LQ).._J Sl eds ol S J«,SL;A
WJsb sy 53 s S ol 3l g eS
b G b s dales Gose S s L3l Sbe
@ ataoly) Lzes Olis g 31 SH5 4SS Gl
&‘fﬂ)&b}v‘u}:(k\)‘:)‘}di\))45&Lﬁc\v‘u|

wélﬁw}jl{dﬁ.’b)JCNT odes CJL:&}A’

Ol sy

wle Il 5 LelS slagil sl Ysane o3l CNT
oAl SPEGsli s Loglas S 5l el
e 5 obS 31 Wl e Lol ISS g
hi=3 o ) 4 edd 4 MWENT (sl Lo 5)
(DWCNT 5 SWCNT) Ciksxie 5 Lk U (L
3SWCNT) e sl &G 5l 50 WOl e sl e
(S5 MWCNT) ;e 46 V++ Ly & b (DWCNT
(CleS) Iyzme oy g Sl o OOT LSl o ke

B La«.:«:/_la}..x;ﬂr.asjf slaas Sosa b


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"yYad OMU Y OJLM.'.& AT su:u.u:ljw‘ A-‘.AA"

Tl o 5 ol ol oo ba by S0
S50 ONT 035 s lole ks in Sl 3
Ly 0 Jhe Olge @) a5 el oLl sk
L O gl g S 3l b diadis Sla 5l
s plnil (ol 8k b (L3S, 5 03533
S Slepalls i Jb s 8 els)
Jol o 5348 (b e w53 5 (5,5
OIS b e B Aol L Olge 4 550 0

S el JmS R G baee b (RS 0n

Bls b el oSas Olalas | ONT 2S5 0a
SO by S ey 4 Glodamy sk 5 LS i
(1 JS8) 5,108 3 Gua

30 CaeS 4 &S (gl (O3 gl G 3590
3 U sl Ylaa= o5l o Lad o (1S 5 me
S ehy e Coles - b5 05y 45 AL
olis SWCNT 5 MWCNT - esle anglis
L Gille Llg o slse 31 plie 055 &5 s o

A3 e 3 31 Sl Hles olie

‘}.ai aala yils

bowa ly o8

TR T

s s Lo wp pan asd

la 8 (hsl)

il ps Gl iSern 03 L e B

(7)) &S
@ aly Llg e CNT ladi gl pland S5
Sro o AS ymns (9345 Ol 4 OLS o5l
O b S Ol admimB ) Wil S e
Lol ((adBl)  placs b S g
L3l sl Sy ollie Jald Vsans
o3 3 Ni L Co e o gladacsls ol 56 Y sane)
s Sle (e 3 S Mo Y els s s
o o3l gladised 5o W% o3 L 5l (5500
e W ol by ladised o ppM L U s
S8l S sk Al gladisel s il e
0500 o368 Slaekile 3L &S 550 0 55
Llodds 5SS ONT 0555 L 2l S slaes s
wils uSea s bt ok SIS 0 s
g Llg e S e K s (V) il
Ak Sl 058 L slae S e osl3T Gl
Al g o 5 oS Gl sS 4 Az s |5 (ROS)

I P T. LCR

Tt e K T L

P TP LTI PR U

la gla Wl L 8

(¥ liabgs e Lae 5l e &f,3 0gill &y =¥ K&

9


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"u;.,)s dhd_,jj;b d"f"‘Jﬂ-’ Caon cO‘_)K.o.h g 6:‘}' r.!éls"

Ll p 5o b Ok s Slags z sl Sl L
Ll Sepl b LS 13 esliad 5,50 AL
L, S8 el 35 b Sl glaclale s
0T 518 G gl s (288 S0 S 0l 2 &S
Gl ax Sl | 5s, e sl
i foee (1Y) 4l ((F0) Lap S s oo nn
Llas S 15 andllas 3550 (0) S Slinia L (V)
GaasBl o= 55 G0 gl s (S0
S3lolbl) A o Dslate Sl CLEL w0l
(b or OAd e 4 e my

Sl

4 S e 53 S sadsle Ols
S 13 aallas 5y 5 iy ans Sl (5 laanS)
Sldsbe & bye s S5 dbe Olse 4ol
S Glad e Sl edl e s 4ty
(epithelial) JUs ol slad e @y 53 Gaa 5,40
JUs o) slad s Lo smsen il o a3l Se
D33 sl 1y bl 5 pdidsh el e S oS
534S Bl s lumen o dad S5 s s S
ool Blisial S e sbl Sl 4 515 s
3 @bosilsm b B s ol 00
e (Y0) (e b sl (g3la alls) WSWCNT
b I s 4l s bl &l o
A Sl el sdse el (S19) 518
53 5V 5as A0 A8 Gl e (ol e S
sdalive s SU OUs 2 Cle 4 S 5 me
L3 sl 1) ONT b s e La 305 Sbe (61 0) A
s Gy omemen plie Sldalie (AS Gl
OF 53 Ll ccnl ols 555 SWCNT  (slads sa

Y

laJue

o2 s Ok Oa baghll Ay wa e
et Llg e ASLLST Gl T de s
c&lii.ibaﬂ LgLAQ}aj Sy 53 gk ey
LgLAdj,Lﬂ S aJ sl LgLAQMLSl{a\JAA Lol ol
L) osdp 4 Oprilmpn & (s LS
L o0sS o OF Oa b ColSb g 201531
S35 G s (TiD) S5 L plom L Do
wl;u)wj;ﬁ‘ud}w u.bjujb Lf:ﬁ;
bl Ol a5 Slalesl sy s il e
Lad s 3T 51 el a0 oome 3 (5 L ale
Blicaul) adlas (5 & L S Sl s S
(...) C,..wﬁ L J“L“Sﬁ ‘BJJJS ‘u‘iu Q))_S u;_Li).)S
A Ll gt G pde el 6LAJ§;Jﬁ Lol
S R J&l} @Lﬁ calld a5 clls 4y AL
S Ol 4 G (d e 2 L) Sl
Hs o baesls pl b aay Js ol jaseial
umw@bjhllﬂbw&);ww
g el Al

ch.é\ Lf‘)i‘ ‘ud_wl?wy )\ ealae! .})}4 B
&)J}b)ﬁf)}k.: d‘_}w UJ“‘ CML&QT&)‘J{L&
ijj'.él JLS gfi'}) E) Sl ol leza L;:Lg.>-
S S Cwl ol ol e bl s

e.l.':)' 6udjl~v‘))~é}-‘)b Jv.:‘j:w.’ QJ‘J.:L«J_}M


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"yYad QMG Y OJM AT cu&.u:\jﬂ‘ M.AA"

W b s b 5 S e spe Wl Cy
23 S g sl S ar S5 o Uil S g
Jie Lz Las (V) dw  (TIO2) 4o slreds J 5k
Sose 53) Sl el A1 sy a4 3si
CNT 550 3 pliSzes Ll (OY) 0,8 &3 sl
AT Ll b 3 Caen b a4 ol 0353
o ks> (Karatinosites) acuw g51,I8 ol 5 ;5 CNT
GLid Ol ot (S pmrldonS| S 55 .(14) Sl s
o el ad bS5 s 205 (Il
AR Lls 5 S eime 3 Sl e
MWCNT s s 0Ll sogs, slaceS sieml,lS
(OV8) ol ol ols OLES 35

AL

4 Aty A5 e ks OL 5,0y CNT aSipl 51
O rle dilie G b 51 cledd 3505 of Sl (gladais
LSl s plil 4 pllil S 51 oS ) s
ool 4 i andl &S (5sd e «uS translocation
Lol 31 il e atls LOT plewi- Sy
R Ygome ipd Jims LS L S« Wil
Gl 1 s e plxl A0l 53 el
Sl i (Bl) 3 0 31 Al 5 e s S e
L) Cwglie) 355 0 adll bas CNT IS
.(biopersistence

Gl o clabloea tgl.nr.....;.}li.-

els 4 Lails Sl bug Ysem ool ol
L o8 ol sl ann 53 ol slad b sl o
S e SB 1 ag3sl 5 Jsle Cluls B u s
5 (S s e 5 LS e 13 1 D)
S 1y o) s 5 e phod imas
05551 e 4 b s Gl LS SL 4 b s

qv

M) L b sl ¥ B8 51 e ad g1 S
3 02 525 S 15 aallas 5550 55 CNT Job
e 5ol S slad J 5L oS A esls oL MWCNT
o Sl (V) Wpd e s L, 3
S5 oKlesls 13 anglie 5,50 cu3T L1, CNT
) Sl 3] G 5 s A5l b 55 s
S disk) S5U s hskb sla i ol sdd DU
Looby Kos s b Yiens 5 4, badsh
N S V0 3 Sk e S e Sl
0 5| S Lo -t 4, 5,0y B S3L SIS o5l
3 Aol baas o3 g Caslie 4 LleS (e S
Llg Ass o mesothelioma 4 v Yl
Sle oy 3l (Yo) ELKea 5 (Poland)
s gl 3B LS eslina) (peritoneal)
L1 (il slad sb wcilises gla ki) MWCNT
G331 glen IS G 45 (AMOSte) & 50
S 3ls OLiS s a3 avglie 3)se AL s
S 4 Sl Sas s 5 b MWONT
shas oa Lol il Blan Cussal dilen gulia
5 (Y0) aadllae pl 53 ol eslinal Sl S S
sl sl (3l 2 S o 55 Ll o
bl 8 s andlas s S Jslaze | =
osls OLES 55 (AsL e mesothelial J o ho slacis
3l Ller 0l (g5l allt SWCNT &S i
Sydoelen 4 L IS5 Gl e ledled
ol Sase ol 53 (V5 YY) S e b S gl
S Gl ST S pb oS 555 0 7 ke g
() $35L b 1L sl e CNT 555
Sy Gib 31 0355 021

d}b)| Q‘)bf‘d‘\sw‘ oL wﬁu\i&s‘)j‘b@


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"u;.,)s dhd_,jj;b d"f"‘Jﬂ-’ Caon cO‘_)K.o.h g 6:‘}' r.!éls"

s SIS (glo gy Jsb s MOl Sl
(2o, 5 13 e Sl 5D b s esls e
sdalin B by SY3b oy S by b
SOl & G5 o GRle3l dsb s 4 5 Ll s
w3 S 5 asdlhe 55 Sl Ol 55 3
s (Muller) Jse baw g dlas e b aas ol
gl 55 Caen (W) LS
Sl Ol 53 &S aas e ol MWCNT
ol o JUs ol ladsle 5o 1) es35esS
5 o ey Ko Sldalie by dil o aslio
G S o> s gl sladshe (1S (2 me s
ol oals Oli (g # T apee 53 LOA) (el L)
S8 MWENT (slas yad ploars ol a5 o
S 35 e SVl S o Wl ) Sl ey
O S e auB 1 CNT ol 55

CNT o i

Olge 4) sobms &Y guame 55 CNT ol 5 0,08
oS glacsly e s Ol Jke
390 0 B 0N etz b b e
©335 4 &S &S L5 i gla S LS (Klanils
03 #2a58 Olge a2, al e S1L sl
(o5 3L o andllae Il 55 e 51l Coris 5 a0
33 5L ol i oS XS a e |y Sl
Fol d s st Ol e o 2 OLL Lo
adlae Lim 3L o o ms 53 oS Sl &Yl
33 ONT o me s ciloses Glaplkl 65,5
MWCNT 5 e 55 o1 Glap S il o 2w
SWCNT 5 = ,» estuarine copepods «(Y1)
o2~ > (Daphina magna) Lo = (YY)
s lacladoceran (YY) sdi  ls Jsle SWCNT

q¥

(@S| pe ONT L acslie 3 a3l Sl S S o5l
Gl 4y 334e Vsams e CNT > L (glazas
S ol J s Lsd e LB SL Ly
Gt S cpl by 5 L el | Joe pl b oS
oS s amsl (ROS)  Jld 05|
Lol s 5 S o by 1y 5 (AFN) L b x0l)
Lgd Aynl Od s 1B S e sl azsd
SLll > 2w 5 0 5 8l glants
Mz b (eSS G ) )
(YA) das o plnil |, glie Jos CNT 038
sl Sy caw sl SKes 5 (Opsonisation)
R I e . 2 - el
Eb b oy opl s e JS1 Laleukocyte
sl 218 e bl slacil 6, 2 1 obobs
53 30 e Vseme) 515 S 5 Sl 5
sdalie laay, 53 ONT Ll 5 (08 5 me
o SB slad sl Sta el a il o (555 s
5> Kupffer glad ) syls 15 550 & o suass
(s S 3 e Y slad sk S

s Ol SO b el 5o ONT Sl s 4
b Oliphu et L) Jll 4 (23813
(N koS3 i) oy odr b e
el S e e (5 (Y9) besls B s
L ol Jla=l a4 5 (YA (Y4) ey sl L5
e sl bd S fls by il (Sl
555 3 e o (el e Sl lale) CNT
S 25 CONT e o ol mls 5 cnl ol
(V) &S o Wl 1) age

) e

Loglae 5 05 Olans 5 i 4 5 Coew


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"yYad QMG Y OJM AT cu&a:\jﬂ‘ M.AA"

S S e
CNT o 5l 3155 L 5 (6 S am od 055 U
L Sy el Jle N b e 4 STl s
Sl odd ize CNT e o)l allas s
gl o S S Sl s W s e
w5 S K8 CNT e Dl £lsl e
el 03,5 IS0 Sl [ o3l Jlpw ol & il
"5 5 blesl Jol" MCail s e CNT LI
Ll ol g ey ol 53 Slidod dan 5o LS
S i Sl SV S S oa s b
5 Mbe Sl ol s Lo ol S
OLEY poames 3 3130 cpl 5l Ll o oS mlbio
s poedle Al 65,2 sl S eslandl
Sl sbblaml (sl Sl s 5 NS il 8 @
w558 o S8 CNT L oS ola0bey aan o b 50
ey Blas 4 I8 o a5 B osgd 4 S
Q&Zw&u&)dﬁ&u;v\{l{é\ym):
Sluls pd sl (FFP3 Cf) SIS PNV

3 g ol g b diias 55 CNT

References

dSt 5 ol MWCNT 5 20 55 (sleamphipod
4> (Danio rerio) zebrafish embryos «(\+) o
5 YU ale () DWCNT 5 SWCNT 5 s
S pam 3 edd ueess SWONT 5 xe
amphibian  larvae 5 (F))  oolSB, e
> (Ambystoma mexicanum, Xenopus leavis)
& A s 53 (16 A1) DWCNT 5 e
STLIE OV W1 RPN VY WSV S V1 S ST GIVONUI | I
CNT (108 5 me 3 a5 das o OLi Slalllas
il ok 53 s laelin 4
F b A e S e Ve 53 Ve 5055
ol S5 OF 51 i Sl & Gl 4 AL
Sl 5 asdipe sdis laoee o dlale gy &S
63k Ol s Wl o cpl Sl b) 5,0
GV s o3y o M 4 (AL edd i
YU sl Coans Sl el 5 31 ST 2= CNT
Slr gladel Olpe & L5 e as 0L
LS Joo Oliplan g5, p okd Sl slaoas VI
Olpee & (ladlr i Slag,l sla o) PAH]

(... 9 U:C}ﬁ Js

1.Bandyopadhyaya R, Nativ-Roth E, Regev O, Yerushalmi-Rozen R. 2002. Stabilization of individual
carbon nanotubes in aqueous solutions. Nano Letters 2: 25-28.

2. Bussy C, Ali-Boucetta H, Kostarelos K. 2012. Safety considerations for graphene: lessons learnt from
carbon nanotubes. Accounts of Chemical Research 46: 692-701.

3. Cheng J, Flahaut E, Cheng, SH. 2007. Effect of carbon nanotubes on developing zebrafish (Danio
rerio) embryos. Environmental Toxicology and Chemistry 26: 708-716.

4. Dahm MM, Evans DE, Schubauer-Berigan MK, Birch ME, Fernback JE. 2012. Occupational
exposure assessment in carbon nanotube and nanofiber primary and secondary manufacturers.


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

ol

"u;.,)s dhd_,jj;b u.’a::u;ﬂ} Caon cO‘_)K-o.h g 6:‘}' r.!éls"

Annals of Occupational Hygiene 56: 542-556.

. Datsyuk V, Landois P, Fitremann J, Peigney A, Galibert AM, Soula, B, Flahaut E. 2009. Double-

walled carbon nanotube dispersion via surfactant substitution. Journal of Materials Chemistry 19:
2729-2736.

Donaldson K, Aitken R, Tran L, Stone V, Duffin R, Forrest G, Alexander A. 2006. Carbon
nanotubes: a review of their properties in relation to pulmonary toxicology and workplace safety.
Toxicological Sciences 92: 5-22.

Flahaut E, Agnoli F, Sloan J, O'Connor C, Green M.L.H. 2002. CCVD synthesis and
characterization of cobalt-encapsulated nanoparticles. Chemistry of Materials 14: 2553-2558.

8. Flahaut E, Bacsa R, Peigney A, Laurent C. 2003. Gram-scale CCVD synthesis of double-walled

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

carbon nanotubes. Chemical Communications 12: 1442-1443.

Kagan VE, Tyurina YY, Tyurin VA, Konduru NV, Potapovich Al, Osipov AN, Kisin ER,
Schwegler-Berry D, Mercer R, Castranova V, Shvedova AA. 2006. Direct and indirect effects of
single walled carbon nanotubes on RAW 264.7 macrophages: role of iron. Toxicology Letters 165:
88-100.

Kennedy AJ, Hull MS, Steevens JA, Dontsova KM, Chappell MA, Gunter JC, Weiss CA. 2008.
Factors influencing the partitioning and toxicity of nanotubes in the aquatic environment.
Environmental Toxicology and Chemistry 27: 1932-1941.

Lademann J, Weigmann HJ, Rickmeyer C, Barthelmes H, Schaefer H, Mueller G, Sterry W.
1999. Penetration of titanium dioxide microparticles in a sunscreen formulation into the horny layer
and the follicular orifice. Skin Pharmacology and Physiolog. 12: 247-256.

Larese FF, D’Agostin F, Crosera M, Adami G, Renzi N, Bovenzi M, Maina, G. 2009. Human skin
penetration of silver nanoparticles through intact and damaged skin. Toxicology 255: 33-37.

Lindberg HK, Falck GCM, Suhonen S, Vippola M, Vanhala E, Catalan J, Kai SNH. 2009.
Genotoxicity of nanomaterials: DNA damage and micronuclei induced by carbon nanotubes and
graphite nanofibres in human bronchial epithelial cells in vitro. Toxicology Letters 186: 166-173.

Monteiro-Riviere NA, Nemanich RJ, Inman AO, Wang YY, Riviere JE. 2005. Multi-walled
carbon nanotube interactions with human epidermal keratinocytes. Toxicology Letters 155: 377-384.

Mouchet F, Landois P, Flahaut E, Pinelli E, Gauthier L. 2007. Assessment of the potential in vivo
ecotoxicity of double-walled carbon nanotubes (DWNTS) in water, using the amphibian Ambystoma
mexicanum. Nanotoxicology 1: 149-156.

Mouchet F, Landois P, Sarremejean E, Bernard G, Puech P, Pinelli E, Flahaut E, Gauthier L.
2008. Characterisation and in vivo ecotoxicity evaluation of double-wall carbon nanotubes in larvae
of the amphibian Xenopus laevis. Aquatic Toxicology 87: 127-137.

Muller J, Decordier I, Hoet PH, Lombaert N, Thomassen L, Huaux F, Dominique L, Kirsch-
Volders M. 2008. Clastogenic and aneugenic effects of multi-wall carbon nanotubes in epithelial
cells. Carcinogenesis 29: 427-433.

Muller J, Huaux F, Fonseca A, Nagy JB, Moreau N, Delos M, Raymundo-Pifiero E, Béguin F,
Kirsch-Volders M, Fenoglio I, Fubini, B. 2008. Structural defects play a major role in the acute
lung toxicity of multiwall carbon nanotubes: toxicological aspects. Chemical Research in Toxicology
21: 1698-1705.

Murray AR, Kisin E, Leonard SS, Young SH, Kommineni C, Kagan VE, Castranova V,
Shvedova AA. 2009. Oxidative stress and inflammatory response in dermal toxicity of single-walled
carbon nanotubes. Toxicology 257: 161-171.

Lam CW, James JT, McCluskey R, Hunter RL. 2004. Pulmonary toxicity of single-wall carbon

a7


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

"yYad QL'.'M:M Y OJM AT cu:ua:ijﬂ‘ M.AA"

nanotubes in mice 7 and 90 days after intratracheal instillation. Toxicological Sciences 77: 126-134.

Muller J, Huaux F, Moreau N, Misson P, Heilier JF, Delos M, Arras M, Fonseca A, Nagy JB,
Lison D. 2005. Respiratory toxicity of multi-wall carbon nanotubes. Toxicology and Applied
Pharmacology 207: 221-231.

Oberdorster G, Sharp Z, Atudorei V, Elder A, Gelein R, Kreyling W, Cox C. 2004. Translocation
of inhaled ultrafine particles to the brain. Inhalation Toxicology 16: 437-445.

Pacurari M, Yin XJ, Zhao J, Ding M, Leonard SS, Schwegler-Berry D, Ducatman BS, Sbarra

D, Hoover MD, Castranova V, Vallyathan V. 2008. Raw single-wall carbon nanotubes induce
oxidative stress and activate MAPKs, AP-1, NF-[kappa] B, and Akt in normal and malignant human
mesothelial cells. Environmental Health Perspectives 116: 1211.

Peigney A, Laurent C, Flahaut E, Bacsa RR, Rousset A. 2001. Specific surface area of carbon
nanotubes and bundles of carbon nanotubes. Carbon 39: 507-514.

Poland CA, Duffin R, Kinloch I, Maynard A, Wallace WA, Seaton A, Stone V, Brown S,
MacNee W, Donaldson K. 2008. Carbon nanotubes introduced into the abdominal cavity of mice
show asbestos-like pathogenicity in a pilot study. Nature Nanotechnology 3: 423-428.

Petersen EJ, Huang Q, Weber Jr WJ. 2008. Ecological uptake and depuration of carbon nanotubes
by Lumbriculus variegatus. Environmental Health Perspectives 116: 496.

Roberts AP, Mount AS, Seda B, Souther J, Qiao R, Lin S, Pu CK, Apparao MR, Klaine SJ.
2007. In vivo biomodification of lipid-coated carbon nanotubes by Daphnia magna. Environmental
Science and Technology 41: 3025-3029.

Salvador-Morales C, Flahaut E, Sim E, Sloan J, Green ML, Sim RB. 2006. Complement
activation and protein adsorption by carbon nanotubes. Molecular Immunology 43: 193-201.

Salvador-Morales C, Townsend P, Flahaut E, Vénien-Bryan C, Vlandas A, Green ML, Sim RB.
2007. Binding of pulmonary surfactant proteins to carbon nanotubes; potential for damage to lung
immune defense mechanisms. Carbon 45: 607-617.

Shatkin JA. 2012. Nanotechnology: health and environmental risks. Second Edition. CRC Press.
United states. 284-294.

Smith CJ, Shaw BJ, Handy RD. 2007. Toxicity of single walled carbon nanotubes to rainbow trout,
(Oncorhynchus mykiss): respiratory toxicity, organ pathologies, and other physiological effects.
Aquatic Toxicology 82: 94-109.

Star A, Steuerman DW, Heath JR, Stoddart JF. 2002. Starched carbon nanotubes. Angewandte
Chemie International Edition 41: 2508-2512.

Templeton RC, Ferguson PL, Washburn KM, Scrivens WA, Chandler GT. 2006. Life-cycle
effects of single-walled carbon nanotubes (SWNTSs) on an estuarine meiobenthic copepod.
Environmental Science and Technology 40: 7387-7393.

Warheit DB, Laurence BR, Reed KL, Roach DH, Reynolds GA, Webb TR. 2004. Comparative
pulmonary toxicity assessment of single-wall carbon nanotubes in rats. Toxicological Sciences 77:
117-125.

Zorbas V, Ortiz-Acevedo A, Dalton AB, Yoshida MM, Dieckmann GR, Draper RK, Baughman
RH, Jose-Yacaman, M, Musselman IH. 2004. Preparation and characterization of individual
peptide-wrapped single-walled carbon nanotubes. Journal of the American Chemical Society 126:
7222-7227.

av


https://dor.isc.ac/dor/20.1001.1.27170632.1395.9.2.4.8
http://journalofbiosafety.ir/article-1-139-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-07-03 ]

[ DOR: 20.1001.1.27170632.1395.9.2.4.8 ]

"‘};.us dhd_,jj;b d’a::u;ﬂ 9 Coow cO‘_)K-o.h N 6:‘}' r.!éls"
Toxicity and Environmental Impact of Carbon Nanotubes

Milad Kazemnejadi!, Ali Reza Sardarian?, Mohsen Esmaeilpour®”

1- Ph.D. student of Organic-Polymer Chemistry, Department of Chemistry, Faculty of Science, Shiraz University,
Shiraz, Iran
2- Professor of Organic Chemistry, Department of Chemistry, Faculty of Science, Shiraz University, Shiraz, Iran

3- Postgraduate Student, Department of Chemistry, Department of Chemistry, Faculty of Science, Shiraz University,
Shiraz, Iran

miladkazemnejad@yahoo.com

Abstract

As the number of applications of carbon nanotubes (CNT) in the field of nanomedicine is growing
quickly (imaging, drug delivery, scaffolds for tissue engineering), questions are raised about their
potential toxicity. Because their annual production is now reaching hundreds of tons per year, their
application in composite materials are becoming a reality. Dissemination in the environment could also
happen during different steps of their life cycle, from their production to their processing, use and finally
during disposal or recycling. We will review in this paper the state of the art in the field of toxicity and
ecotoxicity of carbon nanotubes and try to highlight some recommendations.
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