avotno aspé
nanocasticovetné
nastiiké s TiQ, s

MUDr. MichielcVita RhD , RNDr, BoPhrbil Kot/RNFAhD .
SZWRrahda
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Me z i nanomateri 8ly, kter® jJjsou v sou
zdal eka nejv2cehtdsoogpédmaRfn2 oxid
kSemi | itl

Me z i materi 8ly, kter® v soulasn® dob
pozornostnanaokartySt al i ckT oxid titani |
nanokrystalickl oxid zinelnatl, full
nanotrubice a nalyaot $abres.i §ly jsou u
ve zjevnD mendg2zm mnogstv2 neg tradil
viznam a vyugit2 nhRkterTch z nich ry

Podl e pSedpovihRd2 m§ objem obchodu s
nanotechnologie vzrTst z 200 miliard
biliony EUR do roku 2015.

Nanotechknologie a jeiicheostaveri v
raimuichospodarske oclisiky<E
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t Nov® nanomateri 81y ( NNm)

Data o toxicitBhRD/ nebe

Objem vizkumu

Data o
toxicithD/ nebe
NNm vyhodnoce
regul aln?2mi o

Las

Scuéasna rov@iy pozhani ota
nanona

K. Savolainen et al. / Toxicology 269 (2010) 927 104

e |




Nanomaterials in the Body

Nanomaterial Powder

Embedded in matrix
or on surfaces

Dispersion Aerosol

Suspension
Uptake Deposatton in tr}e lung.
in the body Alveolar, intestinal, dermal

penetration P

o® ’ .. 8800
Modification Surface coating changes P ‘.. o
in the body Agglomeration, desagglomeration . ‘ ' .‘
»®* o

Distribution Penetration of biological barriers

Tissue distribution, 1
Intracellular distribution

in the body

y Inflammation
Primary Effect  Catalysing formation of reactive compounds ‘
Direct interaction with cellular structures

Ny T E

ROS, RS, ...

Toxic Effect Organ toxicity,
Genotoxicity




1 | Dymy ze svafovani
2 | Saze z dieselovych motori
- 1
3 | Resuspendované castice prachu 2
4 | Popilek - 3
5 | Sopecné emise -
6 | Morské aerosoly 9
|(3 - 6
7 | Dym z pozaru ro
vl p Py > = 7 8
. E) 9
8 | Pylovazrna b (@]
. (14 ™ 10
9 | Moiska siil Z N -
- <IN * T
10 | Castice prachu po vysavani =z - - 12
o -
11 | Uhelné saze t - 13 1+
M -+ 14
12 | Castice ze stavebni ¢innosti . 15 o
13 | Saze 16
- 17
14 | Dalni prach
N - 18
15 | Castice v tabakovém kouri
16 | Bakterialni bufiky 0,001 0,01 0.1 1 10 100
17 | Virové castice w .
ROZMER CASTIC [pum]
18 | Nukleacni jadra v atmosfére

Dominanéni expodzicaikcesta i~ inhdlace

Klouda, 2010
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Deposition Fraction

0.8

0.6

0.4

0.2

0.01 0.1 1 10

—=Total

~Head deposition

== Alveolar Deposition
—=Tracheobronchial Deposition

Particle diameter /

T
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Complex model to explain CV-effects of particles

/ ’ ‘Dl;ect effect?

Inflammation and Y i/ o S
& | ative stress . \utonomic control
1\ . -
' Actge = - of heart rhythm
ung effects \T" ' ‘ ,

‘ Endothelial and
qutelet activation

Airway |
remodeling ; \
‘ gAcute p}rase
- response

Chronic lung T ‘ P
Semasee Thrombosis " A
sy [nfarction A_)

e

Atherosclerosis,
plague instabilit

Modified from Riediker, Harrisons' Online, 2006

Pour que santé ef troveil saient compatibles

castice ia ikardiovaskuiarni s




Studi e na myg2ch sTORraalb®8pgtok&mal y transp
do mozku pSes |ichovl epitel

Transl okace 20nm nandbl0Esypgg2j epSesl|idehavi
my g 2 , nanotl r8asmnglceekuoviano& Dka mohou Vvstoupit
mozkovich struktur bRhem kratg2ho expozil
hl odavcT.

K omezen®mu mno¢gstv2 dostupnl

C X
zda rozs8hl 8 akumul ace nanol 8s
r

p e me n
\Y; mozku
8

e
i C
ol faktornir@Inspmrtu je opravdu I

e8|l n

Offactory bulb

Afferent nerve fibers

Olfacto Nan Mlll cles
(offactory nerve) mir :W > ”} 7
" s > ’m_m\(m .
Olactory — iy = Axon
(‘u|‘5 '
Stern cell \huuu a
) &\ o~ :
‘ — Oifactory
N Ditactory y rec P' or
5 epithelium -
Nose ) Newon mjury
\ Quuescent micic '\PH
Upper “I-‘ - - SU[I[ ortin FHg 1. The representative schematic of neuron injury caused by nanoparticles (NPs)
cell The expo mécrogt NT Its in the ela
pseudopadia which engulfed NPs, and follc | by the ) f ’
\ Mll(ill-\ Cilia caused oxadative stress and induced neuron injury
' Inner Hard layer

chamber palate
of nose

Mozna cestawstupu cestouucichovekosnervu



Key Nanol 8§ mohoucpenikat

; : . ® Nanoparicie pS2mo do | 8dr a,
{ & ®'Q & | Nanotie Nano| §stice v buRce |
1 e w\ es? ] 0 Nanod rovniDg proni kat z cy!
\ = / «33{/ i fagoz--domTysozamT
| _f,‘-. ) ': ‘/"‘ 'Cellmembranereceplor mi t OC h n d rl 2

\ : Nucleus / Y

2 2

Jig v |asn® f§zi V?‘g'lf-.alvb:u'.icdr'enc rovvaickaRaicinlor w2

buRky doch8§8z2 ke zvlgen? Vm.

produkce rTznlch pSenage

(ROS, ATP a v§pn2k) a rip"i;‘;fi‘.l?,ii'““

aktivaci rTznlch signs8ln Rsvesmess

drah, kter® vedou K "oy S Urolp i ema

bunDl nTm odezv8m, | ak je{ .

napS. vzni k oxidativnfZho

stresu nebo z8§nNtu, jfed [ owowme |~ Erdociidasd

rovnhRg v z8vislosti a s?,up ‘*\

jejich intenzity mohou FE ) |- Anared VA ook

zpTsobit pogkozen2 DNA" K :

V pozdn?2 f §zi vstupu TINFLAMMATION. |

nano| 8stic do buRky m 0 u e e

blt aktivovs8ny reakce P St

fragmentace DNA) vedouc (R

postupapPpopgt - ze

(ProgramoVvans 5 Rk dlablonbio s sy sy i b i i b s it

autof agongbozeeKT "ZE™



Pro urlen?2 toxick®ho % inku chemicklI
d8vkmdezva) bivg standardnh url|l ovgna
a doba trvs8§n2 expozice.

Oproti tomu u nanol|l 8stic | e, kr omhD s
expozice, nutn® char a+«themi z&wa tv | faysz in
hodnocenlich nano| §stic

Pro hodnocen2 expozice bylo navrgeno
a doporuluje se, ge pro popis d8vk
nich .

Jedng tmotonostn2 kon(jeamtjraciinT m par ar
poug2vanim ve vRDtginhN toxikologickIlc
parametr nen2 vhodnim meS2tkem, nebo
charakteristiky ENM).

D8l e je mogn® d8vku degdgalntow alt 8§ :ntai & 8§rk.
j ednot ku objemu nebo plochy 1|1 speci
povrchu (pomRDr hmotnost. k veli kost.i

Davka /a2xpHzice



X = f(time)

/\

particle full size-based
characterisation characterisation

number mass surface number intensity

NSAM
diffusion
charger

(CNC= Condensation Nuclei Counter, CPC = Condensation Particle Counter, TEOM = Tapered Element Oscillating
Microbalance, NSAM = Nanoparticle Surface Aerosol Monitor, SMPS = Scanning Mobility Particle Sizer, ELPI = Electrical Low
Pressure Impactor)

oceniexpozieex pozi c e




NANOPARTICLES
INTERNALIZED
IN CELLS

Muacomlnon

Nucleus g / v ' /
Cytoplasm ' &
Membrane

Lipid vesicle

Nanoparticles
ingestion

:

Gastro-intestinal system

Crohm's discase
Colon cancer

Orthopedic implant
wear debris

Auto-immune diseases

Dermanitis

Urticaria

Vasculitis

Brain  Newwological diseases!
Parkinson's disease
? Alzheimer's disease

anopamclo inhalation

Asthma
L“"Q‘ Bronchitis
Emphysema
* Cancer

“Circulatory Artheriosclerosis
system \asoconsiriction
‘ Thrombus

High blaod pressure
\ hHeart Arrviimia
Heart discase
Death

Y Diseases of

Other organs .inown

Y ctiology in
kicnevs, liver

ymphatic
‘system Podoconiosis
1 Kaposi's sarcoma

Awto-inomme diseases
Skin dermaritis

Mozné @styeexno;lceempoﬁésticml ap
omemmmem Iilav?rzenea rvarzgldad@ mnvmo a Mlbaod N







Ti O2 se pou
kerami ky, p

Ti O2 | e tak
podl ahovTi ch
kosmeti ky,
pSi virobnhn
soul| §stjekna

g2vs§8§ hlavnh pSi virobhn

ryge a pod.

® pougit pSi

svaSov§gn2,

krytin, katalyz8tor T,

potravinovl ch
pneumati ky vl

bar vi v, S
rob a ve Vv

Z nejv2ce powm@nwd ol eanid

Uziti TiO2
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Fig. 7. The FE-SEM of E. coli before (A) and afier (B) bemng damaged on
the mesoposous T, filn

Fig. 8. The fluorescence
microscopy pictures of E. coli on
glass (A), aprepared mesoporous
TiO2 (B) and Ag/TiO2 composite
(C) under UV light fds min.

Fatokatabyticky yantimidahobliain éfel@hl TiO2



Z epidemiologicklich studi? vypllTvg, ¢ge e
gk 8l a pracovn?2KkT v prTmyslu a data se z
dostatel nlD reprezentativn?2 pro hodnocen?
nNDkoli ka desetil et ?

Jedn?m z hlavn2ch nedostatkT studi ?2 e a

kteS2 manipuluj?2 nebo poug2vaj?2 pSi sv®
dnNDI n2 kT) .

Cel kovhD tyto studie neposkytuj2 ¢g8dnl | a
Yamr t nost i na rakovinu plic nebo zvlgenou
zamRDstnancT vystavenich pTsoben2 Ti 02 pr

Vysiedkydzikhumannich epidemiotogickychi
studidmoés2011)



Studie in  vivo 1 in vitro Mezin8rodn?2 agentura
potvrzuj 2 fakt,gkovd nyj (O2ARC) kl asi

P
f
B e gcnotox ek e G R .
ef ekt _(pggkozenzg )tateln® dTkazy prc
za urlitlch pOdmkaprckl ogenitu u |l ovhka
ale ne mutagenn? szny
EOEet il ck® zmbDnyy . ..o 2006 I ARCIGIEE i |

Ti O2 ve skupinhD 2B dost
dTkazy karcinogenity u
zv2Sat a nedostatel] n®
karcinogenitu u |l ovDEk
hodnocen? "pravdBDpodob
karcinogenn?2 pro |l ovD
2B)" [IARC 2010].
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Exposure routes

Exposure

Dose

Characterization

Education

Risk

\ 4

Control

\ 4

Health Effects

A

Toxicity

Reduced risk/impact

Knowledge Level

Poor

Good

NIOSH,2010



NIOSH oy dopor uRELfro jemn® (Afineid)| 8stice Ti
ultrafine A tj . nanol 8sti ce Ti 02 0,3 mg/ m3 (odvo
d8vky a % inku u plicn2ch n8dorT u krys)

REL odr8g2 obavu NI OSH zkakihogehiys hkanpb€&ehcicsgl 8§
Ti 02 ( s novlimi poznatky se dan8 doporul en?
Doporul en? d]Ri GRNr s ipmdoeoma t? esrei §slpyeci fi c kT mi
toxi kol ogi ckT mitjv. am@mId srt anj (eddss s, An@uicmit 3537, May 2013)
Doporul en? d|beperSiftant pnraanomatebrelz§lsype0|f|cklch
toxi kologicklchjv|I em®nhostedg D, mg/ m3

Doporul en® e x p ouskrale nro TIOR ni0.1% excess risk of lung
cancer) od 0.07 do0.3 mg/m3 pro nanoformu TiO2 a 0.7 ag 1mgB3 pro
| 8sti ce mmadTiOR.O O

V LR nen? spe cifickl | imit pro TIlO2, aplikac
mg/ m3, I ndi vi u8l nND stanoveno v jednom pS2pa

Limity pro pracovniprostred)



Technick8 opat SienpatnSe nz2d rporj c
nor m§8l n2 provoz, pro havar.i
znegkodRovsg&n2 ¥niku a %%kl id

Organi zaln?2 opat Sen?

Osobn?2 ochrann® pomJTcky res
(polqmasky ev. cel oobl inmasky),ouka®ice,
brll e, odBDv, hygienick8 smy
| nf or movanost zamBDstnancT !
Kontrola expozice -pragnost. na prac
Sl edovg§n? a kontrola zdravo
DIl ouhodob® s lregistrov 8 n 2

Doporucene postupy
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